Al-Shamma Iragi Journal of Science, 2014, Vol 55, N0.3A, pp:943-948

Iraqi
Journal of
Science

o ~——

Estimation of Some Genetic Parameters in Faba Beans (Vicia faba L.)
Affected by Nitrous Acid Mutagen

Laith Mohammed Jawad AL-Shamma*
Department of Biology, College of Science, University of Baghdad, Baghdad, Iraq

Abstract

To estimate some of the genetic parameters and genotypic phenotypic coefficient
of variation and to find the interaction between varieties and generations in the
morphological traits and yield,yield components. Three varieties of Faba beans
were treated by nitroso acid mutagen, field experiments were conducted during
2010-2013. The results showed that variances values were different among traits,
and the values of genetic and phenotypic variance were greater than the
environmental variance values for most of the traits. Heritability in the broad sense
has reached the highest value in most of the studied traits for M1 and M2
generations. Heritability in the broad sense varied among the traits. Highest
heritability in most of the traits in the M1 generation because of the high values of
genetic variation and lower values in the protein percentage and yield protein. Also,
in the M2 generation was the highest heritability in most of the studied traits due to
the high genetic variation and low environmental variance ratio and less values in
the traits, number of seeds/pod and protein percentage were 59.39 and 18.39,
respectively. It also shows that the values of the coefficient of phenotypic variance
and coefficient of genetic was convergent slightly for all the traits of the M1
generation and the M2. This leads to increase the coefficient of phenotypic variance
over genetic in number of pods/plant and number of seeds/pod of two generations,
protein percentage and protein yield in the M1 generation. it was shown that the
coefficient of genotypic varaince and the coefficient of phenotypic varaince in M1
generation was low values in most studied traits except in number of branches per
plant , yield seed and protein yield , wheares protein percentage reduced in
coeffecient of phenotypic variance and coefficient of genotypic varaince in M2
generation. Zaina variety was superior in the M1 generation traits such as flowering
early, plant height, leaf area index, number of branches/plant, number pods/plant,
seed weight, seed yield and protein yield. It can be conclude that M1 generation was
that best in heritability in the broad sense, coefficient of genetic variance and
coefficient of phenotypic variance in most studied traits.
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Introduction

Broad Bean is one of the important crops grown in Iraq frequently in different areas. It is consumed
as pods during February, March and April, and it is one of the important crops for human
consumption, which is an essential source of protein for the human body. It also contains a number of
amino acids, vitamins and fatty substances [1]. It is grown in abundance to meet the needs of the
people for food. Nitrite oxide (NO) is a signaling molecule in a variety of physiological processes
during plant growth and development, and also is an important modulator of disease resistance [2].
The regulatory roles of NO have been reported at different stages of crop development and have been
especially found beneficial in promoting seed germination and seedling stage of most plant species
[3]. Pharmacological studies using mammalian nitric oxide syntheses (NOS) inhibitors along with
biochemical and indirect genetic studies have suggested that plants also synthesize NO using an
arginine-dependent enzyme similar to mammalian NOJ 4-6]. They showed that nitrous acid has also
been used to produce mutants of plant viruses e.g. cowpea chlorotic mottal virus [7]. Faba beans
varieties differ in many morphological traits [8-10].The difficulties faced by researchers in breeding
programs are they determine of genetic variations for important traits such as yield and yield
components that can be used in breeding programs. Heritability is the degree of transmission of
genetic value from parents to offspring. It represents the proportion of genetic variation to phenotypic
variation. Heritability in the broad sense is defined as the ratio posed by genetic variance 6*G to the
phenotypic variance o?P for such status [11]. Estimates of mean, genotypic and phenotypic
coefficients and path analysis revealed that they were the mean values of different quantitative
characters increased in most of mutants when used in his study of chemical mutagen [12].The
understanding and knowledge of genetic variation and genetic similarities present within individuals
or populations are useful for the efficient use of genetic resources in breeding program [13,14]. To
evaluate performance of F2 hybrids and their parents to identify promising hybrids and estimating
genotypic and phenotypic variation , heritability, Broad sense heritability was higher for : plant height
, leaf area index , no. of days to flowering , pod setting , no. of pods per plant , 100 seed weight
,biological yield and seed yield which is due to the high variability among these traits [15]. Breeding
programs depend on the knowledge of key traits, genetic systems controlling their inheritance, and
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genetic and environmental factors that influence their expression.To plan an efficient development
program, it is necessary to understand the breeding systems coupled with statistical analysis of
inheritance data [16,17]. Therefore, this study was conducted to estimate the degree of heritability of
morphological traits and yield, yield components of three varieties of Faba beans.

Materials and Methods

Nitrous Acid preparation: The acid is unstable ,weakly acidic compound and decomposes rapidly,
therfore it has been prepared immediately in cold form. It included tow mixture, the first was prepared
by adding 600 ml of HCI slowly to 600 ml of distilled water, in ice bath to get mix , its volume about
1200 ml. The second mixture was prepare by diluting 160 g of Sodium nitrite (NaNO, ) with 400 ml
of distilled water. Then, first mixture was added to the second mixture in ice bath to get nitrous acid
solution as following equation: HCI + NaNO, ------- HNO, + NaCl. Seeds were soaked in nitrous acid
for 24 hrs and kept in ice bath [18]. The experiment was conducted in a clay loam soil. Treated seeds
and control (untreated) were sowed in the filed during winter 2010-2013, at the Experimental Station
of Biology Dep. College of Sciences, University of Baghdad. Factorial experiment was arranged in
randomized Complete Block Design (RCBD) with three replicates. The area of experimental unit was
10 m* with five lines. The spaces between lines were 0.70m and 0.30m between plants.The
superphosphate fertilizer (P205 45%) at a rate of 80 kg/ha was added to the soil before sowing [19],
and urea fertilizer (N 46% ) at rate of 50 kg/ha was applied before the first irrigation [20]. The other
required practices for faba bean growing were followed as recommended. The parameters were
studied during the growth period of faba bean: days from planting to 50% flowering, plant height
(cm), leaf area index (LAI), number of branches/plant, number of pods/plant and number of seeds/pod.
Seed weight (g), seed yield (kg/ha), protein percentage% and protein yield (kg/ha) were studed after
harvesting.

Statistical analysis and genetic parameters:

Statistical analysis was performed for each trait at any generation using analysis of variance of
(RCBD). The treatment means were compared at 5% level of significant using least significant
differences test (LSD).To deduce the differences between the arithmetic averages of treatments .

MO= plants of untreated

M1=Plants treatment of nitrous acid mutagen (First generation)
M2= Plants after mutagenesis (second generation)

Genetic parameters estimated as follows:[21,22 and 23]

5°G = msv — mse
r
O°E = mse,
0’p=5°G+0°E
2
hbs= ng x100
Where:

¢2E = Environmental variance
62G = Genotypic variance
¢?P = Phenotypic variance
h2 b.s = Broad sense heritability
%G.C.V=6G/x *100 = Genotypic. Coefficients of Variance
%P.C.V=06P/x * 100 = Phenotypic. Coefficients of Variance
Statistical combined analysis between varieties and generations was used.
Results and Discussion

Table(1) shows variances values of heritability in the broad sense among traits. M1 has the highest
heritability in most traits because of the high values of genetic variation. This leads to crop
improvement could be possible by simple selection. High heritability coupled with high genotypic
variation revealed the presence of an additive gene effect [24], and lower values in the traits of the
protein percentage and yield protein were 25.85 and 24.49%, respectively, whereas number of
seeds/pod is not estimated because the value of the genetic variation (3°G) was negative. In the M2
generation was the highest heritability in most of the studied traits, that was due to a high genetic
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variation and a low environmental variation, the proportion of heritability was high as possible as
considered a standard electorally in improved productivity, and lower values in the number of
seeds/pod and protein percentage were 59.39 and 18.39, respectively. As related with heritability of
number of pod/plant was not estimated, because of the genetic variation (5°G) was negative value. It
also shows that the values of the coefficient of phenotypic variance and coefficient of genetic variance
were convergent slightly for all the traits of the M1 generation and M2. So that it caused increasing the
coefficient of phenotypic variance more than genetic in the traits number of pods/plant, number of
seeds/pod of two generations, protein percentage and protein yield in the M1 generation. It observed
there were low values of the coefficient of genetic variance and phenotypic in the M2 generation as
compared with of the M1 generation in most traits except number of branches/plant, seed yield,
protein percentage and yield protein but the latter decreased in phenotypic coefficient of variance in
the M2 generation. Heritability in the broad sense was high in most traits which means that the
majority of the phenotypic variation was due to the genetic variation and small part was due to the
environmental variation.

Table 1- Estimate the proportion of heritability in the broad sense and coefficient of genotypic
variance and coefficient of phenotypic variance.

Traits Generation | hz2b.s %G.C.V %P.C.V
. M1 97.72 21.64 21.8
20% flowering "y 90.12 7.72 7.95
. M1 97.54 18.67 18.81
plant height
M2 92.78 15.65 16.36
leaf area index M1 73.1 23.77 46.26
M2 95.18 22.18 23.39
number of M1 86.36 34.48 35.07
branches/plant M2 92.18 41.21 42.09
number of M1 79.28 16.78 20.09
pod/plant M2 ] e 9.06 18.57
number of Y 18.83 38.14
seed/pod M2 59.37 14.56 24.81
seed weight M1 97.8 37.12 38.14
M2 98.03 31.92 33.37
seed yield M1 98.83 21.61 22.04
M2 97.48 23.54 23.87
protein M1 25.85 10.04 12.66
percentage M2 18.39 7.74 7.99
orotein yield M1 24.49 13.02 16.34
M2 90.18 26.41 27.15

The results of table-2, show the interaction between varieties and generations. Studied traits at any
generation is considered interaction as a clear indicator about possibility of variety in future breeding
programs. Superiority of Zaina variety of the M1 generation was in the following traits, early
flowering 73.66 days, plant height 100.1cm, leaf area index 2.91, number of branches/plan 17,
number pods/plan 28.5, seed weight 1.73 g, seed yield 4997.07 kg/ha and protein yield 929.94 kg/ha,
and did not differ significantly with local variety in plant height and number of pods/plant. The
Aguadulce variety gave the highest protein percentage in the M1generation of 20.89%, may be due to
the soaked seed in nitrous acid mutagen solution contains a nitric oxide NO that act as a bioactive
molecule and involved in many physiological processes in plants, such as growth and development of
plant tissue. Also, NO operates the auxin signals transduction. Auxin causes reducting in the flower
abscission percentage and then producing highest number of pods setting and yield components and
thus affecting on the seeds yield [25]. From the result above,the M1generation gave the highest value
of heritability in the broad sense and genetic coefficient of variance and phenotypic may be there were
more segregation taken place.
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Table 2- The interaction between varieties and generations using statistical combined analysis.

Traits eneration | MO M1 M3 LSD

varieties
50% flowering Zaina 80 73.66 90 2.45
Aguadulce 83.66 93.1 98
Local 84 91.33 92

plant height (cm) Zaina 67 100.1 48 2.31
Aguadulce 73 82.3 54
Local 71 99.6 57.5

leaf area index Zaina 1.5 2.91 1.89 0.39
Aguadulce 1.9 2.25 2.42
Local 1.35 2.4 2.33

number of | Zaina 7 12.2 10.5 1.32

branches/plant Aguadulce 5.3 8.5 135
Local 6.1 12.4 17

number of pod/plant | Zaina 22 28.5 16.5 2.24
Aguadulce 18.5 24.2 15
Local 26.7 29 15.2

number of seed/pod | Zaina 3.2 2.9 2.85 0.99
Aguadulce 2.9 3.2 3.23
Local 3 3.6 3.36

seed weight (g) Zaina 1.4 1.73 1.04 0.20
Aguadulce 1.3 1.31 1.14
Local 1.21 1.15 1.47

seed yield(kg/ha) Zaina 3116.37 4997.09 3001.01 219.4
Aguadulce 2550.31 4111.12 2998.99
Local 3092.64 4003.97 3766.03

protein percentage Zaina 18.5 18.61 18.1 1.54
Aguadulce 20 20.89 19.02
Local 19 19.62 18.99

protein yield(kg/ha) | First 576.53 929.94 542.6 72,51
second 510.06 858.36 570.2
third 587.58 785.31 715.51
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