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ABSTRACT

Two field experiments were conducted during the winter seasons of 200072001 and 2001/2002
on five pea cultivars and their all possible hybrid combinations, using a diallel cross system with
reciprocals, in order to detect the general performances of the different 25 genetic populations; to
estimate the heterosis percentages, based on both mid-and better-parents; to estimate the
general and specific combining abilities, and the reciprocal effects; and to calculate the heritability
percentages in broad and narrow senses. The results, generally, indicated that the parental
cultivars reflected wide ranges in their characteristics with significant differences among the
means of most studied characters. The obtained results reflected generally that ail of the first
hybrid generations, including the reciprocal crosses, tended 1o show values either higher thaen
those of their respective lower parental values or deviated towards their higher parental values for
the vegetative growth characters. The results indicated also that all of the F; hybrid populations
were either more than their mid-or better- parental values for total yield and ali its components
characters. Positive heterosis estimates, relative to mid-parents, were detected in most of the F4
hybrids for vegetative growth characters; but, those, relative to better-parents, were found
negative. Concemning total yield and its components, positive heterotic effects were noticed on all
of the first hybrid generations, including reciprocals, with just few exceptions. The resufts indicated
also that both G.C.A. (additive effects) and $.C.A. (non-additive effects) appeared to be important
in controlling the expression of all studied characters; but with relatively more important roies for
S.CA. effects. This result was aiso confirmed by the estimates of broad and narrow senses
heritabilities. The results indicated also that the parentat cultivar Progress No. 8 (Ps) could be
considered as a good general combiner for the characters plant height, number of leaves, number
of pods per plant. Cuttivar Master (Py) was the best general combiner for the characters seeds
weight per pod, number of seeds per pod, pod length and pod width. The cultivars Litlle Marvel
(P2) and Lincoln (P3) appeared to be good combiners for pod weight and number of branches,
respectively. The best hybrid combinations, that possessed the highest positive estimates of
S.C.A. effects for the characters : plant height; both number of leaves and pod length; number of
branches; both pods weight per plant and pod weight; were found to be P3 x Ps, Py x Pz, Py x P3
and Py x Pg; respectively. The results showed also that the beast hybrid combinations appesred to
be the crosses P; x Ps for number of pods per plant, Py x Ps for seeds weight per pod and P2x Ps
for number of seeds per pod; since, their estimated S.C.A. values appeared to be positive and
desirable. The results indicated that the reciprocal crosses P3 x Py for the plant height character
and P4 x P> for pod width character reflected higher positive values than those of the other F,
Crosses.
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INTRODUCTION

Pea (Pisum sativum, L.) is one of the most important legume vegetable
crops, that is grown in winter season in Egypt. It is characterized by high
a protein content, and relatively high percentages of some vitamins and
minerals, necessary for human nutrition.

To improve any crop, it is essential to know as much as possible about the
genetic systems controliing the expression of yield, quality and their related
characters for this crop. Information about the genetics of the quantitative
characters can be obtained by analyzing sets of diallel crosses. These analyses
offer the opportunity to test the effects of both general and specific combining
abilities of the lines or cultivars and their crosses, respectively. They, also, allow
for estimating some other important genetic parameters; such as the variance
“components of additive and non-additive effects as well as heritability
percentages in both broad and narrow senses. Such information may assist the
plant breeders to chose the efficient breeding methods for improving pea plants.
Many researchers used diallel crossing system in pea for estimating different
genetic parameters (Snoad and Arthur, 1973; Gritton, 1975; Ranalli and
Nannetti, 1983; Sarawat et al. 1994; Faris et al. 1997 Zayed et al. 1999,
Swidan, 2000, and Bourion ef al. 2002 ).

Information about the types and importance of gene action effects, controlhng
the total yield and its related characters, as an |mportant purpose for improving
“pea, 'Were studied by several investigators; such as Syreva, 1981; Gupta and
Dahiya, 1986; Singh et al. 1997, Zayed, 1998; Zayed and Faris, 1998 Ahmed,
1999; Swidan, 2000; and Swidan et al. 2000. They mentioned that both additive
and non-additive gene effects were important in the genetic expression of most
studied characters of pea.

Heritability percentages in broad and narrow senses of some important
characters of pea were estimated by many workers; such as Shalaby, 1974,
Gad and El-Sawah, 1985; Gupta and Dahiya, 1986; Singh and Singh, 1989;
Faris et al. 1997; Gupta et al. 1998, Ahmed and Ismail, 1999; and Singh, 1999.

Heterosis is of great importance to be employed in plant breeding to obtain
high yielding genotypes. Recently, much intrest has developed in producing and
growing F, hybrids of several normally self-pollinated species, where a
considerable amount of F, yield heterosis had been demonstrated. Accordingly,
heterosis on the F, hybrids were detected on some important characters of pea
by several researchers; such as Shalaby, 1974, Gritton, 1975; Sarawat, 1994,
Faris et al. 1997; Ahmed et al. 1998; and Tyagi and Srivastava, 1999.

Therefore, this investigation was undertaken to: 1) evaluate the general
performances of five parental pea cultivars and all their possible F, hybrids;
2) obtain estimates for general and specific combining ability, and the reciprocal
effects; 3) estimate the heritability percentages in both narrow and broad
senses; and 4) calculate the amount of heterosis; for number of pea traits.
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MATERIALS AND METHODS

The experiments’ of the present study were carried out at the Experimental
Station Farm (at Abies) of the Faculty of Agriculture, Alexandria University;
during the two winter seasons of 2000/2001 and 2001/2002.

Genetic Materials:

Five pea (Pisum sativum L.) cultivars; namely, Master (Py), Little Marvel (Pz)
Lincoin (Ps), Victory Freezer (P,) and Progress No 9 (Ps); were used as parents
for the present genetical study. Seeds of these cultivars were obtained from
Vegetable Research Division, Institute of Horticultural Res., Agric. Res. Center
Ministry of Agriculture and Land Reclamation, A.R.E.

Experimental Methods:

2000/2001 Season:
Growing of the parental cultivars:

Seeds of each of the parental genotypes (five cultivars) were separately
sown on October 15, 2000. Each of the parental cultivar was represented by
twenty rows. The row was 4m. long and 70cm. wide, with inter-plant spacing of
20cm. All cultural practices were performed as usually recommended for the
commercial pea growing. -

Diallel crossing system:

At blooming stage, ten plants from each parental cultivar were chosen to
made intercrossing among the five parental cultivars, in all possible
combinations including reciprocals, using a § x 5§ full-diallel crossing system. In
addition some floral buds on each parental cultivar were bagged by paper bags
to obtain new selfed seeds of the five parental cultivars. At pods maturity stage,
enough seeds of each of the various required genetic populations were
harvested.

2001/2002 Season:
Growing of the different genetic populations:

Seeds of all tested genetic populations; 5 parental cultivers , 10 F¢'s and 10
reciprocal F{'s; were sown on October 15, 2001; in a randomized complete
blocks design with three replicates. Each experimental unit contained three
rows, 4m. long and 70cm. wide, with a spacing of 20cm. between plants. All
agricultural practices were similarly carried out for all entries under study and
as, commonly, recommended for pea crop production.
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Collecting data for diallel analysis:
. Measurements from the different genetic populations; 5 parents, 10 F,
hybrids and their 10 reciprocal F,'s; for the characters under consideration were
" taken on an individual plant basis. The studied characters were plant height
(cm), number of leaves and branches per plant, number of pods per plant, pods
fresh weight per plant (g), pod fresh weight per plant, seeds weight per pod (g),
number of seeds per pod, and pod length and width (cm).

Statistical procedures:

The recorded data of the studied characters were arranged and statistically
analyzed, using the standard method of the randomized complete block design.
The differences among the various means were tested, using Duncan's muitiple
Tange test (L:S.R.). Estimates of general combining ability (G.C.A.), specific
combining ability (S.C.A.) and reciprocal effects (R.E) were estimated according
to-Griffing's (1956) approach; model two of method one which depends on the
use of parents, Fi's and their reciprocals. The analysls of variance of the used
method is presented.in Table (1). _

Table 1: Analysis of variance used for calculating the components of genotypic variance.

Sources of variation. - Degrees of Sum of Mean Expected mean square
freedom squares  squares
. (S.OV). . ~ (D.F) (S.8) M.S.) (EM.S)
General combining n-l =4 Sg Mg c.+2(n-1)pxoc’+2nc’,
ability (G.C.A.)
Specific combining n(n-1)/2=10 Ss Ms o’ + 2(n*-n+1)/n’ + o,
ability (S.C.A.)
Reciprocal effects (r) n(n-1}/2=10 Sr Mr o +20%
Error(e) (r-1) (p-1)=48 Se Me o’
p : number of populations =25 Mg : mean square of (G.C.A.)
r : number of replications =3 Ms : mean square of (S.C.A.)
n : number of parental cultivars =5 Mr : mean square of reciprocal

Me : mean square of error
Heterosis percentages; relative to either mid-parental (M.P) or better-parental
(B.P) values, for the studied characters; were calculated according to the used
formula by Sarawat ef al. (1994) as follows:
Heterosis (M.P.)% = F, —M.P./M.P. X 100

Heterosis (B.P.)% = F, ~ B.P. /B.P. X 100
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Where : F, is the mgan of the F, population, M.P. is the mean of the two parental
means values and B.P. is the mean value of the peter parent.

Heritability in broad and narrow senses, h%, and h?%, were estimated
according to the formula used by Simmonds (1979) as follows:

o’st o’p ,
h%e.% = x 100
s+ a’p+ o’
o’a
h%s % = x 100

&’a+o’pt+ol

RESULTS AND DISCUSSIONS
Mean Performances of the Parental and F, Hybrid Generations:

The results of the comparisons among the mean performances of the
parental cultivars for the vegetative growth characters, in Table (2), illustrated
generally that the differences among the means of the parents appeared to be
significant; but with different magnitudes. The cuitivar Progress No.9 (Ps) gave
the significant highest mean values for plant height and number of leaves per
plant; while, the cultivar Master (P,) reflected the lowest mean value for the two
mentioned characters. For number of branches per piant, the results revealed
that the cultivar Lincoin (P3) reflected the significant highest mean; whereas,
Little Marvel (P;) cultivar showed the lowest one. These results seemed to
agree with the findings of Gritton (1974), Shalaby (1974) and Ahmed et al.
(1998) for plant height; Gad and El-Sewah (1985) and Swidan et al. (2000) for
number of leaves and branches. They found a wide range of genetic variation
among the parental genotypes for these three characters.

The comparisons among the vegetative growth characters means of the F,
hybrids, in Table (2), demonstrated generally that all of the first hybrid
generations tended to be either higher than their respective lower parent or
deviated towards the higher parent. Similar results were reported in pea by Gad
and El-Sawah (1985) for plant height and number of leaves per plant, and by
Sarawat et al. (1994) for branches number per plant. They reported that most
of the F; hybrids gave higher vaiues than their lower or mid parental values
for those characters. The highest plant height value of all F, hybrids was given
by the F, hybrid P; x P,, followed by the F, of the cross P, x Ps without
a significant difference; whereas, the lowest value was given by the reciprocal
F, hybrid P53 x P,, with significant differences between this hybrid and all other
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Table 2: Mean performances of the different evaluated genetic
populations for some vegetative growth characters of

pea.
Characters Plant Number of = Number of
\ height leaves branches per
Genotypes (cm) per plant plant
Master (®P;) 58551 2545m 1.62 hi
Little Marvel (P,) 83.91hi 3475k 1271
Lincoln P3) 9271de 50.68 cd 307a
Victory Freezer (Ps) 92.21d-f 43.06f-h 1.50 ik
"Progress No. 9 (Ps) 10490 a 63.44a 2.11e
PixP, 8141 ij 32.05kl 1341
Py xP, 8995e-g  42.39g-i 2.72b
P, x P, 82.94 hi 38.25j 1.55 ij
Py xPs 9271 ce  50.60cd 1.85fg
P,xP; 85.19 g-i 39.15 ij 2324d
P.x P, 87.09fh  4081hyj - 1.37kl
P,x P 9691 bd 47.21de 1.60 hi
Py x P, 104.10 a 46.15 ef 2.19de
Py x P 98.28 be 58.28b. 2.75b
PxPs 103.50 a 55.98 b 1.84 fg
P,x P, 7848 j 2987114 1.301
Py x P, 72.78 k 44.73 e-g 254¢
Pysx P, 86.15 g-i 3861; 1.71 gh
Psx Py 9448be 5196¢ 1.77 fg
P;xP; 84.78 g-i 3824; 233d
PyxP; 80.70e-g  39.20ij 142}
Psx P, 92.28d-f 45.11eg 1.58 hi
Pyx P, 98.38b 47.57 de 208¢
Psx P 94.55be¢ 55320 2.56¢
Ps x P, 96.23b-d  58.59b 1.89f

Values having the same alphabetical letter (8) within each column, don't
significantly differ from one another, using Duncan's multiple range test at 0.05
level.

Fi's. Conceming the numbers of leaves and branches per plant, the highest
mean values were reflected by the reciprocal cross Ps x P and the F, hybrid
Ps x Ps, respectively; while, the hybrid Py x P, and its reciprocal cross gave the
lowest mean values for these two characters. Such high performances of the
mentioned F, hybrid populations could be related to the types of gene action
involved on the inheritance of these characters, that reflected some importance
for the roles of additive and non-additive gene effects; but with different
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magnitudes. Similar results were reported by Gad and El-Sawah (1985) for
number of leaves per plant; and by Ahmed and Ismail (1999) for plant height
and branches number; who found that both the additive and non-additive gene
~  effects were involved on the inheritance of these characters; but, the non-
additive gene effects played a more important role than additive effects.
However, the additive gene action was also reported to play a considerable role
on the inheritance of these characters, as mentioned by Singh (1997) for plant
height; and by Gad and El-Sawah (1985) for branches number per plant.
~ The results concemning the comparisons among the general performances of
. the parental cultivars and their all Fy hybrid generations for pea yield and its
components are listed in Table (3). Among the parental cultivars, Progress No.9
cultivar gave the significant highest mean value of yield per plant; as expressed
by number of pods and pods weight per plant, whereas, cultivar Master (P,)
reflected the lowest mean values for these two characters. Cuttivar Little Marvel
(P.) reflected the highest mean value for pod weight and the cultivar Master (P,)
gave the highest mean values for seeds-weight and-number per pod, and for
pod-length and- diameter. While, cultivars Victory Freezer (P,) and Lincoln (P5)
produced the lowest mean values for number of seeds per pod and for the other
four characters of pod, respectively. Such results reflected a general agreement
~ with those obtained by Swidan (2000) for the characters pod weight per plant,
seeds weight per pod and pods weight; by Ahmed (1999) for number of pods
per plant, number of seeds per pod and pod length; who showed that their
evaluated parental cultivars varied in their general performances for the
mentioned characters.

The results in Table (3) reflected generally that all F, hybrid populations
produced averages that tended to be either more than their respective mid-or
better-parental values for total yield and all its components characters, with
some few exceptions. Such a result suggested that the F, hybrid generations

“reflected general superiority on their yield and its components, which could be
generally expected on the basis of hybrid vigour expression, predominantly
contributed by the non-additive gene effects. This result agreed with the findings
of Zayed et al. (1999) for number of pods per plant, number of seeds per pod
and pod length; and of Swidan (2000) for pod width, pods weight per plant and
seeds weight per pod. They found that though both additive and non-additive
gene effects were involved in the inheritance of the characters, the non-additive
gene effects were found to play more important roles. Among the ten F, hybrids

-and their ten reciprocal F.'s, the highest mean values were found to be those of
the F, hybrids P; x Ps and P; x Ps and the reciprocal Fy's P4 x P3 and Ps x P, for
the characters number of pods and pods weight per plant, respectively. The
mean values of P, x Ps and Py x P, were the highest for pod weight, P, x Ps and
Ps x P, gave the highest means for seeds weight per pod. P, x P, and P3 x P,
were the highest for number of seeds per pod, and P, x P, and its reciprocal
cross showed the highest means for both pod length and width. These results
are in harmony with the findings of Nassar (1992) for the characters number of
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Table 3: Mean performances of the different evaluated genetic populations for yield and

components characters of pea. ,

Characters Yield per plant Pod characters
Number Pods Weight Seeds Number Length Wic
of pods weight weight of seeds
Genotypes ® _ ® @ (@m) _(om
Master (P;) 2043n 101301 4.87 ij 250di 8.10a-d 806cf 162a
Little Marvel (P;) 25.35m 13630kl- 537fi 1865k 7.02eg 795¢cf 1.30)
Lincoln Py) 32071 14390k 449 177k 638gh  634g  122-

Victory Freezer (P,) 41.47fg 186.50h) 4.50j 2.12 l-k 569h 722f 130k
Progress No. 9 (P,) 4586de  233.00cg 5.08b§ 232ik 697fg 781df 157t

PyxP; 2668m  168.70ik 6.33ac 258di 849ab 240 a 1.68¢
P,xP; . 3725ik. 21010fh 564bh 293ac 845ab 845b-c 164a
PixP, - 4336ef 27510ac 634ab 279ae 7.73bf 882ac 1471
PixPs 4067fi  262.00ad 645a 321a 7.88 b-d 846b<c 160t
P,xP; 3823gj 21580e-h 565bh 273df 840ac 830be 139i
P;xP,  48.11bd. 27850ab S8la-h 235fi 8.35ac 809cf 153¢
" PyxPs 5429a 302202 5.59ci 224g 74741 866ad 152d
P,xP, 37.73h-j 19860g-i 528fi 240ei 6961g 7.62ef 140}
Py xPs 5125ab 26580ad 5.18gj 263bg 7.87bd 823be 1.39i
PyxPs 4741cd 264.90ad 5.59b-i 3.00ab 7.82be 835be¢ 1.39i-
P,x P, 2796 m 167.50i-k 599af 255ch 8.44ad 9.14ab 1.73a
P,x P, 3434kl 152.10j)k 543 e-i 281be 8.80a 782df 1.72a
PexP; 3965g-j 234.80cg 593ag 282ad 797ad 872a-d 144g
Psx Py 4107fh 246.30bf 600a-f 2.89ad 842ab 840b-¢ 148e
Py x P, 37.14 jk 230.60d-g 6.19ad 2.75b-f 8.02a-d 850be 1.37i-
PyxP; 4330ef 25210be 582ah 217h-j 8.03ad 829be 134k
Psx P, 4985bc 296.20a 6.18ae 254c-h 7.56cf 875df 149¢
PyxP, 4993bc 27540ac 551d-i 255c¢ch 7.67bf 7.82df 141g
Psx Py 4841b-d 267.20ad 5.53d-i 257ch 7.86b4d 80lcf 136j-
Psx P, 46.02d-e 26190ad 5.17hj 299ab 7.55cf 846bec 148e¢-

Values having the same alphabetical letter (s) within each column, don't significantly differ from or
another, using Duncan's musltiple range test at 0.05 level.

pods per plant, number of seeds per pod and pod length; and of Swidan (2000)
for pods weight per plant, seeds weight per pod and pod diameter. They noticed
that most of the first generation hybrids were higher and more vigorous than
their parental cultivars.
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Heterosns Estlmates of the Fy Hybrid Generations (Hnp% and
Hop%):

The estimated values of heterosis percentages; relative to mid-and better-
parents (Hne% and H,,%), of the F, hybrid populations on the vegetative
growth characters; are listed in Table (4). The estimates, relative to mid-parents,
reflected desirable heterotic effects, with positive signs, on twelve, thirteen and
nine F, hybrids for the characters plant height, number of leaves and number of
branches per plant, respectively. These results agreed generally with those
reported by Gad and El-Sawah (1985) for plant height and number of leaves per
plant; since, they found that most of their tested F, hybrids exhibited positive
heterosis, based on mid-parents, on the two characters, while, the F, crosses
showed negative heterosis estimates for number of branches per plant. '

The results illustrated also that the heterosis percentages, relative to the
better-parents, were negative and undesirable in all the F, hybrid populations,
with the exception of two F, hybrids for the plant height character and only one
F, hybrid for number of branches per plant character. Such negative and
undesirable heterotic effects may be due to lower values of one or both parents,
suggesting that these crosses tended to have more decreasing alleles for these
characters.

. The results presented in Table (5) indicated generally that desu'able and
positive heterotic effects, relative to both mid-and better-parents were refiected
-on all the F, hybrids and their reciprocals for the total yield and ali its
1+ components, with just few exceptions. Conceming number of pods per plant, all
‘the F, populations showed positive hterosis estimates based on mid-parental
Values and most of them showed also positive heterosis, relative to their
respective better-parents. The results illustrated also that, in general, the F;
hybrids reflected positive (desirable) values, relative to mid and better parents;
for the characters pods weight per plant, pod fresh weight, seeds weight per

L pod, number of seeds per pod and pod length; with only four exceptions which
appeared to have negative (undesirable) heterotic effects. The superior F,
hybrids, which gave the high positive values of heterosis for these characters
over the better-parents, might be suggested to be introduced to pea growers for
commercial production. The results, of the present study seemed to agree with
those obtained by several investigators; such as Shalaby (1974), and Dhillon
and Chahal (1983) for number of pods per plant; Gritton (1975) for seed weight;
and Nassar (1992) for number of seeds per pod and pod length characters, who
found positive (desirable) heterotic effects.

Positive and desirable heterotic effects for pod width character were, also,
reflected by sixteen and ten F, hybrid generations, relative to mid-and better-
parents, respectively. However, negative heterotic effects were reported by
Nassar (1992), based on mid-or better-parental values, for pod width on the F,
hybrids and their reciprocals.
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Table 4: Heterosis percentages, relative to mid and better parental
values, of all possible hybrid combinations for some

vegetative growth characters of pea. .

Plant height No. of leaves per No. of branches per
Characters (cm) plant
Heterosis (% )
Crosses MP. BP. M.P. BP. MP. B.P.
PixP, 1429 -298 ;, 6.48 <177 -694 -17.28
Py xP; 1893 -298 11.38 -1636 1397 -11.40
Py x P, 1003 -1005 1168 -11.17 -0.64 -432
PyxPs 1345 -11.62 13.86 -2024 -0.54 -12.32
PxP; 353 -811 -833 2275 6.91 -24.43
PyxPi 110 -6.06 491 -5.22¢ -0.72 -8.67
P2xPs - 266 -7.62 -3.83 -2558 -5.32 -24.17
P;xP, . 1260 1228 . -1.54 -894! -395 -28.66
PsxPs  -053 -631 214 -8.13, 6.18 -10.42
Px Ps 502 -133 513 -11.76  2.22 -12.79
P,xP, 10.18 -0.08 -0.76 -14.04 -9.72 -19.75
. PxPy 2378 2150 1752 -11.74 8.55 -17.26
Pix P 1429 -657 1273 -1033 9.61 5.55
Psx P, 1561 993 1692 -18.09 -4384 -16.11
Pyx P, -4.00 -855 -1046 -2455 137 -24.10
PyxP, 186 272 0.77 -896 290 -5.33
Psx P, -224 -12.03: -811 -2889 -6.51 -25.12
PixP; 640 611 149  -614° -1140 -32.25
Psx P, 430 -987 -3.05 -1280 -1.16 -16.61
Psx Py -235 -826 9.91 -1.74  5.00 -10.43
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Table 5: Heterosis percentages, relative to their mid and better parental values, of all possible hybrid combination

for yield and its components characters of pea.

Yield per piant Pod characters

Characters

Number of pods Pods weight Weight Seeds weight ~ Number of seeds Length * width

® (g) () (cm) (cm)
Heterosis (%) Heterosis (% )

Crosses

M.P. B.P. M.P. B.P M.P. BP. MP. BP. MP. BP. M.P. B.P. M.P. B.P.
P;xP; 1656 525 4200 23.77 2305 17.88 1835 320 1230 4.81 17.50 1662 1507 3.70
PixP; 4190 1615 7137 4600 2051 1581 3724 1720 1671 432 1736 4.84 1549 123
P,xP, 40.10 456 91.17 4751 3532 30.18 2078 11.60 1211 -457 1544 943 067 -926
P xPs 2270 -1056 5674 1245 2965 2697 3896 2840 465 -2.72  6.68 4.96 126 . -1.23
P,x P, 3316 1921 5403 4996 1460 521 5041 4677 2537 1966 1625 440 1032 6.92
P;x P, 4399 1601 7255 4933 17.73 819 18.09 1085 3139 1894 6.73 1.76 1769 17.69
P,xPs 5250 1838 63.66 29.70 6.98 410 1256 566 6.87 6.41 9.89 8.93 629 -3.18
P, xP, 261 902 2022 649 1746 1733 2371 1321 1542 9.09 1239 554 1.1 769
Py x Ps 3154 1175 4104 1408 825 1.97 3557 2406 1799 1291 164] 538 072 -1146
P.xPs 8.58 338 2629 1369 1670 1004 6675 4151 2354 1219 1118 691 279 -11.46
P:xP; 2215 1029 4099 2289 . 1699 1154 1697 200 1164 420 1425 1340 1849 679
P;x P, 3082 708 2406 570 1602 1150 3161 1240 2155 8.64 8.61 <298 2113 6.17
Psx P, 2811 439 63.17 2603 2657 2176 2208 1280 1567 -160 14.14 819 -137 -ILlI
Psx P, 2391 -1044 4735 571 2060 1811 2511 1560 11.82 395 5.93 422 633 -8.64
PyxP, 2936 1581 6460 6025 2556 1527 5151 4785 1970 1424 1905 692 8713 5.38
PyxP,; 29.60 441 56.19 35.17 1793 838 9.04 236 2647 1439 937 428 3.08 3.08
Psx P, 4003 870 6041 2712 1828 1508 2764 19.81 8.15 769 1104 1006 419 -5.09
Pyx Py 3579 2040 6671 47.67 2244 2228 3144 2028 2709 2022 1534 831 1190 846
Psx P, 2424 556 4179 1468 1557 886 3213 2123 17.75 1277 1329 256  -145 -13.37
Ps x P, 539 035 248 1240 193 177 41.04 41.04 1927 832 1265 832 349 573
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General and Specific Combining Abilities (G.C.A. and S.C.A.), and
Reciprocal Effects:

The results concerning the analyses of variance of combining ability and’
reciprocal effects on the various studied characters of the five parental cultivars
and their all possible hybrid combinations are shown in Table (6). The estimated
variances for the effects of both general and specific combining abilities
reflected highly significant values for all studied characters, with only one
exception which was found significant. This result suggested generally that both
additive and non-additive gene effects were important in controlling the
expression of all studied characters. In this concern, both G.C.A. and S.C.A.
effects were previously shown to be major contributing factors in pea, as
ilustrated by several researchers; such as Venkateswarlu and Singh (1982),
and Ranalli and Naneti (1983) for number of pods per plant; El-Murabaa ef al.
(1988, a and b) for plant height, pod length, pod wndth pod weight and number
of seeds per pod; and Gad and El-Sawah (1985) for poth number of leaves and
branches. Also, the results illustrated generally that the mean squares estimates
of S.C.A. showed higher values than those of G.C.A. for all the studied
characters, suggesting that the non-additive gene effects appeared to have,
relatively, more important roles than additive gene effects. Concerning the
reciprocal effects, the estimates of mean squares were high enough to be highly
significant for only one character and significant for two characters; while, the
other estimates of mean squares were not found hlgh enough to be significant.
Such a result suggested that reciprocal effects were| generally lacking, though
some effects on plant height; number of both branches and pods per plant were
noted.

The estimated values of the general combining ability (G.C.A.) effects of the
parental cultivars, in Table (7) reflected that the best general combiner parent,
that appeared to have the significant highest positive value of G.C.A. was found
to be Progress No.9 (Ps) cultivar for the characters plant height, number of
leaves, humber of pods per plant and pods weight per plant. The parental
cultivar Master (P,) was found a good general combiner for the characters
seeds weight, number of seeds per pod, pod length and width. The results in
Table (7) illustrated also that the parental cultivars Little Marvel (P;) and Lincoln
(P3) appeared to be good combiners for the characters pod weight and number
of branches per plant, respectively. From such results, it could be generally
concluded that combining ability estimates, can be selected to be involved in
hybrid combinations to predict the best hybrids. However, it showed be
mentioned that the parents with good G.C.A. do not necessarily produce
superior crosses with good S.C.A. in all combinations (Swamy Rao, 1977).
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Table 6: Analyses of variance for general and specific combining abilities and reciprocal effects on the different
studied characters of the five parental cultivars and their 10 F,'s and 10 reciprocals F,'s.

Sources of Degrees Mean squares (M.S.)
variation of -
(S.0.V) freedom Plant No. of No. of No.of  Pods weight Pod Seeds  No.of Pod Pod

(D.F) height leaves branches  pods per per plant weight weight  seeds length  width

plant per  perpod
pod

G.CA. 4 488.127 51442° 154 290.74  7713.69 0.45 031 1.09 1.09 0.06
S.C.A. 10 11907.29"  3760.64 592" 2340.73"  69400.76" 4492 9.15" 87.22" 9846 3.20"
Reciprocals 10 22.24° 1.87 135" 11.53° 604.86 0.08 0.013  0.06 0.033 0.004
Error 48 8.60 3.75 0.01 3.45 480.64 0.14 0.043 0.18 0.22 0.004

*Significant at 0.05 level

** Highly significant at 0.01 level
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Table 7: Estimates of general combining ability (G.C.A.) effects on the different

studied characters of five parental cultivars of pea.

Characters Plant No.of No.of No.of Pods Pod Seeds No.of Pod Pod
height leaves branches  pods weight  weight weight seeds length width
per per plant per per per per
Parental plant plant plant pod pod
cultivars (cm) _ ) (&) (&) (cm) (cm)
P, -10.09 -6.759 0.127 <7129 33152 0.188 0206 0.482 0306 0.126
| -3.320 -6.582 -0.349 -2.687 -6.652 0233 -0.189 0.124 0276 -0.009
Py 1650 2624 0634 -0471 -14.732 -0.258 -0.068 0.124 -0.484 -0.062
P, 3.560 0427 -0.229 3.531 16358 -0.152 -0.021 -0410 0.166 -0.068
P 8.180  10.291 0.077 6.756 38178 -0.012 0.079 -0.119 0.067 0.011«
L.8.D.ges !
G- G; 2656 1.749  0.078 1672 19806  0.337  0.187 0.383  0.422  0.056

Gi-G;= diﬁereiiééAbeMeen two (G.C._A.) estimates of two parental’cuitivars.

The comparisons among the estimated values of specific combining ability
(S.C.A), in Table (8), illustrated that most of the F{ hybrids reflected positive
S.C.A. values for plant height character. The best hybrid combination which
showed the highest positive value for such a character was found to be the
cross P; x P,, indicating that the two parents, P; and P,, can combine well to
produce a hybrid with a high general performance for this character. In this
respect, it is noteworthy that not only the highest of the parents involved in a
cross was important in determining the height of the progeny, but also the
- 8.C.A. effects of the parents involved (Gritton, 1975). This result seemed to
agree with the findings of Wally (1982), Zayed (1988 and 1998), and Zayed and
Faris (1998), who suggested that over-dominance played a considerable role in
the inheritance of plant height character. The results illustrated that the cross
P, x P> could be considered as the best hybrid combination for two characters
number of leaves and pod length; since, it showed the highest positive value for
S.C.A. effects. For number of branches character, the best hybrid combination
was P, x P;, suggesting that these two parents could combine well to produce
more branches. In the cases of the characters pods weight per plant, pod weight
and pod width, it was noticed that the highest values of S.C.A. were reflected by
the cross P; x P, which appeared to be the best combination for these
characters. Concerning number of pods per plant, the results revealed that the
best hybrid combination was found to be the cross P, x Ps. For seeds weight per
pod, the Fy hybrid P, x P; gave the best combine well to produce the heaviest
seeds per pod. In this concemn, the parents P, and Ps gave positive G.C.A.
values, which means that the two parents were the good combiners for this
character. As for number of seeds per pod, the presented results in Table (8)
illustrated that the best combination was given by the cross P x P,, which
showed the highest positive S.C.A. value, indicating that the two parents
involved in this cross possessed good genes in general and reacted well to
produce a hybrid with a high number of seeds per pod.
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'i'éble 8. Estimates of specific combining ability (S.C.A.) effects and reciprocal
effects on- the different studied characters of the 10 Fy's and their

reciprocals F'is of five pea cultivar

haracters Plant No. of No. of No. of Pods Pod Seeds No. of Pod Pod
height leaves branches podper weightper weight  weight seeds length width
per per plant plant plant perpod  per pod
Crosses {cm) plant &) &) (& (cm) {cm)
PxP, 3.660 10.606  -0.13§ -3.177 -17.168 0.142 -0.001 0.103 0.461 0.114
PixPy 0.112 3.000 0.194 3.082 3912 0.008 0.180 0.464 0.086 0.151
PxP, 1.384 0.933 0.057 4.790 46.672 0.502 0.115 0.022 0.403 0.523
PixPs 5811 3.053 -0.069 0.948 24.052 0.452 1.213 0.031 0.170 -0.071
Pyx Py -3.030 2042 0111 0.530 19.512 0.348 0.445 0.407 0.381 -0.023
Pax P -1.532 1.465 0.044 4,548 30.522 0.137 0918 0.720 0.147 0.038
Pix Ps 0.045 2244  -0.067 7.633 43.602 0.067 0052 -0.246 0.135 0.029
Pyx P, 6.340 0886 -0.199 0.457 10.302 0.208 0.012 0.046 0.143 0.061
P;xPs 3112 0810 0.01S 3232 17.982 0.028 0.038 0.305 0.310 -0.048
Pix Ps -1.580 1.842 0.088 -3.885  -16.208 0.053 0.385 0.458 0276 0.018
P;x P, 1.470 1.090 0.020 0640 0.600 0.170 0.015 0.025 0.130 -0.025
Pix P, 8.590 -1.170 0.090 1.455 29.000 0.105 0.060 -0.175 0315 0.04
PixP; -1.610 -0.180 -0.080 1.855 20.150 0.205 0015 -0.120 0.050 0.015
Psx Py 0890 0680 0040 0.200 7.850 0225 0.160 0270  0.030 0.060
P;xP; 0210 0.455 -0.005 0.545 -7.400 -0.270 0.010 0.190 -0.100 0.010
P;xP, 0470  0.805 -0.025 2.405 13.200 0.005 0.090 0.160 0100 0950
Psx P, -1.220 1.050 0.010 2220 3.000 0295 -0.150 0045 -0.045 0015
Pyx Py 2.860 0.710  0.055 -6.100 -38.400 Q.11 -0.075 -0355 -0.100 -0.005
Psx Py 1.870 1.480 0.095 1.420 -0.700 -0.175  0.030 0.005 0.110 0.015
Psx P, 3.640 -1275  -0.025 0.695 1.500 0.210 0.005  0.135 0053 0045
L.S.D.gos
Si- Sy 5314 3498 0.157 3347 39610 0.676 0371 0766 0846 0.11
S~ Sy 4.601 3.030 0.135 2898 34303 0.585 0325 0.664 0.731 0.096
G~fy 5940 3910 0.175 3.741 44.286 0755 0418 0856 0945 0.125

S; - Sy = difference between two (S.C.A.) estimates, of two hybrids, with a common parent.
S; — Sy = difference between two (5.C.A.) estimates, of two hybrids, with non-common parent.
1 — iy = difference between two reciprocal (r) estimates, of two hybrids, with non-common parent.

Concerning the estimated reciprocal values, the results, generally, revealed
that few reciprocal F, hybrids reflected some positive (desirable) values on only
two of all studied vegetative growth, yield and its components characters. The
reciprocal crosses P; x P4, for plant height, and P4 x P, for pod width, reflected
higher positive values than those of their corresponding Fy's. This resuit seemed
to suggest to that a slight amount of the matemal effects were observed on
these two characters and in just the two mentioned cases to be neglected.

Estimates of the Heritability Percentages in the Broad and Narrow
Senses for the Various Studied Characters:

The results of the estimated vales of the different components of the total
variance; additive, dominant and error variances; and the two heritability
percentages in broad and narrow senses (H,;% and H,;%) for the various
studied characters, are presented in Table (9). The resuits illustrated generally
that the estimates of a%p reflected higher values than those of g4 for all studied
characters, suggesting that the non-additive gene effects reflected relatively
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more important roles than the additive gene effects in controlling the expression
of these characters. The estimated percentages of broad sense heritability
showed high values for all studied characters. This result seemed to agree with
those obtained by Shalaby (1974) for plant height, number of pods per plant and
number of seeds per pod; and Nassar (1992) for branches number per plant,
pod length and pod width. The narrow sense heritability estimates in Table (9)
showed intermediate or relatively low percentages, with values ranged from
18.40, for number of branches per plant to 24.01% for number of seeds per pod.
These results indicated clearly that both the additive and the non-additive gene
effects appeared important, but with some relative advantage for the non-
additive gene effects, for the inheritance of the various studied characters. The
estimated values for the narrow sense heritability seemed to agree with those
obtained by Gad and Ei-Sawah (1985) for plant height, and Ahmed and Ismail
(1999) for both number of branches and pods per plant, who reached to similar
trends in this concern. However, the heritability estimates for these three
characters, in the present study, appeared to have relatively lower values than
those obtained by Singh (1999) for plant height and number of pods per plant;
and by Swidan et al. (2000) for number of branches per plant. Also, the
estimates of narrow sense heritability, in this study, for the other studied
characters showed lower values than those estimated by Gupta and Dahiya
~ (1986) for pod length and pod width; Singh and Singh (1989) for number of
seeds per pod; Gupta et al. (1998) for pod weight per plant; and Swidan ef al.
(2000) for number of leaves. Such differences in the estimated values of the
various genetic parameters could be actually related to the type of the used
genetic materials and the methods of genetic analysis and determination.

Table 9: Estimates of genetic variance components and heritability
percentages for the studied characters on five parental cultivars
and their all possible hybrid combinations in two directions.

Characters A D CA b, % 0%

Plant height ~2409.26 7828.05 8.65 9991 2351

No. of leaves/plant 688.92 2471.64 3.75 99.88 21.77
No. of branches/plant 0.938 3.889 0.0075  99.84 19.40
No. of pods/plant 434.67 1537.697 343 99.83 22.00
Pods weight/plant 13073.01 4534218 48064  95.18 22.20
Pod weight 29.461 93.68 0.14 99.89 23.89
Seeds weight/pod 1.864 599 0.043 99.45 23.60
No. of seeds/pod 18.146 57.263 0.18 99.76 24.01
Pod length . 20.513 64.633 0.219 99.75 23.75

Pod width 0.662 2.105 0.0038 99.86 23.89

o’ = additive variance.

oo = dominant variance.

o’s = efvor variance.

h.s % = heritability percentage in the broad sense.
h?s % = heritability percentage in the narrow sense.
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