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ABSTRACT 

 

This investigation was conducted at Barrage 

Station (BHRS), Horticultural Research, Kalubia 

Governorate, Egypt, to get some new and promis-

ing pea lines (Pisum sativum L.) using pure line 

selection method on the basis of genetic variability. 

Selection was performed between or within four 

pea populations of Master B cultivar. The popula-

tions were collected from four different regions in 

Egypt and subjected to selection procedure during 

2012/2013, 2013/2014 and 2014/2015 growing 

seasons. The investigation intended to study dif-

ferent traits of growth and yield and its components 

viz., No. of days to flowering, No. of first flowering 

node, plant length, No. of branches per plant, pod 

length, pod width, pod thickness, pod weight, No. 

of seeds per pod, weight of seeds per pod, No. of 

pods per plant, weight of 100 seeds, shelling per-

centage, pod yield per plant and seed yield per 

plant. The target of this study was to improve pea 

yield and its components as well as earliness of 

yielding. The analysis of variance revealed highly 

significant differences among genotypes for most 

of the studied characteristics, indicating ample 

scope of selection. Most characteristics showed a 

higher heritability coupled with higher genetic ad-

vance through two cycles of selection indicating 

that these characteristics are stable and can be 

improved through selection based on phenotypic 

observations. Twenty lines were obtained from 

selection program and were compared against the 

baseline populations in addition to check cultivar 

(Entsar1). Results showed significant differences 

among lines for most studied traits. Selection pro-

gram resulted in genotypes or lines given symbols 

of H3, G7, N1, N3, G2, G1 and K2 that considered 

promising lines.  These lines have good pods 

traits, higher productivity and earliness of flower-

ing. Simple correlation coefficient analysis re-

vealed that greater emphasis should be given to 

the traits of No. of branches and No. of pods per 

plant along with pod length, pod width, No. of 

seeds and weight of seeds per pod for yield im-

provement. 

 

INTRODUCTION 

 

 Pea (Pisum  sativum L.) is one of the important 

legume crops grown throughout the world. It has a 

high nutritional value as certain superior quality 

proteins like higher lysine content (Monti, 1983). 

Also shelled green seeds are rich in proteins, vita-

mins and minerals (Mohan et al 2013). In Egypt, 

pea is a winter season vegetable crop. The culti-

vated area reached 41957 feddans in 2014/2015 

season, yielded 171533 tons of green pods with an 

average of 5.325 tons per feddan. 

Master B cultivar is an old cultivar of garden 

pea and is well known in the Egyptian cultivation. It 

has been cultivated for more than 23 years ago 

because of its superior features. Otherwise, many 

reasons are behind the decline this cultivar and 

lacking of its certain good attributes. The reasons 

involve on wrong agricultural practices, wrong pro-

cedures of seed production, cultivar formation 

where it was produced at the beginning from some 

homogeneous pure lines had collected together. 

Climate changes consider the most important fac-

tor affecting cross-pollination percentage in self-

pollinated plants. So, the natural out-crossing rate 

has been affected hypothetically and positively by 
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pea genotype, increase ambient temperature dur-

ing the flowering stage, insect pollinators visiting 

unopened pea flowers and pesticide treatments 

just before and during the flowering period 

(Dostálová et al 2005). These factors led to wast-

age of this good cultivar which became have a lot 

of variation of its attributes, therefore it became 

damaged. 

The major challenges for Egyptian agriculture 

are loss of excellent old varieties as well as lack of 

improved varieties which possess high yielding 

and yield quality for achieve self-sufficiency and to 

face increasing human population. These chal-

lenges could be faced through breeding processes 

depend mainly on the presence of genetic varia-

tions which allow for an effective selection to ob-

tain new lines, genetic improvement and perfect 

choice for the genotype installation. The superior 

pure line may use as a commercial variety there-

fore most the present varieties of self pollinated 

crops are pure lines. 

Nosser (2011) and Bhnan (2013) used pedi-

gree selection method for selection of some new 

lines of legumes and pea, respectively for high 

productivity and good pod characteristics, which is 

considered as new cultivars. Statistic significant 

differences among genotypes populations of gar-

den pea indicated to presence of substantial 

amount of variation between the studied character-

istics of genotypes in earlier researches carried out 

by Singh et al (2011), Kumar et al (2013a), Ku-

mar et al (2013b), Pal and Singh (2013), Sharma 

and Bora (2013), Siddika et al (2013), Saxesena 

et al (2014), Ramzan et al (2014), Iqbal et al 

(2015), Kumar et al (2015) and Georgieva et al 

(2016). Hamed (2012) found that selection proce-

dure led to increase  pea traits means, i.e. number 

of days to flowering, green pod yield per plant, No. 

of pods per plant, No. of seeds per pod, average 

seed weight and pod length. Partitioning of total 

variability to its components which are heritable 

such as genotypic variance and non-heritable such 

as environmental variance is useful for knowing 

whether the superiority of selected traits is inherit-

ed by the progenies or not. 

The large portion of phenotypic variance was 

due to the genetic variance in early segregating 

generations in garden pea (Hamed, 2012). Singh 

et al (1997) proceeded genetic analysis to esti-

mate components of genetic variance. Significant 

estimates of both additive and dominance compo-

nents were observed for all the traits, except for 

pod length. The direction of dominance was posi-

tive and significant for days to flowering, plant 

height, number of pods per plant and seed yield 

indicating the isodirectional nature of dominance. 

Amin et al (2010) stated that the highly heritable 

polygenic characters are plant height, earliness, 

number of pods per plant, pod length, number of 

seeds per pod and 100 seed weight but pod yield 

has low heritability. The  worth to be mentioned 

that number of branches, earliness, number of 

pods per inflorescence, number of pods per plant, 

number of seeds per plant, seed weight and num-

ber of days to maturity and plant height had direct 

effect on yield. As shown by Habtamu and Million 

(2013), the estimated values of phenotypic vari-

ances were small in trait of No. of days to flowering 

but high in trait of seed yield. The highest genotyp-

ic variances were found for trait of seed yield. Oth-

erwise the phenotypic variance was higher than 

genotypic variance in all studied characteristics as 

reported by Siddika et al (2013). The highest phe-

notypic variance was recorded in seed yield. 

Meanwhile, genotypic variance value was the 

highest in 1000 seed weight followed by seed yield 

and plant height, indicating the greater magnitude 

of genetic variability for these traits. Higher envi-

ronmental variance values of seed yield and plant 

height indicated that both seed yield and plant 

height were highly influenced by environment, but 

other traits were less influenced by environment 

(Georgieva et al 2016). 

Wide differences between phenotypic coeffi-

cient of variation (PCV) and genotypic coefficient 

of variation (GCV) were found in traits of shelling 

percentage, No. of pods per plant, node at which 

first flower appears and pod yield per plant. This 

indicates that these traits had affected slightly 

more by environment (Sharma et al 2011). Low 

estimated values of PCV and GCV of days to 50 % 

flowering attribute suggesting small role for envi-

ronment in the expression of these characteristics 

(Basaiwala et al 2013; Kumar et al 2013a). Oth-

erwise, higher values of PCV and GCV were ob-

served for plant height, No. of pods per plants, pod 

length, No. of seeds per pod, 100-seed weight and 

seed yield per plant (Kumar et al 2013b). The 

higher values of PCV and GCV were recorded for 

the characteristics plant height, No. of pods per 

plant, green pod yield and No. of primary branches 

per plant, indicating the substantial amount of envi-

ronmental effect in the expression of the traits and 

indicating high level of variation which provide am-

ple scope for effective improvement (Pal and 

Singh, 2013). Also high PCV as well as GCV val-

ues were observed for pod yield per plant (Pandey 

et al 2015). The GCV simply measures the extent 
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of genetic variations present for certain character-

istics and it alone is not sufficient for determine the 

heritable variability. Thence, the heritability gives 

only an idea about the proportion of total variability 

that is due to genetic causes. Hence GCV together 

with heritability estimates would give the best pic-

ture of the advance to be expected by selection 

(Chadha et al 2008; Kumari et al 2012 and Ku-

mar et al 2015). High heritability was observed for 

all the studied traits and the highest value was 

recorded by grain number per pod which was 

about 98.15% (Chadha et al 2008). The results 

revealed high estimates of BSH % (above 60%) 

were observed for plant height (95.00), days to 

50% flowering (95.00), yield per plant (88.00), pod 

length (72.00), 100 seed weight (70.00), No. of 

seeds per pod (69.00) and No. of pods per plant 

(62.00) (Saxesena et al 2014). Heritability esti-

mate as BSH % provides guide for the breeder to 

be followed through selection procedures for im-

provement of these traits. But, when calculate es-

timated heritability and genetic advance together 

provide more useful results for predicting the effect 

of selection procedure which is done depending on 

phenotypic expression and expected genetic ad-

vance as percent of mean indicates the mode of 

gene action in the expression of different charac-

teristics (Kumar et al 2013a and Sharma & Bora, 

2013). High genetic advance along with high herit-

ability were observed for the characteristics of days 

to 50 % flowering, plant height, No. of branches 

per plant, pod length, pod width, No. of seeds per 

pod, No. of pods per plant, 100 seed weight, pod 

yield per plant and seed yield per plant in earlier 

works had carried out by Chaudhary and Sharma 

(2003), Singh and Singh (2006), Gupta et al 

(2006), Sharma et al (2011),  Tyagi et al (2012), 

Kumar et al (2013a), Kumar et al (2013b), Pal & 

Singh (2013), Sharma & Bora (2013), Siddika et 

al (2013) and Georgieva et al (2016). Study of 

plant characteristics associated with yield charac-

teristic and associated among them are highly use-

ful for plant breeders to get improvement through 

selection program depends on the proportionality 

between different characteristics for selection. Se-

lection for any characteristic may affected positive-

ly or negatively by the related characteristics. 

The yield is controlled by numerous genes, so 

all genes control yield components characteristics 

are responsible for yield, therefore the direct selec-

tion for yield may not be effective if selection is 

based mainly on yield alone considering it as a 

simple characteristic. It is apparent that seed yield 

in field pea can be improved by selection such 

genotype has greater No. of pods per plant (Singh 

et al 2011; Basaiwala et al 2013; Kumar et al 

2013a; Siddika et al 2013 and Ramzan et al  

2014). Genotypes with the greater No. of pods per 

plant should be given an emphasis for improving 

pod yield and the desired improvement could be 

achieved through the recurrent selection procedure 

(Sharma et al 2011 and Kumar et al 2015). 

Green pod yield per plant showed positive and 

significant genotypic correlation with pod length 

(Singh and Lokendra, 2015). Pod yield showed a 

positive and significant correlation with No. of pods 

per plant and pod length (Katoch et al 2016). 

The pure line selection procedure, within four 

populations of Master B cultivar, has been used in 

the present work in order to make use of the exist-

ing variation which appears in all characteristics for 

cultivar improvement. The aim of this work was to 

achieve two main goals. First goal is to obtain high 

yielding lines which could be used as new promis-

ing cultivars. Second goal is to obtain new lines 

with good characteristics that could be used as 

parents for further breeding programs for improving 

agronomic performance and pod yield and quality. 

That is through studying genetic variability, broad 

sense heritability, estimating the genetic advance 

and its estimate as a percentage of mean through 

two cycles of selection were done besides deter-

mination of the correlation existed among the vari-

ous characteristics. Such study may help in devel-

oping yield and quality of pea. 

 

MATERIAL AND METHODS 

 

The experiment was carried out at Barrage 

Horticultural Research Station (BHRS), Kalubia 

Governorate, Egypt during the winter seasons of 

2012/2013, 2013/2014 and 2014/2015. 

 

Plant materials and experimental design 

 

Four populations of pea cultivar of Master B 

were collected from four different regions of Kaha 

(EL-Kalubia Governorate), Nubaria (EL-Beheira 

Governorate), Gharbia (EL-Garbia Governorate) 

and Horticulture (Horticulture Research Institute 

Ministry of Agriculture, Cairo, Egypt). The experi-

ment was established in a complete randomized 

block design with three replications. Each replicate 

has sown randomly by seeds of all the populations. 

Pure line selection method was applied as follows: 

During the winter season of 2012 /2013, the 

four populations seeds were sown at a rate of 

about 1000 plants per each population and were 
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evaluated as base populations. Observations were 

recorded on thirty marked plants from each replica-

tion for each population. Selection procedure was 

performed inside each of the four populations for 

best vegetative growth, pod yield and quality char-

acteristics, viz., earliness of yielding, length of plant 

and number of pods per plant as well as pod quali-

ty characteristics. The progenies of forty seven 

individual plants which have been selected from 

the four populations as described in Table (1) 

through first selection cycle were sown and evalu-

ated during winter season of 2013/2014. For study 

the attributes of each progeny, data were recorded 

on a random 15 plants from each progeny. Second 

selection cycle was carried out during 2013/2014 

winter season and resulted in 20 featured plants. 

Through winter season of 2014/2015, the proge-

nies of the twenty selected individual plants were 

sown and evaluated comparing with the bulk popu-

lations and check cultivar "Entsar1". Data were 

collected on a sample of 40 plants represented 

each progeny or selected line. 

 
Table 1. Selection intensity with names, numbers 

and source of the selected lines 
 

Source (bulk 
population) 

Selection 
 intensity  

No. of selected 
plants 

The selected 
lines 

First 
cycle 

Se-
cond 
cycle 

First 
cycle 

Second 
cycle 

Kaha (kB) 15% 2% 14 4 K1- K2-K3-K4 

Nubaria (NB) 10% 2% 9 3 N1-N2- N3 

Gharbia (GB) 15% 5% 14 7 
G1- G2- G3- 
G4- G5- G6-G7 

Horticulture 
(HB) 

10% 5% 10 6 
H1- H2 - H3 - 
H4 - H5 - H6 

 

 

In the three seasons, sowing dates were in the 

2
nd

 week of November, then the procedures of 

selection were conducted and the observations 

were recorded. The superior plants were individu-

ally selected, marked and evaluated. The seeds of 

each selected plant were collected and saved. 

Some of seeds were collected randomly from the 

remaining plants of each population to give the 

bulk seeds for next season. The seeds of individu-

al plants were sown in 3.5 meter rows, and plants 

were spaced 10 cm apart within the rows. The cul-

tural practices, i.e. irrigation, fertilization and pest 

control, were applied as recommended according 

to the recommendations of Ministry of Agriculture 

for the cultivation area. 

 

Data recorded 

 

1- Growth characteristics: plant length, No. of 

branches per plant, No. of days to flowering 

and No. of first flowering node. 

2- Yield and its components: No. of pods per 

plant, pod length, pod width, pod thickness, 

pod weight, No. of seeds per pod, weight of 

seeds per pod, weight of 100 seeds = (weight 

of seeds per pod   / No. of seeds per pod( X 

100, shelling percentage = (grain weight / pod 

weight) X 100, pod yield per plant = ( No. of 

pods per plant X pod weight) and seed yield 

per plant = (weight of seeds per pod X  No. of 

pods per plant). 

 

Statistical and genetic analyses  

  

Analysis of variance was carried out according 

to Sendecor and Cochran (1982). 

Mean values were compared by the Duncan's 

multiple range test (Duncan, 1955). 

The phenotypic and genotypic variances were 

estimated according to the method suggested by 

Burton and DeVane (1953). 

The coefficient of variations at phenotypic 

(PCV%) and genotypic (GCV%) level variation was 

calculated as the method suggested by Johnson 

et al (1955). 

Estimates of heritability in a broad sense 

(BSH%), genetic advance (GA) and genetic ad-

vance as percent of mean (GA%) were computed 

using the formula adopted by Allard (1960). 

Simple correlation coefficients were calculated 

by depending on using the formula given by Singh 

and Chaudhary (1985). 

The data were statistically analyzed using SAS 

(2006) software. 

In order to facilitate the description of different 

estimated parameters: The estimates of GCV and 

PCV were classified as low, medium and high by 

limits used by Kumar et al (2013b). The high her-

itability is above 60% was adopted by Basaiwala 

et al (2013), Kumar et al (2013a), Kumar et al 

(2013b) and Saxesena et al (2014) and they used 

similar limits to describe the results. Also, genetic 

advance was classified by adopting the limits used 

by Kumar et al (2013a) and Kumar et al (2013b). 

The limits used for categorizing the magnitude of 

different parameters under this study are as fol-

lows: 
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Table 2. Limits used for categorizing the magni-

tude of different parameters. 
 

Component Low (%) 
Moder-
ate (%) 

High (%) 

PCV and GCV 
Less than 

10% 
10-25% 

More than 
25% 

Heritability 
Less than 

40% 
40-60% 

More than 
60% 

Genetic advance 
Less than 

10% 
10-20% 

More than 
20% 

 

RESULTS AND DISCUSSION 

 

Evaluation of the baseline populations  

 

The magnitude of genetic variation existing in 

the base populations of the crop is pivotal to its 

improvement. Although pod yield and seed yield of 

certain crop are considered the ultimate goal of the 

breeder but these traits are the result of interaction 

of many other traits which influence them in direct 

or indirect way. To obtain a maximum gain in pod 

and seed yield variability existing within each com-

ponent trait must be exploited by the breeder. Data 

in Table (3) revealed a wide range of variation 

between the individual plants within populations for 

all studied characteristics. Also the mean sum of 

squares due to genotypes exhibited significant 

differences for most of the characteristics under 

study, except No. of branches per plant, pod yield 

per plant and seed yield per plant. This indicates a 

substantial amount of variability between the stud-

ied genotypes for almost all the characteristics. 

These characteristics constitute together the yield 

(Amin et al 2010).  The non significant variability in 

No. of branches per plant was shown by Siddika 

et al (2013) and Ramzan et al (2014) as well as in 

seed yield (Georgieva et al  2016). 

 
 
 

Table 3. Range and mean squares for studied traits in baseline populations of garden pea 
 

Studied traits Range of the trait 
Mean squares due to 

genotypes F value 

Minimum Maximum df=3 

Plant length (cm) 32 145 6462.85 15.6** 

No. of branches/plant  1 5 0.74 2.41 

No. of days to flowering  44 64 166.60 15.94** 
No. of first flowering 
node  5 15 6.05 2.58* 

Pod length (cm) 6.1 14.4 41.06 26.07** 

Pod width (cm) 0.6 1.91 0.36 11.97** 

Pod thickness (cm) 0.52 1.4 0.21 10.42** 

Pod weight (g) 2.4 11.4 46.16 16.21** 

No. of seeds/pod 3 11 18.83 8.86** 

Weight of seeds/pod (g) 0.7 5.7 3.28 4.8** 

No. of pods/plant 2 42 269.50 7.46** 

Weight of 100 seeds (g) 11 70 366.80 3.8* 

Shelling percentage (%) 10.53 80 476.40 6.16** 

Pod yield/plant (g) 8.6 284.8 1686.88 1.08 

Seed yield/ plant (g) 2.6 121.6 592.92 1.78 

* and ** Significant at .05 and .01 probability levels, respectively. 
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Genetic parameters through two cycles of se-

lection  

 

General mean of selected families 

 

Data in Tables (4) and (5) display genetic pa-

rameters of the baseline four populations of pea 

through first and second selection cycles, respec-

tively. Data revealed improvement of general mean 

of most of plant characteristics during the second 

selection cycle comparing to the first selection cy-

cle. however general mean of No. of first flowering 

node, No. of branches per plant, pod length and 

pod width showed a slight decrease within second 

selection cycle compared to the first selection cy-

cle. Therefore continue selecting procedure may 

result in pure breeded lines having valuable traits. 

These pure breeded lines could be used as par-

ents for further breeding programs for improving 

agronomic performance, pod yield and quality. 

Furthermore, the differences between the obtained 

pure lines properties in growth characteristics, pod 

yield and quality could make them use as new 

promising cultivars especially the featured ones, as 

mentioned before by Nosser (2011) and Bhnan 

(2013). These results revealed that general mean 

of the traits reflects the effective role of selection 

and partially agree with findings of Hamed (2012). 

Estimation of phenotypic, genotypic and envi-

ronmental variances 

 

Through the two selection cycles, data in Ta-

bles (4) and (5) showed that except shelling per-

centage trait, the estimated values of phenotypic 

variance of all traits were higher than their respec-

tive genotypic variance (heritable portion). Moreo-

ver, the estimates of genetic variances were higher 

than those of environmental variances (non-

heritable) in addition to fewer differences between 

phenotypic and genetic variance. Therefore, the 

large portion of the phenotypic variance was due to 

the genetic variance so that selection can improve 

these crop traits. In this regard, germplasm genetic 

diversity determines the framework of selection in 

crop improvement. Furthermore, knowledge of 

genetic relations among agronomic traits is re-

garded to support considerable help to maintain 

genetic improvement to breeding program. Crop 

improvement with heritable characters, estimation 

of genetic parameters and their relations are of 

prime importance in breeding (Ajmal et al 2009; 

Bozokalfa et al 2011 and Esiyok et al 2011). 

 
 
Table 4. Genetic parameters for different characteristics in the first cycle of selection in pea  
 

Studied traits Mean σ²p σ²g  σ²e PCV %   GCV %  ECV%  G.C.V/ P.C.V BSH% GA  GA %  

Plant length (cm) 69.07 1853.65 1667.46 186.19 58.87 55.03 19.76 0.92 84.45 59.66 86.07 

No. of branches/plant  1.87 3.30 2.39 0.90 96.46 80.17 50.33 0.80 65.97 2.01 109.84 

No. of days to flowering  44.29 25.89 22.78 3.12 11.13 10.40 3.92 0.93 86.86 7.21 16.27 

No. of first flowering node  8.55 16.95 15.09 1.86 46.80 43.70 15.94 0.92 85.67 5.86 68.14 

Pod length (cm) 9.66 8.26 7.15 1.10 28.91 26.55 10.87 0.91 83.07 3.95 40.67 

Pod width (cm) 1.30 0.16 0.11 0.05 30.40 25.12 16.77 0.82 67.72 0.45 34.55 

Pod thickness (cm) 0.84 0.10 0.07 0.03 38.24 31.12 21.61 0.81 66.62 0.35 41.86 

Pod weight (g) 6.15 8.66 5.65 3.01 47.64 37.34 28.17 0.76 59.07 2.98 49.39 

No. of seeds/pod 7.64 5.01 3.35 1.66 29.19 23.73 16.88 0.81 66.00 2.44 31.82 

Weight of seeds/pod (g) 2.17 2.04 1.36 0.69 66.98 53.79 38.13 0.78 61.91 1.50 72.22 

No. of pods/plant 9.67 60.11 42.42 17.69 79.85 66.52 43.57 0.83 68.32 8.90 93.20 

Weight of 100 seeds (g) 28.60 260.24 150.46 109.77 56.61 41.99 36.57 0.72 52.58 14.29 52.06 

Shelling percentage (%) 36.26 292.67 101.29 191.37 47.17 27.73 37.81 0.59 35.37 9.85 27.46 

Pod yield/plant (g) 59.13 2645.14 1641.25 1003.89 86.17 67.00 53.54 0.77 59.51 51.98 88.04 

Seed yield/ plant (g) 20.58 353.50 208.05 145.45 91.17 69.78 58.56 0.76 58.33 18.26 89.02 

 
Data presented in the table are the average values of the studied four populations. 
σ²p, σ²g and σ²e: phenotypic, genotypic and environmental variances. 
PCV %, GCV %, ECV % and G.C.V/ P.C.V: phenotypic, genotypic, environmental coefficients of variation and G.C.V/ P.C.V ratio.      
BSH%, GA and GA %: Broad sense heritability, Genetic advance and Genetic advance as a percent of mean. 
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Table 5. Genetic parameters for different characteristics in the second cycle of selection in pea  
 

Studied traits 
Mean σ²p σ²g  σ²e PCV %   GCV %  ECV%  G.C.V/ P.C.V BSH% GA  GA %  

Plant length (cm) 52.04 2029.75 1893.15 136.60 69.27 64.12 22.12 0.87 77.46 75.11 136.31 

No. of branches/plant  1.75 5.83 4.84 0.99 133.83 120.79 56.43 0.90 80.65 4.24 242.48 

No. of days to flowering  39.22 66.07 64.99 1.08 20.11 19.90 2.14 0.99 97.55 17.57 44.87 

No. of first flowering node  9.08 4.23 2.63 1.60 22.09 16.56 13.94 0.72 54.47 2.62 28.51 

Pod length (cm) 9.29 20.98 20.36 0.62 46.11 44.87 8.34 0.94 89.15 9.19 101.36 

Pod width (cm) 1.26 0.15 0.14 0.01 29.15 27.35 9.67 0.93 85.81 0.73 57.63 

Pod thickness (cm) 0.99 0.07 0.06 0.01 24.53 22.58 8.87 0.90 81.15 0.48 47.69 

Pod weight (g) 6.18 14.91 13.01 1.90 60.73 55.86 22.26 0.90 81.23 7.11 117.01 

No. of seeds/pod 7.94 11.22 9.48 1.74 38.69 33.31 16.47 0.79 66.52 5.40 69.00 

Weight of seeds/pod (g) 2.82 4.17 3.49 0.67 71.33 64.73 29.10 0.90 81.04 3.79 134.49 

No. of pods/plant 11.07 655.49 587.51 67.99 215.04 198.65 74.63 0.90 82.13 46.72 416.44 

Weight of 100 seeds (g) 35.75 530.93 448.27 82.66 59.96 53.47 25.45 0.87 76.25 39.46 108.93 

Shelling percentage (%) 46.88 373.41 174.33 199.08 40.24 25.71 30.01 0.61 39.21 18.24 38.73 

Pod yield/plant (g) 68.49 24373.02 21216.18 3156.84 209.56 187.11 81.68 0.84 73.63 267.38 378.17 

Seed yield/ plant (g) 
31.02 4762.71 4047.98 714.73 200.34 170.48 84.50 0.73 65.54 112.31 346.01 

Data presented in the table are the average values of the studied four populations. 
σ²p, σ²g and σ²e: phenotypic, genotypic and environmental variances. 
PCV %, GCV %, ECV % and G.C.V/ P.C.V: phenotypic, genotypic, environmental coefficients of variation and G.C.V/ P.C.V ratio.      
BSH%, GA and GA %: Broad sense heritability, Genetic advance and Genetic advance as a percent of mean. 
 

The phenotypic variance values were highest 

for plant length (1853.65, 2029.75), pod yield per 

plant (2645.14, 24373.02) and seed yield per plant 

(353.50, 4762.71) but lowest value was recorded 

for pod thickness (0.10, 0.07) in the first and se-

cond selection cycles, respectively. Genotypic var-

iance was higher for plant length (1667.46, 

1893.15), pod yield per plant (1641.25, 21216.18) 

and seed yield per plant (208.05, 4047.98), in first 

and second selection cycles, respectively, conse-

quently the greater magnitude of genetic variability 

for these traits. Higher environmental variance was 

showed for the plant length (186.19, 136.60), pod 

yield per plant (1003.89, 3156.84) and seed yield 

per plant (145.45, 714.73) in first and second se-

lection cycles, respectively. While the minimum 

environmental variance value (0.03 and 0.01) was 

obtained in pod thickness through the two selec-

tion cycles, respectively. These results agree with 

those found by Hamed (2012), Habtamu and Mil-

lion (2013), Siddika et al (2013) and Georgieva 

et al (2016). Concerning shelling percentage which 

recorded genetic variance value less than envi-

ronmental variance indicate that environment had 

large portion of its phenotypic variance. These 

results were confirmed by suggestions of Sharma 

et al (2011) by obvious influence of the environ-

ment on shilling percentage. Meanwhile, disagree 

with results of Katoch et al (2016) who reported 

that the differences between the genotypic and 

phenotypic variances were relatively low for all 

traits including shelling percentage. 

 

Estimation of variation coefficient of pheno-

type, genotype and environment  

 

The comparison between crop traits with re-

gard to the extent of genetic variation could be 

better decided by the estimation of genotypic coef-

ficient of variation (GCV) in relation to their respec-

tive phenotypic coefficient of variation (PCV) 

(Chakraborty and Chakraborty, 2010).Through 

the two selection cycles, the displayed data in Ta-

bles (4) and (5) showed that PCV values were 

higher than GCV values for all studied traits. Oth-

erwise, the values of GCV were higher than those 

of ECV, for most traits except shelling percentage. 

Number of days to flowering exhibited moderate 

values of PCV (11.13%, 20.11%) and GCV 

(10.40%, 19.90%) for first and second cycle of 

selection, respectively. As well as the lower values 

of ECV (3.92%, 2.14%) and higher values of GCV / 

PCV ratio (0.93, 0.99) for two consecutive cycles of 

selection indicating the large role of genetics for 
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governing these characteristics but negligible influ-

ence of environment on its expression. These re-

sults of No. of days to flowering are in agreement 

with those of Basaiwala et al (2013) and Kumar 

et al (2013a). Values of PCV, GCV and ECV for 

the other characteristics were supreme. The high-

est values were recorded in No. of branches per 

plant, No. of pods per plant, pod yield per plant 

and seed yield per plant. This refers that the envi-

ronment has influenced the expression of these 

traits. But the large role of genetic portion for gov-

erning these characteristics is proved by raising 

the estimates of GCV / PCV ratio for all these 

characteristics within the two cycles of selection. 

Increasing PCV and GCV coefficients of variability 

in the second selection cycle reflect the differential 

response to selection and indicate that there is a 

sufficient genetic variation after two cycles of se-

lection for further improvement in these popula-

tions and the sensitivity of the gene pools to envi-

ronmental effects. These results are in accordance 

with those found by Sharma et al (2011), Kumar 

et al (2013b), Pal & Singh (2013) and Pandey et 

al (2015). 

Regarding shelling percentage within the con-

secutive two selection cycles, the estimated values 

of GCV (27.73%,  25.71%) were less than those of 

ECV (37.81%, 30.01%). Also minimal estimate 

value of GCV / PCV ratio (0.59 - 0.61) indicate that 

shelling percentage is influenced strongly by the 

environment. When the environmental variance is 

greater than the genetic variance this indicates that 

the trait would be polygenic trait (Georgieva et al 

2016). These results disagree with the result of 

Sharma and Bora (2013) who found that the GCV 

was higher than the ECV for this character.  

 

Estimation of heritability in a broad sense (BSH 

%) 

 

The heritable variation with heritability (broad 

sense) estimates would give or serve as reliable 

indication of expected improvement through selec-

tion program (Johnson et al 1955). Data in Tables 

(4) and (5) revealed that No. of days to flowering 

exhibited the highest value of heritability (86.86%, 

97.55%) but the shelling percentage exhibited the 

lowest value of heritability (35.37%, 39.21%) for 

the two consecutive selection cycles. Heritability 

estimate in earlier researches recorded higher val-

ue for trait of days to 50% flowering as mentioned 

by Kumar et al (2013a). While the heritability esti-

mate value for shelling percentage trait recorded 

27.91%, 49.25% and 78.38 % as mentioned by 

Kumari et al (2012), Sharma et al (2011) and 

Sharma and Bora (2013), respectively. High esti-

mate value of heritability (> 60%) was exhibited for 

characteristics of. plant length, No. of branches per 

plant, pod length, pod width, pod thickness, No. of 

seeds per pod, weight of seeds per pod and No. of 

pods per plant in addition to No. of days to flower-

ing in the two consecutive selection cycles. 

Thence, these characteristics serve as a useful 

and effective guide to the plant breeders. There-

fore, the improvement will be occurred through 

selection procedure based on these traits. These 

results are in agreement with earlier findings by 

Chadha et al (2008) and Saxesena et al (2014). 

The estimated heritability recorded moderate to 

high values for the characteristics No. of first flow-

ering node (85.67%, 54.47%), pod weight 

(59.07%, 81.23%), weight of 100 seeds (52.58%, 

76.25%), pod yield per plant (59.51%, 73.63%) 

and seed yield per plant (58.33%, 65.54%) through 

the two selection cycles, respectively. Sharma and 

Bora (2013) reported that heritability estimate pro-

vides guide for the selection procedure to be fol-

lowed by the breeders for improvement of these 

traits under a given environment. For the charac-

teristic of hundred seeds weight, the results are in 

consistent with those of Singh et al (2011) who 

proved that heritability values of these characteris-

tics are moderately high. Also Basaiwala et al 

(2013) reported moderate heritability for the same 

characteristic. 

 

Estimation of expected genetic advance 

 

Data in Tables (4) and (5) indicate that the ex-

pected genetic advance as percentage of estimat-

ed means of traits had ranged between 16.27% in 

No. of days to flowering to 109.84% in No. of 

branches per plant for the first cycle of selection. 

This indicating high genetic advance (> 20%) for all 

studied characteristics except No. of days to flow-

ering which recorded moderate genetic advance 

(10%-20%). As for genetic advance within second 

selection cycle, all traits achieved genetic advance 

percent above moderate limits. Thence, the ex-

pected genetic advance percentage values were 

ranged between 28.51% in No. of first flowering 

node to 416.44% in No. of pods per plant. There-

fore, in the second cycle of selection, all character-

istics except No. of first flowering node and shilling 

percentage, the high estimates of heritability cou-

pled with high expected genetic advance as per-

centage of mean besides high values of GCV 

which confer ample scope of selection for further 
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improvement especially for No. of pods per plant, 

pod yield and seed yield. These results are in 

agreement with findings by Chaudhary and 

Sharma (2003), Singh and Singh (2006), Gupta 

et al (2006), Tyagi et al (2012), Kumar et al 

(2013a), Pal and Singh (2013), Sharma and Bora 

(2013), Kumar et al (2013b), Siddika et al (2013) 

and Georgieva et al (2016). 

Kumari et al (2012) reported that selection 

may not be rewarding for shelling percentage and 

No. of first fruiting node, therefore other breeding 

methods should be taken for improvement of these 

traits. Higher heritability along with moderate ge-

netic gain for nodes to first flower was indicating a 

preponderance of additive effect. This suggests 

that the selection might be effective in the further 

improvement of this trait (Kumari et al 2008). The 

obtained results confirmed that the characteristics 

which possessing higher GCV, higher heritability 

and genetic advance could be effectively used in 

selection as it had been suggested by Johnson et 

al (1955) who reported that characteristics with 

higher heritability coupled with higher genetic ad-

vance would response to selection better than 

those with higher heritability and lower genetic 

advance. 

The characteristics which exhibited higher her-

itability coupled with higher genetic advance for the 

two consecutive cycles of selection were plant 

length, No. of branches per plant, pod length, pod 

width, pod thickness, No. of seeds per pod, weight 

of seeds per pod and No. of pods per plant.  

This suggesting the potential improvement in 

pea yield would be achieved through selection for 

these characteristics and indicating role of additive 

gene action in the expression of these traits. Most 

of these results are in agreement with those re-

ported by Chaudhary and Sharma (2003), Singh 

and Singh (2006), Gupta et al (2006), Sharma et 

al (2011), Tyagi et al (2012), Kumar et al (2013a), 

Kumar et al (2013b), Pal and Singh (2013), 

Sharma and Bora (2013), Siddika et al (2013) 

and Georgieva et al (2016). 

 

Assessment of selected lines 

 

Analysis of variance was measured to deter-

mine the degree of variability between the obtained 

materials from selection program. The materials 

are consisted of twenty selected lines which were 

selected from the four baseline populations, and 

the four bulk populations as well as the check cul-

tivar Entsar1 (Table 6). The mean sum of squares 

due to advanced breeding lines showed significant 

differences for all studied characteristics at 1 % 

significance level, except shelling percentage 

which showed significance at 5% level. So these 

findings indicate the ample scope of selecting 

promising lines from the present gene pool for 

yield and its components. Significant differences 

were observed between the examined material by 

the researchers Dursun (2007) on bean, Ron et al 

(2005), Ceyhan et al (2008), Tan et al (2012) and 

Rashwan and El-Shaieny (2016) on pea. 

 
Table 6. Mean squares of studied traits for select-

ed lines of pea 
 

Studied traits 

Mean squares 
due to geno-

types F value 

df= 24  

Plant length (cm) 3597.19 21.44** 

No. of branches/plant  8.86 10.54** 

No. of days to flowering  133.66 78.78** 

No. of first flowering node  6.99 3.78** 

Pod length (cm) 36.57 54.37** 

Pod width (cm) 0.24 14.72** 

Pod thickness (cm) 0.06 6.58** 

Pod weight (g) 53.30 25.69** 

No. of seeds/pod 10.75 5.97** 

Weight of seeds/pod (g) 8.12 11.54** 

No. of pods/plant 697.26 13.33** 

Weight of 100 seeds (g) 966.76 10.26** 

Shelling percentage (%) 390.75 1.76* 

Pod yield/plant (g) 30487.14 12.35** 

Seed yield/ plant (g) 6290.23 11.21** 

* and ** Significant at .05 and .01 probability levels, respectively. 

 
Mean performance of selected lines 

 
Growth characters 

 

Data in Table (7) showed that the selected K1 

line gave the highest average of plant length 

(72.13 cm) but the least average of plant length 

(40.87cm) was conferred by check cultivar. Among 

all the tested genotypes, the selected G1 line ex-

hibited the highest value for No. of branches per 

plant (2.96) followed by check cultivar (1.72) while 

the least No. of branches per plant was found in 

bulk populations KB and NB (1.09). As shown in 

Table (7), the performance of selected line growth  
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Table 7.  Mean performance for different characteristics of selected lines of pea 
 

Source 
Plant 

length 
(cm) 

No. of 
branches 

/plant 

No. of days 
to flowering 

No. of first 
flowering 

node 

Pod length 
(cm) 

Pod width 
(cm) 

Pod thick-
ness (cm) 

Pod weight 
(g) 

K.1 72.13A 1.73  D-G 38 I  9.17 B-F 8.50   H-J 1.28 E-G 0.98  F-H 5.89   E-H 
K.2 46.97D-I 1.27  GH 38 I  9  D-F 9.53   DE  1.22 G -J 1.01 C-F 6.61   C-F 
K.3 47.63D-H 1.1    H 38  I  9.43 A-D 9.74   C-E 1.22 G- J 0.97 F-H 6.19   D-H 
K.4 66.7AB 1.68  D-G 41.36C 9.72 A-C 7.57   K 1.22  H- J 0.96 F-H 4.88   J 
N.1 50.94C-F 1.44  F-H 38   I  8.89 D-F 8.81   GH 1.32 C-E 1.06  B 6.69   CD 
N.2 48 D-H 1.93  C-E 40  FG 8.95 D-F 9.92   B-D 1.19 J 0.94  H 5.91   E-H 

N.3 49.98 C-F 1.66  D-G 38   I  8.70 D-F 8.61   HI 1.34 B-D 1.06  BC 6.63   C-E 

G.1 45.31 E-I 2.96  A 39.46 GH 8.5   F 9.83   CD 1.24  F- J 0.96 F-H 6.35   D-G 
G.2 48.49C-G 1.77  D-F 39.15 H 8.98 D-F 9.77   C-E 1.27  E- I 1.00  D-G 6.54   C-F 
G.3 50.81C-F 2.42  B 40.19 D-F 8.93 D-F 10.09 BC 1.29  D-F 0.95 GH 6.27   D-H 
G.4 44.52 F-I 2.24  BC 40.68 DE 9.04 C-F 9.77 C-E 1.27 E-H 0.96 F-H 6.22   D-H 
G.5 41.8  HI 1.93  C-E 40.25 D-F 8.9   D-F 9.73 C-E 1.20  IJ 0.98 E-H 6.35   D-G 
G.6 46.11D-I 1.4    F-H 38      I  9.04 C-F 9.70 C-E 1.21  H-J  0.98 F-H 6.16   D-H 
G.7 51.42C-E 2.35  BC 39.15 H 8.69 EF 9.37 EF 1.38  B 1.04 B-D 7.14 BC 
H.1 50.76C-F 1.51  E-H 38.34 I  9.71 A-C 9.57 D-E  1.21  H-J 0.95 GH 5.87 F-H 
H.2 61.67 B 1.59  E-G 38.43 I  8.96 D-F 8.67 HI 1.28  E-G 0.98  E-H 5.74 G- I 
H.3 49.39C-F 2.30  BC 39.33 H 9.21 B-F 10.28  B 1.36  BC 1.03  B-E 7.52 B 
H.4 55.06 C 1.49  E-H 40.09 E-G 9.38 A-E 9.06  FG 1.21  H-J 0.96  F-H 5.57 HI 
H.5 48.94C-G 2.08  B-D 40.77 D 8.79 D-F 10.04  BC 1.28  E-G 0.95  GH 6.28 D-H 
H.6 52.78CD 1.72  D-G 40.03 E-G 9.25 A-E 9.93  B-D 1.28  E-G 0.97 FH 6.24 D-H 
KB 66.91 AB 1.09  H 42.84 A 9.41 A-E 8.13    J 1.19    J 0.96  GH 5.08  J 
NB 64.14 B 1.09  H 42.49 AB 9.89 AB 8.21    J 1.19    J 0.90     I 4.71 J 
GB 42.74 G-I 1.35  F-H 42   B 8.83 D-F 8.34    J  1.20    H-J 1    D-G 5.93   E-H 
HB 46.52 D-I 1.51  E-H 42.68 A 9.92 A 9.05   FG 1.24    F-J 0.96    GH 5.71 G-I 
ch 40.87 I 1.72  D-G 42     B 9.17 B-F 11.20   A 1.46    A 1.18    A 9.74 A 

 
Table 7. Cont. 
 

Source 
No. of 
seeds 
/pod  

Weight of 
seeds /pod 

(g)  

No. of 
pods/ 
plant 

Weight of 
100 seeds 

(g) 

Shelling 
% 

Pod yield 
/plant (g) 

Seed yield 
/plant (g) 

K.1 7.57   D-H 2.74  C-H 12.93 B-E 35.92 C-I 46.34 AB 84.3   B-D 38.86 B-E 
K.2 8.12   A-E 3.11  B-E 6.06   K-L 38.52 B-E 48.12 AB 39.27 G-I 19.04 G-K 
K.3 8.6     A 2.93  B-F 6.48    I-L 34.27 D-J 47.86 AB 40.14 G-I 18.94 G-K 
K.4 6.78    I 2.32  H-J 17.88  A 34.82 D-J 48.75 AB 90.75 BC 43.39 B 
N.1 7.64   B-H 3.19  AB 8.11   G-L 41.74 B 49.73 A 55.72 E-H 25.26 F-J 
N.2 8.25   A-D 2.55  F-I 11.03 D-H 31.27 H-K 44.54 A-C 63.24 D-G 25.54 F-J 
N.3 8.02   A-F 3.13  B-D 8.32   G-L 39.13 B-D 49.45 A 53.78 E-H 26.58 F-I 
G.1 8.19   A-D 2.98  B-F 15.62 AB 36.48 C-G 47.52 AB 98.14 B 46.47 B 
G.2 7.97   A-F 2.97  B-F 9.77   E-J 37.48 B-F 46.76 AB 67.54 C-F 29.61 D-G 
G.3 8.28   A-C 2.62  F-H 15.44 A-C 32.06 G-K 42.91 A-C 94.62 B 41.07 B-D 
G.4 7.96   A-F 2.69  E-H 10.14 E-I 34.25 D-J 44.98 A-C 63.22 D-G 27.18 F-H 
G.5 8.13   A-E 3.11  B-E 7.88   H-L 38.63 B-E 50.19 A 50.54 E-I 24.49 F-J 
G.6 8.09   A-E 2.88  B-G 6.33   J-L 36.29 C-H 48.76 AB 38.69 G-I 18.46 G-K 
G.7 7.92   A-G 3.15  BC 12.46 B-F 40.40 BC 43.97 A-C 91.05 BC 40.26 B-D 
H.1 8.10   A-E 2.65  F-H 14.49 B-D 32.62 F-K 46.4   AB 85.76 B-D 42.27 BC 
H.2 7.67   B-H 2.57  F-I 11.63 D-G 33.51 F-J 45.81 A-C 68.36 C-E 28.69 E-G 
H.3 8.33   AB 3.27  AB 18.61 A 39.17 B-D 44.34 A-C 138.43 A 58.37 A 
H.4 7.43   E-H  2.50  G- I 9.04   F-K 33.83 E-J 46.45 AB 49.76  E-I 23.53 F-K 
H.5 8.42   A 2.71  D-H 14      B-D 32.18 G-K 44.68 A-C 91.23  BC 39.37 B-E 
H.6 8.09   A-E 2.67  F-H 12      C-F 32.95 F-J 43.03 A-C 73.9   B-E 31.47 C-F 
KB 7.25   G- I  2.21  I J 6.81    I-L 31.10 I-K 44.99 A-C 34.34  HI 14.30 JK 
NB 7.01   HI  1.95  J 7.26    I-L 27.93 K 43.87 A-C 34.05  HI 14.78 I-K 
GB 7.62   C-H 2.55  F-I 4.80    L 33.94 E-J 44.71 A-C 27.54  I 12.04 K 
HB 7.35   F- I 2.19  I J 7.31    I-L 30.25 J-K 41.37 BC 42.76  F-I 15.79 H-K 
ch 7.55   D-H 3.57 A 6.03    KL 47.34 A 38.16 C 59.24 E-H 21.46 F-K 

Means in the same column followed by the same letter are not significantly different. 
K1-K2-K3-K4-N1-N2-N3-G1-G2-G3-G4-G5-G6-G7-H1-H2-H3-H4-H5-H6: The selected lines. 
KB-NB-GB-HB: The four bulk populations.    ch: The check cultivar Entsar1. 
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characteristics compared to bulk populations and 

check cultivar proved that the twenty selected lines 

showed less requirements of No. of days to flower-

ing significantly comparing with the bulk popula-

tions and the check cultivar. The required days to 

flowering ranged between 41.36 days in K4 line to 

38 days in K2 line, while ranged between 42.84 to 

42 days in bulk populations of KB and GB, respec-

tively and 42 days in check cultivar. The G1 line 

gave the least average of No. of first flowering 

node (8.50) but the highest average of first flower-

ing node (9.92) was obtained in bulk population 

HB. While check cultivar bears the first flower at 

average node number of 9.17. 

 

Yield and its components 

 

Data in Table (7) showed significant variation 

in pod length between the tested genotypes. 

Thence, the longest pod (11.20 cm) was obtained 

by check cultivar followed by the H3 line (10.28 

cm) while K4 line gave the shortest pod (7.57 cm). 

Check cultivar gave the highest average of pod 

width (1.46 cm) followed by selected G7 line (1.38 

cm) while the lowest significant average of pod 

width (1.19 cm) was recorded by KB, N2 and NB 

genotypes. Check cultivar gave the highest aver-

age of pod thickness (1.18 cm) followed by the N1 

line (1.06 cm), while the bulk population NB gave 

the lowest significant pod thickness (0.90 cm). The 

significant highest value of pod weight among all 

tested genotypes was recorded by check cultivar 

(9.74 g) followed by H3 line (7.52 g) while NB pop-

ulation showed significant least value of pod 

weight (4.71 g). Data in Table (7) showed that the 

significant highest value of No. of seeds per pod 

was conferred by K3 line (8.60 seeds), while the 

significant lowest value was exhibited by K4 line 

(6.78 seeds) compared to check cultivar which 

recorded average 7.55 seeds per pod. As for 

weight of seeds per pod, the significant heaviest 

seeds per pod were borne by check cultivar (3.57 

g), H3 line (3.27 g) and N1 line (3.19 g), and the 

differences between them was not significant. 

While the lighter seeds per pod were achieved by 

the NB (1.95 g), HB (2.19 g), KB (2.21 g) and K4 

(2.32 g) genotypes, and the differences between 

them was not significant. The highest significant 

value of No. of pods per plant was exhibited by H3 

line (18.61) and K4 line (17.88). Meanwhile, the 

least significant value of pod number per plant was 

exhibited by GB line (4.80) but the median pod 

number per plant (6.03) was recorded by check 

cultivar. As for weight of 100 seeds, the highest 

significant value was obtained by check cultivar 

(47.34 g) followed by the N1 line (41.74 g) while, 

the NB bulk population gave the lowest significant 

value (27.93 g) of weight of 100 seeds. As for 

shelling percentage, G5 line exhibited the highest 

significant percent (50.19 %) while the check culti-

var gave the lowest significant percent (38.16%) of 

this character. 

Concerning pod yield per plant, data in Table 

(7) showed that H3 line recorded the highest signif-

icant value of pod yield per plant (138.43 g) but GB 

bulk population recorded the lowest significant 

value (27.54 g.) while check cultivar (59.24 g.) lo-

cated immediately before GB population. With re-

gard to seed yield per plant, data in Table (7) 

showed that H3 line recorded the highest signifi-

cant value of seed yield per plant (58.37 g) while 

the lowest significant values were obtained by GB 

population (12.04 g) and check cultivar (21.46 g).  

Data could be summarized that the studied 

characters exhibited heritability rate ranged from 

medium to high for two consecutive cycles of se-

lection. This implies that these characteristics are 

stable in facing the environmental changes except 

shelling percentage which was greater influenced 

by the environment. The characteristics of days to 

50 % flowering and days to first harvest exhibited 

heritability of medium to high level, indicating that 

selection in segregating generation could be effec-

tive for evolving early maturing genotypes (Shar-

ma and Sharma, 2012). 

In order to determine which selected lines are 

suitable for commercial vegetable production as 

promising cultivar or as parents for further breeding 

programs, the scoring points were used and each 

studied characters was given a score from 1 to 5, 

except pod yield per plant and seed yield per plant 

that were given a score from 1 to 10, thence these 

traits are considered the main target of agriculture 

production.  Flowering and yielding characteristics 

as No. of days to flowering and No. of first flower-

ing node along with green pod characteristics as 

pod length, pod width, pod thickness, pod weight, 

No. of seeds per pod and weight of seeds per pod 

were more preferable characteristics that should 

be improved in the new cultivar. Therefore, earli-

ness yielding along with better green pod charac-

teristics are considered the main demands for pro-

ducer and consumer. The evaluation of these lines 

for further breeding programs adopted the sum 

total of all studied characters, thence greater em-

phasis should be given to all  characteristics for 

yield improvement through breeding programs. 

Ron et al (2005) used pod characteristics to indi-
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cate the quality for fresh pod production and use 

nine significant quantitative attributes for global 

quality including earliness. Depending on the re-

sults of scoring points for studied genotypes as 

shown in Table (8), all selected lines showed su-

periority compared to the baseline sources  for all 

the traits, generally, which underlines the im-

portance of the selection in improving the qualities 

of cultivars. Some of selected lines outperformed in 

total score of the traits comparing with the check 

cultivar as presented. The selected genotypes H3, 

G7, N1, N3, G2, G1 and K2 may be considered as 

promising cultivars because they have good pod 

characteristics with higher productivity and earli-

ness in flowering. While, the rest of selected geno-

types (K1, K3, K4, N2, G3, G4, G5, G6, H1, H2, 

H4, H5 and H6) could be used for improving char-

acteristics of yield and its contributing traits through 

breeding programs. 

Another goals were achieved under the present 

study, i.e. evaluation of different materials to obtain 

lines with high yielding along with earliness and 

identifying superior lines for breeding programs 

beside improve some studied characters using 

typical or some different breeding procedures. 

These results are fairly consistent with those of   

Dursun (2007) on bean, Deshpand et al (2010) 

on cowpea, Nosser (2011) on broad bean,  Ron et 

al (2005), Ceyhan et al (2008), Tan et al (2012), 

Bhnan (2013) and Rashwan and El-Shaieny 

(2016) on pea. 

 

Correlation among studied traits  

 

Correlation coefficients of studied traits for all 

tested genotypes are shown in Table (9). At the 

beginning, it could be emphasized that pea yield 

consists mainly of pod yield per plant, pod number 

per plant, seed number per pod, seed yield per 

plant and average seed weight. Otherwise, the 

highest correlation coefficient value was recorded 

between pod yield per plant and pod number per 

plant as well as seed number per pod, seed num-

ber per plant and average seed weight as found by 

Krarup and Davis (1970). The results of correla-

tion between pea traits will be processed through 

many ways as follows: 

1- Correlations between pod yield components 

and plant vegetative growth, i.e. plant length 

and branch number per plant: both of the two 

traits have higher heritability through two selec-

tion cycles indicating to the presence of addi-

tive gene effect. So that these traits can be im-

proved directly through selection procedure 

depending on morphological variation. These 

traits was positively correlated with pod number 

per plant trait so selection for improving pod 

number traits indirectly improve both of plant 

length and branch number. Otherwise, plant 

length trait was negatively correlated with seed 

number and weight per pod but branch number 

trait was positively correlated with seed number 

and weight per pod. Georgieva et al (2016) 

reported that the negative correlation observed 

between seed yield and plant height indicates 

that tall plants supporting many leaves could 

increase total biomass instead seed weight. Fi-

nally, data of correlation between pod yield and 

its components, and vegetative growth traits 

especially plant length and number of branches 

per plant proved that pod yield and its compo-

nents could be improved by improving number 

of branches trait more than plant length. Posi-

tive correlation between seed yield and No. of 

primary branches per plant was recorded by 

Rasaei et al (2011), Singh et al (2011) and 

Abdulla et al (2014). The positive correlation 

was found between No. of seeds per pod and 

No. of branches per plant by Kosev and Mikić 

(2012). Also positive correlation between plant 

height and pods number per plant was found 

by Sharma et al (2011), Ramzan et al (2014) 

and Georgieva et al (2015). Green pod yield 

per plant showed positive and significant corre-

lation with pod length and No. of developed ov-

ules (seeds) per pod but negative and signifi-

cant correlation with plant height (Singh and 

Lokendra, 2015). 

2- Correlations between pod yield components 

and flowering traits as number of days to flow-

ering and number of first flowering node: the 

results revealed that pod and seed yield traits 

and there components showed negative corre-

lation with flowering traits as number of days to 

flowering and number of first flowering node. 

On the other hand, heritability and genetic ad-

vance of flowering traits recorded medium to 

higher rates through two cycles of selection in-

dicating to presence of additive and none addi-

tive gene effect. The expected genetic advance 

of flowering traits (or any trait) depends on ge-

netic variability. When the variability in baseline 

materials is fewer or absent, selection proce-

dure for improvement is not advisable but it is 

preferable adopting other procedure as cross-

ing or hybridization to improve flowering traits.   

Also under the same condition of this study, 

when the target is to improve flowering traits, it  
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Table 8. Scoring for determination of the best lines which can be used as promising cultivar or as parents 

for breeding programs 

Source C3 (5) C4 (5) C5 (5) C6 (5) C7 (5) C8 (5) C9 (5) C10 (5) 
Total score as 

promising  
cultivar (40) 

K.1 5 4.2 2.8 3.8 3.4 3.4 3.2 3.6 29.4 
K.2 5 4.6 3.8 3 4 4 4.2 4.2 32.8 
K.3 5 3.8 4 3 3.4 3.6 5 4 31.8 
K.4 3.4 3.6 2.2 2.8 3.4 2.4 2.2 2.4 22.4 
N.1 5 4.6 3.2 4.2 4.8 4.4 3.6 4.8 34.6 
N.2 4.4 4.6 4.4 2.4 3 3.4 4.4 2.8 29.4 
N.3 5 4.6 3 4.4 4.6 4.2 4 4.4 34.2 
G.1 4.6 5 4.2 3.2 3.4 3.8 4.4 4 32.6 
G.2 4.8 4.6 4 3.4 3.8 4 4 4 32.6 
G.3 4 4.6 4.6 4 3.2 3.6 4.6 3 31.6 
G.4 3.8 4.4 4 3.6 3.4 3.6 4 3.2 30 
G.5 4 4.6 4 2.6 3.6 3.8 4.2 4.2 31 
G.6 5 4.4 4 2.8 3.4 3.6 4.2 3.8 31.2 
G.7 4.8 4.8 3.6 4.8 4.4 4.6 3.8 4.6 35.4 
H.1 5 3.6 3.8 2.8 3.2 3.2 4.2 3 28.8 
H.2 5 4.6 3 3.8 3.6 3 3.6 2.8 29.4 
H.3 4.8 4.2 4.8 4.6 4.2 4.8 4.8 4.8 37 
H.4 4.2 4 3.4 2.8 3.4 2.8 3 2.6 26.2 
H.5 3.6 4.6 4.6 3.8 3.2 3.6 5 3.4 31.8 
H.6 4.2 4 4.4 3.8 3.4 3.6 4.2 3 30.6 
KB 2.8 4 2.4 2.4 3.2 2.6 2.6 2.2 22.2 
NB 3 3.4 2.4 2.4 2.8 2.4 2.4 2 20.8 
GB 3.2 4.6 2.6 2.8 3.8 3.4 3.4 2.8 26.6 
HB 2.8 3.2 3.4 3.2 3.2 3 2.8 2.2 23.8 
ch 3.2 4.2 5 5 5 5 3.2 5 35.6 

 

Table 8. Cont.  
 

Source C1 (5) C2 (5) C11 (5) C12 (5) C13 (5) C14 (10) C15 (10) 
Total score 

as promising 
cultivar (40) 

Total score 
as breeding 

lines (85) 

K.1 5 2.8 4.2 3.4 4.8 8.8 8.4 29.4 66.8 
K.2 3.2 2 2 4.2 4.8 5.6 5.2 32.8 59.8 
K.3 3.4 1.8 2.2 3.2 4.8 5.6 5.2 31.8 58 
K.4 4.8 2.8 5 3.2 4.8 9.2 9.6 22.4 61.8 
N.1 3.8 2.2 2.6 4.8 5 6.8 6 34.6 65.8 
N.2 3.4 3.2 3.4 2.2 4.6 7.2 6 29.4 59.4 
N.3 3.8 2.8 2.6 4.4 5 6.8 6.4 34.2 66 
G.1 3 5 4.8 3.8 4.8 9.6 9.6 32.6 73.2 
G.2 3.6 3 3 4 4.8 7.6 7.6 32.6 66.2 
G.3 3.8 3.8 4.6 2.4 4.6 9.6 8.8 31.6 69.2 
G.4 2.8 3.6 3.2 3.2 4.6 7.2 6.8 30 61.4 
G.5 2.4 3.2 2.4 4.2 5 6.4 6 31 60.6 
G.6 3.2 2.2 2.2 3.6 4.8 5.6 5.2 31.2 58 
G.7 4 3.6 4 4.6 4.6 9.2 8.8 35.4 74.2 
H.1 3.8 2.4 4.4 2.6 4.8 8.8 9.2 28.8 64.8 
H.2 4.6 2.6 3.6 2.8 4.6 8 7.2 29.4 62.8 
H.3 3.8 3.6 5 4.4 4.6 10 10 37 78.4 
H.4 4.4 2.4 2.8 3 4.8 6.4 5.6 26.2 55.6 
H.5 3.6 3.4 4.4 2.4 4.6 9.2 8.4 31.8 67.8 
H.6 4.2 2.8 3.8 2.8 4.6 8.4 8 30.6 65.2 
KB 4.8 1.8 2.2 2 4.6 5.2 4 22.2 46.8 
NB 4.6 1.8 2.2 1.8 4.6 5.2 4.4 20.8 45.4 
GB 2.6 2.2 1.8 3 4.6 4.8 3.8 26.6 49.4 
HB 3.2 2.4 2.2 2 4.4 6 4.8 23.8 48.8 
ch 2.2 2.8 2 5 4.2 6.8 5.6 35.6 64.2 

K1-K2-K3-K4-N1-N2-N3-G1-G2-G3-G4-G5-G6-G7-H1-H2-H3-H4-H5-H6: The selected lines. 
KB-NB-GB-HB: The four bulk populations.                                     ch: The check cultivar Entsar1. 
C3=No. of days to flowering.  C4=No. of first flowering node.     C5=pod length.    C6=pod width    
C7=pod thickness.   C8=pod weight.    C9=No. of seeds/pod.      C10=weight of seeds/pod. 
C1=plant length.    C2=No. of branches /plant.     C11=No. of pods /plant.       C12=weight of 100 seeds.  C13=shelling%.     C14=pod 
yield /plant.              C15=seed yield /plant.   
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is preferable to study flowering and yielding 

traits each in separate work.  Earliness of flow-

ering through this work is easily improved de-

spite the negative correlation with yielding 

traits, this is due to the less variability in earli-

ness of flowering between baseline popula-

tions. Therefore, earliness of flowering trait, 

which Master B cultivar is featured, has been 

purified. 

Basaiwala et al (2013) found that the negative 

correlation of seed yield with days to 50% flower-

ing (express on earliness). Ramzan et al (2014) 

reported that days to 50% flowering had positive 

and significant correlation with No. of pods per 

plant, on the other hand it was negatively and sig-

nificantly correlated with pod length and No. of 

seeds per pod. Kumar et al (2015) found that the 

node at which the first flower appears (number) 

had a positive correlation with days to first flower, 

plant height and negatively associated with No. of 

pods per plant.  

3- Higher heritability (through two selection cy-

cles) of pod number per plant, pod length, pod 

width and seed number and weight per pod as 

well as positive correlation between these traits 

with pod and seed yield traits prove the pres-

ence of additive gene effect and adoption se-

lection procedure for improving these traits and 

subsequently improving pod and seed yield 

traits. Otherwise, selection for higher pod and 

seed yield traits mean indirect selection for im-

proving traits of pod number per plant, pod 

length, pod width and seed number and weight 

per pod. Strongest positive correlation between 

seed yield and No. of pods per plant was de-

tected by Tyagi and Srivastava (2002), Singh 

and Singh (2006), Togay et al (2008), Rasaei 

et al (2011), Singh et al (2011), Tyagi et al 

(2012), Basaiwala et al (2013), Kumar et al 

(2013a) and Siddika et al (2013). Also, 

strongest positive correlation between pod yield 

and No. of pods per plant was detected by 

Chaudhary and Sharma (2003), Sharma et al 

(2011), Kumari et al (2008), Kumar et al 

(2015), Tofiq et al (2015) and Katoch et al 

(2016). Positive correlation of seed yield with 

pod length and pod width was found by Siddi-

ka et al (2013) and Iqbal et al (2015). Positive 

correlation of seed yield with seeds per pod 

was reported by Tyagi and Srivastava (2002), 

Singh and Singh (2006), Rasaei et al (2011), 

Basaiwala et al (2013), Kumar et al (2013a) 

and Siddika et al (2013). Positive correlation 

between pod yield and pod length was ob-

served by Kumar et al (2015), Singh and 

Lokendra (2015) and Katoch et al (2016). 

Relationship between pod length and pod width 

was significant and positive correlation (Avci and 

Ceyhan, 2006). There were highly significant posi-

tive correlation between pod length with weight of 

seeds per pod and 100 seed weight (Tofiq et al 

2015). Pod length was positively and significantly 

correlated with number of seeds per pod during 

both the seasons (Katoch et al 2016). 

 

CONCLUSION 

 

Pea genotype characteristics used in this study 

showed moderate to high GCV along with moder-

ate to high heritability which gave a good chance 

for improving these characteristics through selec-

tion procedure. Higher estimate of heritability in 

broad sense for studied traits with moderate to 

high GCV after two cycles of selection gives ample 

scope for further improvement especially for No. of 

pods per plant, pod yield and the seed yield and 

the results of the correlation analysis will be the 

best guide for this aim. This work presents the se-

lected genotypes H3, G7, N1, N3, G2, G1 and K2 

as promising lines could be handled as cultivars 

because they have good pod characteristics with 

higher productivity and earliness in flowering. Also 

presents the rest of the selected genotypes K1, 

K3, K4, N2, G3, G4, G5, G6, H1, H2, H4, H5 and 

H6 that could be used for improving yield and its 

attributing traits through future breeding programs. 
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