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Breeding potential of the field pea (Pisum
sativum L.) cultivars and their progenies

ABSTRACT

The inheritance and gene effects structure were investigated for ten quantitative
traits in field cultivars by a full diallel model of four parents — the cultivars
Kerpo, Pleven 10, Mir and EFB33. Overdominance was prevalent for most of the
traits in both hybrid generations (F; and F,) except for 1000-seed weigth. A non-
additive gene action appeared to be more predominant for the inheritance of most
traits studied. The fraction of h,/H, indicated that at least one group of genes
controlled dominance for all the traits, namely for seed weight per plant (6), seeds
per pod (3). The Hy/4H; ratio was close to the expected value of 0.25 for seeds
per plant and seed weight per plant, indicating a symmetrical distribution of
dominant and recessive genes. Dominant alleles were more frequent in parental
forms for the inheritance of most traits except seeds per pod in F;. In the case of
seeds per pod (F;) and 1000-seed weight (F; and F,) a comparatively low
difference was established between the coefficient of heritability in narrow and
broad sense, indicating that the selection in early generations may be effective.
The genotypes with exhibited dominant alleles were EFB33 for plant height, first
pod height, internode distance and fertile nodes per plant, Mir for pods per plant,
nodes per plant and 1000-seed weight and Pleven 10 for seeds per plant and seed
weight per plant. Kerpo had recessive alleles for all the tested traits except seeds
per pod.
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Srivastava et al., 2000; Bourion et al., 2002). It is determined
as the additive effects and the quantity of the effective factors

Pea (Pisum sativum L.) is an important forage and
vegetable crop grown in various regions worldwide.
However, its productivity has become static over the years
despite the fact that its total harvested area has increased
tremendously. This can be attributed to the lack of suitable
improved cultivars for different agroecological conditions. In
order to increase the yield potential in pea to a greater extent,
it is desirable to develop new genotypes through a
recombination breeding for which it is necessary to know the
mode of inheritance and the genetic background of the
desirable traits. The structure of the gene effects is an
indicator for assessing the selection value of the parental
components and is used widely in breeding and applied
genetic research. A diallel scheme of crossing based on the
data of the F; hybrids is an accurate method for its
determination (Csizmadia, 1994; Sharma et al., 1999;

at inheritance of the specific traits. Of a special importance is
the choice of the parents used in developing novel, stable and
heterotic lines. Many authors reported on the inheritance of
yield-related traits in field pea. Number of days to flowering
is said to be additive (Parmar & Godawat, 1990) and non-
additive (Singh et al., 1986) for days to flowering, number of
pods per plant additive (Rathore et al., 1995) and epistatic
(Narsinghani et al., 1982), number of seeds per pod additive
and non-additive (Singh & Singh, 1991), plant height
additive (Kumar et al., 1996), both additive and non-additive
(Dixit, 1999) and (Panda et al., 1996). All these findings were
probably the major bottleneck towards the formulation of
efficient breeding strategies (Sood & Kalia, 2006).

By this reason, four field pea cultivars were hybridised in
a full diallel model in order to study the genetics components
of the traits related to seed yield.
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Materials and Methods

An experimental study was conducted from 2009 to 2011
at the Second Experimental Field of the Institute of Forage
Crops, Pleven. The following field pea (Pisum sativum L.)
cultivars were used as the parental components: the spring-
sown Kerpo and three autumn-sown ones, namely Pleven 10,
Mir and EFB33. The hybridisation was done by hand in
2009. The experiment was set up as a complete block design
with two replications during the winter of 2010/2011. The
parental forms (P, and P,) and the first and the second hybrid
generations (12 F; and 12 F,) were sown according to a
scheme P, F; F, P,, with a plot size of 2 m x 1 m, at a row
spacing of 20 cm, a distance within row of 5 cm and a plot to
plot distance of 0.70 m. The seeds were sown by hand at a
depth of 5 cm. All the agronomy practices during the trial
were ordinary and officially approved by the Institute of
Forage Crops.

The hybridisation included all direct and reciprocals
crosses, that is, a full diallel scheme. From each genotype in
P;, P,, Fand F,, a sample of 40 plants was used for analysing
the following quantitative traits: plant height (cm), first pod
height (cm), number of pods per plant, number of seeds per
plant, number of seeds per pod, number of nodes per plant,
internode distance (cm), seed weight per plant (g), 1000-seed
weight (g), and number of fertile nodes per plant. The
obtained data were analysed according to Hayman (Hayman,
1954a), while the genetical properties of the parental
components were determined by the graphical method by
Hayman (Hayman, 1954a; Hayman, 1954b), using the
software DIALL (Ukai, 1989). The diallel analysis of
variance (ANOVA) graphical analysis (Wr/\Vr; Wr™Vr) by
Hayman is based on the variance-covariance matrix (Vr -
Wr), where: a is primarily additive effects; b is primarily
dominance effects; bl is mean deviation of F;'s from their
mid-parental value; b2 is variation of deviation of F,'s from
their mid-parent value over arrays; b3 is that part of
dominance variation unique to each Fy; ¢ is average maternal
or cytoplasmic effect of each parental line; d is reciprocal
differences not ascribable to c.

The mean square of casual deviations of initial data on
ANOVA analysis of diallel crosses was used for estimating
o, Estimating includes the values of the following genetical
parameters: D are additive gene effects (additive variance); H;
and H, are dominance gene effects (dominance variance 1
and dominance variance 2); F is covariance of additive and
non-additive effects in all the arrays that has a positive or
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negative sign depending on whether dominant genes or
recessive genes were more. When F>0 predominate dominant
alleles, when F<0 the recessive, when F=0 alleles are equal
representative. In addition, h, is dominance effect as the
algebraic sum over all loci in heterozygous phases in all
cases; Hbs is heritability for diallel in a broad sense; Hnsis
heritability for diallel in a narrow sense; H,/D is average
degree of dominance in experimental material, H,/4H; is
mean the value (p;q) on all polymorphic locuses show
dominating (d; # 0); h, /H, is the number of groups of genes
which controlled the character and exhibited dominance; and
[(4DH,)"»+F/(4DH,)% - F] is proportion of dominant and
recessive genes in the parents.

The conclusions from the Wr, Vr graph are: 1) Wr is
related to Vr by a straight regression line of unit slope in the
absence of non-allelic interaction and with independent
distribution of genes among the parents; 2) The distance
between the origin and the point where the regression line
cuts the Wr-axis provides a measure of the average degree of
dominance; 3) D > H1 (partial dominance) when the intercept
is positive; D = H1 (complete dominance) when line passes
through the origin; D < H1 (over dominance) when intercept
is negative; and no dominance when the regression line
touches the parabola limit.

Results

One dealing with applied genetics and plant breeding
needs to know the genetical structure of a specific trait, that
is, what genetical effects prevail, number of the polymorphic
locuses, how the alleles are shared, and so on. Such
information gives opportunity of including novel cultivars in
hybridisation designs and breeding programmes. The
theoretical base on diallel analysis of the additive-dominant
model according to Hayman is founded upon the following
presumptions: the investigated genotypes are diploid and
homozyguous, every locus can be in two allelic positions, no
exhibition of epistatic effects, no difference in inheritance in
reciprocal crosses and independently distribution of the genes
between the parents (Hayman, 1954a).

Diallel ANOVA. The components of the genetical
variation were established with the disperssion analysis of the
traits in the tested field pea genotypes (Table 1 and Table 2).
The analysis of variance revealed highly significant
differences among the progenies indicating that the parents
were diverse for the studied traits. In the diallel ANOVA, all
the genetic effects were significant without b3 and d in F; for
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1000 seed weight, ¢ for height first pod, b2 for seeds per
plant and a, b, b2 for seeds weight per plant in F,. Dominant
gene effects prevailed in a majority of the traits in both F;
and F,. The additive gene effects prevailed solely for 1000-
seed weight in F; and seeds per pod and 1000 seed weight.

Wr/Vr analysis. The estimate of the components of
genetical variation for the different quantitative traits in
forage pea is given in Table 3.

Plant height. The line of regression intercepted the
negative part of axis Wr, showing the importance of
overdominance (H,/D > 1; F > 0) in F; and F, (Figure 1 and
Figure 2). The regression coefficient was different from zero
in both generations, showing the absence of epistatic gene
effects and that the genes are independently distributed
between the parents. One is the number of the group of genes
controlling this trait and exhibiting dominance (h,/H,) in both
generations. The true value of H, in principle cannot be
higher than H;. The ratio H,/4H; can be done by concluding
that plus and minus alleles are distributed in a non-uniform
way  between  parental forms. The ratio of
(4DH,)"»+F/(4DH,)"% - F showed a prevalent dominant gene
effect.

First pod height. A regression dotted line intercepted the
positive part of vertical axis solely in F;. This was an
indication that mean degree of dominance is partial and and
that one of the parents was rare genotype. A solid line in Fy
and F, intercepted the negative part indicating the importance
of overdominance. The genetical parameter D was lower than
H, (H,/D > 1) in F; (1.18) and F, (1.27). The ratio h,/H, was
similar to the one in plant height (0.62 in F, and 0.84 in F,)
indicating that one group of genes had control over the trait
as H,/4H, (0.20) for both generations. The ratio of dominant
and recessive genes was close or more than one, assuming teh
action of dominant genes. The heritability (Hns and Hbs)
could be estimated as medium to high. Number of pods per
plant. Intercepting the regression line with the vertical axis
(Wr) showed overdominance in both the generations (Figure
1 and Figure 2). The regression coefficient was near one and
very different from zero in both generations, indicating the
absence of non-allelic interactions.

Table 1. Analysis of variance for combining ability of the field pea hybrids traits in F, generation (by Hayman)

Mean square
Seed .
Source of df Plant | First pod Pod Seed Seed Node Internode | weight 15232 Fri::j'ée
variation height height number | number | number | number | distance per .
weight number
(cm) (cm) per plant | perplant | perpod | per plant (cm) plant
© (9) per plant
Replication | 3 31.25 4.27 0.89 ** 28.79 0.18 * 1.18 0.13 3.06 57.58 1.18
8315.25 | 1760.96 186.61 6110.33 0.61 116.55 1.44 15.47 11933.3 57.89
a 3 ** ** ** ** ** ** ** ** 3** **
b 6 9279.99 | 2132.31 371.96 | 10593.63 1.61 234.26 9.32 333.68 | 3074.56 97.10
** ** ** ** ** ** ** ** ** **
2346.4 2662.63 | 1535.67 | 46376.33 1.88 923.13 27 1698.13 | 4116.26 376.88
bl l ** ** ** ** ** ** ** ** ** **
15374.7 | 2352.30 186.86 4134.69 1.70 114.80 8.77 91.55 4676.09 58.80
b2 3 ** ** ** ** ** ** ** ** ** **
3604.66 | 1537.17 67.75 2390.68 1.33 69.02 1.31 14.65 14.65
b3 2 ** ** ** ** ** ** ** ** 15142 **
1319.19 283.06 156.88 2889.23 1.21 180.15 1.52 33.48 2017.15 43.52
C 3 ** ** ** ** ** ** ** ** ** **
2932.41 | 1203.06 294.25 2846.52 2.54 322.98 1.90 130.15 74.02
d 3 ** ** ** ** ** ** ** ** 65156 **
Error 45 43.88 25.62 3.84 113.14 0.16 3.67 0.14 2.68 392.25 0.87
* significant at 5% level, ** significant at 1% level
http://www.jbb.uni-plovdiv.bg 221

DOI: 10.69085/jbb20143219




ISSN: 1314-6246

Valentin Kosev

J. BioSci. Biotech. 2014, 3(3): 219-226.

RESEARCH ARTICLE

Table 2. Analysis of variance for combining ability of the field pea hybrids traits in F, generation (by Hayman)

Mean square

. Seed :
Source of df | Plant First Pod Seed Seed Node 1 iormode weight 1000- Fertile
variation height pod number number number | MUMBEN | ictance per seed node
height per weight number
(cm) per plant | per plant per pod (cm) plant
(cm) plant ©) (9) per plant
Replication 3 3 361'92 163.60 32.68 1939.71 0.18 34,;89 0.23 61‘30 409304
8225.25 | 1471.90 83.09 8806.50 2.36 62.39 1.85 17037.58
a 3 3 ** ** ** ** ** ** ** 628 **x
9060.83 | 2551.62 524.35 12229.00 1.50 339.85 9.73 2625.60
b 6 6 ** ** ** ** ** ** ** 40254 **x
5676.75 | 4265.76 1782.42 49987.2 1.51 1097.30 38.52 1969.92 1819.17
bl 1 1 ** ** ** ** * ** ** ** **
b2 3 3 13&131.4 26(31.30 283;93 1855.85 2ﬁ8 21&89 6’.&9 29.95 39%3(.78
3612.00 | 1632.01 258.94 8909.46 150.06 0.65 177.75 1083.06
b3 2 2 ** ** ** ** 033 ** ** ** **x
650.08 135.40 4906.10 3.25 88.77 1.06 51.25 693.54
C 3 3 ** 6615 ** ** ** ** ** * **
3835.58 276.98 171.56 8402.40 1.08 135.69 1.10 85.21 691.88
d 3 3 ** * ** ** * ** ** ** **x
Error 45 45 95.56 95.91 13.99 824.63 0.26 8.69 0.12 12.42 64.41
* significant at 5% level, ** significant at 1% level
,: //’//
W
) T -
. 1-Mir, 2-Pleven 10, 3-EF B 33, 4-Kerpe i ‘ 4 MIGT Rt 100 BRI 4 Raps
plant height first pod height pods per plant seeds per plant seeds per pod
;\Vx-l DV;:GT.T(Sahd\mz? ¢, Psice p /’/
2 . : B // wr e ine) /x/
S 7 j
/ /
// / / /
1-Mir, 2-Pleven 10, 3-E F B 33, 4-Kerp 7 y/ g e
v 1-Mir, 2-Pleven 10, 3-EF B33, 4-Kerpo e L e
seed weight per plant  fertile nodes per plant 1000-seed weight internode distance nodes per plant

Figure 1. Graphical analysis of the field pea hybrids traits in F; generation.
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1000-seed weight
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Figure 2. Graphical analysis of the field pea hybrids traits in F, generation

In the case of the component analysis, the dominance (b)
and the additive (a) components were significant in both the
generations. The magnitude of H; was higher than the D,
(H4/D > 1; F > 0) showing overdominance. One — two groups
of genes controlled this trait and exhibited dominance. The
positive and negative alleles were distributed almost
uniformly between parental forms H,/4H; (0.22) in both
hybrid generations. The ratio between dominant and
recessive genes favored the dominant genes. The estimate of
narrow sense heritability was very low and broad sense high.

Number of seeds per plant. The regression line on Wr in
the F;, and F, is given in Figure 1 and Figure 2. The
coefficient a of the regression equation was negative and
H,/D > 1 indicating overdominance. The coefficient b of the
regression equation was close to unity indicating the absence
of non-allelic interaction. The estimates of components of
variation revealed high values for dominance (b) as compared
to additive genetical components (a) in the F, and F,. The
ratio h,/H, (2.20 in F; and 2.15 in F,) indicated that two or
three groups of genes controlled number of seeds per plant.
The ratio H,/4H; in F; (0.23) and especially in F, (0.25)
showed that the alleles were distributed uniformly between
the parents and that the successful selection for increasing the
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value of this trait was 50%. The values of the ratio between
dominant and recessive genes prevailed to dominant genes.
The coefficient of heritability could be estimated as medium
(Hns) to high (Hbs) in both generations.

Number of seeds per pod. Intercepting the regression line
with the vertical axis (Wr) below the beginning in both F,
and F, indicated overdominance. The regression coefficient
was different from unity in both generations indicating
presence of non-allelic interaction. The additive (a) and
dominance (b) components of variation were significant in
both generations. The values of H,/D for F, and F, suggest
that the dominance component was more important than the
additive component for the expression of this trait. The data
for h,/H, (0.59 for F, and 0.84 for F,) showed that one group
of genes controlled this trait. The alleles in each polymorphic
locus showed dominance and a non-uniform distribution
between the parents, since Hy/4H; for F; was 0.20, while for
F, it was 0.19. The values of the ratio between dominant and
recessive genes prevailed on recessive ones in F; and on
dominant genes in F,. In F;, low narrow sense heritability
was observed, while in F, a moderate heritability was found.
As in previous cases, broad sense heritability was high in
both hybrid generations. Simple progeny selection and search
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for better segregants in later generations may be followed as
a procedure for the improvement of this trait.

Nodes per plant. The regression line intercepted Wr axis
below the beginning, revealing overdominance in F; and in
F,. The regression coefficient was different from zero and
close to unity, indicating the absence of non-allelic
interaction in both hybrid generations. The components of
variation indicated that the additive (a) and dominance (b)
components were significant in both F; and F,. The values of
H,/D > 1 and F > 0 suggested overdominance in both
populations. According to the proportion h,/H, (1.99 for F;
and 1.64 for F,) this trait is controlled by one or two groups
of genes. The ratio Hy/4H, in both populations (0.22) showed
that the selection for decreasing or increasing number of
nodes per plant have identical chance. The ratio
(4DH,)"»+F/(4DH,)2 - F suggested a prevailance of
dominant genes. Heritability in the broad sense was higher
than the one in narrow sense in F; and in F,.

Internode distance. The regression line in both
generations intercepted Wr below the the beginning,
indicating that this trait was influenced by overdominance.
The estimates of components of variation revealed higher
values for dominance genetic components (H,) than additive
components (D) in F, and F, (H,/D > 1). The ratio h,/H,
(1.46 for F, and 1.99 for F,) indicated that this trait was under
the oversight of two groups of genes. In F; (0.20) and F,
(0.22), the ratio H,/4H, showed that dominant alleles in the
polymorphic loci are distributed almost uniformly between
the parental forms. The coefficient of heritability in narrow
sense was much lower than the one in broad sense.

Seed weight per plant. The regression line intercepted Wr
axis in it the negative part in F, and F,. Non-significant were
the additive and dominant genetic parameters b and b1 only
in F,. In both generations, the coefficients of regression were
close to unity, indicating the absence of non-allelic
interaction. The value of the H,/D is very much over unit as
in F, (5.16) and F, (6.86), being an evidence for
overdominance. This trait was controlled from two-three
groups of genes h,/H, (2.56 for F, and 2.50 for F,). In this
case, it is not possible to obtain rapid selection results on seed
weight per plant since Hy/4H; was 0.23 in F; and 0.25 in F,.
The values of the ratio between dominant and recessive genes
showed a small prevailing on dominant genes toward the
recessive ones. Heritability in the narrow sense of this trait
was the lowest in comparison with all the others.

1000-seed weight. The regression line intercepted Wr axis
in its positive part, depicting a partial dominance in F; and F,.

http://www.jbb.uni-plovdiv.bg

The regression coefficient (b) was close to unity and was
highly different from zero, indicating the absence of non-
allelic interaction. The coefficient of the regression equation
was positive and H,/D < 1, being an indication of the
influence of additive genes actions. The obtained data for
h,/H, (0.69 for F, and 0.34 for F,) indicated that 10000-seed
weight was influenced by one group of genes. The value of
the H,/4H; (0.18) in both hybrid generations showed that
dominant alleles in the polymorphic locuses were distributed
non-uniformly between the parents. The heritability (Hns and
Hbs) was high in F; and F,. Comparatively low difference
between the coefficient of heritability in narrow and broad
sense probably indicated that the genetic diversity for this
trait was strongly inheritable and that the selection by
phenotype might be effective.

Number of fertile nodes per plant. The regression line in
both generations intercepted Wr below the beginning,
indicating that this trait was influenced by overdominance.
The regression coefficient was different from zero indicating
absence of non-allelic interactions. The estimates of genetic
components showed that the dominance variation (H;) was
higher than additive (D) genetic, that is, H,/D > 1. The ratio
h,/H, (1.95 in F; and 1.71 in F,) indicated that one- two
groups of genes controlled this trait and exhibited dominance.
There were observed very high estimates for broad sense
heritability in comparison with that in narrow sense.

Discussion

When the estimates of heritability (Hns and Hbs) were
fairly medium to high, thus suggesting that simple selection
procedures like progeny selection may be opted for
improvement of this trait. Similar gene actions for this trait
were reported earlier (Kumar, 1976). Singh & Ram (1988),
observed that additive and non-additive gene action
predominated for 100 green pod weight, pod length, number
node at which appear of first flower, primary branches per
plant and plant height green pod yield in diallel analysis of
garden pea. Genetic components of variation analysis
supported these conclusions. Rastogi (1988) reported the
presence of high non-additive genetic variance (H1 and H2)
as compared to additive genetic variance (D) in a diallel
analysis of ten parents for some traits of garden pea seed in
F1 generation. The role of additive, non-additive and both
additive and dominance gene action may be attributed to the
variable genetic material used by researchers in their studies
(Raj al., 1998; Singh & Sharma, 2001). Sarawat et al. (1994)
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found that both additive and non-additive gene effects were
important in the expression of branches per plant, pods per
plant, seeds per pod and plant height The dominance variance
was higher for all the traits except pod length and seeds per
pod. The degree of dominance indicated over-dominance for
all the traits except pod length and seeds per pod. The
distributions of genes in the parents were asymmetrical for all
the variables. Kumar & Bal (1995) carried out graphical
analysis and predicted over dominance for yield, number of
pods per plant, 100 seed weight and partial dominance for
other. The knowledge of gene action is very useful to a plant
breeder in the selection of parents for hybridization, the
estimation of some other genetic parameters and choice of
breeding procedures for the genetic improvement of various
quantitative characters (Sharma et al., 2013).

Prevalence of overdominance was observed for most of
the traits in both hybrid generations (F, and F,) except for
1000-seed weight. Non-additive gene action appeared to be
more predominant for the inheritance of most the traits
studied. The fraction of h,/H, indicated that at least one group
of genes controlled dominance for all the traits, namely 6 for
seed weight per plant and 3 for number of seeds per pod. The
H,/4H; ratio was close to the expected value of 0.25 for
number of seeds per plant and seed weight per plant,
indicating symmetrical distribution of dominant and recessive
genes. Dominant alleles were more frequent in parental forms
for the inheritance of most of the traits except number of
seeds per pod in F;. For number of seeds per pod (F;) and
1000-seed weight (F; and F,) there was established a
comparatively low difference between the coefficient of
heritability in narrow and broad sense, indicating that the
selection in early generations might be effective. None one of
the cultivars did not have only dominant or only recessive
alleles. Exhibited dominant alleles were found in EFB33 for
plant height, first pod height, internode distance and number
of fertile nodes per plant, in Mir for number of pods per
plant, number of nodes per plant and 1000-seed weight and in
Pleven 10 for number of seeds per plant and seed weight per
plant. The cultivars Kerpo exhibited recessive alleles for all
the traits except number of seeds per pod.

References
Bourion V, Fouilloux G, Le Signor C, Lejeune-Henaut 1. 2002.

Genetic studies of selection for productive and stable peas.
Euphytica, 127: 261-273.

226

Csizmadia L. 1994. Inheritance of earliness in a diallel cross of
garden pea varieties. Zoldsegtermesztesi Kutato Intezet
Bulletinje, 26: 19-32.

Dixit GP. 1999. Genetic analysis of certain quantitative characters in
field pea. Indian J. Genet, 59: 113-115.

Hayman BIl. 1954a. The analysis of variance of diallel tables.
Biometrics, 10: 235-244.

Hayman BI. 1954b. The theory and analysis of diallel crosses.
Genetics, 39(6): 789-8009.

Kumar HA. 1976. Genetic study of plant height in garden pea.
Egyptian J. Genet. Cytol., 5: 257-26.

Kumar JC, Bal SS. 1995. Inheritance of economic traits in garden
pea (Pisium sativum L.). Haryana J. Hort. Sci., 24(3-4): 251-
255,

Kumar S, Singh KP, Panda PK. 1996. Combining ability analysis
for green pod yield and its components in garden pea (Pisum
sativum L.). Orissa J. Hort., 24: 21-25.

Narsinghani VG, Rao USN, Singh SP. 1982. Diallel cross analysis
for quantitative traits in mutant pea types. Indian J. Agric. Sci.,
52: 364- 367.

Panda PK, Singh KP, Kar RM, Singh AK. 1996. Genetic
components for yield and its contributing traits in pea (Pisum
sativum L.). J. Appl.. Biol, 4: 9-12.

Parmar BS, Godawat SL. 1990. Heterosis and combining ability in
pea (Pisum sativum L.). Intl. J. Tropic Agric., 8: 19-22.

Raj N, Rastogi KB, Dogra BS. 1998. Genetics of yield and its
components in garden pea. Veg. Sci., 25: 18-21.

Rastogi KB. 1988. Genetics analysis of vitamin C content in green
seed of pea (Pisum sativum L.). Haryana J. Hort. Sci., 16(3-4):
241-247.

Rathore PK, Gupta VP, Plaha P.1995. Genetics of seed yield and
some other traits in pea using NCIII and triple cross analysis.
Indian J. Pulse Res., 8: 119-122.

Sarawat P, Stoddard FL, Marsall DR, Ali SM. 1994. Heterosis for
yield and related characters in pea. Euphytica, 80: 39-48.

Sharma BB, Sharma VK, Dhakar MK, Punetha S.2013. Combining
ability and gene action studies for horticultural traits in garden
pea: A review. African Journal of Agricultural Research, 8(38):
4718-4725.

Sharma D, Adarsh-Bala S, Chaudhary D, Bala A. 1999. Studies on
combining ability and gene action in pea (Pisum sativum L.).
Indian Journal of Hill Farniing, 12 (1-2): 32-36.

Singh KN, Santoshi US, Singh HG. 1986. Genetic analysis of yield
components and protein content in pea. Indian J .Agric. Sci., 56:
757-764.

Singh MN, Singh RB. 1991. Genetics of seed number and seed
weight in pea. Indian J. Pulse Res., 4, 165-167.

Singh TH, Sharma RR. 2001. Gene action for yield and its
components in three crosses of pea (Pisum sativum L.). Indian J.
Genet., 61: 174-175.

Singh YV, Ram HH. 1988. F2 diallel analysis of some quantitative
traits in garden pea. Narendra Deva J. Agric. Res., 3: 83-89.
Sood M, Kalia P. 2006. Gene action of yield-related traits in garden

pea (Pisum sativum Linn.). SABRAO J. Breed. Genet., 38: 1-17.

Srivastava C, Tyagi M, Agrawal R, Rai B. 2000. Combining ability
analysis for seed yield an related traits in peas of Indian and
exotic origin. Madras Agricultural Journal., 86 (7-9): 366-370.

Ukai YA. 1989. Microcomputer program DIALL for diallel analysis
of quantitative characters. Jpn. J. Breed., 39: 107-109.

http://www.jbb.uni-plovdiv.bg

DOI: 10.69085/jbb20143219





