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Twelve varieties of soybean (Glycine max (L.) Merrill.) were evaluated in randomized
block design with three replications for variability, heritability and genetic advance
during kharif 2013 and 2014. Observations on ten agronomic along with five
morphological characters were observed. Analysis of variance revealed highly
significant differences among the genotypes for the all the characters. High PCV
coupled with high GCV, observed for number of primary branches per plant, number
of nodes per plant, plant height and seed yield per plant. High heritability coupled with
high genetic advance as percent of mean was observed for plant height, number of
primary branches plant per plant and harvest index in both the years indicating
operation of additive gene action and the ample scope for improvement in these traits

Introduction

Soybean [Glycine max (L.) Merrill] is a major
oil seed crop in the world and is called as a
golden bean or miracle bean because of its
versatile nutritional qualities having 20% oil
and 38 to 43 percent protein, which has
biological value as meat and fish protein and
rich in amino acids like lysine and tryptophan
(Quayam et al., 1985). The assessment of
available genetic variability is of utmost
importance in all the crop improvement
programmes. This is important for several
reasons: the ability to distinguish reliably
different genotypes is important for designing
the breeding programmes, population-genetic
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analysis, genetic engineering and an
estimation of the amount of variation within
genotypes and between genotypes is useful
for predicting potential genetic gains in a
breeding programme and in setting up
appropriate cross-breeding strategies. Genetic
variability is the basic requirement for crop
improvement as this provides wider scope for
selection. Thus, effectiveness of selection is
dependent upon the nature, extent and
magnitude of genetic variability present in
material and extent to which it is heritable.
Hence, in present investigation was carried
out to assess the variability of seed yield and
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yield contributing traits, along with indices of
variability i.e., genotypic coefficient of
variation (GCV), phenotypic coefficient of
variation (PCV), heritability in broad sense
(h?), genetic advance (GA) and genetic
advance as percent of mean (GA%). This
study will facilitate an understanding behind
expression of character and also role of
environment there in.

Materials and Methods

The experimental material consisted of 12
varieties of soybean derived from different
origins. These varieties of soybean were
evaluated in randomized block design with
three replications during kharif 2013 and
2014 at N. E. Borlaug Crop Research Centre,
G. B. Pant University of Agriculture and
Technology, Pantnagar, Udham Singh Nagar,
Uttarakhand. Each variety was accommodated
in four rows of 4 meter in each replication,
with a row to row distance of 45cm and plant
to plant distance was maintained at 5 to 7 cm
after thinning. Same pattern was followed in
kharif 2014. Observations on ten characters
were recorded on randomly selected five
plants from each genotype and average value
was used for statistical analysis. The data is
subjected to different statistical analysis viz.,
analysis of variance, magnitude of genetic
variability were performed following standard
procedures (Burton, 1952 and Allard, 1960).

Results and Discussion
Morphological characterization

All the twelve varieties were categorized on
the basis of morphological characters.
Varieties were thus categorized into five
groups on the basis of five morphological
characters i.e., presence or absence of
pubescence, pubescence colour, flower, seed
coat and hilum colour. On the basis of
pubescence all varieties were categorized into
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two groups i.e., presence or absence of
pubescence. All the varieties except JS 335
have pubescence. Hence, all the varieties
except JS 335 fall into the category of
pubescence. On the basis of pubescence
colour varieties were divided into two groups
namely, tawny and grey. Ankur, PS 1092,
Kalitur, PS 1347, PS 1024, Bhatt, Bragg and
PS 1029 were categorized into tawny group
whereas PS 1225, PK 472, JS 335 and PK 327
were in the group of grey. Varieties were also
categorized into two groups on the basis of
their flower colour. Seven varieties namely,
Ankur, PS 1225, PK 472, PS 1347, PS 1024,
Bragg and PS 1029 belonged to the white
flower group whereas PS 1092, Kalitur, JS
335, PK 327 and Bhatt were in the purple
flower group. On the basis of seed coat colour
varieties were divided into two groups
namely, yellow and black. Kalitur and Bhatt
belonged to the black seed coat colour group
while all the remaining ten varieties belonged
to the yellow seed coat colour group.
Varieties were divided into three groups on
the basis of hilum colour. PK 472 belonged to
the light brown hilum colour group. PS 1225,
PK 472, PS 1347, PS 1024 and PK 327
belonged to the brown group whereas PS
1092, Kalitur, JS 335, Bhatt, Bragg and PS
1029 belonged to the black hilum colour
group (Table 1).

The results from the analysis of variance
based on the observations recorded for 12
genotypes showed that the significant amount
of variability was present in the experimental
material for all the characters studied in kharif
2013 and 2014.

Genotypic Coefficient of Variation (GCV)
and Phenotypic Coefficient of variation
(PCV)

Effective selection depends on the existence
of the genetic variability. Phenotypic
coefficient of variation (PCV) and genotypic
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coefficient of variation (GCV) for the various
traits were also observed during the study.
These results indicated that variability was
primarily due to genotypic differences.
Therefore, selection based on these characters
is expected to be effective.

The present study revealed adequate variation
in almost all characters under study in the
year 2013 as well as 2014. The phenotypic,
genotypic and environmental coefficient of
variation, heritability (%), expected genetic
advance and genetic advance as per cent of
mean are presented in table 3. In both the
years i.e., 2013 and 2014, estimated values of
phenotypic coefficient of variation were
higher than genotypic coefficient of variation
for all the characters studied. In the year
2013, plant height exhibited highest
phenotypic coefficient of variation (25.06%)
followed by yield per plant (22.78%), number
of primary branches per plant (19.50%), dry
matter weight per plant (17.56%) and number
of nodes per plant (17.33%). The lowest
phenotypic coefficient of variation was
observed for days to maturity (3.94%).
Similar result was obtained for genotypic
coefficient of variation. In the year 2014
highest phenotypic coefficient of variation
was recorded for plant height (26.13%)
followed yield per plant (21.97%), number of
nodes per plant (21.57%), number of primary
branches per plant (21.38), dry matter weight
per plant (17.06%), number of pods per plant
(14.11%), days to 50% flowering (10.69%),
harvest index (9.32%), number of seeds per
pod (7.55%) and days to maturity (3.65%).
Range of genotypic coefficient of variation
was observed from 3.57% (days to maturity)
to 25.94% (plant height). In 2013,
environmental coefficient of variation ranged
from 0.79% (days to maturity) to 8.38%
(number of seeds per pod). Highest
environmental coefficient of variation was
noticed for number of seeds per pod (8.38)
followed by seed yield per plant (7.81) and
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number of nodes per plant (6.72%) while the
lowest value was recorded for days to
maturity  (0.79%). In 2014  also,
environmental coefficient of variation ranged
from 0.76% (days to maturity) to 9.04%
(number of nodes per plant). Similar findings
have been reported by Puspendra and Ram
(1987), Sudaric et al., (2009), Pandey et al.,
(2008) and Bekele et al., (2012).

Heritability and genetic advance

The heritability refers to as an index of
transmissibility, to measure the genetic
relationship between the parents and their
offspring’s. Heritability infers as to how much
emphasis should be placed for selection in
case of a particular trait. Heritability estimates
and genetic advance are the important genetic
parameters. The knowledge of heritability
coupled with expected genetic advance for a
trait will help in deciding the scope of
improvement of that particular trait through
selection (Johnson et al., 1955).

Most of the traits included in this
investigation were considered highly heritable
as they have shown to be associated with
moderate to high estimate of broad sense
heritability. In the year 2013 highest
heritability in broad sense was obtained for
plant height (97%) followed by days to
maturity (95%), number of primary branches
per plant (94%), days to 50% flowering
(93%), dry matter weight per plant (89%),
number of pods per plant (89%), yield per
plant (88%), harvest index (82%) and number
of nodes per plant (84%). Heritability
estimates in broad sense were low for number
of seeds per pod (48%). Similarly in 2014
high, moderate and low broad sense
heritability was obtained, in which highest
value of heritability was found for plant
height (98%) followed by number of primary
branches per plant (97%), days to 50 %
flowering (97%), days to maturity (95%),



number of pods per plant (93%), yield per
plant (85%), dry matter weight per plant
(84%), harvest index (83%) and number of
nodes per plant (82%). The lowest heritability
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al

was recorded for number of seeds per pod

different

characters
Puspendra and Ram (1987), Sudaric et al.,
(2009), Pandey et al., (2008) and Bekele et
., (2012).

were

also reported

(26%). High heritability estimates for
Table.1 Morphological characterization of soybean varieties
SI. No. | Variety | Pubescence | Pubescence Flower Seed coat Hilum
colour colour colour colour
1. Ankur Present Tawny White Yellow Brown
2. PS 1225 Present Grey White Yellow Brown
3. PK 472 Present Grey White Yellow | Light Brown
4. PS 1092 Present Tawny Purple Yellow Black
5. Kalitur Present Tawny Purple Black Black
6. JS 335 Absent Glabrous Purple Yellow Black
7. PS 1347 Present Tawny White Yellow Brown
8. PS 1024 Present Tawny White Yellow Brown
9. PK 327 Present Grey Purple Yellow Brown
10. - Bhatt - Present Tawny Purple Black Black
11. Bragg Present Tawny White Yellow Black
12. PS 1029 Present Twny White Yellow Black
Table.2 Analysis of variance for yield and other characters of soybean varieties
in kharif 2013 and 2014
- | Degree
\S/(::::fi:: gf Mean Sum of Squares
freedom
Number Dry
Days to .. INumber of Number | Number| matter Seed
Year Sg% n?;ﬁ}?y Plarztcrrslght of nodes| primary | of pods | of seeds | weight irl;'jae:(\/gf/z ) yield per
flowering per plant|branches| per plant | per pod per plant (g)
per plant plant(g)
Replication | 2 2013 | 4.361 7.00 3.968 1.714 | 0.052 | 29.705 | 0.147 | 16532 | 2.870 | 0.541
2014 | 2.083 | 3.031 14721 | 7.940 | 0.028 | 24.46 | 0.0019 | 0324 | 4167 | 0.823
Treatment | 11 |-20L3 | 86.080** 67.008**| 928.094** [22526**| 2.102** |324.289**| 0.144** |214,224*| 56,328** 29,520
: 2014 | 86.553** |57.543**| 1011.161** [30.177**| 2.406** [297.891**| 0.044** | 213.83** | 36.409** |56.477**
Error 5y | 2018 | 1.967 | 0.939 8.013 1.256 | 0.037 | 12.756 | 0.038 | 7.715 1.918 | 2.399
2014 | 0.659 | 0.875 5.085 2.004 | 0.020 | 6.392 | 0.021 | 12526 | 2.196 | 3.041

**Significant at 1% level of probability
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Table.3 General Mean (GM), Range, Standard Error of Mean (SEm) and variability parameters
of soybean varieties in kharif 2013 and 2014

Character Year | GM Range SEm PCV| GCV| ECV| h*| GA (CO;/'S

2013 |50.44| 43.33-59 | 0.80 |10.85]10.49 | 2.78 | 0.93 [10.54| 20.90

Days to 50% flowering
2014 |[52.58 45-61 0.46 |10.69|10.57 | 1.60 | 0.97 |10.89( 20.71

2013 |121.58| 112.66-131 | 0.55 | 3.94 | 3.86 | 0.79 | 0.95 |9.47 | 7.79

Days to maturity
2014 [124.64| 116-134 | 0.54 | 3.65 [ 3.57 | 0.76 | 0.95 |8.75| 7.19

2013 |70.76 [52.26-115.20| 1.63 |25.06 [24.74 | 4.00 | 0.97 [35.61] 50.33

Plant height (cm)
2014 |70.58 [53.06-116.33| 1.13 [26.13 [25.94 | 3.19 | 0.98 (37.44| 53.05

2013 |16.66|14.13-23.35| 0.64 |17.33|15.97 | 6.72 | 0.84 |5.05| 30.31

Number of nodes per plant
2014 |[15.64|12.66-23.13 | 0.81 |21.57(19.58 | 9.04 | 0.82 [5.73 | 36.64

Number of primary 2013 | 4.36 | 3.46-6.13 | 0.11 |19.50|18.99( 4.43 | 0.94 |1.66 | 38.07

branches
per plant 2014 | 422 | 3.27-6.28 | 0.08 [21.38121.11| 3.40 | 0.97 |[1.81| 42.89

2013 |69.84| 48.66-90 | 2.06 |15.46|14.59( 5.11 | 0.89 |19.81| 28.36

Number of pods per plant
: 2014 |72.09 [53.69-90.70 | 1.14 |14.11(13.67 | 3.50 | 0.93 [19.66] 27.27

2013 | 235 | 2.04-2.72 | 0.11 |11.63| 8.06 | 8.38 | 0.48 [0.26 | 11.06

Number of seeds per pod
2014 | 225 | 2.1-252 | 0.08 | 7.55 | 3.88 | 6.47 | 0.26 |0.09 | 4.00

Dry matter weight per plant 2013 |49.81| 34-60.67 | 1.60 |17.56 [16.65 | 5.57 | 0.89 [16.20| 32.52

C) 2014 |52.30|35.11-61.10 | 2.04 |17.06 |15.66| 6.76 | 0.84 |15.49| 29.62

2013 |39.58|30.31-44.01( 0.79 | 8.43 | 7.67 | 3.50 | 0.82 [5.68 | 14.35

Harvest index (%)
2014 [39.91 32.68-45.1 | 0.85 | 9.32 | 853 | 3.74 | 0.83 |6.37 | 15.96

2013 |[19.81(12.47-26.70 | 0.89 |22.78 ({21.40 | 7.81 | 0.88 [8.20 | 41.39

Seed yield per plant (g)
' 2014 120.91(13.27-27.03 | 1.00 |21.97(20.30 | 8.39 | 0.85 [8.03 | 38.40

Whereas, GM= General Mean, SEm+= Standard Error of Mean, PCV=Phenotypic Coefficient of Variation, GCV=
Genotypic Coefficient of Variation, ECV= Environmental Coefficient of Variation, h?= Heritability, Ga= Genetic
advance (5%) and Ga (%) =Genetic advance as % of mean
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Table.4 Mean performance of yield and other characters of soybean varieties in kharif 2013

Number of
Days to Number of ) Number | Number |Dry matter )
S. o Daysto| Plant primary ] Harvest | Seed yield
Varieties | 50% ] . nodes per of pods | of seeds |weight per|
No. _ |maturityheight(cm) branches index (%) |per plant (g)
flowering plant per plant| per pod | plant(g)
per plant
1 Ankur 59.00 | 131.00 63.66 16.80 3.67 74.33 2.04 34.00 36.65 12.47
2. | PS1225 | 54.00 |122.00 70.10 16.00 4.80 90.00 2.17 60.67 4401 26.70
3. | PK472 | 50.33 | 120.66 52.26 15.46 4.59 70.40 2.32 58.66 39.37 23.11
4. | PS1092 | 51.33 | 116.00 61.93 14.40 4.60 73.99 2.33 54.53 41.79 22.82
5. | Kalitur 58.33 | 126.00 96.86 20.60 5.13 48.66 2.52 45.76 37.01 16.91
6. [ JS335 43.66 |120.33 69.86 17.60 3.59 73.31 2.32 56.13 39.81 22.36
7. | PS1347 | 53.00 |123.00 62.03 16.13 3.50 78.62 2.51 59.72 42.85 25.60
8. | PS1024 | 46.00 |118.33 66.20 16.00 4.65 66.40 2.72 44.43 40.85 18.15
9. | PK327 | 43.33 |112.66 59.70 14.13 4.80 62.87 2.28 43.53 43.08 18.77
10. Bhatt 53.33 | 125.00 | 11520 | 23.35 6.13 59.53 2.40 47.88 30.31 14,51
11. | Bragg 45.00 |122.00 64.26 14.46 3.46 74.50 2.42 51.86 37.12 19.24
12. | PS1029 | 48.00 [ 122.00 67.06 15.06 3.47 65.46 2.24 40.53 42.19 17.10
Mean 50.44 | 121.58 70.76 16.66 4.36 69.84 2.35 49.81 39.58 19.81
SEm.+ | 0.80 0.55 1.63 0.64 0.11 2.06 0.11 1.60 0.79 0.89
C.D.5% | 237 1.64 4.79 1.89 0.32 6.04 0.33 4.70 2.34 2.62
C.D.1%| 3.22 2.23 6.51 2.57 0.44 8.21 0.44 6.39 3.18 3.56
C.V(%)| 278 0.79 4.00 6.72 4.43 5.11 8.38 5.57 3.50 7.81
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Table.5 Mean performance of yield and other characters of soybean varieties in kharif 2014

Number of
. Days to Days to Plant Number of primary Number | Number Dry_ matter Harvest | Seed yield
S. No|Variety 50% . . nodes per of pods | ofseeds |Weight per |.
. Imaturity| height(cm) branches per index (%)|per plant (g)
flowering plant plant per plant| per pod | plant (g)
1. | Ankur | 60.00 134.00 58.90 13.46 3.80 74.06 | 2.10 35.11 37.82 13.27
2. |PS1225| 55.67 124.67 65.66 15.66 4.60 90.70 | 2.13 59.93 45.10 27.03
3. |PK472( 53.00 124.00 53.06 16.13 4.76 71.13 | 2.26 57.83 40.35 23.37
4, [PS 1092 55.00 120.33 60.53 12.66 4.40 81.32 | 2.20 61.10 41.32 25.28
5. |Kalitur [ 61.00 128.67 99.83 20.40 3.27 53.69 | 2.12 50.16 35.35 17.74
6. [JS335| 45.00 124.00 69.46 16.80 3.53 76.53 | 2.37 57.00 4141 23.56
7. |PS1347( 56.00 126.00 65.26 14.60 3.65 80.59 | 2.52 61.00 4257 25.95
8. [PS1024 47.33 122.33 67.40 13.66 4.80 67.90 | 2.25 46.39 41.40 19.21
9. |PK327( 48.00 116.00 62.46 13.66 4.87 64.93 | 2.22 46.00 42.80 19.68
10. | Bhatt 54.67 127.00 116.33 23.13 6.28 6129 | 2.31 50.00 32.68 16.32
11. | Bragg 46.00 124.67 64.06 14.40 3.33 75.89 | 2.34 59.86 35.33 21.16
12. |PS 1029 49.33 124.00 64.06 13.13 3.40 67.06 | 2.18 43.19 42.79 18.43
Mean 52.58 | 124.64 70.58 15.64 4.22 72.09 | 2.25 52.30 39.91 20.91
S.lim. 0.46 0.54 1.30 0.81 0.83 1.45 0.08 2.04 0.85 1.01
C.D.
506 1.37 1.58 3.81 2.39 0.24 4.28 0.24 5.99 2.50 2.95
C.D.
1% 1.86 2.15 5.19 3.25 0.33 5.81 0.33 8.14 3.41 4.01
C.v
(%) 1.60 0.76 3.19 9.04 3.40 3.50 6.47 6.76 3.74 8.39

High heritability for the traits of economic
importance viz., plant height and number of
pods per plant indicated that the direct
selection would be effective for improvement
of these characters.

Expected genetic advance indicates the
expected genetic progress for a particular trait
under a selection cycle and measures the
extent of its stability under selection pressure.
In the present investigation expected genetic

advance varied from 0.26% for number of
seeds per pod to 35.61% for plant height.
Besides plant height, number of pods per
plant (19.81%) and dry matter weight per
plant (16.20%) exhibited high genetic
advance in 2013 whereas, in the year 2014
expected genetic advance varied from 0.09%
(number of seeds per pod) to 37.44% (plant
height). Highest value of expected genetic
advance showed by plant height (37.44%)
was followed by number of pods per plant
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(19.66%) and dry matter weight per plant
(15.49%).

In 2013 genetic advance as per cent of mean
exhibited highest value for plant height
(50.33%) followed by vyield per plant
(41.39%), number of primary branches per
plant (38.07%), dry matter weight per plant
(32.52%) and number of nodes per plant
(30.31%). Days to maturity showed the
lowest value (7.79%) for genetic advance as
per cent of mean. In 2014 high estimates of
genetic advance expressed as per cent of
mean was observed for plant height (53.05%)
followed by number of primary branches per
plant (42.89%), yield per plant (38.40%),
number of nodes per plant (36.64%), dry
matter weight per plant (29.62%) and number
of pods per plant (27.27%). Low estimates of
genetic advance as per cent of mean were
observed for number of seeds per pod
(4.00%).

High estimates of heritability does not always
mean high genetic advance. Thorat et al.,
(1999) suggested that heritability estimates
and the genetic advance as per cent of mean
together would provide a better judgment
rather than heritability alone in predicting the
resultant effect of selection. High heritability
coupled with high genetic advance was
observed for number of pods per plant and
harvest index in both the years. The results
suggest that there is a wide scope for
improvement of this trait through simple
selection procedure (Ramana, 2003; Kausar,
2006). Characters with high heritability and
high genetic advance indicate that these
characters are governed by additive gene
effect and direct selection can bring the
desired improvement in such traits. High
heritability coupled with high genetic advance
as percent of mean was recorded indicates the
predominance of additive gene action in the
expression of Plant height (Kausar, 2006;
Sriranjani, 2007). High estimates coupled
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with high genetic advance for number of pods
per plant were also reported by Malik and
Singh (1987).

High heritability for all the characters and
high genetic advance for plant height, number
of pods per plant and dry matter weight per
plant was also reported by Praveenkumar
(2005). High heritability coupled with high
genetic advance as percent of mean for plant
height, number of primary branches per plant
and seed vyield per plant indicates the
operation of additive genes and offer the best
possibility for improvement of this trait
through mass selection, progeny selection,
family selection to any other suitable
modified selection procedure aiming to
exploit the additive gene effects (Kausar,
2006).

The results suggest that there is a wide scope
for improvement of this trait through simple
selection procedure (Sriranjani, 2007). Thus,
from the present investigation, it can be
concluded that high genetic advance was not
always associated with high heritability for
the characters studied (Tables 2-5).

In conclusion, the analysis of variance
showed significant difference among the
varieties of all characters studied indicating
that the data generated from the above diverse
material shall represent wide variability. The
genotypic coefficient of variation for all
characters studied was lesser than the
phenotypic coefficient of variation. High PCV
coupled with high GCV, observed for number
of primary branches per plant, number of
nodes per plant, plant height and seed yield
per plant indicating the presence of wider
variability for these traits in the varieties
studied. High heritability coupled with high
genetic advance as percent of mean was
observed for plant height, number of primary
branches per plant and seed yield per plant
indicates the operation of additive gene action
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in the inheritance of these traits and
improvement in these characters is possible
through simple selection.
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