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Abstract

This research was conducted to study the effect of growth habit on yield and yield components of indigenous soybean
lines collected from Kurram Agency of Pakistan. Fifteen determinate lines and 15 indeterminate lines were selected and
sown in Randomized Complete Block design with three replications for two years (2015-16). Data were recorded on various
yield components. Analysis of variance showed highly significant differences among lines, determinate lines, indeterminate
lines and determinate vs. indeterminate interactions for all the traits except seeds pod-. The overall effect of years was non-
significant. Lines x year interactions were highly significant. Only indeterminate soybean had significant interactions with
years for plant height, yield plant™, leaf area seed size and 100-seed weight. However, the average performance of
indeterminate lines was better than determinate ones for pods plant, yield plant?, plant height, yield plant™ and seeds plant
L. Determinate lines had significant correlations of plant height with yield plant™ (0.25), seeds plant* with seeds pod-! (0.55)
and 100-seed weight (0.46), pods plant® with seeds plant® (0.75) and 100-seed weight (0.46). Similarly significant
correlations were observed for seeds plant® with seeds pod?® (0.71) and pods plant? (0.70). Significant but negative
correlations of pod length (-0.21), pods plant (-0.22), days to maturity (-0.21) were observed with yield plant*and positive
significant correlation with hundred seed weight (0.27) of indeterminate soybean lines. Similarly significant correlations
were observed between days to maturity with seeds plant™ (0.20), pods plant* (0.38), seed size (0.28) and had significant
but negative correlations with yield plant? (-0.21). These results suggested that indeterminate lines had better performance
for plant height, pods plant?, seeds plant® and yield plant* as compared to determinate lines and can be used in breeding

high yielding soybean varieties.
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Introduction

Soybean (Glycine max (L.) Merr.) is an important
leguminous and oil seed crop around the world. Soybean
belongs to family Fabaceae and sub-family Faboide (Ali
et al., 2015). As reported by Akram et al. (2011) soybean
seed contains 40-42% proteins and 18-22% oil. Oil has
85% of 2 essential fatty acids (lenoleic and linolenic
acid). These are not effectively synthesized by the human
body (Antalina, 2000; Balasubramaniyan & Palaniappan,
2003). Soy-protein is considered as a good source for the
synthesis of hydrolysates (Young, 1991). In Pakistan, in
the year 2014 soybean was cultivated on an area of 135 ha
having average yield 888.9 kg ha®. In 2010-11, total
cultivated area for soybean was 129 hectares having
average yield 573 kgha' while in 2006 this yield was
1250 kg ha* (Ali et al., 2015).

Stem growth habit is an important key character
affecting yield in soybean. Soybeans can be classified into
indeterminate, semi-determinate growth and determinate
plants on the basis of growth habit that have been
controlled by Dtl and Dt2 loci (Bernard, 1972). Stem
growth habit has effect on yield in soybean. In some
reports indeterminate genotypes have shown higher yield
(Bernard, 1972; Cooper & Waranyuwat, (1985), Shannon
et al. (1971) and some other scientists have reported a
higher yield of determinate type soybean lines (Weaver et
al., 1991). It has been reported that yield of determinate

and indeterminate type depends on location and genetic
background (Boerma & Ashley, 1982) as well as
interaction between growth habit and location and
between growth habit and genetic background (Cober &
Tanner, 1995; Ouattara & Weaver, 1995; Wilcox &
Frankenberger, 1987). Kato et al. (2015) reported that
influence of growth habit on seed weight per plant varies
with maturity and indeterminate lines have high yield
with early maturity. Previous study indicated that grain
yield is controlled by various growth and yield
components of plant (Mehmet et al., 2009).

Correlation coefficients is very effective in
determining the size and relationship of various yield
related traits. Ali et al. (2015); Chandrawat et al. (2015);
Mahbub et al. (2015); Ali et al. (2013); Bekele &
Alemahu (2011); Igbal et al. (2010) and Malik et al.
(2006) also used analysis of variance and correlation
coefficients technique for the estimation of genetic
variability and association among various yield related
traits in selected varieties of soybean.

The present research was conducted to study the
effect of growth habit on yield and yield components and
to study association and relationship among various traits
of local germplasm of soybean. The specific objectives of
this experiment were also have to determine the effect of
growth habit on seed yield and to study the relationship
between yield contributing traits and the stem growth
habit (determinate vs. indeterminate).
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Materials and Methods

Fifteen determinate and 15 indeterminate soybean
accessions were collected from Kurram Agency of
Pakistan during the year 2014 and were then sown in a
Randomized Complete Block (RCB) manner for two
consecutive years i.e. 2015 and 2016 at The University of
Agriculture, Peshawar. Row length and row to row
distance was kept 3 m and 0.75 m respectively. Plant to
plant distance was 0.32 m. All recommended culture
practices were applied during the experiment (Kato et al.,
2015). Data were recorded on 5 randomly selected plants
and were averaged. Averaged data were then used in the
analysis without transformation. Traits studied were leaf
area, plant height, days to maturity, pods plant?, pod
length, seeds pod?, seeds plant?, seed size, 100-seed
weight and yield plant .

Data were analyzed to study variation among the
lines using analysis of variance technique proposed by
Steel & Torrie, 1980. Correlation was calculated to find
out association between traits using the ‘Pearson Product-
moment correlation analysis’. A p-value of <0.05 was
considered to be statistically significant according to Kato
et al. (2015).

Results and Discussion

Analysis of variance revealed that the overall effect of
years was non-significant. Lines revealed significant
differences for all the studied traits except seeds pod™.
Determinate lines had significant differences for all the
traits except seeds pod?. Similarly indeterminate lines also
had significant variation for all the studied traits except
seeds pod and 100-seed weight. Lines xyears interactions
were highly significant for all the traits. Determinate xyears
interactions were not significant for all the traits while
indeterminate x years interactions were significant for leaf
area, plant height, seed size 100-seed weight and yield
plant’. Determinate vs. indeterminate contrast was
significant for all traits except seeds pod™ and 100-seed
weight (Tables 1 and 2). In determinate lines, maximum
leaf area ranged from 7.17 to 22.04 cm? with average mean
of 12.48 cm? while in indeterminate lines, leaf area ranged
from 7.55 to 13.55 cm? and average was 10.38 cm? (Table
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3). In indeterminate lines, plant height ranged from 73.33 to
117.58 cm having an average mean of 87.64 cm while plant
height of determinate lines was in the range of 63.67-98.17
cm and average plant height was 81.19 cm (Table 3). In
determinate lines, days to maturity were in the range of
106.21-130.88 days with a mean of 120.30 while in
indeterminate lines this range was 93.76-131.19 days with
an average of 113.51 (Table 3). Pods plant? were in the
range of 41.17-85.25 with average of 59.54 for determinate
lines and 52.83-81.67 with average of 65.80 for
indeterminate lines (Table 3). Pod length of determinate
lines ranged from 3.03 to 3.78 with an average of 3.30
while in determinate this range was 3.20-3.69 and mean
was 3.42 (Table 3). Number of seeds pod? were in the
range of 2.33-275 with an average of 2.46 in determinate
lines while in indeterminate lines this range was 2.33-2.75
and mean was 2.53 (Table 3). In determinate lines, number
of seeds plant? ranged from 89.29 to 219.42 with average
mean of 136.8 while in indeterminate lines this range was
13.25-196.53 with a mean of 165.49 (Table 3). Seed size of
determinate lines was in the range of 21.00-35.95 mm? with
average of 26.20 mm?. Similarly, in indeterminate lines
seed size ranged from 18.60 to 33.07 mm? with average of
23.85 mm? (Table 3). Hundred-seed weight was in the
range of 6.17-9.52 g with an average of 7.35 g while in
indeterminate lines this range was 6.01-9.01 g with average
of 7.36 g (Table 3). Yield plant? of determinate lines was
in range of 6.17-10.34 g with a mean of 7.48 g. Similarly,
in indeterminate lines yield plant? ranged from 6.14 to
15.35 g with an average of 8.62 g. These results revealed
that growth habit influenced some of these traits
significantly. There are significant variations in lines of
both types of growth habits. Similar results for the presence
of variations in various yield related traits were also
reported by Mehbub et al. (2015); Ali et al. (2015); Bekele
& Alemahu (2011); Aditya et al. (2011); Igbal et al.
(2010); Malik et al. (2007) and (2006); Arshad et al.
(2006); Rajesh et al. (2004) and Gawande et al. (2002).
However, the performance of indeterminate lines were
better than determinate lines for plant height, pods plant?,
seeds pod?, seeds plant?, yield plant® under the
environmental condition at The University of Agriculture
Peshawar and were also earliest in maturity than
determinate lines (Table 3).

Table 1. Mean squares for various traits of determinate and indeterminate lines.

\S/gri;ct?o%f Df Leaf area Plant height  Days to maturity Pods plant™* Pod length
Years 1 5.84 26.65 27.81 11.91 0.002
Reps 4 3.63 49.49 46.37 33.47 0.02
Lines 29 65.96** 922.27** 725.95%* 797.62** 0.23**
Determinate (Det) 14 101.15%* 750.77** 304.69** 1116.84** 0.32**
Indeterminate (Ind) 14 16.62** 1026.03** 1050.80** 409.27** 0.12**
Detx Y 14 3.69 40.93 0.95 70.96 0.01
Indx Y 14 16.78** 397.80** 6.63 46.15 0.03
Linesx Y 29 900.03** 45149.63** 85548.04** 25173.67** 70.44**
Ind vs. Det 1 264.14** 1870.56** 2075.70** 1765.32** 0.68**
Error 116 5.83 42,51 10.07 59.94 0.02
Total 179

CV (%) 20.81 7.72 2.09 12.35 4.18

*, ** = Significant and highly significant at 5% and 1% probability level respectively
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Table 2. Mean squares for various traits of determinate and indeterminate lines.
Source of variation df Seeds pod* Seeds plant?  Seedsize 100 seed weight  Yield plant*
Years 1 1.03 295.74 7.97 7.52* 0.014
Reps 4 0.82 3838.46 8.21 0.97 1.12
Lines 29 0.17 6912.58** 79.31** 5.36** 19.33**
Determinate (Det) 14 0.21 8785.08** 83.59** 6.37** 7.077%*
Indeterminate (Ind) 14 0.12 2899.21** 63.06** 4.73 28.05**
Detx Y 14 0.10 1522.77 12.73 0.4 0.11
IndxY 14 0.05 333.66 26.97** 2.70* 3.79**
Lines x Y 29 38.82** 148756.4** 3966.26** 340.87** 421.48**
Ind vs. Det 1 0.24 36884.74** 246.97** 0.0005 58.98**
Error 116 0.37 1263.37 10.84 1.54 0.683
Total 179
CV (%) 24.44 13.06 13.15 16.87 10.27
*, ** = Significant and highly significant at 5% and 1% probability level respectively
Table 3. Means of various traits of determinate and indeterminate soybean lines evaluated at AUP during 2015-16.
Traits Years Determinate Indeterminate
2015 | 2016 | 2015-2016 2015 2016 | 2015- 2016
Ranges 7.85-22.35 6.43-21.72 7.17-22.04 13.57-7.35 7.72-17.86 7.55-13.55
Leaf area (cm?) Mean 13.13 12.48 12.80 10.42 10.34 10.38
LSD (0.05) 3.76 4.10 2.76 3.76 4.10 2.76
Ranges 63.67-98.17 60.83-100 62.6-98.66  69.19-114.78 71.5-141.83  69-117.58
Plant height (cm) Mean 81.85 80.52 81.19 87.74 87.53 87.64
LSD (0.05) 9.05 12.03 7.46 9.05 12.03 7.46
Ranges 106.50-132.00 105.92-129.75 106.21-130.88 94.33-131.50 92.97-130.89 93.76-131.19
Days to maturity (no.) Means 120.53 120.06 120.30 114.06 112.96 11351
LSD (0.05) 5.12 5.15 3.63 5.12 5.15 3.63
Ranges 40.33-80.47 40.17-92.67 41.17-85.25  49.50-82.67 55.17-80.67 52.83-81.67
Pods plant? (no.) Mean 59.40 59.68 59.54 66.46 65.14 65.80
LSD (0.05) 9.88 14.94 8.85 9.88 14.94 8.85
Ranges 3.08-3.77 3.03-3.78 3.06-3.78 3.17-3.67 3.12-3.70 3.20-3.69
Pod length (cm) Mean 3.30 3.30 3.30 3.43 3.42 3.42
LSD (0.05) 0.24 0.22 0.16 0.24 0.22 0.16
Ranges 2.17-2.67 2.17-3.00 2.33-2.75 2.33-2.67 2.33-2.83 2.33-2.75
Seeds pod? (no.) Mean 2.36 2.56 2.46 2.47 2.58 2.53
LSD (0.05) 0.93 1.04 0.70 0.93 1.04 0.70
Ranges 94.45-181.71 73.17-261.50 89.29-219.42 134.50-197.50 129.67-210.17 132.25-196.53
Seeds plant? (no.) Mean 139.79 133.92 136.8 165.12 165.86 165.49
LSD (0.05) 65.87 49.20 40.65 65.87 49.20 40.65
Ranges 21.53-36.42 18.98-35.48 21.00-35.95 19.83-32.98 16.94-33.15 18.60-33.07
Seed size (mm?) Mean 26.45 25.95 26.20 24.02 23.68 23.85
LSD (0.05) 5.35 5.37 3.76 5.35 5.37 3.76
Ranges 6.18-9.43 6.16-9.60 6.17-9.52 5.97- 9.16 5.04-9.23 6.01-9.01
100-seed weight (g) Mean 7.35 7.35 7.35 7.76 6.94 7.36
LSD (0.05) 1.06 2.67 142 1.06 2.67 142
Ranges 6.30-10.70 6.22-9.99 6.17-10.34 6.57-13.56 5.71-17.14 6.14-15.35
Yield plant? (g) Mean 7.49 7.45 7.48 8.58 8.65 8.62
LSD (0.05) 1.17 1.51 0.95 1.17 1.51 0.95

Correlation coefficients: Leaf area of determinate lines
had significant positive correlations with pod length
(0.20), plant height (0.32) and negative significant
correlation with hundred seed weight (-0.41). Leaf area
of indeterminate lines showed negative significant
correlation with seed size (-0.26) and days to maturity (-
0.24). In determinate lines, plant height had significant
correlations with pod length (0.43), seed yield plant
(0.25) and pods plant® (0.20). In indeterminate lines,
plant height showed significant correlation with days to
maturity (0.21). In determinate lines significant
correlations were recorded among days to maturity with
pods plant!t (0.26) and seeds plant? (0.23). In
indeterminate lines days to maturity had significant
correlations with seed size (0.28), seeds plant* (0.20)

and vyield plant (-0.21). Number of pods plant! of
determinate lines exhibited significant correlations with
seeds plant? (0.75) and hundred seed weight (0.46).
Number of pods plant® of indeterminate lines was
positively significantly correlated with seeds plant?
(0.70) and was negatively significantly correlated with
yield plant? (-0.22). Pod length of indeterminate lines
had negative significant correlation with yield plant (-
0.21). Number of seeds pod? of determinate lines
showed significant correlation with seeds plant™? (0.55).
Number of seeds pod™ of indeterminate lines showed
significant correlation with seeds plant? (0.71) and 100
seed weight (0.41). Hundred seed weight (Table 4) of
indeterminate lines was significantly correlated with
yield plant? (27).
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Table 4. Correlation co efficient among different traits of determinate (below diagonal) and indeterminate (above diagonal) soybean lines.

Traits Leaf Pod Pods Plant Seeds Seeds Yield Seed Hundred Days to

Area length plant? height plant? pod? plant?! size seed weight  maturity
Leaf area 0.16 0.06 0.04 0.10 0.10 -0.14 -0.26** -0.11 -0.24**
Pod length 0.20* 0.08 0.08 -0.02 -0.05 -0.21* 0.07 -0.12 0.18
Pods plant? -0.15 0.29** 0.13 0.70** 0.06 -0.22* 0.09 0.16 0.38**
Plant height 0.32** 0.43** 0.20* 0.10 -0.006 0.02 0.11 0.17 0.21*
Seeds plant? -0.14 0.16 0.75** 0.19 0.71** -0.16 0.07 0.10 0.20*
Seeds pod* 0.05 -0.03 0.11 0.11 0.55** -0.02 0.05 -0.01 -0.04
Yield plant 0.15 0.18 0.08 0.25** 0.12 0.06 0.05 0.27** -0.21*
Seed size 0.15 0.11 0.11 -0.01 0.02 -0.08 0.09 0.07 0.28**
100 seed weight -0.41* 0.008 0.46** -0.03 0.41** 0.009 0.02 0.18 -0.01
Days to maturity 0.09 0.16 0.26** 0.09 0.23* 0.005 -0.07 -0.01 0.14

*, ** Significant and highly significant at 5% and 1% respectively

Yield plant® of determinate lines was significantly
correlated with plant height (0.25). Similarly, yield plant™ of
indeterminate lines (Table 4) also showed negative
significant correlations pod length (-0.21), pods plant? (-
0.22), days to maturity (-0.21) and positive significant
correlation with hundred seed weight (0.27). Similar results
were also reported by Sousa et al. (2015) and Ramteke et al.
(2010) using different set of genotypes. Aditya et al. (2011)
reported non-significant correlations of yield plant? with
pods plant?, hundred seed weight and plant height while the
results of Ali et al. (2015); Malik et al. (2007) and Arshad et
al. (2006) showed significant correlations of yield plant*
with plant height, pods plant? and hundred seed weight.
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