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Abstract

The field experiments were conducted during kharif of 2006 to evaluate the performance of narrow
leaflet genotypes for yield and its component traits and to analyze the extent of variability in F

3

segregating generation of cross JS-93-05 × JS-335 of soybean. In the experiment I, among the four
narrow leaflet genotypes evaluated, Acc. No. 18A (DSb-12) recorded highest seed yield and exhibited
significant superiority with respect to traits viz., pod length, days to maturity, number of seeds per plant
and harvest index compared to best check JA-335. The analysis of variance and other genetic parameters
indicated considerable genetic variability for different characters among the genotypes. In the experi-
ment II, the population was classified based on leaflet shape viz., oval, ovate, lanceolate and linear
leaflets. It was observed that considerable range of variation exhibited by all the four leaflet types. The
characters viz., plant height, days to flowering, days to maturity, specific leaf weight, number of pods per
plant, harvest index and 100 seed weight showed very narrow differences between phenotypic and
genotypic coefficient of variation in all the four leaflet types. High heritability coupled with high genetic
advance as percent of mean was observed for traits viz., number of pods per plant, specific leaf weight in
oval, ovate and lanceolate leaflet types.
Key words : Soybean, Leaflet shape, Genetic variability, Segregating generation, Yield.

Soybean (Glycine max (L.) Merrill) is known as
golden bean and miracle crop of 20th century. It is a
versatile and fascinating crop with innumerable pos-
sibilities of not only improving agriculture but also
supporting industries. Soybean besides having high
yielding potential (40—45 q/ha) also provides high
quality protein (40%) and cholesterol free oil (20%).
The important states growing soybean are Madhya
Pradesh, Maharashtra, Rajasthan, Karnataka and
Andhra Pradesh. In India soybean has experienced a
phenomenal growth in the area and production dur-
ing the last two decades. Most soybean cultivars have
broad or ovate leaflets. A few genotypes with distincty
narrow leaflet shape have been identified. Leaflet
shape is among the most diverse morphological traits
of soybean (1). The two loci are reported to affect
leaflet shape in soybean, Ln/In for ovate leaflet and
narrow leaflet respectively (2). Leaflet shape has thus
far been attributed to a single gene, it is considered
as a qualitative trait and is not influenced by environ-

ment. In general association of a higher number of
four-seeded pods with narrow leaflet is usually as-
sumed to be a pleiotropic effect (3). Thus association
and  the altered canopy architecture, encouraged sev-
eral plant breeders to introduce this trait into com-
mercial cultivars. In addition, a number of studies have
been conducted to more fully evaluate the effects of
the narrow leaflet gene on agronomic traits. Impor-
tance of genetic variability in any breeding material is
a pre-requisite as it provides not only a basis for se-
lection but also some valuable information regarding
selection of diverse parents for use in hybridization
program. Thus improvement in any crop is based on
the extent of genetic variation and the degree of im-
provement depends upon the magnitude of useful
genetic variability. Hence, the present experiments
were undertaken to evaluate the performance of nar-
row leaflet genotypes in respect of traits contributing
yield and to evolve a classification system for leaflet
shape and analyze the extent of variability present in
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Table 1. Salient features of the parents used in study.

                                                                                                  Yield
                                                                        Duration          potential
           Variety                  Pedigree                      (days)              (q/ha)                                  Salient features

1 JS-335 JS 78—77 × JS 71—05 85—90 25—35 Purple flowers, pubescence sparse or almost
absent on stem, leaves and pods, yellow seed
coat, semi determinate, tolerant to pod sha-
ttering up to 8—10 days after maturity,
resistant to bacterial pustule and oval leaf
shape

2 JS 93—05 Selection from PS 73—22 80—85 25—30 Purple flowers, absence of pubescence on
stem leaves and pods, determinate, yellow
seed coat, black hilum and lanceolate leaf
shape

F
3
 segregating generation of cross JS-93-05 × JS-335

of soybean.

Methods

The present investigations were carried out at
Main Agricultural Research Station, University of
Agricultural Sciences, Dharwad during kharif of 2006.
The experiment I, comprised of four narrow leaflet
genotypes developed at AICRP on Soybean, Univer-
sity of Agricultural Sciences, Dharwad along with the
three checks viz., JS-335, DSb-1 and JS 93-05. The
experiment was laid out in a randomized complete
block design with three replications. The entries were
sown in 12 rows each of 5.0 m length with spacing of
30 cm between rows and 10 cm between the plants.

Table 2. Performance of narrow leaflet genotypes for eleven traits in soybean. *Significant at 5% level and compared with best
check JS-335. **Advanced breeding lines derived from JS-335 × PS 73-7.

                                                                          Specific
                                                   No.                    leaf               No. of     No. of                 100                       Seed yield
                                       Plant    of        Days     weight   Pod     pods       seeds                  seed    Harvest                Percent
                                      height   bran-       to        (mg/    length    per        per       Oil       weight   index                  increase
         Genotypes             (cm)     ches   maturity    cm2)    (cm)    plant      plant     (%)         (g)       (%)       (kg/ha)  JS-335

1 Acc. No. 18A 51.33* 3.66 83.00* 4.28 4.55* 36.33 71.61* 18.03 13.43 60.02* 2578 12.70
(DSb-12)**

2 Acc. No. 32A** 53.46* 3.06 89.00 3.58 4.66* 29.66 57.66 18.73 14.63 53.63 2335  2.10
3 Acc. No. 32** 51.70* 2.93 87.00 3.48 4.37 27.60 41.66 18.76 14.23 40.13 1888  0.20
4 Acc. No. 8** 58.20* 2.83 88.00 3.88 4.08 30.00 65.33 18.86 15.20 50.20 2483  8.60
5 JA 93-05 (C) 43.03 3.60 84.00 3.87 4.42 33.00 55.00 18.10 13.86 48.20 2199    –
6 DSb-1 (C) 68.53 3.66 92.00 2.79 2.78 38.00 61.60 19.16 13.60 52.03 2268    –
7 JS-335 (C) 46.66 3.26 87.00 3.52 3.77 35.00 63.30 18.43 14.46 53.56 2287    –
CV (%)  4.27 9.60  1.44 8.64 7.25  6.34  5.14  5.80  9.43  3.69  8.23    –
CD at 5%  4.03 0.99  2.24 1.42 0.61  3.70  5.44  1.76  2.36  3.39  336    –

The crop was raised as per the recommended pack-
age of practices. Observations were recorded on ten
randomly selected plants for different characters. The
parameters considered for the study were plant height
(cm), number of branches, days to maturity, specific
leaf weight (mg/cm2), number of pods per plant, num-
ber of seeds per plant, pod length (cm), harvest index
and seed yield (kg/ha). The genotypic and pheno-
typic coefficients of variation were computed as per
(4) while the genetic advance was calculated as per
(5). The experiment II, comprised of F

3
 segregating

generation of cross JS-93-05 × JS-335. The seeds of
F

3
 population was obtained from AICRP on Soybean,

Main Agricultural Research Station, Dharwad and laid
out in an unreplicated trial along with the parental
lines. The population was sown in eleven rows of 5 m
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Figure 1. Classification of leaflet shape in soybean.

length, with a spacing of 30 cm between the rows and
10 cm between the plants. The salient features of the
parents are given in Table 1 and within F

3
 population,

plants were classified based on their leaf shape. Ob-
servations were recorded on 150 plants of cross JS-
93-05 × JS-335 and 20 plants of each parental lines.

Results and Discussion
Experiment I

The mean values for yield and its component
traits for narrow leaflet genotypes along with checks
are presented in Table 2. Among the four narrow leaf-
let genotypes evaluated, Acc. No. 18A (DSb-12) re-
corded highest seed yield (2578 kg/ha) followed by
Acc. No. 8 (2483 kg/ha) and Acc. 32A (2335 kg/ha)
compared to best check JS-335 (2287 kg/ha). Acc. No.
18A (DSb-12) recorded significant superiority with
respect to traits viz., days to maturity (83.00 days),
pod length (4.55 cm), number of seeds per plant (71.61)
and harvest index (60.02%) compared to best check
JS-335 (87.00 days, 3.77 cm, 63.30 and 53.56%, respec-
tively). From the present study, it can be concluded
that these characters might have contributed to the
higher yield in narrow leflet genotype, Acc. No. 18A,
(DSb-12).

The mean sum of squares due to various sources
in narrow leaflet genotypes along with checks as de-
picted in Table 3 indicated highly significant varia-
tion among genotypes for all the characters except
for number of branches.

The estimates depicting the genetic variability
including mean, range, phenotypic coefficient of
variation (PCV), genotypic coefficient of variation

Table 3. ANNOVA for nine traits in narrow leaflet genotypes
of soybean.

                                  Sources of variation
                                             (df)
                                      Repli-     Geno-
                                      cation     types
       Characters                 (02)       (06)       SE ±     CD 5%

1 Plant height (cm)  2.66  211.22**  1.30   4.03
2 No. of branches  0.18     0.31*  0.20   0.99
3 Days to maturity  0.14   24.76**  0.72   2.24
4 Specific leaf  0.28    0.64**  0.24   1.42

weight (mg/cm2)
5 No. of pods per  5.33   45.52**  1.20   3.70

plant
6 Pod length (cm)  0.94    1.27**  0.49   0.61
7 No. of seeds per  4.62  271.54**  1.76   5.44

plant
8 Harvest index (%)  9.56  141.94**  1.10   3.39
9 Seed yield (kg/ha) 441.1 1576.51** 95.94 336.00
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Table 4. Estimates of genetic variability parameters in narrow leaflet genotypes of soybean.

            Character                                Range                 Mean          PCV           GCV              h2            GA          GAM

1 Plant height (cm) 43.00-68.00   53.13 16.17 15.59 93.03 30.98 30.98
2 No. of branches   2.80-3.60    3.24 12.75  8.38 43.20 11.41 11.41
3 Days to maturity 83.00-92.00   87.50  5.68  5.50 93.57 10.96 10.96
4 Specific leaf weight (mg/cm2)   2.79-4.11    3.60 14.58 11.74 65.00 19.50 19.50
5 No. of pods per plant 27.60-38.00   32.76 29.58 28.89 95.39 58.13 58.13
6 Pod length (cm)   2.78-4.66    4.09 16.99 15.36 82.00 28.60 28.60
7 No. of seeds per plant 41.66-71.61   59.47 16.54 15.71 90.29 30.76 30.76
8 Harvest index (%) 40.00-63.00   51.75 13.62 13.11 92.68 26.01 26.01
9 Seed yield (kg/ha)  1888-2578 2291.42 11.62  9.08 61.08 14.60 14.60

(GCV), heritability (h2), genetic advance and genetic
advance as per cent of mean are presented in Table 4.
It was observed that considerable range of variation
was exhibited by the genotypes for all the traits. The
maximum range of variation was observed for plant
height, number of pods per plant, harvest index and
seed yield. The results indicate that there is a scope
for further improvement of these characters. Number
of pods per plant exhibited high PCV and GCV. Mod-
erate estimates of PCV and GCV were noticed for char-
acters viz., plant height, specific leaf weight, pod
length, number of seeds per plant and harvest index.
The narrow differences between PCV and GCV indi-
cated lesser sensitivity of these parameters to envi-
ronmental influence.  The expression of these at-
tributes is more dependent on genetic factors and
hence selection for these characters would be more
effective. Similar results have been obtained for har-
vest index (6) and for plant height (7).

The heritability estimates ranged from 43.20% for
number of branches to 95.00% for number of pods
per plant. Heritability estimates in respect of plant
height, days to maturity, specific leaf weight, pod
length and harvest index were high ranging from 64.00
to 95.00%. High heritability is an indication of pres-
ence of higher proportion of fixable additive variance

in the population. Heritability value is of much use to
breeder, as it indicates the accuracy with which a geno-
type can be  evaluated by  its  phenotypic  expres-
sion.

The estimates of heritability when accompanied
by genetic advance are more meaningful from the point
of expected gain and type of selection method to be
followed. High heritability coupled with high genetic
advance was observed for number of pods per plant.
Similar results were reported for number of pods per
plant (8). The character number of branches showed
moderate heritability with low genetic advance, there
by indicating the expression of this character may be
under non-additive gene action.

Experiment II

Sawada (9) proposed the leaflet shape index (ra-
tio of leaflet length to width) to indicate leaflet shape.
Later Chen and Nelson (10) reported five clusters
generated by FASTCLUS procedure using length/
width ratio. In the present study evolved a classifica-
tion system based on FASTCLUS procedure (Table
5) and four leaflet types were identified presented in
Figure 1.

The estimates depicting the genotypic variabil-

Table 5. Classification of leaflet shape based on cluster centroid by FASTCLUS procedure.

                                                                                                                                           Cluster                 No. of
                                                                              Defined                                               centroid by           segregants
Parameter                         Cross                              range                       Class                  FASTCLUS            observed

Length/width ratio JS-93-05 × JS-335 a) < 2.0     Oval 1.6 59
b) 2.1-3.0    Ovate 2.1 45
c) 3.1-4.0 Lanceolate 3.2 40
d) 4.1-5.0    Linear 4.2 06



1864                                                                        SUJATA & BASAVARAJA

Table 6. Genetic variability parameters in four leaflet types of cross JS 93-05 × JS-335.

                                                                    Oval leaflets                                                            Ovate leaflets
              Character              Mean                 PCV     GCV     h2 (%)    GAM             Mean          PCV     GCV   h2 (%)   GAM

1. Plant height (cm)      52.32 17.90 17.65 96.82 35.81      53.74 20.84 20.60 97.76 24.58
 (30.10-68.0) (37.00-74.00)

2. No. of branches       3.35 20.35 11.25 30.60 12.83       3.00 25.06 16.37 42.72 54.39
  (2.00-4.00)   (2.00-4.00)

3. Days to flowering      38.69  3.33 02.62 61.81  4.23      38.40  3.32  3.12 61.02  6.58
(39.00-41.00) (38.00-40.00)

4. Days to maturity      87.86  1.24  0.56 20.54  0.52      87.82  1.32  0.72 29.79  2.02
(88.00-90.00) (86.00-90.00)

5. Leaf area index       2.42 22.00 19.58 79.17 35.95       2.67 17.01 14.37 71.33 71.90
  (1.50-3.50)   (1.79-3.50)

6. Specific leaf weight       4.13 20.87 19.39 86.31 37.04       3.80 23.29 21.73 87.07 70.38
(mg/cm2)   (2.31-5.00)   (2.70-5.70)

7. No. of pods per      41.32 42.07 40.83 94.18 81.64      49.00 39.63 38.21 92.97 75.89
plant (20.00-67.00) (25.00-74.00)

8. Pod length (cm)       3.92  6.25  2.35 14.17  1.81       3.68  6.28  1.15  3.36  0.44
  (3.40-4.10)   (3.50-4.30)

9. Harvest index (%)      64.52 22.51 22.17 95.61 44.98      59.64 16.14 15.57 93.08 30.95
(36.00-72.00) (43.00-71.00)

10. 100 seed weight (g)      15.51 11.74 10.47 79.54 19.25      16.47 16.91 16.15 91.25 31.79
 (13.30-17.0) (13.60-22.50)

11. Seed yield per plant      11.68 50.41 46.21 84.04 87.27      12.90 33.38 25.11 56.58 38.91
(g)  (5.12-14.00)  (5.30-20.60)

  Lanceolateleaflets  Linear leaflets
1. Plant height (cm)      55.94 18.19 17.95 97.29 21.78      49.68 17.79 19.50 97.10 23.81

(40.00-65.00)  (30.5-60.00)
2. No. of branches       3.50 17.84  7.36 17.03 27.87       2.83 24.25 13.59 31.44 47.11

  (2.00-4.00)   (2.00-4.00)
3. Days to flowering      38.27  3.10  2.30 54.91  6.06      38.83  3.46  2.78 64.69  6.89

(37.00-40.00) (37.00-40.00)
4. Days to maturity      87.75  1.20  0.44 13.94  1.52      88.00  1.46  0.95 42.70  2.46

(87.00-90.00) (86.00-90.00)
5. Leaf area index       1.95 16.96 11.47 45.77 65.24       2.30 20.46 17.52 78.88 85.95

  (1.50-2.80)  (1.63-2.98)
6. Specific leaf weight       4.80  9.01  8.75 94.30 50.45       3.88 21.86 20.26 85.92 67.38

(mg/cm2)   (3.90-5.70)   (2.41-5.00)
7. No. of pods per      40.50 39.46 38.23 93.85 76.31      23.50 20.34 11.98 34.71 14.54

plant (16.00-65.00) (15.00-32.00)
8. Pod length (cm)       4.42  5.71  2.55 19.71 14.92       4.64  7.86  6.15 61.15 35.01

  (4.32-5.10)   (4.20-5.30)
9. Harvest index (%)      56.57 18.57 17.49 88.75 33.95      55.00 14.12 12.58 79.43 23.10

(38.00-72.00) (42.00-65.00)
10. 100 seed weight (g)      14.13 15.33 14.41 88.30 27.89      15.24 15.06 14.04 87.16 27.05

 (8.17-20.10) (12.00-18.48)
11. Seed yield per plant      13.19 37.18 30.65 67.95 52.04       6.95 25.67 14.00 29.77 15.74

(g)  (3.98-22.40)   (4.40-9.50)

ity including mean, range, phenotypic coefficient of
variation (PCV) genotypic coefficient of variation
(GCV), heritability (h2) and genetic advance as per-
cent of mean in F

3
 population of cross JS-93-05 × JS-

335 of each leaflet types are presented in Table 6. All
the leaflet types of cross JAS-93-05 × JS-335 exhib-

ited wide range of variation for the traits viz., plant
height, number of branches, days to flowering, days
to maturity, leaf area index, specific leaf weight, num-
ber of pods per plant, pod length, harvest index, 100
seed weight and seed yield per plant. The results in-
dicate that there is a scope for further improvement of



1865                                                                                   SUJATA & BASAVARAJA

those characters.
In the present study oval leaflet types exhibited

high PCV and GCV estimates for traits viz., number of
pods per plant, harvest index and physiological pa-
rameters viz., leaf area index and specific leaf weight.
Where as in both ovate and lanceolate leaflet types,
characters viz., number of pods per plant and seed
yield per plant recorded high estimated high estimates
of PCV and GCV. This indicates the greater scope for
selection to improve these characters. Similar find-
ings were reported by Basavaraja (8) for number of
pods per plant, Nirmala Kumari and Balasubramanian
(11), for harvest index and Basavaraja (8) for seed
yield per plant. Specific leaf weight indicates the leaf
thickness which plays an important role in increasing
photosynthetic efficiency. A wide variation in spe-
cific leaf weight over different growth phases of a
plant was reported by Lugg and Sinclair (12).

Moderate estimates of PCV and GCV were no-
ticed for characters viz., plant height and number of
branches in oval leaflet types. In addition to these
traits leaf area index and specific leaf weight showed
moderate estimates of PCV and GCV in ovate leaflet
types. The PCV and GCV estimates were moderate for
traits viz., leaf area index and plant height in lanceolate
leaflet types, whereas plant height, number of pods
per plant harvest index and 100 seed weight in linear
leaflet types. Similar results were reported for plant
height and for 100 seed weight and harvest index (8).
The narrow differences between PCV and GCV, indi-
cating lesser sensitivity of these parameters to envi-
ronmental influence.

The characters viz., days to flowering, days to
maturity, 100 seed weight showed low PCV and GCV
in all the four types of leaflet shapes. Similar results
were obtained by Nirmala Kumari (11) for days to flow-
ering, Agarwal et al. (13) for days to maturity and
Basavaraja (8) for 100 seed weight. This suggests
that there is a scope to enrich the variation for these
characters.

The heritability estimates ranged from 3.36 per-
cent for pod length in ovate leaflet types to 96.82%
for plant height in oval leaflet types. High heritability
is an indication of presence of higher proportion of
fixable additive variance in the population. The esti-

mates of heritability when accompanied by genetic
advance as per cent of mean are more meaningful
from the point of expected gain and types of selec-
tion method to be followed. High heritability coupled
with high genetic advance as per cent of mean was
observed for traits viz. number of pods per plant, spe-
cific leaf weight in oval, ovate and lanceolate leaflet
types.
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