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ABSTRACT

The study evaluated four soybean genotypes in 2012 and 2013 cropping seasons in the humid
tropics for growth, seed yield and other reproductive characters. A split plot in randomised
complete block design with four replications was used at National Cereals Research Institute,
Amakanma sub-station, Abia State, Nigeria (latitude 05° 28" N, longitude 07° 29" E ,154.25 m
asl). Sowing date was the main plot treatment while soybean genotypes were fitted into the sub-
plots. Sowing date significantly affected soybean yield and yield components with the month of
July pointing out as most appropriate sowing time for the crop in the humid tropics of southeast
Nigeria. TGx1485-1D soybean genotype consistently exhibited high performance in seed yield
and in most of the characters studied across both environments while TGx1987-10F had the least,
hence can be tipped as good breeding material for development of high yielding soybean varieties
that would have high adaptation to the agro-ecology. Correlation and path analysis revealed
that number of pods plant-1 among other traits was the most important contributor to seed yield
and demands close attention as selection index for crop improvement. TGx1485-1D though high
yielding exhibited low yield stability across both environments in the GGE bi-plot ranking where
it ranked closest to the ideal genotype, hence, can be recommended as suitable for cultivation in
the humid tropics of southeast Nigeria. Also, the genotype could be exploited for future breeding
programs aimed at boosting research in developing high yielding, adaptable, disease resistance
and stable genotypes for the region.

Keywords: Soybean, genotype, environment, seed yield, stability, adaptability, GGE bi-plot

INTRODUCTION

Soybean (Glycine max L. Merrill), which is
one of the most important legume crops in
the world is gaining increased cultivation
attention in the humid tropics (Akande et al.,
2007) because of its high quality protein, 85
per cent cholesterol free oil content (Malik et
al., 2007) and nutritional value for humans and
livestock as well as its ability to maintain soil
fertility (Ngalamu et al., 2013). According to
Rao et al. (2002), the crop is consumed in the
form of soybean milk, soybean cheese, soybean
curd, tofu and soybean sprouts, among others. It
plays a significant role in boosting the immune
system and general health of the human body

(Murray-Kolb et al., 2003) as well as serves as
dietary supplement for diabetics (Azadbkht et
al., 2003).

Currently, soybean has gained increased
attention in Nigerian agriculture, because it is
a veritable source of high quality protein and
vegetable oil (Akande ef al., 2007). Successful
growing of the crop is characterized by low
agricultural input, though, according to Aduloju
et al., (2009), its grain yield is relatively low;
below 1,000 kg ha' compared to grain yield
from countries such as USA with more than
2,500 kg ha''.
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Sowing date is one of the major factors that
influence growth and yield of legumes and
positively correlates phenological phase of
the plant with the environmental factors that
influence its performance (Azari and Khajepour,
2003). The effects of sowing date on seed yield
vary with genotypes of soybean hence the need
to study genotype x environment interaction
becomes imperative to be able to identify
genotypes which are stable when subjected to
growth under different environments.

For effective selection for high seed yield in
soybean, a good knowledge of yield contributing
characters and the interrelationships among
themselves and with yield is important and this
can be achieved through correlation and path
analysis studies. Correlation coefficient (r),
measures the degree of association between
characters while path analysis indicates an
effective means of partitioning the correlation
coefficients into direct and indirect effects of
the component characters on seed yield under
which crop improvement programmes can be
executed and achieved.

Stability analysis, which helps to identify
and select the most stable, high performing
crop genotypes that are best suitable under a
given set of environmental conditions play a
cardinal role in crop improvement techniques.
According to Nwofia (2012), evaluating
cultivars in contrasting environments and
across years with the essence of determining
their desirability, adaptability and stability is
an essential instrument in ensuring appropriate
food security. Therefore, the objectives of
the study were to evaluate growth, yield and
yield component responses of some soybean
genotypes to sowing date and cropping seasons
in lowland humid tropical environment.

MATERIALS AND METHODS

Field experiments were carried out in 2012 and
2013 cropping seasons at the research farm of
the National Cereals Research Institute (NCRI),

Amakama, Abia State, Nigeria. The area falls
within latitude 05° 28" N and longitude 07°
29" E with an altitude of 154.25 m above sea
level in the humid southeast agro-ecological
zone of Nigeria. The experimental location is
characterised by a bi-modal pattern of rainfall
typical of southern part of West Africa, which
has the dry season harmattan (November —
April) and the wet season (May — October). The
total annual rainfall of the location was 2,200.9
mm (2012) and 2,023.2 mm (2013).

The two experimental fields, which had been
under fallow for two cropping seasons with
vegetation cover such as Imperata cylindrica,
Panicum maximum, Ageratum conyzoides,
Pueraria phaseoloides  and Chromolaena
odorata prior to the establishment of the
experiment were clear-ploughed, harrowed
twice and levelled with a tractor mounted
equipment. Plant debris left unburied in the site,
were removed manually from the field before
the experimental plots were marked out. Each
unit plot size was 3 m x 3 m with 1 m spacing
between each plot. Pre-sowing soil sample
analysis was done to determine the physico-
chemical properties of the farmland. T h e
soil type is sandy loam, which belongs to the
order ultisol and classified as Paleulstult. The
chemical properties of the soil profile (0 — 15
cm) obtained from the two experimental sites
were 1.32 and 1.31 % organic matter, 0.97 and
0.85 % organic carbon, 0.056 and 0.035 % total
nitrogen (N), 10.50 and 14.30 mg/kg available
phosphorus (P,0,), 0.08 and 0.077 cmol/kg
exchangeable potassium (K,O), 2.50 and 2.56
cmol/kg total exchangeable acidity (TEA),
6.321 and 6.507 cmol/kg cation exchange
capacity (CEC), and 5.06 and 4.89 pH (1:2.5,
Soil:Water) in 2012 and 2013 cropping seasons,
respectively.

The treatments comprised of one medium
maturing (TGx 1448-2E) and three early
maturing (TGx 1485-1D, TGx 1987-1F and
TGx 1835-10E) soybean genotypes, which were
sown across six sowing dates corresponding
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to early June, late June, early July, late July,
early August, late August in 2012 and 2013,
cropping seasons. The treatments were fitted
into a split plot in randomised complete block
design (RCBD) with four replications. Sowing
date served as the main plot while soybean
genotypes were fitted into the sub-plots.

Soybean seeds were sown on flats at defined
spacing of 50 cm between rows and 20 cm
within rows giving a population density of
100,000 plants per hectare. Weed control
measures were carried out using both post-
emergence (Round UP™ and Paraquat™) and
pre-emergence (Pendillin™) herbicides at the
rate of 160 ml/20 L of water in knap sack sprayer
and then manual weeding was done at 8 and 12
weeks after sowing (WAS). Insect infestation
was controlled using Cypermethrin 10 EC at
the rate of 180 ml 15-1 L of water in knap sack
sprayer at 3 and 6 weeks after sowing (WAS).
Fertilizer application (NPK 15:15:15) at the rate
of 300 kg ha! was carried out at 4 WAS.

Growth, phenological and yield characters
of soybean were obtained at 6 WAS. Data
were collected on plant height (cm), number
of branches plant!, number of leaves plant?!,
number of nodules plant’, nodule dry weight
plant’, root length plant! (cm), number of days
to flowering, number of days to physiological
maturity, and pod filling time while yield
characters such as number of pods plant?!,
number of seeds plant!, 100-seed weight plot!
and grain yield (kg ha™) were also obtained. The
total number and dry weight of nodules plant!
were obtained from four plants located in the
inner rows of each plot. Plants were carefully
uprooted, the roots thoroughly washed in a
bucket filled with water and then rinsed with
distilled water. The length of the roots were
measured with a meter rule, number of nodules
counted and recorded while the weight of the
oven-dried nodules was obtained with the aid of
a sensitive weighing balance (Mettler Toledo).
Phenological characters such as number of days
to flowering, physiological maturity and pod
filling period were recorded as the number of

days from sowing to the day of first flowering,
number of days from sowing to when at least
a single pod on the plant indicated its mature
brown colour (R7), and number of days from
seed filling (R5) to when one pod at the top
4-5 main stem nodes has at least one seed that
is physiologically mature (R7) according to
Fehr and Caviness (1977), respectively. Yield
parameters such as number of pods plant’,
number of seeds plant”, 100-seed weight plot’
and seed yield (kg ha') were recorded.

The stability of the four soybean genotypes
was estimated using genotype main effect
and genotype by environment (GGE) bi-plot
models, which permits comparison among
genotypes with a reference genotype. The
method specifies position of an ideal genotype
with the highest mean value compared to all the
other genotypes and be absolutely stable, which
implies that it expresses minimal genotype x
environment interaction.

The data were subjected to analysis of variance
while mean separation was performed with
T-tests (LSD) wusing GLM procedure of
SAS system (1997). Multiple correlation
analysis was carried out to examine the inter-
relationships among the traits using SPSS for
Windows, Version 17.0 (SPSS, 2010), while
direct and indirect effects of each character to
seed yield were determined by path coefficient
technique as outlined by Dewey and Lu (1959)
with the formula: rij = pij + Z rik . pkj, where; rij
= cordial relationship between the independent
character (i) and the dependent character (j)
as detected by the correlation coefficients of
the soybean genotypes; pij = direct effects of
the independent character (i) on the dependent
variable (j) as detected by the correlation
coefficients of the soybean genotypes; Zrik . pkj
= summation of components of indirect effects
of the independent character (1) on the dependent
character (j) via all the independent characters
(k). The residual effects were estimated using
the formula: V1 — R2, where, R2 = Zpij . rij.
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The stability of the soybean genotypes across
the two years were evaluated using Genotype
and Genotype x Environment interaction
(GGE) biplot model according to Yan et al.,
(2000) and Gabriel (1971). A set of concentric
circles were created using the ideal genotype
at the concentric centre as a reference to rank
the other genotypes while a performance line
passing through the origin of the bi-plot was
used to determine mean performance of each of
the other genotypes.

RESULTS AND DISCUSSION

Significant genotypic influence (P<0.001) was
achieved in number of leaves plant! by years,
sowing dates, year x sowing date interaction
while year x genotype interaction was significant
at P<0.01. Soybean genotype and year x sowing
date x genotype interactions did not show any
significant variations between the treatment
means (Table 01).

In 2012, number of leaves plant' was higher
than in 2013 while soybean sown in late July
gave more leaves plant!, closely followed
by late August sowing in 2012 compared to
the other sowing dates assessed in the study.
However, the trend was not the same in 2013.
Year x sowing date interaction showed increase
in number of leaves plant' when soybean was
sown in early July in both years while year x
genotype interaction depressed number of
leaves plant! when TGx 1987-10F was sown in
both years. Number of leaves plant-1 increased
when TGx 1485-1D was sown in late August
in 2012, while in 2013, TGx 1448-2E sown
early July gave the highest number of leaves
plant!, which invariably indicated a wider
photosynthetic platform for increased grain
yield. Our findings further showed that early
July sowing of soybean genotypes gave the best
performance in number of leaves plant'. The
highly significant variation between both years
may be attributed to differences in both soil and
weather environments across both years. The

results are in agreement with Alghamdi (2004)
in his works on yield stability of some soybean
genotypes across diverse environments and El-
Herty et al., (2010) in their studies on soybean
genotypes under four sowing dates in middle
Egypt. Similarly, works by Kandil ez al., (2012)
and Ngalamu et al, (2013) in drier regions
of North Africa emphasized the importance
of sowing date as a critical factor in soybean
growth and development. Furthermore, early
August sowing gave higher number of leaves
plant’, an indication that July and August are
the most appropriate times for sowing soybean
in the humid agro-ecosystem of southeast
Nigeria. Similarly, Bello et al., (1996) in their
studies on soybean in southern guinea savanna
reported that yield differences with various
sowing dates can be attributed to variation in
weather conditions.

Highly significant (P<0.001) wvariations in
number of seeds plant! was recorded across
years, sowing dates, soybean genotypes, year
x sowing date interactions, years x genotypes
interactions while no significant (P>0.05)
variation was observed in sowing dates x
genotype interactions, as well as year x sowing
date x genotype interactions (Table 02). Across
years, 2012 gave the highest number of seeds
plant! (58) relative to 2013 (32). Soybean
genotypes sown in early July gave the highest
overall number of seeds plant! (91.74) in both
cropping seasons while the reverse was the case
for genotypes sown in late August (26.17). TGx
1835-10E gave the highest number of seeds
plant! in 2012 contrary to 2013 while TGx
1987-10F genotype gave the lowest number
of seeds plant! in both years. Year x sowing
date interaction indicated that soybean sown
early July in 2012 gave the highest seed yield
plant!. Year x genotype interaction indicated
significant (P>0.05) reduction in the number of
seeds plant-1 of TGx 1987-10F in both years
of study while sowing date x genotype and
year x sowing date x genotype indicated non-
significance.
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Table 01: Total number of leaves plant'of four soybean genotypes as influenced by genotype x
sowing date interaction in 2012 and 2013 cropping seasons
Year Sowing date TGx TGx TGx TGx Mean
1448-2E 1485-1D 1987-10F  1835-10E
2012 Early June 15.56 22.00 23.44 21.88 20.72
Late June 14.56 16.44 15.44 20.50 16.74
Early July 30.06 27.56 23.19 24.69 26.38
Late July 27.81 30.69 25.94 26.44 27.72
Early August 22.00 26.63 19.63 21.81 22.52
Late August 25.31 31.63 28.50 24.50 27.49
Mean 22.55 25.83 22.69 23.30 23.59
2013 Early June 15.56 11.31 14.13 12.81 13.45
Late June 12.25 11.00 14.19 10.44 16.49
Early July 25.31 20.68 22.50 20.19 22.17
Late July 18.50 16.44 15.19 14.56 16.17
Early August 20.75 17.44 17.58 21.88 19.49
Late August 14.31 11.70 11.75 11.50 12.32
Mean 17.38 14.76 15.94 15.23 15.93
LSD(O'OS) Year = 3.66*** Sowing date = 4.20***  Genotype = ns
Year x Sowing date = 6.19%**, Year x Genotype = 3.99%*
Sowing date x Genotype = ns, Year x Sowing date x Genotype = ns
Table 02: Number of seeds plant” of four soybean genotypes as influenced by genotype by sowing
date interaction in 2012 and 2013 cropping seasons
Soybean genotypes
Year . TGx TGx TGx TGx
Planting date 1 e 05 1485.1D  1987-10F 1835-10E M40
2012 Early June 45.95 45.13 32.00 51.13 43.55
Late June 49.94 51.94 29.75 66.59 42.80
Early July 87.71 96.75 64.35 118.13 91.74
Late July 48.00 59,56 41.81 87.19 59.14
Early August 43.56 47.63 32.31 77.50 50.25
Late August 56.31 64.19 46.75 42.30 52.39
Mean 74.13 24.69 25.75 30.00 38.64
2013 Early June 26.06 33.00 28.56 30.00 29.41
Late June 44.48 38.06 35.88 34.25 38.17
Early July 30.06 26.50 25.56 29.94 28.02
Late July 27.69 30.13 30.00 38.68 31.63
Early August 18.31 28.88 24.50 33.00 26.17
Mean 36.79 30.21 28.38 32.65 32.01
LSD(O_(J5 Year = 10.61*** Planting date = 12.95%**,

Genotype = 7.30***, Year x Planting date = 18.80%***
Year x Genotype = 12.90***, Planting date x Genotype = ns
Year x Planting date x Genotype = ns

Relative to 2013 cropping season, soybean seed
yield (kg ha') obtained in 2012 indicated high
significance (P<0.001) (Table 03). Early July
sowing gave the highest seed yield in 2012
(1320.07 kg ha') and 2013 (860.20 kg ha'),
which was higher than the lowest seed yield

obtained when soybean was sown in August by
62.5 % and 63 % in 2012 and 2013 cropping
seasons, respectively. The response of the four
soybean genotypes to different sowing dates
across the two seasons showed that sowing
date significantly affected seed yield and yield
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attributes of soybean and corroborated the
findings of Yari et al., (2013) in their studies on
yield and yield components of some soybean
cultivars in which they surmised that appropriate
sowing date is one of the most effective and zero
cost means of increasing crop yield, hence, good
knowledge of crop response to different sowing
dates within an agro-ecosystem is important in
determining the most suitable sowing time for
that particular crop.

In 2012, TGx 1485-1D gave the highest
significant seed yield (980.74 kg ha') followed
by TGx 1835-10E (890.98 kg ha!) in contrast to
the results obtained in 2013, though, TGx 1987-
10F had the lowest (P>0.05) seed yield in both
cropping years. Year x sowing date interaction
significantly increased seed yield when soybean
was sown in early July, irrespective of the
genotypes while year x genotype interaction
(P<0.01) indicated highest increased seed yield
from TGx 1485-1D, irrespective of the sowing
date. Sowing date x genotype interaction
showed that TGx 1485-1D (207.16 kg ha') and
TGx 1448-2E (107.53 kg ha') sown in early
July gave the highest seed yield, irrespective of
the year, while year x sowing date x genotype
interactions indicated significant (P<0.01)
higher seed yield when TGx 1485-1D genotype
was sown in early July in 2012, which was

higher by 87.9 % compared to the lowest seed
yield obtained when TGx 1448-2E was sown in
late August in 2013.

The results indicated better performance of
early July sowing, which can be attributed to
climatic conditions such as short dry spell, high
solar radiation and temperature, less cloudiness
and low relative humidity, which coincides with
the flowering period of the crop in the humid
agro-ecological zone of south east Nigeria.
The result supports the findings of Okpara and
Ibiam (2000) who reported that sowing soybean
between the months of July and October in the
humid tropics was most suitable and favourable
to the specific climatic requirements of the
different phenological phases of the crop’s
growth and development. Furthermore, the
results corroborated separate studies by Udoh
(2003) and Bello et al., (1996) who submitted
that sowing legumes in the Southern guinea
savanna of Nigeria between mid-June and mid-
July is to ensure adequate rainfall at seedling
establishment, flowering and pod filling stages
for maximum seed yield as well as to enhance
the maturity of the legume when the weather
is relatively bright and sunny as soybean seed
quality and viability are greatly impaired if the
crop matures during the rains.

Table 03: Seed yield (kg ha') of four soybean genotypes as influenced by genotype by sowing date
interaction in 2012 and 2013 cropping seasons
. TGx TGx TGx TGx

Year  PlantingDate 40 hF  1485-1D  1987-10F  1835-10E M0
2012 Early June 600.78 680.83 420.26 570.56 570.36
Late June 450.77 610.20 290.34 650.28 500.40
Early July 1160.31 2070.16 900.57 1140.11 1320.07
Late July 750.88 990.31 880.15 1510.63 1030.74

Early August 290.59 630.43 260.13 780.88 490.51

Late August 400.14 920.51 450.94 720.40 620.75

Mean 610.41 980.74 530.73 890.98 750.97
2013 420.02 380.32 320.38 370.06 370.45
Early June 460.24 630.45 380.51 380.94 460.79

Late June 1070.53 850.48 700.56 810.22 860.20

Early July 450.13 360.54 280.40 370.34 360.85

Late July 510.69 530.87 390.71 460.29 470.89

Early August 250.10 370.83 270.23 370.46 31091

Mean 520.95 520.58 390.47 460.39 470.85

LSD,  Year = 15.03***, Planting date = 19.48***, Genotype = 8.61***
Year x Planting date = 27.91***, Year x Genotype = 17.08***

Planting date x Genotype = 26.34**, Year x Planting date x Genotype = 37.58**
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Year x sowing date interaction significantly
increased soybean seed yield when sown early
July, irrespective of the genotypes while year
X genotype interaction increased seed yield of
TGx 1485-1D, irrespective of the sowing date.
Sowing date x genotype interaction increased
seed yield of TGx 1485-1D (207.16 kg ha') and
TGx 1448-2E (107.53 kg ha'), irrespective of
the year, while year x sowing date x genotype
interactions indicated significant (P<0.01)
higher seed yield when TGx 1485-1D genotype
was sown in early July in 2012, which was
higher by 87.9 % compared to the lowest seed
yield obtained when TGx 1448-2E was sown in
late August in 2013.

Correlation studies (Table 04) indicated that
except number of days to flowering and pod
filling time, which indicated positive but non-
significant  (P>0.05) relationship with seed
yield of soybean, the other growth and yield
characters (establishment count, plant height,
number of leaves plant!, number of branches
plant, root length, number of nodules plant™,
nodule dry weight plant!, number of days to
physiological maturity, number of pods plant™,
number of seeds plant! and 100-seed weight)
indicated positive and significant (P<0.01)
relationship with seed yield of cowpea. Plant

height had positive and significant correlation
(P<0.01) with number of leaves plant’,
number of branches plant!, number of seeds
plant’, number of pods plant! and number of
nodules plant’. Also, number of pods plant’
was significantly and positively correlated
with number of leaves plant! (r = 0.508%%),
root length (r = 0.440**), number of nodules
plant! (r = 0.407**), number of branches
plant! (r = 0.310*%*) and nodule dry weight/
plant (r = 216**) while 100 seed weight was
positively and significantly correlated with days
to flowering (r = 0271**) and pod filling time
was highly and positively correlated with days
to physiological maturity (r = 0.895**). Similar
results were obtained by Ghodrati (2013) in Iran
and Ojo et al., (2007) in Nigeria in their various
studies on soybean characters. Furthermore,
Cumudini et al., (2001), Ojo and Amanze (2001)
and Rajanna et al., (2000) who in their separate
investigations observed significant and positive
correlations between seed yield and number of
seeds plant!, seed yield and 1000-seed weight
as well as number of pods plant' and number of
branches plant! in tropical soybean crop. The
strong correlation of these traits with seed yield
suggested that they could be used as selection
indices for yield improvement of soybeans
under the prevailing agro-ecology.

Table 04: Linear correlation matrix between different agronomic characters and seed yield of four
soybean genotypes
2 3 4 5 6 7 8 9 10 11 12 13 YLD
Kg
ha!
1 0.64% 0517 039" 023" 0307 024 021= 002® -011= 0387 045" -002= 03527
2 0.83 050" 033 038" 020" -021= 006= -0.14= 044" 048"  -003= 046"
3 0.62.. 032" 034" 0247 -020= -006= -014= 051" 051" -001= 058"
4 0.18* 018 013= 021= 007 -001= 031" 032" -003= 038"
5 037 038" 008= 005= 010= 044" 038" 066= 039"
6 0.62 -0.05= 0.02= -000= 0417 036" -005= 0407
7 0.07=  0.03=  -001= 022" 023" 004= 040"
8 036  008=  0.12=  001= 0277  0.02=
9 0.90*  -0.02= 0.06= -0.04= 004>
10 0.04=  0.06= 0.08= 0.06=
11 081  -0.08= 072
12 0.14= 065"
13 0.169"

1, Establishment count; 2, Plant height (cm); 3, number of leaves plant™; 4, number of branches plant™; 5, root length (cm); 6, number of nodules
plant™; 7, nodules dry weight plant” (g); 8, number of days to flowering; 9, pod filling time; 10, number of days to physiological maturity; 11,
number of pods plant'; 12, number of seeds plant'; 13, 100-seed weight (g); YLD, seed yield (kg ha™). *, and **, Correlation is significant at 0.05

and 0.01level of probability, respectively; ns, non significant.
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Highly significant (P<0.01) and positive
association was observed between days to
maturity and pod-filling time (r = 0.895%%*),
plant height and number of leaves plant! (r =
0.829**) and between number of pods plant’
and number of seeds plant! (r = 0.812%*%).
These results are consistent with the findings of
Showkat and Tyagi (2010) as well as Malik et
al., (2007) who reported positive and significant
correlation between seed yield and number of
pods plant! as well as seed yield and 100-seed
weight. Furthermore, studies by Abd El-Mohsen
et al., (2013), Kobraee and Shamsi (2011) as
well as Adeniji (2007) revealed that seed yield is
a function of integrated effects of various yield
components such as number of pods plant’,
number of leaves plant!, number of seeds
plant! and 100-seed weight developed under a
particular set of environmental conditions.

Path coefficients analysis (Table 05), which
identified the correlation coefficients of the
yield components with seed yield to show the
direct and indirect effects of each component
aimed at knowing the contribution of each
character to the yield indicated that number of
pods plant™! had the highest positive direct effect
(0.49) and exhibited strong positive influence
on seed yield with correlation coefficients of

0.724 while number of seeds plant’ had weak
positive direct effect on seed yield (0.14) but
showed high positive indirect effect via number
of pods plant' (0.40). Similar results were
reported by Machikowa and Laosuwan (2011)
as well as Malik et al., (2007) in their works
on the yield and yield components of some
early maturing soybean. Positive direct effects
were also recorded for number of leaves plant™
(0.27), nodule dry weight (0.23) and 100-seed
weight (0.22) while plant height, root length
and number of nodules plant! exhibited weak
and negative direct effects on seed yield.

The results are in consonance with the findings
of Li et al., (2013), Ashard et al., (2006),
Sudaric and Vrataric (2002), Rajanna et al.,
(2000) in their various studies on soybean in
different ecological areas. Furthermore, positive
and high total effects of these characters to seed
yield revealed their importance in determining
seed yield in soybean, an indication that their
improvement can positively enhance yield of the
legume. The residual factor (R), which indicated
how effective the casual factor accounted for
the variability of cowpea seed yield, was 0.32.
This implied that the plant characters explained
68 % of the variability in seed yields in the four
cowpea genotypes.

Table 05: Path coefficients analysis showing direct and indirect effects of ten growth and yield
characters on seed yield of soybean (kg ha™)

PH NL NB RL NN NDW NP NS 100-SWT YLD
PH -0.11 0.23 0.03 -0.01 -0.01 0.05 0.22 0.07 -0.01 0.46
NL -0.09 0.27 0.03 -0.01 -0.01 0.05 0.25 0.07 -0.00 0.58
NB -0.05  0.17 0.05 -0.01 -0.01 0.03 0.15 0.05 -0.01 0.38
RL -0.04  0.09 0.01 -0.03 -0.01 0.09 0.22 0.05 0.015 0.39
NN -0.04 0.09 0.01 -0.01 -0.03 0.14 0.20 0.05 -0.01 0.40
NDW -0.02  0.06 0.01 -0.01 -0.02 0.23 0.11 0.03 0.008 0.40
NP -0.05 0.14 0.02 -0.01 -0.01 0.05 0.49 0.12 -0.02 0.72
NS -0.05 0.14 0.02 -0.01 -0.01 0.05 0.40 0.14 -0.03 0.65
100-SWT  0.00 -0.00 -0.00 -0.00 0.00 0.01 -0.04 -0.02 0.22 0.17
R 0.32

PH, Plant height (cm); NL, number of leaves plant'; NB, number of branches plant'; RL, root length (cm); NN,
number of nodules plant'; NDW, nodules dry weight plant! (g); NP, number of pods plant’; NS, number of seeds
plant™; 100-SWT, 100-seed weight (g); YLD, seed yield (kg ha'); R, Residual effect of cowpea genotype.
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Genotype and Genotype x Environment
interaction (GGE) bi-plot model was used to
evaluate the stability of the soybean genotypes
across the two environments (years) as shown
in Figures lab, 2ab, 3ab and 4ab. The model is
an efficient tool employed in identifying and
selecting the most stable, high performing crop
genotypes that are best suitable under a given
set of environmental conditions. According to
Nwofia (2012) the evaluation of cultivars in
contrasting environments and across years is an
essential step in determining their desirability
and average response across the environments
that have a wide scope of adaptation. The bi-
plot analyses (Figures 0la, 02a, 03a and 04a)
indicated that a genotype identified further
away from the bi-plot origin on either side of
the stability line represents relatively lower

nNOT

T T T T T T
32 24 16 =08 00 08 16 24 32 40 48

2.4 T T T

PC1

Ranking entries based on both mean and stability

G1=TGx1448-2E, G2=TGx1485-1D, G3=TGx1987-

10F, G4=TGx1835-10E (E1=2012, E2=2013).

Figure 01a:  GGE bi-plot based on genotype-
focused scaling for comparison of
the genotypes with ideal genotype
for days to physiological maturity.

PC1 = 59 Mg PCZ = 0.7%, Spm = 100% -
Transfor Scaling = 0, Centering =2, SWP =1 -

NOT

08—

00—

08—

PC1

Ranking entries based on both mean and stability

G1=TGx1448-2E, G2=TGx1485-1D, G3=TGx1987-

10F, G4=TGx1835-10E (E1=2012, E2=2013).

Figure 02a:  GGE bi-plot based on genotype-
focused scaling for comparison of
the genotypes with ideal genotype
for number of pods plant-1.

stability while Figures 01b, 02b, 03b and
04b expressed the mean performance versus
the stability of the soybean genotypes across
the two environments (years). TGx 1448-2E
soybean genotype showed highest number of
days to physiological maturity by being closest
to the ideal genotype (Figure 0la) while mean
versus stability analysis (Figure 01b) showed
TGx 1485-1D as the most stable genotype by
being closest to the average tester coordinate
(ATC) horizontal axis. Among the soybean
genotypes studied, TGx 1835-10E had the
highest number of pods plant”' and was closest
to the ideal genotype (Figures 02a and 02b).
However, it indicated less stability relative to
TGx 1485-1D and TGx 1448-2E, which had
above average pod number and high stability
for the plant character.

24+
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The Average Tester Coordination for entry evaluation

G1=TGx1448-2E, G2=TGx1485-1D, G3=TGx1987-

10F, G4=TGx1835-10E (E1=2012, E2=2013).

Figure 01b:  GGE bi-plot of means vs. stability
of four soybean genotypes for
days to maturity.
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10F, G4=TGx1835-10E (E1=2012, E2=2013).

Figure 02b:  GGE bi-plot of means vs. stability
of four soybean genotypes for
number of pods plant-1.
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PCT%S5 1%, PC2 - 10 8%, 5u
TransTong = 0, Scalng = 0, Genterin

i3

30—

1.5+

NOT

00—

T T - T
-4.5 3.0 1.5 0.0 1.5 3.0 4.5 6.0
PC1

Ranking entries based on both mean

and stability
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Figure 03a:  GGE-bi-plot based on genotype-
focused scaling for comparison of
the genotypes with ideal genotype
for number of seeds/plant
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Figure 04a:  GGE-bi-plot based on genotype-
focused scaling for comparison of
the genotypes with ideal genotype
for seed yield (kg ha-1).

The soybean genotype TGx 1835-10E had the

highest number of seeds plant” but was furthest

from the ATC horizontal axis indicating high
instability for the character (Figure 03a and 03b)
while TGx 1485-1D indicated high stability
compared to the other genotypes. Ranking the
genotypes for seed yield, TGx 1485-1D showed
superiority compared to the other genotypes and

was closest to the ideal genotype. TGx 1987-

IF was the most stable but lowest yielding

genotype in the two cropping seasons (Figures

04a and 04b). The results are in consonance with
investigations by Jandong et al., (2011), Kaya et

al., (2006), Crossa et al., (2002) and Yan (2002)

in their various studies in which they reported

that combined effects of genotype, environment
and genotype x environment (GxXE) interactions

PCT%RE0.1%, PC2 = 10.9%, Sum = 100%

4
E1

3 2
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-4.5 -3 -148 00 15 30 4.6 60
PC1

The Average Tester Coordination for entry evaluation

G1=TGx1448-2E, G2=TGx1485-1D, G3=TGx1987-

10F, G4=TGx1835-10E, E1=2012, E2=2013)

Figure 03b:  GGE bi-plot of means vs. stability
of four soybean genotypes for
number of seeds/plant
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10F, G4=TGx1835-10E (E1=2012, E2=2013).

Figure 04b:  GGE bi-plot of means vs. stability
of four soybean genotypes for
seed yield (kg ha-1.

determine the yield of a crop. Furthermore, large
yield variations due to environment is important
in genotype evaluation and mega-environment
investigation, suggesting the use of GGE bi-plots
as the appropriate tool for analyzing multiple
environment trials data. Similarly, Crossa et
al., (2002) suggested that genotype main effects
and genotype x environment interaction (GEI)
effects are two outstanding sources of variation
that are relevant for genotype evaluation and
should be considered simultaneously and
appropriately.

TGx1448-2E and TGx1485-1D showed little
genotype-by-environment  interaction  for
number of pods plant’, indicating high stability
for the character. However, our findings did not
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identify any ideal soybean genotype among
the ones evaluated in the agro-ecological zone.
According to Akande et al, (2009), Yan and
Hunt (2001) as well as Yan et al., (2000) an
ideal genotype is one that gives the highest
yield across all test environments with greater
vector length and zero genotype by environment
interaction. Results obtained revealed that
the performance of TGx1485-1D was above
average for most of the characters tested, hence
showed superiority in seed yield production and
can be subjected to further investigations.

CONCLUSION

Sowing date strongly influenced yield and yield
components of soybean. July appeared to be
the most appropriate sowing time for soybean
in the region. Significant year x sowing date
X genotype interactions observed for most of
the characters indicated that the genotypes
responded differently to varying sowing dates
across both years under the agro-ecological
zone. Among the four genotypes, TGx1485-
1D significantly and consistently had the best
performance in seed yield and most of the
characters studied across the two years, followed
by TGx1835-10E, an indication of better
adaptability to the soil and climatic conditions
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