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ABSTRACT 
 

Twenty-five local and exotic pea cultivars and three F1 hybrids were used in this 
study to evaluate their performance and their phylogenetic relationships based on 
both the polymorphism of esterase molecular forms differentially expressed in root, 
stem, leaf and seed tissues and the multivariate analysis of eight developmental, yield 
and quality characters. This study was carried out, in El-Kassasein Horticultural 
Research Station during the winter seasons of 2004/2005, 2005/2006 and 2006/2007. 

Least significant differences, showed that almost all pea cultivars and hybrids had 
considerable variation for all the eight characters where they showed a wide range of 
mean values for all of these characters. F1 (P6xP13) had the highest mean values for 
four out of the eight characters. It had an average of 241.3 gm for pods weight per 
plant and an average of 92.3 for number of pods per plant. 

The isoesterase polymorphism showed clearly a distinguished differential display 
of esterase molecular forms over the four tissues during the ontogeny of the pea 
plant. A total of 9, 9, 15 and 16 esterase molecular forms were, respectively, obtained 
from root, stem, leaf and seed tissues over the twenty-eight pea cultivars and hybrids. 

Dendrogram constructed based on the transformed mean values of eight 
polygenic traits grouped the twenty-eight pea populations on four separate clusters. 
The three F1 hybrids occupied a unique cluster with the hightest cluster mean values 
for five out of the eight characters especially those for pods weight, number of pods 
per plant and yield per feddan. This suggested that these three hybrids could be 
considered a promising base population for a successful selection program for 
improving pea yield. 

The results demonstrated the higher discriminatory power and clustering based on 
multivariate analysis of eight developmental, yield and quality polygenic traits than 
that based on the differential expression of esterase isozymes in four tissues. Both 
dendrograms showed no parallelism between the two clustering systems. 

Key words : Dendogram , Esterase , Isozymes , Multivariate Analysis , Pea , 
Pisum sativum , Phylogenetics , Polymorphism , Yield. 

 

INTRODUCTION 
 

Pea (Pisum sativum Linn.) is an important vegetable crop grown 
almost all year round in various regions the world over. However, its 
productivity has become static over the years even if the total planted area 
has increased tremendously. This plateau is attributable to the lack of 
improved cultivars for different agroclimatic conditions. In order to further 
increase the yield potential in pea, it is desirable to either evaluate the 
performance of various cultivars in different regions or to develop new 
genotypes through recombination breeding and selection (Sood and Kalia, 
2006). 
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Multivariate analysis based on polygenic characters was used by many 
investigators for grouping and to identify the phylogenetic relationships 
among pea cultivars and landraces in the purpose for the efficient designation 
of effective breeding programs (Amurrio et al., 1994). 

Ultilization of isozyme polymorphism to discriminate and identify pea 
cultivars using isozyme expression in different tissues has been applied by 
Posvec and Gariga, (2002). Differential expression of isozymes over plant 
tissues and, also, isozyme polymorphism have been used by many 
investigators to identify the genetic distances and the phylogenetic 
relationships among different legumes (Santalla et al., 2002 and Smutkupt et 
al., 2006). Pectin methyl esterase (PME) has an activity level in immature 
peas of about 2.5 times that found in the most mature peas, (Collins, 1970). 
This PME was found to be tightly correlated, both spatially and temporally, 
with border cell separation in pea root caps, root elongation and systematic 
cellular morphology development. The demethylation of pectin by pectin 
methylesterase plays a key role in cell wall metabolism. Pectin as a polymer 
is a major constituent of cell walls. Pectolytic enzymes, esterases, can 
solubolise cell walls (Collmer and Keen 1986; Koutojansky, 1987). Pectin 
methylesterase (PME), although, it does not by itself solubolize cell walls, but 
it regulates cell wall degradation by several mechanisms (Goldberg et al., 
1992), by reducing pH through the release of a proton when methoxyl groups 
of pectin are converted to carboxyl groups. This change in pH controls the 
activity of other cell wall-degrading enzymes that are active at low pH and 
thereby to facilitate cell expansion and growth (Nari et al., 1986) and /or cell 
separation (Koutojansky, 1987; Wen et al., 1999). 

This study aimed to evaluate the performance of twenty-eight pea 
cultivars and hybrids and to study the parallelism between their phylogenetic 
relationships based on either the polymorphism of esterase molecular forms 
differently expressed in four tissues or on the multivariate analysis of eight 
developmental, yield and quality characters. 

 

MATERIALS AND METHODS 
 

Two field experiments were carried out in the Experimental Farm of El-
Kassasein Horticultural Research Station, Ismailia Governorate. 
Evaluation experiment: 

The experiment was achieved twice over two successive seasons. 
Twenty-five pea (Pisum sativm L.) local and exotic cultivars and three F1 
hybrids were used in this study. These were Arica (A) as P1, Onward as P2, 
Jo 1086 as P3, Ambassador (A) as P4, Jurbo as P5, Arica as P6, Syrian as P7, 
Jumbo as P8, Atol as P10, Hunter as P11, Top pod as P12, Ambassador as P13, 
Master as P14, Toledo Sugar as P15, Sugar Luv as P16, Penine as P17, Oregon 
Sugar Real as P18 Mammoth as P19, Sugar E.M (Doddy) as P20, Filanon (Nun 
0060) as P21 Little Marvel as P24 Perfection as P25 Sugar Snap (BS0017) as 
P26, Cascadia as P27 and Sugar Ann (BS0016) as P28. These local and exotic 
cultivars were kindly obtained from the Self-pollinated Vegetable Research 
Department, Horticultural Crops Research Institute. The three F1 hybrid 
crosses P13 X P24, P6 X P13 and P13 X P6 were achieved during the winter 
season of 2004/2005. Both the three F1 hybrids and the 25 local and exotic 
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cultivars were sown, in the Experimental Farm at El-Kassasein Horticultural 
Research Station for evaluation in each of the two successive winter seasons 
2005/2006 and 2006/2007.  

Both seeds of the three F1s and of the twenty-five local and exotic cultivars 
were sown in October of the two successive seasons 2005/2006 and 
2006/2007 in a randomized complete block design with three replications. In 
both seasons of evaluation, similar agricultural procedures were applied for 
all entries. Two seeds per hill were sown in a single hill for each dripper. The 
drippers were 20 cm apart and the irrigation lines were 60 cm width. Each 
plot was 6 m2. The treatments were similar for all entries under study in both 
seasons. 

In each season, ten plants from each entry overall replications were 
randomly chosen to measure both the developmental and yield characters. 
The developmental characters recorded were; stem length (cm), number of 
leaves per plant and number of branches per plant. The  yield characters 
were the weight of green pods per plant (gm), number of pods per plant and 
yield per feddan. Pod quality characters measured were the average weight 
of pod, and average pod length (cm). 
Isozyme electrophoresis: 

Samples from each of the 25 cultivars and the three F1 hybrids were 
randomly taken. These samples were used to study the isoesterase 
molecular froms in root, stem, leaf and seed tissues after forty days from 
sowing date. 

Esterase (Est.) isozyme system, which has given the designation of EC 
3.1.1.1 in the report of commission of enzymes (International Union of 
Biochemists, 1978), was screened in all the plant materials at the 
Biotechnology lab., El-Kassasein Horticultural Research Station, Horticultural 
Crops Research Institute. 

Six samples, from each of the four tissues, were collected of all the 
cultivars and the F1 hybrids. Isozyme extraction buffer of esterase isozymes 
and procedures were applied according to Tanksley and Orton (1983). 

Equal protein concentrations were determined according to Bradford 
(1976) and were used for sample preparation and sample loading in gels. 
The buffers used in preparing gels and samples as well as sample loading 
and electrophoretic conditions were described by Guirgis et al., (1996). 
Procedures of Kahler and Alard (1970) were applied with modifications 
suggested by Tanksley and Rick (1980) for detecting non specific esterase 
isozymes. 
Statistical Analysis: 

The statistical analysis was carried out on the blot mean basis of the 
pooled mean over both seasons. The least significant difference (LSD) test 
was used to evaluate differences between pea cultivars and hybrid mean 
values, according to Snedecor and Cochran (1972). 
Genetic Distances and Clustering Analysis Based on Polymorphism of 
Esterase Molecular Forms: 

To study clustering pattern among the studied pea cultivars and hybrids 
based on band differences of esterase molecular forms expressed in four 
different tissues of the pea plant, the data generated from all the twenty-eight 
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entries, were recorded according to binary values (1,0) for presence  and 
absence, respectively. Genetic distance, calculated as an Euclidean metric 
distance, was computed between all pairs of populations. Hierarchical 
clustering procedure was applied using Ward's methods as developed by 
Hair et al. (1987). 

The phylogenetic relationships of clustering patterns are presented as 
dendrogram constructed on linkage distance basis. The matrix of similarity 
was analysed by the unweighted pair group method using the arithmetic 
average (UPGMA), as suggested by Sneath and Sokal (1973). 
Genetic Distances and Clustering Analysis Based on Multivariate Analysis of 
Eight Developmental, Yield and Quality Characters: 

Means over the two seasons of all the eight developmental, yield and 
quality characters for the studied pea cultivars and hybrids were subjected to 
a multivariate analysis (Johnson and Wichern, 1988). The data were 
analysed using hierarchical Euclidean cluster analysis. The original mean 
values of eight characters were transformed to uncorrelated variables using 
dispersion matrix. Hierarchical clustering procedure were applied using 
complete linkage method. The cluster analysis and dendrogram construction 
were performed with SPSS (1995). 

 

RESULTS AND DISCUSSION 
 

Performance of Developmental Characters in Pea Cultivars and F1 
Hybrids: 

Data in Table (1), showed that the pea cultivar Mammoth (198.7 cm) 
followed by Syrian (108 cm) had the highest mean value for stem length. 
Meanwhile, the cultivar Hunter (45 cm) followed by Jurbo (50 cm) had the 
least stem length value. 

However, the F1 hybrid (13 X 24) segregated transgressively and it had 
higher (103 cm) stem length value than those of both parental values, 
indicating that this F1 hybrid had more increasing genes controlling taller stem 
length. However, more decreasing genes were observed for this character in 
the F1 (6 X 13). Since, it showed lower value (57 cm) than that of either 
parents; P6 (79.2 cm) and P13 (93 cm). 

For number of leaves per plant, the cultivar Syrian had the highest mean 
value (91.7) but Hunter had the least number of leaves per plant (23.3). The 
F1 (13 X 24) showed to have the highest value (128.7) that exceeded the 
values for both parents which were 50.3 and 45.7 for P13 (Ambassador) and 
P24 (Little Marvel), respectively. This clearly suggest that more increasing 
genes controlling this character were accumulated in this F1 hybrid. However, 
intermediate values of the F1 hybrids F1 (6 X 13) and F1 (13 X 6) were 
observed for this character. This might suggest that the parental cultivar P24 
“Little Marvel” is the parent containing most of increasing genes for this 
character. 

For number of branches per plant, both cultivars Atol and Toledo had the 
highest mean value (5.0) for this character but both Hunter and Little Marvel 
had the least mean value (1.33). However, the F1 hybrid (6X13) "Arica X 
Ambassador" had the highest mean value for number of branches per plant 
(6.67) followed by the F1 (13X24) "Ambassador X Little Marvel" (5.33) where 
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boh hybrids exceeded the respective mean values of their parents (Table 
1). This might suggest that more increasing genes were present in these F1 
hybrids. 
Performance of Yield and Quality Characters in Pea Cultivars and F1 
Hybrids: 

In regard to the range between the mean values of yield and quality 
characters, the least significant difference either at 1% or 5% level of 
probability, clearly suggests the presence of some sort of significant 
difference among most of either the cultivars or the F1 hybrids for these 
characters. This suggests that these cultivars and hybrids could construct a 
good base population for beginning a hybrid and selection program for 
improving these characters (Table 1). 

For yield characters, the cultivar Oregon Sugar, had the highest mean 
values for both pod weight (139.3 g) and yield per feddan (5.65 Ton). 
Moreover, the highest mean value for number of pods per plant was obtained 
by the cultivar Arica (50). Meanwhile, the least values of both pods weight 
(31.9 g.) and pods number per plant (8.0) were found for the cultivar Master. 
The cultivar Sugar Snap had the least value for total yield per Feddan  (1.17 
Ton). Hussain and Badshah (2002) reported that the maximum number of 
pods per plant in their pea material was 19.3. 

It is worthy to mention that all the three F1 hybrids exceeded the highest 
values of all the cultivars, including their parents, for all the yield 
aforementioned characters. This might suggest that this could be due to the 
presence of more increasing genes, controlling these characters, in these F1 
hybrids. 

For pod characters over all cultivars, the mean values of pod weight 
ranged from (2.63 g.) for “Jo 1086”  to (1.10g.) for Arica (A). The mean values 
of pod length ranged from (14.6 cm) for Master cultivar to (6.00 cm) for both 
Cascadia and Arica (A). 

In the three F1 hybrids, intermediate mean values between those of 
parental cultivars of each hybrid were obtained for pod weight, and in only F1 
(6X13) and F1 (13X6) for pod length. Meanwhile, the value of pod length 
exceeded those of either parents for the F1 hybrid (13 X 24). 

The results, in Table (1), indicated none of the twenty-five cultivars or the 
three hybrids showed to have the highest mean values for all the characters. 
This suggests that these cultivars could be used as a base population for a 
promising pea breeding program through hybridization followed by selection. 
However, the highest mean values for total yield per feddan, (6.36 Ton), pod 
weight per plant (241.3 g.), number of pods per plant (92.3) and number of 
branches per plant (6.67) were obtained by the F1 hybrid (P6xP13) “Arica X 
Ambassador”. This F1 hybrid showed to have the highest mean values of 
both number of branches per plant and the three yield characters which 
exceeded those of either the respective parental cultivars and the other two 
hybrids of this study. 
Differential Display and Polymorphism of Isoesterase Molecular Forms 
in Four Tissues of Pea Plants: 

Differential display of esterase molecular forms over four tissues showed 
that the highest polymorphism was expressed in seed tissues as 16 
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isoesterase molecular forms which were observed in the zymograms of seed 
tissues of each of P13, P27 (Photograph 1B and Figure 1B) and F1 (P6xP13) 
(Photograph 1C and Fig. 1C). 

Comparing isoesterase polymorphism in the other three tissues, over the 
twenty-five cultivars, the highest number of isoesterase molecular forms, of 
seed tissue exceeded those obtained in either root, stem or leaf tissues. A 
total of 9, 9 and 15 molecular forms were observed to be the highest number 
of variants in root (P4) stem (P28) and leaf (P28) tissues, respectively (Fig. 1A 
and 1C). 

Differential display over the four tissues in the three F1 pea hybrids, 
showed also that seed tissues had more isoesterase molecular forms (16 
isoforms) than those expressed in any of the other three tissues (Fig. 1C). 

Esterase as a pectolytic enzyme interferes in most changes in the cell wall 
of the plant cell during development of different immature tissues. It can 
solubolize cell walls (Collmer and Keen, 1986; Koutojansky, 1987). Pectin 
methylesterase (PME), although it does not by itself solublize cell walls, but it 
regulates cell wall degradation by several mechanisms (Goldberg et al., 
1992), either by reducing pH by the release of a proton when methoxyl 
groups of pectin are converted to carboxyl groups. This change in pH controls 
the activity of other cell wall-degrading enzymes that are active at low pH and 
thereby facilitate cell expansion and growth (Nari et al., 1986) and / or cell 
separation (Koutojansky, 1987; Wen et al., 1999). 

Data in photograph (1) and Figure (1) indicated that more differentially 
displayed esterase molecular forms were expressed in seed tissues followed 
by those in leaf tissues either in pea cultivars or hybrids. This indicated that 
isoesterases are needed in all tissues during the ontogeny of pea plant but 
more isoesterases are needed during the development of seeds and leaves. 

However, differential display of polymorphism of isoesterases over the 
four tissues suggests that pea cultivars and hybrids of our material could be 
identified and discriminated from each other. Using isozyme polymorphism in 
different pea tissues to discriminate and identify pea cultivars was also 
applied by Posvec and Gariga (2002). 
Similarity Coefficients, Genetic Distances and Clustering Analysis 
Based on Differential Expression of Esterase Molecular Forms: 

Only polymorphic bands were used in the construction of a binary matrix, 
reflecting the presence or absence of esterase isozymes in different tissues 
of the cultivars and F1 hybrids. The similarity coefficient values among 
cultivars and hybrids based on band polymorphism of esterase isozymes 
over the differences in four different tissues are presented in Table (2). The 
similarity coefficients ranged from (81) between P20 and P21 (distantly related) 
to (0.0) between the cultivar Sugar Ann (P28) and each of P7 and P8. The 
genetic distances based on the similarity index were calculated as squared 
total number of esterase isozymes band differences, between pea cultivars 
and hybrids over the four tissues and are presented in Table (3). The lowest 
genetic distance value (8) was found between the cultivars Sugar E.M. (P20) 
and Filanon P21. Meanwhile, the highest genetic distance value (45) was 
found between the cultivar Sugar Ann (P28) and each of the cultivars Syrian 
(P7) and Jumbo (P8). Also, genetic distances based on differential expression 
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of isozymes over plant tissues were evaluated and applied by Santalla et al., 
(2002) and Smutkupt et al., (2006). 

The dendrogram produced from genetic distances between pea cultivars 
and hybrids based on the differential expression of esterase isozymes in four 
tissues is shown in Figure (2). Based on the extent of relative dissimilarity 
among pea cultivars and hybrids, they were grouped into two clusters. Cut off 
point at 60 dissimilarity points was fixed as minimum dissimilarity. 

Cluster I consisted of 10 populations of the cultivars and hybrids. It 
involved all the three F1 hybrids P13 X P24, P13 X P6 and P6 X P13 and seven 
cultivars. These seven cultivars included the two cultivars; P13 and P24 which 
were involved in the three hybrids. However, the other parental cultivar P6 as 
well as other seventeen cultivars were found to be the eighteen members of 
cluster II. 
Genetic Diversity of Phylogenetic Relationship among Twenty-eight Pea 
Cultivars and F1 Hybrids Based on Multivariate Analysis of Eight 
Developmental, Yield and Quality Characters: 

The mean performance of the twenty-five pea cultivars and the three F1 
hybrids presented in Table (1) showed a wide range of variation among these 
cultivars and hybrids over eight developmental, yield and quality characters. 
The mean values of these eight characters were used as a base for a 
hierarchical Euclidean Cluster analysis. A matrix of genetic distances for the 
twenty eight pea cultivars and hybrids is presented in Table (4). The genetic 
distances for all the 378 pairs ranged from 0.10 to 1.79. The highest genetic 
distance value (1.79) was obtained between the cultivar Master (P14) and the 
F1 hybrid  (P6XP13). This was followed by a distance of 1.61 between the 
cultivar Sugar Snap (P26) and F1 (P6XP13). 

This indicated that the F1 (P6XP13) is the most divergent one out of all 
other pea cultivars and F1 hybrids. The mean performance of developmental, 
yield and quality characters in Table (1) is in agreement with this result. 
Meanwhile, according to diversity based on esterase molecular forms in four 
tissues, the highest genetic distance was found between the cultivar Sugar 
Ann (P28) and each of Syrian (P7) and Jumbo (P8). This might suggest that 
there is no parallelism between the phylogenetic relationship based on 
isoesterase molecular forms of four tissues and that based on eight 
developmental, yield and quality characters. Such polygenic characters 
strongly affected the distribution of pea cultivars and F1 hybrids over the 
clusters of the phylogenetic tree. 

The dendrogram produced from genetic distances based on the 
developmental, yield and quality characters showed a grouping pattern and 
distribution of the 28 pea cultivars and hybrids on four clusters (Fig. 3). This 
clustering pattern is based on the extent of relative dissimilarity among, pea 
cultivars and hybrids. Cut off point of 0.9 genetic distance was fixed as 
minimum dissimilarity. 
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            Cluster I consisted of three pea cultivars; P1, P6 and P7. Cluster II, 
was the largest cluster, it included fourteen pea cultivars. Cluster III consisted 
of eight pea cultivars. Cluster analysis united the three F1 hybrids; F1 (P13 X 
P24), F1 (P6 X P13) and F1 (P13 X P6) into single cluster (IV). Data of this cluster 
analysis indicated the distribution of pea cultivars over three clusters. The  

existence of such a wide genetic diversity suggests improvability of pea by 
developing new genotypes through recombination breeding. Such finding was 
corre sponding with what reported by Sood and Kalia (2006).  
 
Mean Performance of Developmental Yield and Quality Characters Over 
Clusters of Both Clustering Systems: 

Mean values of the eight characters over the two clusters produced of the 
clustering system based on isoesterase molecular forms or over the four 
clusters which constructed on the basis of multivariate analysis of the eight 
characters are presented in Table (5). Cluster IV of the second clustering 
system showed to have the highest mean values for five out of the eight 
characters; the three yield characters, number of leaves and number of 
branches per plant. This strongly suggests that the members of this cluster 
can share in constructing an effective breeding program to improve pea. 
Similar conclusion was obtained by Amurrio et al., (1994). Meanwhile, cluster 
III showed to have the highest mean values over the rest three characters; 
stem length and both of the pod characters. None of the two clusters of the 
clustering based of esterase molecular forms showed to have any of the 
highest values for any of the eight characters. This might suggest that there is 
no parallelism between the two clustering systems. 
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       ى أسةا                                                                 أداء بعض الأصناف المنزرعة وهجن البسلة وعلاقات القرابةة الورايةةة علة
    نمةو        صةاات ال                             رةز والتحلةة  عدةةد المترةةرات ل ة                                  التعدد المظهري لمشابهات إنزةم الاست

         والمحصو 
                  سوزان عبا  سوةدان

                   مهورةة مصر العربةة ج  –    ةزة  ج  –              بحوث الزراعةة       ركز ال م  –                             معهد بحوث المحاصة  البستانةة 
 

                                         م زرشةا مةص نفة ال الةسةلة الم لاةة عاة  ةاةة   ا                                     استخدم في هذه الدراسة خمسةة عشرةرعص فة  
        نسةا  لةل                                           ا عشلاقات القراةة العراثاة فاما ةا ها شلى ذ                                       عثلاثة ه ص  ال نعل عذلك ةغرض تقاام ندائه
   رة          رقة عالةذ                                         تعةار المتةااص في ن س ة ال ذر عالساق عالع                                        مص التعدد المظهري للأرلال ال زائاة ذات ال

                                                                                 عالت لاةةل شداةةد المتغاةةرات لثمةةاص فةة ات مةةص فةة ات ال مةةع عالم فةةعل عال ةةعدة  عقةةد ن راةةت هةةذه 
        4002 /    4002                                                              الدراسةةةةةة فةةةةةي م بةةةةةة ة ةةةةةع  الةسةةةةةاتاص ةالقفافةةةةةاص نث ةةةةةا  المعاسةةةةةم الرةةةةةتعاة 

4002    / 4002        4002      / 400   7 .  
    ةص                                                      ال رعق المع عاة نص لل نف ال الةسةلة الم زرشةة علةذلك اله                       ى ع ه الا مال نظهرت نقل  ل ش

     لقةةام    ا                                                                       ترةةتمل شلةةى اختلافةةات مع عاةةة فامةةا اخةةا لةةل الفةة ات الثما اةةة  اةة  نظهةةرت مةةد  عاسةةع
                   نشلةى قةام المتعسةبات   13X P6(P1F(                                                   المتعسبات للل مص تلك الفة ات  عقةد امتلةك اله ةاص اةعل 

                    ةرام عهةي متعسةب عزص        42142                د  فةل شلةى قامةة                                     عذلك ةرةع ف ات مص ةاص الثماص ف ات  فقة
                           لمتعسب لعدد القرعص لل ةات.        3442                                القرعص لل ةات لما  فل شلى قامة

        زائاةة                                  راز تماز العةرض المتةةااص للأرةلال ال ا                                           عقد نعضح التعدد المظهري لمراةهات إ زام الاست
     مةالي                 ل فةعل شلةى شةدد إ                                                                للاستاراز شلى مستع  اة س ة اةرةع اث ا تبعر  ةات الةسلة   ا  تم ا

             عالعرةةراص فةة ل     اةةة                     عذلةةك شلةةى مسةةتع  الثما     12      12     3     3                            مةةص اةرةةلال ال زائاةةة للاسةةتاراز 
             شلى الترتاب.                                                              م زرشا عه ص الةسلة عذلك مص ن س ة ال ذر عالساق عالعرقة عالةذرة

ّ               عقد  مّع الد درع رام         ل ا ات                                                          المة ي شلى نسا  القام المتعسبة الم علة لثماص ف ات شدادة ا  –     
                                                                                  رائر الةسلة الثماص عالعرراص في نرةعة ش اقاد م  فلة   اة  رةغلت ه ةص ال اةل اةعل الةثلا   ش  –

    خمة                                                                                     ش قعدا م  ردا تماز هذا الع قعد ةأشلى قةام متعسةبات شلةى مسةتع  الع اقاةد اةرةةع عذلةك فةي
       لل ةةات                                                                            ف ات مص الثماص ف ات معضع الدراسةة هةى  الخافةة ةةعزص القةرعص لل ةةات عشةدد القةرعص 

        لةر امج                                   املص نص تعتةر شرارة نساساة مةررة   ه                                               عم فعل ال داص  عقد اقترح ذلك نص تلك اله ص الثلاث
                                           إ تخاب  ا ح لت ساص الم فعل في  ةات الةسلة.

        ت شداةدة                                                                                لما نثةتت ال تائج  اص  ظام الت ماةع  شلةى نسةا  الت لاةل العداةد المتغاةرات لثمةاص فة ا
        لم زرشة                                                      فعل عال عدة لاص ذا قدرة نلةر شلى التمااز ةاص اةف ال ا                            ال ا ات عالخافة ةال مع عالم 

          لمرةاةهات                                                                                    عشلى ت ماعها فى ش اقاد عذلك مقار ة ة ظام الت ماع المة ي شلى نسةا   التعةاةر المتةةااص
      ماةع                                                                            راز في نرةعة ن س ة   عقد نظهر للا الد درع راماص شةدم ع ةعد تةعازي ةةاص  ظةامي الت ا    الاست
             تلك الدراسة.            ص إتةعا في ا    اللذ
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Table 1 : Mean values of some developmental, yield and quality characters for local and exotic pea  Cultivars and 
                F1 hybrids . 

Cultivar or Hybrid 
Stem length 

(cm) 
No. 

leaves/plant 
No. Branches/ 

plant 
Yield/plant 

Yield Ton/Fed. 
Pod characters 

Pods wt (g) No. pods Weight (g) Length (cm) 
 1   Arica (A)  67.8 58.3 3.33 47.9 28.0 1.92 1.10 6.00 
 2   On Ward  90.0 44.0 2.67 77.0 23.0 2.09 2.10 8.00 
 3   Jo 1086   82.7 32.7 1.67 52.2 23.0 3.08 2.63 6.93 
 4   Ambassador (A)  52.7 35.3 2.33 35.5 14.3 1.42 2.43 6.53 
 5   Jurbo   50.0 50.7 4.00 61.0 19.0 2.44 2.21 8.00 
 6   Arica   79.2 70.0 3.33 74.4 50.0 2.86 1.32 6.07 
 7   Syrian        108.0 91.7 4.00 71.6 30.7 2.85 2.31 6.80 
 8   Jumbo   80.0 65.0 4.44 88.8 21.0 3.55 2.37         11.27 
 10  Atol   75.4 72.0 5.00        100.3 26.0 4.01 2.39 8.17 
 11  Hunter   45.0 23.3 1.33  35.0 35.7 2.20 1.54 8.03 
 12  Top pod  93.3 50.0 3.00  84.0 26.0 3.36 2.29 7.00 
 13  Ambassador  93.0 50.3 3.00  64.0 26.3 2.57 2.42 6.80 
 14  Master  53.3 28.0 1.67  31.9   8.0 1.28 2.59         14.60 
 15  Toledo sugars  77.7 56.0 5.00     101.0 46.0 4.04 2.19 8.80 
 16  Sugar Luv  62.7 58.3 3.33  88.0 30.0 3.53 2.87 7.27 
 17  Penine  67.0 45.7 2.33  73.3 31.7 2.93 2.49 9.40 
 18  Oregon sugar  69.0 47.7 4.67       139.3 31.3 5.65 2.52 9.10 
 19  Mammoth       198.7 85.3 3.33 136.7 33.0 5.77 3.13 9.33 
 20  Sugar E.M  76.7 42.7 2.67 108.0 47.0 4.32 2.37 7.47 
 21  Filanon (Nun0060) 67.3 40.0 1.67   49.0 26.3 1.96 1.83 7.33 
 24  Little Marvel  92.0 45.7 1.33   63.6 22.7 2.54 2.13 6.53 
 25  Perfection  87.3 52.7 3.33    71.7 27.7 2.87 2.48 6.60 
 26  Sugar Snap (BS0017)  59.0 36.0 2.67   29.2 18.3 1.17 1.57 6.50 
 27  Cascadia 66.0 53.7 4.00   35.0 16.0 1.43 2.06 6.00 
 28   Sugar Ann (BS0016) 63.7 37.0 2.33   42.3 19.0 1.73 2.41 6.20 
 F1 Hybrids  
 F1 ( 13 x 24 )      103.0 128.7 5.33 203.3 56.7 4.33 2.34 7.07 
 F1 (  6 x 13 ) 57.0 67.0 6.67 241.3 92.3 6.36 2.37 6.40 
 F1 ( 13 x 6 ) 93.0 61.0 3.33 222.3 84.0 6.35 2.15 6.47 

LSD  
1 % 6.75 6.14 1.565 16.15 4.90 0.369 0.308 1.155 
5 % 5.08 4.45 1.135  11.81 3.60 0.268 0.114 0.840 
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Table 2  : Similarity coefficients among the twenty-eight  pea cultivars and F1 hybrids based on esterase 
electrophoretic molecular forms differentially expressed in root, stem, leaf and seed  tissues. 

Cultivar 
2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 24 25 26 27 28 

F1 

(13x24) 

F1 

(6x13) 

F1 

(13x6) or Hybrid 

1 0.5 0.68 0.28 0.30 0.59 0.14 0.14 0.39 0.41 0.51 0.75 0.32 0.27 0.46 0.49 0.62 0.58 0.51 0.54 0.67 0.50 0.61 0.71 0.61 0.46 0.76 0.64 

2  0.45 2.65 0.59 0.50 0.19 0.13 0.23 0.35 0.23 0.53 0.17 0.31 0.50 0.48 0.59 0.60 0.54 0.58 0.49 0.33 0.25 0.37 0.46 0.31 0.51 0.38 

3   0.32 0.27 0.68 0.19 0.05 0.41 0.48 0.45 0.75 0.22 0.25 0.43 0.46 0.59 0.59 0.41 0.49 0.69 0.36 0.41 0.56 0.61 0.37 0.73 0.68 

4    0.56 0.38 0.37 0.10 0.23 0.29 0.22 0.32 0.23 0.29 0.48 0.62 0.35 0.54 0.54 0.36 0.37 0.40 0.45 0.47 0.41 0.33 0.42 0.44 

5     0.34 0.30 0.07 0.24 0.26 0.31 0.32 0.31 0.34 0.51 0.32 0.33 0.56 0.65 0.56 0.36 0.58 0.45 0.46 0.44 0.32 0.51 0.35 

6      0.16 0.09 0.41 0.43 0.53 0.70 0.36 0.27 0.57 0.59 0.56 0.66 0.45 0.48 0.68 0.40 0.47 0.54 0.53 0.44 0.67 0.58 

7       0.09 0.21 0.25 0.32 0.12 0.17 0.16 0.24 0.14 0.23 0.27 0.22 0.19 0.20 0.21 0.27 0.29 0.00 0.24 0.24 0.26 

8        0.36 0.26 0.15 0.06 0.51 0.51 0.23 0.11 0.06 0.06 0.06 0.06 0.08 0.33 0.17 0.24 0.00 0.05 0.11 0.08 

10         0.70 0.60 0.46 0.32 0.19 0.37 0.40 0.39 0.38 0.21 0.28 0.53 0.19 0.55 0.45 0.38 0.24 0.40 0.45 

11          0.52 0.53 0.33 0.30 0.37 0.35 0.35 0.42 0.22 0.21 0.56 0.14 0.37 0.39 0.34 0.28 0.42 0.48 

12           0.47 0.59 0.26 0.41 0.44 0.33 0.41 0.29 0.32 0.59 0.32 0.63 0.59 0.46 0.34 0.48 0.51 

13            0.30 0.33 0.49 0.57 0.75 0.66 0.60 0.61 0.77 0.39 0.46 0.56 0.66 2.51 0.78 0.67 

14             0.43 0.17 0.32 0.14 0.24 0.32 0.28 0.32 0.39 0.42 0.37 0.32 0.32 0.31 0.32 

15              0.34 0.34 0.27 0.36 0.36 0.30 0.33 0.44 0.34 0.28 0.33 0.24 0.30 0.29 

16               0.58 0.46 0.69 0.52 0.46 0.51 0.47 0.51 0.54 0.48 0.33 0.54 0.50 

17                0.52 0.68 0.57 0.58 0.49 0.44 0.40 0.45 0.44 0.37 0.46 0.44 

18                 0.72 0.60 0.65 0.63 0.40 0.42 0.48 0.56 0.41 0.19 0.50 

19                  0.75 0.74 0.66 0.61 0.44 0.55 0.56 0.45 0.61 0.56 

20                   0.81 0.49 0.76 0.43 0.51 0.52 0.44 0.56 0.51 

21                    0.49 0.66 0.42 0.48 0.51 0.47 0.50 0.40 

24                     0.37 0.56 0.59 0.59 0.41 0.67 0.67 

25                      0.41 0.46 0.41 0.31 0.48 0.41 

26                       0.78 0.63 0.36 0.56 0.54 

27                        0.73 0.46 0.66 0.64 

28                         0.44 0.68 0.60 

F1(13x24)                            0.39 0.40 

F1( 6x13 )                           0.74 
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Table 3  : Mean proximity matrix of squared Genetic distances according to esterase molecular forms differentially 
expressed in root, stem, leaf and seed tissues of the twenty-eight  pea cultivars and F1 hybrids. 

Cultivar 
or Hybrid 

2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 24 25 26 27 28 
F1 

(13x24) 
F1 

(6x13) 
F1 

(13x6) 

1 27.0 17.0 36.0 28.0 25.0 40.0 44.0 32.0 32.0 23.0 15.0 31.0 31.0 37.0 32.0 20.0 26.0 25.0 21.0 18.0 29.0 25.0 17.0 27.0 24.0 10.0 20.0 

2  26.0 15.0 13.0 18.0 25.0 21.0 29.0 21.0 28.0 20.0 18.0 16.0 20.0 17.0 13.0 15.0 14.0 18.0 23.0 20.0 34.0 30.0 32.0 23.0 27.0 31.0 

3   31.0 29.0 18.0 35.0 41.0 35.0 33.0 28.0 18.0 34.0 30.0 34.0 29.0 23.0 25.0 26.0 20.0 21.0 26.0 34.0 26.0 26.0 29.0 15.0 21.0 

4    16.0 23.0 26.0 22.0 30.0 24.0 31.0 27.0 21.0 21.0 15.0 20.0 20.0 18.0 19.0 21.0 26.0 23.0 27.0 29.0 35.0 24.0 32.0 32.0 

5     23.0 22.0 26.0 26.0 22.0 21.0 21.0 17.0 15.0 21.0 22.0 16.0 14.0 11.0 13.0 22.0 13.0 25.0 25.0 29.0 20.0 24.0 32.0 

6      29.0 27.0 29.0 25.0 26.0 20.0 24.0 22.0 18.0 21.0 21.0 17.0 22.0 20.0 23.0 22.0 30.0 28.0 32.0 25.0 19.0 31.0 

7       20.0 30.0 24.0 27.0 35.0 21.0 23.0 27.0 30.0 24.0 26.0 27.0 25.0 34.0 25.0 35.0 37.0 45.0 30.0 34.0 40.0 

8        28.0 22.0 31.0 37.0 25.0 25.0 19.0 24.0 26.0 28.0 25.0 29.0 38.0 27.0 37.0 39.0 45.0 34.0 40.0 42.0 

10         14.0 17.0 25.0 21.0 29.0 29.0 26.0 28.0 24.0 27.0 23.0 26.0 31.0 25.0 31.0 37.0 30.0 32.0 34.0 

11          21.0 23.0 17.0 21.0 25.0 24.0 24.0 22.0 25.0 27.0 26.0 29.0 33.0 33.0 37.0 26.0 32.0 32.0 

12           22.0 18.0 24.0 28.0 21.0 25.0 21.0 24.0 22.0 19.0 22.0 20.0 22.0 28.0 27.0 23.0 27.0 

13            26.0 20.0 28.0 23.0 15.0 19.0 16.0 14.0 13.0 24.0 26.0 22.0 20.0 17.0 15.0 21.0 

14             16.0 26.0 21.0 23.0 21.0 20.0 20.0 29.0 22.0 30.0 32.0 38.0 23.0 31.0 33.0 

15              24.0 19.0 19.0 15.0 14.0 18.0 25.0 16.0 30.0 32.0 32.0 25.0 27.0 31.0 

16               17.0 23.0 17.0 22.0 26.0 29.0 22.0 30.0 32.0 36.0 29.0 31.0 33.0 

17                18.0 12.0 15.0 19.0 26.0 17.0 31.0 31.0 35.0 26.0 32.0 32.0 

18                 12.0 13.0 9.0 18.0 19.0 27.0 23.0 29.0 20.0 24.0 28.0 

19                  9.0 11.0 18.0 15.0 27.0 27.0 27.0 22.0 26.0 30.0 

20                   8.0 19.0 10.0 26.0 26.0 28.0 19.0 27.0 27.0 

21                    17.0 14.0 22.0 20.0 24.0 17.0 23.0 27.0 

24                     25.0 23.0 21.0 23.0 24.0 20.0 22.0 

25                      30.0 26.0 32.0 25.0 25.0 31.0 

26                       16.0 24.0 31.0 27.0 31.0 

27                        18.0 25.0 21.0 25.0 

28                         31.0 25.0 29.0 

F1(13x24)                            28.0 30.0 

F1( 6x13 )                           18.0 



J. Agric. Sci. Mansoura Univ., 32 (6), june, 2007 
 

 4555 

 
                                                              
Fig. 2: Linkage dendrogram for twenty-eight local and exotic pea cultivars and F1 hybrids based on differential 

expression of esterase molecular forms in four tissues. 
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Table 4: Genetic distances matrix (transformed data) of squared Genetic distances based on mean values of eight 
developmental, yield and quality characters of the twenty-eight  pea cultivars and F1 hybrids.  

Cultivar 
or 

Hybrid 
1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 24 25 26 27 28 

F1 
(13x24) 

F1 
(6x13 ) 

2 0.41                           

3 0.62 0.32                          

4 0.52 0.33 0.34                         

5 0.43 0.30 0.45 0.36                        

6 0.32 0.48 0.65 0.68 0.52                       

7 0.55 0.47 0.61 0.66 0.47 0.45                      

8 0.65 0.46 0.60 0.66 0.37 0.62 0.43                     

10 0.65 0.53 0.64 0.71 0.40 0.56 0.36 0.26                    

11 0.48 0.44 0.46 0.44 0.54 0.58 0.80 0.77 0.84                   

12 0.49 0.23 0.30 0.46 0.33 0.45 0.38 0.39 0.39 0.55                  

13 0.47 0.18 0.27 0.36 0.30 0.48 0.37 0.44 0.45 0.53 0.15                 

14 0.87 0.61 0.64 0.57 0.66 0.99 0.94 0.72 0.93 0.66 0.76 0.70                

15 0.64 0.55 0.66 0.76 0.47 0.48 0.47 0.35 0.26 0.77 0.42 0.49 0.96               

16 0.64 0.40 0.38 0.51 0.34 0.57 0.42 0.38 0.34 0.67 0.26 0.29 0.78 0.41              

17 0.56 0.26 0.27 0.40 0.34 0.54 0.52 0.41 0.51 0.45 0.26 0.26 0.57 0.50 0.28             

18 0.87 0.71 0.73 0.90 0.63 0.75 0.68 0.45 0.37 0.93 0.53 0.65 1.04 0.36 0.48 0.61            

19 1.20 0.96 0.96 1.21 1.06 1.03 0.77 0.81 0.79 1.29 0.80 0.88 1.30 0.83 0.84 0.93 0.77           

20 0.66 0.47 0.43 0.66 0.53 0.50 0.56 0.52 0.48 0.60 0.31 0.41 0.89 0.38 0.33 0.34 0.44 0.81          

21 0.38 0.24 0.33 0.29 0.41 0.50 0.62 0.64 0.70 0.24 0.39 0.34 0.61 0.70 0.53 0.33 0.85 1.14 0.54         

24 0.49 0.24 0.22 0.36 0.47 0.54 0.56 0.62 0.67 0.41 0.30 0.27 0.68 0.69 0.47 0.32 0.80 0.98 0.48 0.21        

25 0.99 0.67 0.72 0.87 0.78 0.94 0.70 0.58 0.74 0.99 0.66 0.65 0.77 0.75 0.70 0.64 0.83 0.67 0.76 0.85 0.76       

26 0.31 0.35 0.50 0.29 0.40 0.56 0.68 0.71 0.76 0.36 0.52 0.44 0.67 0.77 0.65 0.51 0.96 1.29 0.72 0.25 0.42 0.96      

27 0.36 0.35 0.52 0.32 0.25 0.54 0.49 0.56 0.56 0.58 0.44 0.34 0.74 0.63 0.51 0.50 0.84 1.16 0.68 0.41 0.48 0.87 0.30     

28 0.49 0.27 0.28 0.10 0.34 0.61 0.60 0.62 0.66 0.42 0.38 0.27 0.61 0.70 0.45 0.35 0.84 1.13 0.58 0.24 0.28 0.82 0.29 0.31    
F1(13x24)   1.09 1.05 1.18 1.28 1.02 0.85 0.71 0.85 0.70 1.33 0.92 0.98 1.48 0.72 0.87 1.02 0.80 0.84 0.88 1.20 1.13 1.10 1.29 1.12 1.21   
F1( 6x13 ) 1.44 1.40 1.46 1.60 1.34 1.18 1.24 1.21 1.06 1.55 1.25 1.34 1.79 0.93 1.17 1.32 0.91 1.24 1.05 1.51 1.49 1.48 1.61 1.49 1.53 0.79  
F1( 13x6 )  1.20 1.11 1.12 1.34 1.15 0.92 1.02 1.03 0.92 1.22 0.95 1.06 1.53 0.78 0.94 1.02 0.74 0.94 0.71 1.19 1.13 1.22 1.35 1.30 1.26 0.75 0.57 
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Fig. 3: Linkage dendrogram for twenty-eight local and exotic pea cultivars and F1 hybrids, based on 

transformed mean    values  of eight developmental, yield and quality characters. 
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Table 5 : Mean values of some developmental, yield and quality characters for local and exotic pea  cultivars and 
F1 hybrids over two clustering systems . 

Cluster 
No. 

Number 
Of  

Cultivar or 
hybrid 

Cultivar or hybrid 
( Population ) 

Stem 
length 
(cm) 

No. 
leaves/plant 

No. 
Branches/plant 

Yield/plant 
Yield 

Ton/Fed. 

Pod characters 

Pods wt 
(g) 

No. 
pods 

Weight 
(g) 

Length 
(cm) 

Clustering of pea populations based on differential expression of esterase molecular forms in four tissues 

I 
 

10 
1, 6x13, 3, 13x6, 
13, 24, 13x24, 

26, 27, 28  
77.72 58.3 3.37 102.10 38.63 3.15 2.12 6.49 

II 

 
18 

2, 5, 14, 15, 17, 
25,18, 

19, 20, 21, 4, 16, 6, 7, 
8, 10, 11, 12 

79.63 53.2 3.23 79.25 29.26 3.17 2.30 8.32 

Clustering of pea populations based on transformed mean values of eight developmental, yield and quality characters 

I 3 1, 6, 7 85 73.3 3.55 64.63 36.23 2.54 1.58 6.29 

II 14 
2, 3, 4, 5, 11, 12, 13, 

14, 17, 21, 24, 26, 27, 
28  

69.65 40.5 2.43 52.35 22.09 2.16 2.19 7.70 

III 8 
8, 10, 15, 16, 18, 19, 

20, 25 
90.94 60.00 3.97 104.22 32.75 4.22 2.54 8.50 

IV 3 
13x24, 6x13, 13x6  

 
84.33 85.6 5.11 228.96 77.67 5.68 2.29 6.65 

 
 
 
 
 

 


