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ABSTRACT

Sixty-four soybean genotypes were evaluated to study the association among yield and
related traits and determine the directions of association. The field experiment was
conducted during the main cropping season in 2019 at Jimma and Bonga Southwestern
Ethiopia. The experiment was laid with a simple lattice design with two replications. Data
were collected on quantitative traits. Analysis of variance showed significant to highly
significant differences among genotypes for all of the studied traits. Correlation analysis
exhibited that grain yield was positively and significantly associated with harvest index and
the number of pods per plant. Harvest index exerted the maximum positive direct effect on
grain yield, followed by pod per plant, seed yield per plant at a genotypic level, and these
traits could be used for selection to improve grain yield in soybean.
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Introduction

Soybean [Glycine max (L.) Merrill] is one of the
most valuable and widely cultivated crops among
grain legumes. It is an important position among
grain legumes and is rich in protein and oil
content. It is a miracle crop of the 20th century,
containing 40% high-quality protein and 20% oil.
It is also rich in lysine (6.4%) and Vitamin A, B,
and C (Shruti and Basavaraja, 2019). In Ethiopia,
soybean has increased trends in production and
productivity over the last decade. A total of
38,072.7 hectares of land were covered by
soybean (CSA, 2017), first in yield per ha+
between pulse and oil and 5t in coverage among
oil crops grown in the country. In the year 2017,
the national average productivity of soybean was
2.27 ton hat (CSA, 2017), which is as far as the
potential productivity of the crop, compared to its
potential productivity in the research fields,
which might reach up to 3 ton hat (Abush, 2012).
However, there is no research conducted
particularly on black and brown-seeded soybeans
in the country, and no authors have identified
those characteristics contributing to yield in black
and  brown-seeded soybean  genotypes.
Considering the gap, this study was initiated to
measure the genotypic and phenotypic
association between seed yield and related traits

and partition these associations into direct and
indirect effects for black and brown-seeded
soybean genotypes.

Materials and Methods
Description of experimental sites

The experiment was conducted at two locations,
namely: Melko and Modio, located 365 km and
471 km from Addis Ababa, respectively. Melko is
the site of Jimma agricultural research centre,
whereas Modio is found wunder Bonga
Agricultural Research Center. The two locations
represent two  different  soybean-growing
agroecologies of Southwestern Ethiopia. Jimma
experimental site is located at 7°46’ North, 36000’
East at 1753 m.a.s.l. Its average annual rainfall is
1561 mm with a minimum and maximum
temperature of 9-28°C. The soil is characterized
by two common types of soils, i.e., nitosol and
combisol, with a pH of 5.6. Modio testing site of
BARC is located at 7°11’ North, 36°17’ East with
an altitude of 1775 m.a.sl., and the average
annual temperature ranges from 14.3-27.5°C. The
soil type is sandy loam, and the pH is 4.9-5.5. The
area receives maximum rainfall from June to
September; the mean annual rainfall is 1839 mm.
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Experimental design and trial management

The experiment was laid out in an 8 x 8 simple
lattice design with two replications. Each
replication consisted of sixty-four genotypes in
eight blocks. The plot size was 9.6 m2 (4.0 m x 2.4
m). Each plot consisted of four rows with 60 cm
inter-row and 5 cm intra-row spacing. The
spacing between plots, blocks, and replications
was 0.6 m, 1.0 m, and 1.5 m, respectively. There

Table 1. List of genotypes used in this study.

1 T2-EL-LG-JM17-B21 USA 33
2 T2-EL-LG-JM17-B7 USA 34
3 T2-EL-LG-JM17-Bg USA 35
4 T2-EL-LG-JM17-C2 USA 36
5 T2-EL-LG-JM17-C17 USA 37
6 T2-EL-LG-JM17-C25 USA 38
7 T2-EL-LG-JM17-D3 USA 39
8 T2-EL-LG-JM17-D5 USA 40
9 T2-EL-LG-JM17-D7 USA 41
10 T2-EL-LG-JM17-D8 USA 42
11 T2-EL-LG-JM17-D11 USA 43
12 T2-EL-LG-JM17-D15 USA 44
13 T2-EL-LG-JM17-D17 USA 45
14 T2-EL-LG-JM17-D18 USA 46
15 T2-EL-LG-JM17-D24 USA 47
16 T2-EL-LG-JM17-D27 USA 48
17 T2-EL-LG-JM17-D32 USA 49
18 T2-EL-LG-JM17-E2 USA 50
19 T2-EL-LG-JM17-E4 USA 51
20 T2-EL-LG-JM17-E5 USA 52
21 T2-EL-LG-JM17-E7 USA 53
22 T2-EL-LG-JM17-Eg USA 54
23 T2-EL-LG-JM17-E10 USA 55
24 T2-EL-LG-JM17-F3 USA 56
25  T2-EL-LG-JM17-F4 USA 57
26  T2-EL-LG-JM17-F5 USA 58
27  T2-EL-LG-JM17-F7 USA 59
28  T2-EL-LG-JM17-F8 USA 60
29 T2-EL-LG-JM17-F9 USA 61
30 T2-EL-LG-JM17-F11 USA 62
31 T2-EL-LG-JM17-F15 USA 63
32 T2-EL-LG-JM17-F16 USA 64

Data collected

The following quantitative data were collected on
the plot or plant base:

Plant height (PH, cm): was measured and
recorded from five randomly selected plants from
each plot from the plant's base to the plant's tip at
physiological maturity.

Number of pods per plant (PPP): number of pods
from five randomly selected plants was counted.

Number of seeds per plant (SPP, g): The average
number of seeds from five randomly taken plants
was counted.

Number of primary branches per plant (PBPP):
The average number of primary branches from
five randomly taken sample plants was measured.

were four rows per plot, out of which each plot's
first and fourth rows were border rows. Data
were collected from the middle two rows (4.8 m2)
of each plot. NPS-B fertilizer at the rate of 122 kg
ha was applied at the time of sowing. Weeding
and other agronomic practices were conducted
based on a production package.

T2-EL-LG-JM17-F20 USA
T2-EL-LG-JM17-F22 USA
T2-EL-LG-JM17-F23 USA
T2-EL-LG-JM17-F25 USA
T2-EL-LG-JM17-27 USA
T2-EL-LG-JM17-F29 USA
T2-EL-LG-JM17-G1 USA
T2-EL-LG-JM17-G3 USA
T2-EL-LG-JM17-G4 USA
T2-EL-LG-JM17-G6 USA
T2-EL-LG-JM17-G10 USA
T2-EL-LG-JM17-G13 USA
T2-EL-LG-JM17-G15 USA
T2-EL-LG-JM17-G29 USA
T2-EL-LG-JM17-G31 USA
T2-EL-LG-JM17-H8 USA
T2-EL-LG-JM17-H16 USA
T2-EL-LG-JM17-H18 USA
T2-EL-LG-JM17-H20 USA
T2-EL-LG-JM17-H22 USA
T2-EL-LG-JM17-H24 USA
T2-EL-LG-JM17-13 USA
T2-EL-LG-JM17-14 USA
T2-EL-LG-JM17-19 USA
T2-EL-LG-JM17-B1 USA
T2-EL-LG-JM17-B2 USA
T2-EL-LG-JM17-B6 USA
T2-EL-LG-JM17-B11 USA
T2-EL-LG-JM17-B13 USA
T2-EL-LG-JM17-B19 USA
Clarck 63-k Released varieties in
Ethiopia
Coker 240 Released varieties in
Ethiopia

Pod length (PL, cm): the length of five pods from
each sample was measured in cm.

Days to 50% flowering (DF): was recorded as the
number of days from planting to 50% of the
plants flowered with at least one open flower on a
plot basis.

Days to maturity (DM): Number of days from
sowing till 95% pod turned in to yellow was
recorded.

Hundred seed weight (HSW, g): 100 seeds were
counted, and the weight was measured with a
sensitive balance.

Biological yield (BY, g): above ground, total
biomass in a gram of all the plants in all the two
rows of each plot were recorded at harvest after
sun-dried.
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Harvest Index (HI): estimated as the ratio of
economic yield to biomass yield.

Grain yield (GYLD, kg ha): dried plants from
each plot were threshed, and seeds obtained from
them were weighed and averaged to get the seed
yield per plot in grams. Then, grain yield in
grams obtained from each plot was adjusted at a
moisture content of 13% and converted to
kilograms per hectare.

Statistical analysis

Before the combined analysis of variance across
locations, all the data collected were checked for
the assumptions of analysis of variance
(ANOVA), such as homogeneity and normality,
using Hartley's F. max test method. Before
computing the combined analysis, the test of
homogeneity of error variances was performed
using Bartley 's test (Bartley et al., 1955), using F-
test, i.e., the ratio of the most significant error
mean square to the minor error mean square,
and the quotient is (2.142), which is less than
three-fold. Therefore, data from the two locations

were combined (Gomez and Gomez, 1984). Then,
traits that showed homogeneity (<3) were
considered for combined analysis. Mean
comparisons among treatment means were
conducted using the least significant difference
(LSD) test at 5% levels of significance. The
ANOVA model and structure for simple lattice
design are indicated as follows: Pijks = u + gi +
bk(G)(s) + rj(s) + Is + (glis + eijks where Pijks =
phenotypic value of it genotype under jth
replication at st location and kth incomplete block
within replication j and location s; p = grand
mean; gi = the effect of ith genotype; bk(j)(s) = the
effect of incomplete block k with in replication j
and location s; rj(s) = the effect of replication j
within location s; is = the effect of locations; (gl)
is the interaction effects between genotype and
location, and eijks = residual or effect of random
error. Mean separation was done using ANOVA-
protected LSD (least significant difference) at 5%
probability level. Yil (j)

Table 2. Analysis of variance structure for combined analysis over locations in a simple lattice design.

Replication (R) R-1 SSr MSr MSr/MSE
Location L-1 SSL MSL

Blocks/location r-1 SSs MSs MSg/MSE
Genotypes (G) (Unadj) G2-1 SSc MSc MSc/MSE
Genotypes(adj) G2-1 SSc MSc MSc/MSE
Within replication (b) (adj) R (b-1) SSh MSh MSp/MSe

Genotypes x Location (g-1)(L-1) SScL MSexL

Intra-block error (e) (b-1) (rb-b-1) Ssk MSE

Total rb2z-1 SSt

Where: R = number of replication, G = number of genotypes, DF = degree of freedom, b = block, SS = Sum of
squares, MS = mean squares, SSR and MSR are sums of squares and mean of replication, respectively; SSG and
MSG are sums of squares and mean of genotypes, respectively; SSb and MSb are sums of squares and mean of
blocks within replication respectively, SSE and MSE are sums of squares and mean of intra-block error,

respectively and SST is sum of squares of the total.

Analysis of phenotypic and genotypic
correlation

The correlation analysis was performed using
SAS software version 9.0 (SAS Institute, 2002).
To estimate the phenotypic and genotypic
correlation coefficients, the covariance estimates
between all pairs of the traits were calculated
using the formula:

. . MSPg—MSPe
Genotypic covariance (ogcovy,) = ———

gexy

.
Phenotypic covariance (apcovxy) =00y + —
Where, MSPe = mean sum of cross-product for
error, MSPg = mean sum of cross-products for
genotypes, and r = number of replications.

Phenotypic correlation (rp), was estimated using
the formula suggested by Johnson and Wichern
(2014) and Singh and Chaudhury (1999).

IPxy = (pCOVx,y) / (\/02px.02py)
I'8xy = (gCOVx,y) / (\/02gx.02gy)
Where, rpxyand rgxy are phenotypic and genotypic
correlation coefficients, respectively; pcovx and

gcovxy are phenotypic and genotypic covariance
between variables x and y, respectively; o2px and
o2gx are phenotypic and genotypic, variances for
variable x; and o2py and o2gy are phenotypic and
genotypic variances for the variable vy,
respectively.

Path coefficient analysis

The direct and indirect effects of yield-related
traits on yield per plot were worked out through
path coefficient analysis. The analysis followed
the method suggested by Dewey and Lu (1959).
The formula was described as follows:

rij = SErikpkj + Pij

Where, rij=Mutual association between the
independent traits (i) and dependent trait (j), as
measured by the correlation coefficient. Pij =
Component of direct effects of the independent
trait (i) on the dependent variable (j) as measured
by the path coefficient and, Erikpkj = Summation
of components of the indirect effect of a given
independent trait (i) on the given dependent trait
(j) via all other independent traits (k).
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Results and Discussion

Analysis of variance (ANOVA) indicated
significant to highly significant (P<0.05 and 0.01)
differences among genotypes for all of the studied
traits (Table 3). This suggests the presence of

considerable genetic variability among the tested
soybean genotypes for various traits, suggesting
that the genotypes were genetically diverse and
there is a chance to select elite genotypes.

Table 3. Mean squares of locations (MSL), genotypes (MSG), genotype X locations (MSGXL), and
error (MSe) for the different sources of variation and the corresponding CV in percentage.

PH 78.58%** 60.09%*
PPP 3.04"s 84.98%*
PBPP 0.75% 1.41**

SPP 4.57%* 254.87%*
PL 2.30%* 0.34**
HSW 2.56%* 12.25%*

DF 1378.26** 42.80%*
DM 1147.51%* 94.16**

BY 6180693.21** 63325.89**
HI 0.00%** 0.01**
GYD 3024285.65%* 210801.67**

7.580 7.09 4.38
2.67ms 2.67 12.46
0.04"s 0.16 10.73
3.00" 8.44 5.91
0.08ms 0.13 7.32
0.15" 0.50 5.34
2.02“s 3.25, 3.05
44" 14.87 2.95
53337.7 fd 3464.00 ég.lg,
0.00 0.00 .0
11181.31%* 7239.18 15.55

PH=plant height, PPP=number of pod per plant, PBPP=number of primary branch per plant, SPP=number of seed per plant,
PL=pod length, HSW=hundred seed weight, DF=days to 50% flowering, DM=days to 95% physiological maturity,
BY=biological yield, HI=harvest index, GYD=grain yield, HI= harvest index and GYD=grain yield.

Association among yield and yield-
related traits

Grain yield is a complex trait and is highly
affected by environmental factors. Moreover, it is
complicated in inheritance and may involve
several related traits. Hence, correlation
coefficient analysis is commonly used to measure
the magnitude and direction of relationships
between various traits and grain yield. In the
current investigation, genotypic and phenotypic
correlation coefficients between elven traits were
calculated (Table 4). Highly positive genotypic
correlations (P<0.01) were identified for grain
yield with plant height, number of pods per plant,
number of primary branches per plant, hundred
seeds weight, and harvest index. Similar results
were reported by (Berhanu et al., 2021; Mili et
al., 2017; Koraddi et al., 2015). The possible
reasons for such a genotypic correlation may

result from a pleiotropic effect or linkage of a
gene governing the inheritance of these
characters.

Moreover, these traits correlated with grain yield
were highly heritable and highly correlated with
each other. Thus, if they proved to be controlled
by a few numbers of genes, selection for their
combination was simple (Tigga and Nag, 2021).
Phenotypically highly  positive significant
correlation coefficients (P<0.01) were observed
for grain yield with plant height, number of pods
per plant, number of primary branches per plant,
number of seeds per plant, hundred seed weight,
biological yield, and harvest index. An equivalent
result was reported by (Pawar et al., 2020). This
indicates that grain improvement could be
achieved by improving the traits, which positively
correlated with grain yield.

Table 4. Estimation of genotypic (above diagonal) and phenotypic (below diagonal) correlation
coefficient for 11 Morphological traits in 64 soybean genotypes over two locations in the

2019 main cropping season.

PH 1 0.428*%* 0.493** 0.324** -0.159" -0.2027 0.256* -0.068" 0.075" 0.270* 0.285*
PPP 1 0.491%** 0.868** -0.185" -0.538** 0.230" 0.0005™ 0.333** 0.495%* 0.554**
PBPP 0.425%* 0.461%* 1 0.426** -0.101" -0.317** 0.689** 0.186" (0.226" 0.132" (0.183"s
SPP 0.273** 0.762** 0.385** 1 0.104"  -0.441** 0.164" -0.049™ 0.237" 0.538** 0.586**
PL -0.0640" -0.111" -0.054* 0.095* 1 0.12908  -0.107" -0.0607" -0.181" (0.092"s (.0720s
HSW -0.146" -0.437** -0.259%* -0.414** 0.074n"s -0.2421 0,220 -0.372%* -0.347%* 0.412**
DF  0.095™ 0.129*%  0.427** 0.089" -0.195% -0.205** 1 0.046" 0.19278  0.0627  (0.104"S
DM -0.055" 0.003" 0.093" -0.054" -0.106" 0.174** 0.197** 1 -0.140" -0.544™ -0.568ns
BY 0.098™ 0.177** 0.149** 0.150** 0.0732 -0.156** -0.261** -0.285** 1 -0.055 S 0.144"s
HI 0.225%*%  0.414** 0.1127  0.504%* .045™  -0.333** 0.057** -0.411** o.1117 1 0.976**
GYD 0.259%* 0.464** 0.160** 0.557** 0.088 0.376** -0.033" -0.496** 0.214** 0.932** 1

PH= plant height, PBPP= number of primary branches per plant, SPP= number of seeds per plant, PL=pod length,
HSW=hundred seed weight, DF=days to 50% flowering, DM= days to 95% physiological maturity, BY=biological yield, HI=

harvest index and GYD=grain yield.

Genotypic direct and indirect effects of
different traits on grain yield

The genotypic direct and indirect effects of traits
on grain yield are presented in Table 5. The path

coefficient analysis at the genotypic level
considering grain yield as a dependent variable,
revealed that harvest index had the maximum
positive direct effect on grain yield, followed by
plant height, the number of pods per plant, and
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hundred seed weight. A similar result was
reported by (Balla and Ibrahim, 2017). This
indicated that these traits with positive direct
effects on grain yield were important traits
selection based on these traits indirectly

increasing grain yield; therefore, during
selection, consideration of these traits is very
important to recommend elite varieties for
soybean production agroecologies.

Table 5. Estimation of genotypic (above diagonal) and phenotypic (below diagonal) path coefficient
for 5 Morphological traits in 64 soybean genotypes over two locations in the 2019 main

cropping season.

PH 0.04 -0.03 0.01
PPP 0.02 0.01 0.03
SPP 0.01 -0.06 0.008
HSW 0.021 -0.01 0.003
HI 0.004 -0.02 0.008

-0.006 -0.0005 0.28*
-0.007 -0.04 0.55%*
0.004 -0.06 0.58%*
0.002 -0.001 -0.41%*
-0.006 0.96 0.97**

* ** Significant at p < 0.05, and p < 0.01 probability level respectively PH = plant height, PPP = number of pod per plant,
PBPP = number of primary branch per plant, SPP=number of seeds per plant, HSW=hundred seeds weight and HI= harvest

index.
Conclusion

Grain yield had a highly significant and positive
association with plant height, number of pods per
plant, number of seeds per plant, and harvest
index at the genotypic level. Path coefficient
analysis based on grain yield as a dependent
variable revealed that harvest index and plant
height were the significant contributors to grain
yield. Positive direct effects of these traits on
grain yield indicated their importance in
determining these complex traits. Therefore,
simple selection based on these agronomic traits
could have indirectly improved grain yield in
soybean.
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