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opportunity for selection in the Guinea and Sudan Savanna Agro ecologies of Ghana

Abstract

Genotype by environmental interaction is important for breeding improved cowpea
genotypes. The study was designed to identify promising inbred lines with high yield
potential, stable mean yield with specific adaptation to a particular environment or
environments. The study was conducted at three locations namely Nyankpala, Tumu, and
Damongo. Twenty-two inbred lines plus 2 contrasting parents used to generate inbred lines
were the test genotypes. Randomized complete block design with 4 replications were used.
Seeds were planted for-at each location but were latter thinned to one plant per hill. Each plot
contained 5 rows of 10 plants per row with plant spacing of 60 cm between rows and:20 cm
within rows with the number of entries being 24 plots giving the total plots as 96:plots for
each location. Data collected were days to first flowering, 50% flowering; number of pods per
plant, number of seeds per pod and hundred seed weight and grain yield: Data were subjected
to analysis of variance using Gen Stat statistical package 12" edition. Combined analysis of

genotypic differences among inbred lines for studied traits. significant genotype by
environment interaction was observed for days to 50%.flowering, number of pods per plant,
number of seeds per pod and biomass. Phenotypic correlation:analysis for days to flowering
and maturity did not have any influence on yield. Yield variability showed the possibility for
selecting location specific adapted lines as-well'as across all three locations.

Keywords: cowpea, correlation-analysis, genotype by environment interaction, Recombinant
inbred lines, correlation analysis

1.0 Introduction

Genotype by environmental.interaction (GEI) is an important factor affecting the breeding
and stability of‘improved and elite genotypes developed through plant breeding programmes
in both the developed and developing countries including Ghana(Sabaghnia et al., 2012a).
Genotype by-environment interaction can be defined as the differential response of varying
genotypestunder change(s) in the environment (Mather & Caligari, 1974). The ability, or
inability, of organisms to adapt to these changes at the speed necessary, determines the
continuation, extinction, or evolution of species. A plant cannot migrate when challenged by
fluctuations in environmental conditions, which means that it has to cope with environmental
heterogeneity by adapting to the new or fluctuating environment (El-Soda et al., 2014). It can
do so via changing the phenotypic expression, a phenomenon called ‘phenotypic plasticity’,
Plasticity often involves altering gene expression and plant physiology in response to

environmental cues (Nicotra et al., 2015; Juenger, 2013; Assmann, 2012; Van Kleunen &
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Fischer, 2005). Although the importance of the differential effect of the environment on
different plant genotypes has been known for a long time and has been considered in crop-
breeding programmes, it is generally viewed as a challenging issue. Therefore, variety trials in
a breeding program are usually conducted in several environments, to minimize the risk of
discarding genotypes that potentially perform well in some, but not in all,
environments.(Ref)??

The study was designed to assess the genotype by environment interaction and stability of
cowpea inbred lines in the Guinea, Sudan and transition ecologies of Ghana. Specifically, the
study was designed to identify promising inbred lines with high yield potential,.and then
identify inbred lines with stable mean yield performance either with specific.adaptation to a
particular environment or across the three environments that will subsequently be

recommended to farmers in the Guinea and Sudan Savanna ecologies of:Ghana:
2.0 Materials and methods

The trial was conducted at three locations in the Guinea, ‘Sudan and transitional zones of
Northern Ghana. The three sites were Nyankpala, Tumu, and Damongo. Twenty-two inbred
lines plus the two contrasting parents that were used to generate the inbred lines were the test
genotypes. During the line development phase, the, inbred lines were categorized into three
maturity groups based on days to flowering as early maturing (37-42 days), medium maturing
(43-48 days) and late maturing (48 days and above). The parental lines were advanced
breeding cowpea linesiobtained from the*International Institute of Tropical Agriculture (IITA)
Kano, Nigeria. The two parents. were 1T93K-503-1, a drought tolerant and medium maturing
line and 1T97K-279-3;.which was the susceptible line but early maturing line (Fig 1). Inbred
lines were screened in wooden boxes in a screen house at the Savanna Agricultural Research
Institute. for. dreught tolerance using shoot related traits for seedling drought tolerance
measurements. Potentially seedling tolerant lines were subsequently selected and screened
under field conditions at Golinga and Libga locations for 2016 and 2017 during the dry
season and populations selected were evaluated in the main season at three locations for
preliminary for-preliminary-stability study for yield in the production agro ecologies.
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The study was carried out at the University for Development Studies experimental site in
Nyankpala. Nyankpala is located in the Northern Guinea Savanna Zone with a mean annual
rainfall of about 1100 mm. It is located on latitude 9°, 25' N and longitude 0°, 58" W with an
altitude of 183m above sea level. The temperature distribution is fairly uniform with a mean
annual surrounding temperature of 28.3 °C and annual relative humidity of 54%. The relative
humidity varies greatly falling during the dry season and rising during the rainy season.



Damongo location

The study area for the transition Zone was conducted at the Savanna Agricultural out station
in Damongo. Damongo has a Mean Annual Rainfall of 1200mm. It is located on Latitude N
09° 01°, Longitude W 01° 49°, (Altitude 189.1); with mean temperature of 29°c. The relative
humidity was 78%.

Tumu location

The third multi location trial was conducted at the Savanna Agricultural out station in Tumu
in the upper West region, representing the Sudan Savanna. Tumu is located on Latitude N 10°
53’ Longitude W 01° 59’. The annual rainfall was 1100 mm. The average temperature was
32% with relative humidity of 49%.

Experimental design

The experimental design used at each test location was a randomized complete block design
with four replications. The seeds were planted,according.to the conditions for each location
but were latter thinned to one plant per hill. Plot size was 3 m long; each plot contained 5
rows of 10 plants per row; with plant spacing.of 60:cm between rows and 20 cm within rows
with the number of entries being 24. Thus; each experimental unit consisted of 50 plants per
plot, and each block contained 24 plots:giving the total plots as 96 plots for the whole

experiment for each location:

The fields were weeded twice during-the growing period of the crop. Plants were sprayed
twice with lambda cyhalothrin (product K- Optimal) at the rate of 20 g active ingredient per
hectare, first at three weeks after planting, at the beginning of floral bud initiation, and during
flowering to control insect pests.

As canopy:become closed at flowering, the dosage was increased to 80 mills per litre. This

was done regularly to prevent insect-pests and diseases.

Data Collection
Agronomic data

Data were recorded on plot bases for all three locations. Days from planting to first flowering

for each plot was recorded, the date to 50% flowering data was recorded when half of the



plants per plot produced flowers. Based on this information, the days to 50% flowering were
estimated. At harvest, number of pods per plant, number of seeds per pod and hundred seed
weight were taken as average of five randomly selected plants within a plot excluding the
border plants. The weight of hundred seeds (g) for each treatment was determined by the use
of an electronic balance. Data on grain yield was recorded on plot bases using three middle

rows of 10 plants (30 plants per plot) in grams extrapolated to t/ha and t/ha:

grain weight x per plot

Grain yield (t/ha) was given as x 10000

plot area harvested

Biomass yield per plot was estimated by a random sample of five plants uprooted carefully.

They were put in labelled envelopes and sun-dried and weighed.
Weather data

The temperature, relative humidity, rainfall and solar radiation at the experimental locations
were obtained from the meteorological department of the Savanna Agricultural Research
Institute and the meteorological division of the Ministry of food and agriculture office in

northern Ghana.

Soil sampling

Soil samples were taken before and after land preparation diagonally to cover all sections
across trial field before planting from a depth of 0-20cm and bulked together. The samples for
2016 trial were analysed by.the Chemistry Department of CSIR-Savanna Agricultural

Research Institute, Tamale.
Data Analysis

The data.for each location were subjected to Analysis of Variance (ANOVA) using GenStat
statistical package 12" edition. Combined analysis of variance across locations for grain yield
and yield components were also carried out to determine the interactive effects of genotypes
by environment. The additive main effect and multiplicative interaction (AMMI) and the
genotype, and genotype by environment interaction were concurrently determined using the
Breeding management software (BMS) and GenStat (Genstat, 2008).



3.0 Results

Mean squares from Analysis of Variance for yield and yield components of twenty-two

(22) Cowpea inbred lines and their parents.

Results from the analysis of variance for each location and combined analysis across locations
for the main season evaluation of inbred lines and the two contrasting parents are presented in
Tables 1, 2, and 3. There were significant (p < 0.01) mean squares for all the traits measured

at Nyankpala and Tumu locations. For Damongo locations, significant mean_squares were

analysis of variance across the three locations showed significant genotypic differences (p <
0.001) among inbred lines for Days to 50% flowering, pods per plant, seeds per pod, grain
yield and biomass but there were no significant differences for harvest index.and hundred
seed weight. Also, significant (p < 0.001) differences were:observed across all the locations
for all the traits studied. However, significant genotype:by environment interaction was

observed for days to 50% flowering, number of pods:per plant,.number of seeds per pod and

Table 1: Single site analysis of variance for Nyankpala location
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Source of variation Df DFE PPR SPP HSW GY Biomass HI
Genotype 23 36.962*% 62.99**  4.745% 7.767** 0.6694** 8.0893** 333.45**
Rep 3 2236 243.86 4514  2.9073 0.4791 4211 95.4
Error 69 2.707 25.24 2.086 0.8118 0.2142 0.6656 40.68
Ccv 3.6 18.8 12.14 5.3 213 28.1 14
*P<0.05, P<0.001
Table 2::Single site Analysis of Variance for Damago location

Source of variation Df DFF PPP SPP HSW GY Biomass HI
Genotype 23 16.3691** 20.63ns  2.65ns 9.381** 2.4450** 25743** 1494.14**
Rep 3  1.3715ns 12.73ns 0.903ns 3.709ns 0.1921ns  0.687ns 2.95
Error 69 0.7556 31.54 212 1.978 0.2427 2.143 81.04
Ccv 2.2 24.4 125 7.4 28.2 31.8 27.5

*P<0.05, P<0.001 _put the full meaning of Df, DFF etc here. Do so for all the tables




Table 3: Single site Analysis of Variance for Tumu location.

Source of variation df DFF PPP SPP HSW GY Biomass HI
Genotype 23 62.637** 58.13** 5.456** 5.043* 0.23623** 1.3476** 479**
Rep 3 8.094 12.82 8.038 0.949 0.01168 0.1902 47.2ns
Error 69 2.884 15.66 2.321 2.205 0.03505 0.2964 1241
CVv 3.6 27 14 8.2 29.6 36.7 35.1

*P<0.05, P<0.001

A further combined analysis of variance was computed for all the three environments (Table
4) using the AMMI model. The results indicate highly significant differences. (P < 0.0001)

among the genotypes, environments as well as the genotype by environments. interactions,

which is an important entity in a combined analysis of variance across, locations (Table 4).

The environmental coefficient of variation (CV) in general, indicated good experimental

precision for all the evaluated traits since the magnitude of the:traits were less than 15%

except for the grain yield which of course is highly variable across all the locations.

Table 4: Analysis of variance across the three environments
Combined ANOVA table for AMMO model for measured traits

Source df SS MS F F_prob.
Total 287 234.8 0.818

Treatments 71 198.8 2.8 17.07 <0.001
Genotypes 23 22.29 0.969 591 <0.001
Environments 2 121.67 60.834 267.52 <0.001
Block 9 2.05 0.227 1.39 0.196
GxE 46 54.84 1.192 7.27 <0.001
IPCA1 24 49.18 2.049 12.49 <0.001
IPCA 2 22 5.66 0.257 1.57 0.056
Residuals 0 0

Error 207 33.95 0.164

*P < 0.05, P < 0.001



Environmental mean performance and variation of twenty-two inbred lines and
parental checks of the studied traits across locations for 2016

Comparison of the three environmental locations for their mean performance of the yield and
yield components indicates variations among the three locations for each location (Tables 5,
6, and 7) and a combined mean performance (Table 8) also revealed further reactions and
variances for all the three locations-erenvirenments respectively.

For Nyankpala location (Table 5), inbred line 75 had the highest mean biomass of 6.062kg
whereas inbred line 28 had the lowest mean biomass of 1.28kg. The parental.checks IT 97K-
279-3 and 1T93K-503-1 had mean biomass yields of 2.29t/ha and 6.021 t/ha respectively. The
means Days to 50% flowering also ranged between 54 days for inbred line 55 and 42 days for
inbred line 38. The parental checks 1T97K-279-3 and 1T93K-503-1 had mean days of 45 and
52 days to 50% flowering. The highest mean for hundred seed weight was observed for inbred
line 396, which was 19.71g whereas the lowest mean was:observed-in.inbred line 189 with
mean weight of 15.52g. The parental checks (IT93K-503-1 and IT97K-279-3) had means
weights of 2.23g and 16.93g respectively. The“mean number of pods per plant was in the
range of 18 and 35 for inbred line 142 and 55 respectively. The mean seeds per pod as well
also ranged between 10 and 14 for inbred line 142 and 408 respectively. The parental checks
(IT97K-279-3 and 1T93K-503-1).had mean seeds of 10 and 12 respectively. The mean grain
yield also ranged between 1.62t/ha and 3.12t/ha the parental checks (IT97K-279-3 and
IT93K-503-1) and mean vyields of 2.29 and 2.55t/ha respectively. The harvest index also
ranged between 28.81 and 61:39 for inbred line 75 and 28 respectively (Table 5).

Table 5:‘Means for Nyankpala location for the main season evaluation for 2016

Families Biomass((t/ha)) DFF HSWg PPP  SPP Yield (tha) HI(%)
F 116 216 4325 16.82 245 10.75 1.917  46.95
F 142 1.325 4275 1779 1775 10.0 1.902 59.14
F 186 2.687 4825 1566 255 12.75 2.508  48.69
F 189 1.792 425 1552 2125 12.0 1.619 4847
F 20 2.104 48,0 16.27 3025 115 2.025 49.1
F 223 4083 475 16586 275 13.0 2.229 34.83
F 230 1.937 445 1678 3225 11.25 1.715 4764
F 255 1.729 435 156 2825 12.0 1.703 49.7
F 28 1.208 425 1657 255 115 1.945 61.39

F 325 3.458 485 17.01 245 1275 2.544  42.63




F 353 1954 455 1811 235 11.25 1.846  48.54

F 38 2.146 420 18.92 2625 11.0 2.529 55.24
F 396 1.708 425 1971 26.0 10.25 1.818 54.58
F 398 1.854 4525 1626 30.0 11.25 2.083 5254
F 406 1.937 450 1575 295 11.25 1.909 51.0
F 408 3.917 4775 16.63 2275 135 1.747  31.14
F 55 3.271 540 1562 34.75 12.75 3.115  49.72
F 57 5.042 45775 16.81 2275 13.25 225 31.23
F75 6.062 4275 16.05 230 1175 2.333. 2881
F78 3.021 4475 17.02 2825 125 2.456-, ,45.33
F 84 3.104 4475 1751 315 105 2.06. 39.88
F131 4.852 4525 18.35 27.25 12.75 3.099 39.94
Standards

IT93K-503-1 6.021 52 21.23 32 1175 2.552  49.16
IT97K-279-3 2.229 45 16.93 “26.25 9.25 2.294  29.62
SED 0.5769 1.163 0.6371 3.552 1.021 0.3273 4.51
LSD 1.1508 2.321 ~1.2710 .7.087 2.038 0.6529  8.997

DFF=days to 50% flowering, HSW= hundred seed weight, PPP=pods per plant, SPP=seeds

per pod, t=tonnes, HI= harvest index.

Damongo location also had.different patterns of variability for each trait measured. Biomass
mean yields ranged between 0.97 and 10.61 (Table 6). The parental checks (1IT97K-279-3 and
IT93K-503-1) had 3.95kgand 6.62kg respectively. Days to 50% flowering also ranged
between36.and:44 for inbred lines 57 and 116 respectively. The parental checks had 40 and
43 days mean days to 50% for 1T97K-279-3 and 1T93K-503-1 respectively. The mean range
for hundred seed weight were between 15.13g and 22.05g for inbred lines 55 and 396. The
parental checks weighed 18.8g and 20g for 1T97K-279-3 and 1T93K-503-1 respectively. The
pods per plant were ranged between 19 and 27 for inbred line 55 and 255. The parental checks
had mean pods of 21 and 28 for IT97K-279-3 and 1T93K-503-1 respectively. The mean seeds
per pod also ranged between 11 and 13 for inbred lines 396 and 131 the parental checks had
mean seeds of 9 and 12 for IT97K-279-3 and 1T93K-503-1 respectively. The mean grain yield
also ranged between 0.31 and 2.84 for inbred line 55 and 116 respectively. The parental
checks had 1.15 and 1.49t/ha. Harvest index also ranged between 4.05 and 74.24 for inbred
lines 131 and 116. The parental checks had 15.05 and 27.05 respectively (Table 6).






Table 6: Means for various trials at Damongo location for the main season evaluation

for 2016
Families Biomass(t) DFF HSWg PPP  SPP Yieldt/ha HI(%0)
F116 0969  36.75 188 265 12 2848 7424
F 142 1517 4075 2059 22.75 11 2373 6095
F 186 4661 4125 1766 215 1225 1.193 216
F 189 2966 4075 1931 2125 1275 1383 3187
F 20 6.022 39.75 1837 23 115 1665 2158
F223 6.002 3925 1664 2125 115 0.38 6.0
F 230 2589 42 2009 2525 105 2498 4882
F 255 3292 3825 17.96 27 115 2558 4512
F28 1.443 375 1821 23 12 1678 5335
F 325 7879 3925 18.3 22 125 1515 = 16.03
F 353 2412 3925 1958 24.25 12 2,632 53.0
F 38 2441 3825 2057 20.754:11.75 1.25 40.1
F 396 3403 4025 2205 255% 105 2822  46.74
F 398 2153 3825  20.82472275 1175 2243 5119
F 406 3218 4375 20 2475, 11.75 254 4426
F 408 10.061 42 16712075 125 0.603 5.79
F55 7775 4325 . 15137, 185 10.75 0.317 4.05
F57 5992 4475 = 1997 42075 12.25 0803 1224
F75 5.548 405 1865 2175 10.75 185 2557 DFF=
F78 9.136. 3875 1836 245 11.25 1423 1424 days
F84 3736 4125 1877 2325 115 2652 4197 10
F131 6.806 41 1996 2325 13.25 2145 2464 50%
Standards flower
IT93K-503-1 6621 4275 20 2775 1225 149 2706 ing,
IT97K-279-3 3958 3975 1877 2125 975 1115 1505 Hsw
SED 1035 06146 0995 3971 1.03 0.3483  6.366 _
LSD 2065 12262 1984 7922 2054 06949 12699 | .-

ed seed weight, PPP=pods per plant, SPP=seeds per pod, t=tonnes, HI= harvest index.

Tumu location (Table 7) had different genotypic response for all the yield traits measured.
The mean biomass ranged between 0.79 and 2.68. The parental checks (IT93K-503-1 and
IT97K-279-3) also had mean biomass of 1.19 and 1.69 respectively. The mean days to 50%

flowering also ranged between 41 and 58 for inbred line 142 and 57. The parental checks had



47 and 57 days for IT97K-279-3 and IT93K-503-1 respectively. The mean range for hundred
seed weight also ranged between 15.23g and 20.29g for inbred line 189 and 398 respectively.
The mean pods per plant ranged between 7 and 23 for inbred lines 57 and 325. The parental
checks IT97K-503-1 and IT97K-279-3 had mean pods of 18 and 20 respectively. The mean
seeds per pod also ranged between 8 and 13 seeds for inbred lines 57 and 325. The parental
had 11 and 12 seeds respectively. The mean grain yield also ranged between 0.09 and
1.04t/ha. The parental checks for that location were in the range of 0.55 and 0.78 tonnes for
IT97K-279-3 1 and 1T93K-503-respectively. Inbred line 325 had the highest mean harvest
index of 47.68; whereas inbred line 57 had the mean lowest harvest index of 9.07. The
parental checks had 43.75 and 26.42 for 1T93K-503-1 and IT97K-279-3:respectively (Table
7).

Combined mean yield estimates, environmental means scores as well as variances across all
the three locations is indicated in Table 9. The total mean yields.across the three locations
ranged between 0.88 and 1.89 for inbred lines 408 and 396 respectively. The parental checks
IT97K-279-3 and IT93K-503-1 had mean yields of 1.32=and 1.609t/ha respectively. The
environmental variance for the three locations were 0.08, 0.33 and 0.77 for Tumu, Nyankpala

and Damongo respectively (Table 8).

Table 7: ‘Means for Tumu location for the main season evaluation for 2016

Family Biomass((t/ha) DFF HSWg PPP SPP Yield (Yha) HI(%)
F 116 1.905 4475 16.79 13.75 115 0.6944  28.25
F131 0.873 47.25 19.04 1425 10.25 0.434  35.88
F 142 2.688 41.75 18.42 19.75 12 0.9201 25.61
F 186 0.996 49.75 1523 1425 9.75 0.7738  45.33
F 189 0.922 435 1855 135 12.25 0.5382  36.33
F 20 1.112 4725 17.93 17.25 10.00 0.8681  45.77
F 223 1.647 4825 17.02 95 9.00 0.3125 18.22
F 230 1.758 4475 18.21 16 125 0.816 3251
F 255 2323 445 1844 1725 12.25 0.8681  28.06

F 28 0.91 44 18.05 225 12.75 0.8214  47.68




F 325 0.811 48.25 18.26 12.25 10.00 0.3646 32.14

F 353 1.241 4525 17.86 13.00 10.75 0.7691  40.27
F 38 1.739 4325 19.26 16.00 11.25 0.6076  27.19
F 396 1.924 4325 20.29 17.75 11.75 1.0417 36.41
F 398 2.557 46 1778 13.25 10.25 0.4687  16.37
F 406 1.051 4525 1833 18.75 115 0.8319  44.07
F 408 0.793 46.5 1841 85.00 105 0.3007 27.23
F 55 1.032 5825 1757 7.25 8.25 0.0928 9.07
F 57 1.868 46.75 171 105 9.5 0.2951 1411
F75 1493 425 1873 105 105 0:5382;, 26.61
F78 2212 465 1931 1375 105 0.6701%. 25.74
F 84 0959 445 18.03 14.25 12 0.8333 _ 47.55
Standards

IT93K-503-1 1.119 57 19.82 19.75 11.75 0.7873  43.75
IT97K-279-3 169 47.75 1611 17./5 105 0.5556  26.42
SED 0.3849 1.201 1.05;. 2.799 1.077 0.1324 7.88
LSD 0.7679 2.395 2.095. 5.583 2.149 0.2641 15.71

DFF=days to 50% flowering, HSW="hundred seed weight, PPP=pods per plant, SPP=seeds

per pod, t=tonnes, HI= harvest index.

Mean performance of inbred lines across the three locations in the Guinea and Sudan

Savanna Ecologies for 2016 Main Season

The mean, days to'50% flowering and mean yield performance of the twenty-two inbred lines
with the two parental checks used to generate the inbred lines were computed for all the three
locations. “There was variation in terms of mean yield performance across all the three
locations for the inbred lines used for the study (Table 8). For environment one (Damongo
location), the highest and lowest mean yields in t/ha were 0.32 and 2.85 for inbred line 55 and
116 respectively (Table 8). The parental in that location had mean yields of 1.1 t/ha and 1.48
t/ha for 1T97K-279-3and IT93K-503-1 respectively. The mean range of yield in tonnes for
environment two (Nyankpala) were 1.70 and 3.12 for inbred line 255 and 55 respectively,

with the parental checks having mean yields of 2.29 and 2.55 respectively (Table 8). The



mean yields for Tumu location also ranged between 0.09 and 1.04 tonnes for inbred lines 55

and 396 respectively, the parental lines had mean yields of 0.56 t/ha and 0.79 respectively.

Superiority of the best four inbred line for each location were ranked (Table 11) to determine
whether there were specific adaptations for each environment. Finally, an overall ranking of
inbred lines with comparison to their parental checks and their relationship to days to 50%
flowering was carried out to ascertain whether days to flowering had any influence on yield
and related traits (Table 12). As a consequence of the last ranking with days to flowering,
Inbred lines with family numbers 84, 406, 396, 353, 255, 230, 142, 131, and 116 performed
better than both parents used in the study with their yields ranging between 1.71 to.1.89 t/ha
(Table 13). The second rank of inbred lines in terms of mean yields that performed better than
the second parent (IT97K-279-3) were inbred lines with family numbers; 186, 20, 28, 325, 38,
398, 75 and 78 with their mean yields ranging between 1.46 and 1.60 t/ha (Table 12). Finally,
the last cohort of inbred lines were those whose mean performance were below the second
parent; these were inbred lines 189, 223, 408, 55, and 57 with their mean yields ranging
between 0.88 and 1.18 t/ha.

Table 8: Genotype and Environmental :mean. performance of 22 inbred lines and the

parental checks at Nyankpala, Damongo and Tumu locations using the AMMI model

El-Yield E2-Yield E3-Yield

RILs Mean IPCAg[1]  IPCAg[2]
(t/ha) (t/ha) (t/ha)
F 116 2.85 1.92 0.69 1.82 -0.52 -0.24
F131 2.15 3.10 0.43 1.89 0.18 -0.66
F 142 2.38 1.90 0.92 1.73 -0.34 0.10
F 186 1.19 2.51 0.77 1.49 0.34 0.17
F 189 1.38 1.62 0.54 1.18 -0.07 0.28
F 20 1.66 2.03 0.87 1.52 -0.02 0.27
F 223 0.38 2.23 0.31 0.97 0.54 0.22
F 230 2.50 1.72 0.82 1.68 -0.46 0.06
F 255 2.56 1.70 0.87 1.71 -0.48 0.08
F 28 1.68 1.95 0.82 1.48 -0.05 0.26
F 325 1.51 2.54 0.36 1.47 0.22 -0.27
F 353 2.63 1.85 0.77 1.75 -0.46 -0.08

F 38 1.25 2.53 0.61 1.46 0.32 0.01



F 396 2.82 1.82 1.04

F 308 2.24 2.08 0.47
F 406 2.54 1.91 0.83
F 408 0.60 1.75 0.30
F 55 0.32 3.12 0.09
F 57 0.80 2.25 0.30
F75 1.85 2.33 0.54
F78 1.42 2.46 0.67
F 84 2.65 2.06 0.83
Standards

IT93K-503-

) 1.49 2.55 0.79
|3T97K_279' 1.12 2.29 0.56

1.89
1.60
1.76
0.88
1.18
112
1.57
1.52
1.85

1.61

1.32

-0.54
-0.23
-0.40
0.28
0.89
0.39
0.02
0.23
-0.39

0.24

0.29

0.07
-0.26
-0.02
0.32
-0.28
0.05
-0.17
0.03
-0.12

0.06

0.12

E1= Damongo, E2= Nyankpala, E3= Tumu;

Table 9: Environmental mean scores across all the three locations

IPCA ='Interaction.-principal component axis

Environment NE Em IPCAe[1] IPCAe€[2]
Damongo 1 1.749 -1.3526 -0.4151
Nyankpala 2 2.175 1.29356 -0.4747
Tumu 3 0.633 0.05907 0.88988
IPCA = Interaction principal.component axis
Table 10:Variances observed across the three environments

Location No. Observed Mean Variance
Damongo 96 1.749 0.7751
Nyankpala 96 2.175 0.3328
Tumu 96 0.633 0.083
Margin 288 1.519 0.8181

Table 11: Best four inbred lines for yield for each location across three environments

Table of first four AMMI selections per environment

Number Environment Mean Score

2




2 Nyankpala 2.175 1.2936 F 55 F 131 1T93K-503-1 F 325
3 Tumu 0.633 0.0591 F 396 F 142 F 255 F 20
1 Damongo 1.749 -1.3526 F 116 F 396 F 84 F 353

Table 12: Comparison of mean days to 50% flowering and yield performance of inbred

lines across the three locations in the Guinea and Sudan Savanna Ecologies for 2016

Main Season
Inbred line DFF Yield
F 116 42 1.82
F 131 45 1.89
F 142 42 1.73
F 186 46 1.49
F 189 42 1.18
F 20 45 1.52
F 223 45 0.97
F 230 44 1.68
F 255 42 1.71
F 28 41 1.48
F 325 45 1.47
F 353 43 1.75
F 38 41 1.46
F 396 42 1.89
F 398 43 1.60
F 406 45 1.76
F 408 45 0.88
F 55 52 1.17
F 57 46 1.12
F75 42 1.57
F78 43 1.52
F 84 44 1.85
IT93K-503-1 51 1.61
IT97K-279-3 44 1.32
Mean 44 1.52

SE 0.48 0.10



Ccv 9.27 55.07

Correlation analysis for yield and yield components for 22 inbred lines and the

two parental checks for each location and across all the locations

Correlation analysis for most of the yield related traits were strongly associated for each
location and a further correlation was done for all the three locations (Tables 13, .14, 15 and
16). The mean heritability’s for each trait were also estimated and results presented;in Table
18. Genotypic and phenotypic correlations were significant for most of the traits.across all the
three locations. A combined correlation for all the three locations indicates significant but

negative correlations for days to 50% flowering, with the other traits studied (Table 16).

Grain yield correlated positively (r = 0.57) with harvestiindex, but negatively (r = -0.58) with
biomass. Also, the number of pods per plant correlated:positively:(r = 0.67) with grain yield,
biomass (r = 0.20) and harvest index (r = 0.4).

Table 13: Genotypic below (diagonal) and:phenotypic (above diagonal correlation
analysis of yield and yield..components of 22 inbred lines at Nyankpala location for
2016 Multi-location

Traits DFF < Pods_plant, Seeds pod ~ HSW Yieldt_ha Bimoass _ HI{ comment [US]: Be consistent with the full
{ name or short forms in all your tables
DFF 1 0.3524 0.463* -0.2799  0.467* 01535  -0.1582
Pods_plant  0.560** 1 -0.1382  0.0383 0314 00627 -0.0261
Seeds_pod:. 0.625%** -0.2192 1 -0596**  0.2579  0.2387  -0.3159
HSW -0.2909 0.0242  -0.746%** 1 0.179% 0255  -0.128
Yieldt ha  0.630%** 0.2747 0.3945  0.2458 1 0535%*  -0.2319
Biomass 0.1868 0.0885 03292  0.2892 0.632*** 1 -0.912%**
HI -0.1675 -0.0939  -0437*  -0.15  -0.422% -0.945%** 1

Significant P < 0.05; p < 0.001



Table 14: Correlation analysis of yield and yield components of 22 inbred lines at

Damongo location for 2016 Multi-location genotypic (below diagonal) phenotypic

(above diagonal)

Traits

DFF
Pods_plant
Seeds_pod
HSW
Yieldt_ha
Biomass
HI

DFF Pods_plant Seeds_pod

1

NA
0.024
-0.069
-0.338
0.395
-0.490*

-0.3217
1

NA

NA

NA

NA

NA

0.0752
-0.434*
1
-0.1977
-0.528**
0.557**
-0.477*

-0.689***

HSW
-0.085
0.468*
-0.129

1
0.758***

0.682***

Yieldt_ha
-0.2174
0.696***
-0.1871
0.656***
1

-0.705***

0.865***

Biomass
0.2935
-0.3735
0.2252
-0.586***
-0.610%**
1
-0.924***

HI
-0.3503
0.514**
-0.198
0.653***
0.835***
-0.895***
1

Table 15: Correlation analysis of yield and yield components of 22 inbred lines at Tumu

location for 2016 Multi-location evaluation genotypic (below diagonal) phenotypic

(above diagonal)

Traits DFF Pods_plant: Seeds_pod HSW Yieldt_ha Biomass HI
DFF 1 -0.3171. -0.651*** -0.533***  -0.525** -0.238 -0.329
Pods_plant ~ -0.3703 1 0.7269 0.2354 0.808*** 0.1634 0.605***
Seeds_pod -0.868*** *  0.948*** 1 0.450* 0.731*** 0.1213  0.545**
HSW -0.664%** 0.423*%  0.698*** 1 0.2732 0.1048  0.1238
Yieldt_ha -0:562***"  0.903***  0.862*** 0.3234 1 0.2191 0.694***
Biomass -0.2699 0.2274 0.1665 0.0774 0.2905 1 -0.510**
HI -0:3838  0.718***  (.714*** 0.2456  0.720*** -0.441*** 1

Table 16: Combined correlations for the traits across all three environments

DFF PPP SPP HSW GY Biomass HI
DFF 1
PPP -0.2022* 1
SPP -0.1235* 0.2641* 1
HSW -0.3382* -0.0475 -0.0863 1
GY -0.2185* 0.6683* 0.2582* 0.0615 1
Biomass  -0.2707* 0.1957* 0.1442* 0.018 0.1337* 1




HI -0.0899 0.3541* 0.1312* 0.0239  0.5752* -0.5837* 1

Significant P< 0.05; p<0.001.

Table 17: Genotypic (below diagonal) and phenotypic (above diagonal) correlations

across the three locations

Traits DFF  Pods_plant  Seeds_pod HSW  Yieldt_ha Biomass HI
DFF 1 -0.162 -0.159 -0.549** -0.429* 0.467*  -0.569**
Pods_plant -0.316 1 -0.316 0.386 0.614*** -0.395 0.542**
Seeds_pod NA NA 1 -0.299 -0.208 -0.065 0.063
HSW -0.726*** 0.706 NA 1 0.559** -0.212 0.38
Yieldt_ha NA NA NA NA 1 +0.448* . 0.707***
Biomass 0.999*** -0.999*** NA -0.103 NA 1 =0.902%**
HI -0.967*** 0.894*** NA 0.382 NA  -0.999*** 1

Table 18: Heritability estimates for the various traits studied across the three locations

Traits Heritability
DFF 0.95
PPP 0.73
SPP 0.57
HSW 0.57
GY 0.85
Biomass 0.78
HI 0.75

GGE biplotand‘Stability analysis of twenty-two Cowpea inbred lines with their parental
checks across the three environments for 2016 main cropping season

The GGE biplot analysis using GenStat software, provides a graphical presentation of results
for the twenty-two inbred lines and their parental checks (Fig. 2, Fig. 3 and Fig. 4). The GGE
biplot of the grain yield of twenty-two inbred lines and the two parental checks revealed
that PC1 explained 82.25% of the total variation whereas PC2 explained 14.97% thus both PC
1 and PC2 explained in total 97.22% of the variation in the grain yield performance of the
inbred lines and the parental checks across all the three environments (Fig. 2). PC1 explained
most of the variation among inbred lines in all the environments, however, the Damongo

location which is the main location responsible for the genotype by environment interaction



because it had the longest vector compared to the other two locations (Fig. 2). Also, the inbred
lines with the longest vectors in their respective directions from the origin of the biplot are the
most responsive and best cultivars across the three environments.(Yan et al., 2007a; Yan &
Hunt, 2001a; Yan & Kang, 2002; Yang et al., 2009) ; therefore, inbred lines 131, 398, 84,
406, 353, 116, 255, 142, and 396, were the best inbred lines (Fig. 2 and Fig. 3). The most
stable inbred lines are the ones closer to the origin and thus their mean yields would rank the
same in all the three environments. Inbred lines in that category are 75, 28, 20, 189, 325, 78
and the parental genotypes (Fig. 3). Fig. 4 is a comparison of all the genotypes with the ideal
cultivar. The ideal inbred line in this case, is represented by the small circle with an arrow
pointing to it, it is defined as having the highest yield in all the environments; thus,.inbred line
131 is the highest and the ideal genotype across all the three locations; while 55:is the poorest
in terms of yield as seen in Fig. 4. Again, Fig. 2 GGE biplot displayed two groups of
environments; one mega environment which consist of Damongo and Tumu locations. Inbred
lines in these two -grouped environments have genotypes that performed the same and are the
best performing inbred lines for those two locations.. The inbred lines that fell in that mega
environment are 116, 396, 398, 142, 406, 353;and 84 (Fig. 2). Fig. 5 and Fig. 6 are GGE
biplots for days to 50% flowering. Inbred linesdiffered in their days to flowering in response
to environmental cues; therefore, inbred lines:found in the mega environment in Fig. 6 had

similar mean days to flowering for the two locations'(Nyankpala and Tumu_year).
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Fig. 2: The” which-won-where” GGE biplot-based on cowpea.grain yield for three environments (Nyankpala,

Damongo and Tumu) locations in the Guinea and Sudan Savanna Ecologies of Ghana.
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Fig. 3: GGE biplot view of mean.grain yield performance and stability of cowpea inbred lines across the three
environments in the Guinea and Sudan Savanna gecologies of Northern Ghana
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Fig. 4: GGE biplot,.based on:genotype-focused scaling of comparing the inbred lines with the ideal genotype

across all the three environments (Nyankpala, Damongo and Tumu).



GGE biplot for DFF_Means (environment scaling)
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Fig. 5: GGE hiplot;:comparing the inbred lines for days to 50% flowering across all the three environments

(Nyankpala, Damengo and Tumu)
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Fig. 6: GGE biplot, grouping within environmentsiof inbred lines for days to 50% flowering across all the three

environments (Nyankpala, Damongo and Tumu_year???)

4.0 Discussion

Analysis of-variance for yield and yield components for each location as well as analysis of
variance ifor all the:three environments revealed significant differences for all the traits
studied. The combined analysis of variance showed significant differences among genotypes
and environments for grain yield indicating the presence of variability in genotypes and the
diversity of growing conditions and locations. This has been reported by Punto and Lantican
(1982) who in their study on the genotype by environment interaction on yield of Mung bean;
indicated that certain varieties were superior in yield at only specific growing environments
compared to others. Across the entire environments, there were significant associations
between grain yield and number of pods per plant. This result corroborates a study by Addo-
Quaye et al., (2011) on trial set up to test the performance of three cowpea varieties in the two

agro ecological zones of the central region of Ghana. In their study, they concluded that there



were highly significant varietal differences in seed weight across locations. This also further
agreed with the findings of Masenya (2016) and Okafor (1986). Masenya (2016)found
weight per 100 seeds revealed that 51 and 32 breeding lines had weights higher than Glenda
in the early and medium maturity trials, respectively. Okafor (1986) found significant
differences in 100 seed weight among nine cowpea varieties tested in Nigeria. Therefore, this
was an indication that seed weight as well as grain yield were influenced by both genetic and
environmental factors. However, lower yields were observed for some inbred lines compared
to other locations. This could be as a result of environmental factors across the three locations.
Sangakkara (1998) also observed that planting cowpea in the wet season produced the highest
grain yields. In multi environment trials researchers try to find genotypes:that clearly,indicate
the largest responses to particular locations while minimizing their seasonal. variations at
those locations (Sabaghnia et al., 2012c, 2012d). In this study, inbred lines were grouped into
mega environments as two clusters. Those inbred lines found between the two environments
(mega environment) were the inbred lines whose mean performances were the same for the
two locations. However, there were some inbred“lines that were rather specific only to
Nyankpala environment alone. It was observed:that for all the traits studied, the number of
pods per plant (PPP), seeds per pod and-podyield. were the ones that showed the highest
phenotypic correlation with grain yield (GY), as reported by (Teixeira et al., 2010).

This relationship study has to confirmed that traits such as the pods per plant, seeds per pod
and grain yield are good selection indices for high yielding inbred lines. The GGE biplot(Yan,
2001; Yan et al., 2007a; Yan & Kang, 2002) analysis and the AMMI analysis (Zobel et al.,
1988) provide an effective methodology of visualizing the “which-won-where” patterns of a
multi-location environment trial data set. In this study inbred lines multi-location data were
subjected to the biplot analysis using GenStat and the Breeding Management Software.
Various. graphical representation of the genotypic potential of the 22 inbred lines with their
parental checks:were obtained from the output. The biplot displayed by AMMI (Zobel et al.,
1988) 'gave three main graphical representation of the variability that existed in the
population. The principal character of this graphical representation is the grouping of
genotypes into principal components one and two (PC1 and PC2). Each component explained
the portion of variability of mean yields that existed in the population. It generated means and
interactions, which indicated both the mean yields and interaction scores of the genotypes and
the environments in a single plot. An ideal genotype is located at the centre of a concentric
circle. In this study, inbred line 84 satisfied this criterion. The ideal genotype projection on

the average tester coordinate Y- axis is zero. It has the longest vector of all the genotypes



(Sabaghnia et al., 2008, 2012b, 2012c). In this study, inbred line 131 best fits this criterion.
The grouping of genotypes into mega environments (Gauch & Zobel, 1997; Yan & Hunt,
1998) and (Yan & Hunt, 2001b) based on the graphical display, groups together inbred lines
that have similar mean yield performance for those locations. In this study, inbred lines with
family numbers 84, 116, 396, 406, 142, 398 and 255 satisfy that requirement. Finally, the
ultimate aim of any genotype by environment evaluation is the mean performance and
stability of genotypes across the studied environments (Yan et al., 2007b; Yan & Hunt,
2001a; Yan & Tinker, 2006). However, the stable genotypes across all the environments are
those inbred lines that are close to the ideal genotype (Fig. 6). These inbred lines are 84, 116,
396, 406, 142, 398 and 255. Apparently, they performed well in two:environments with
similar mean yields. But then the most stable inbred lines were those very close to the origin
also known as the vertex cultivars. They will rank the same in all the environments and are
less responsive in their respective directions (Becker, 1981; Becker &' Leon, 1988; Yan&
Kang, 2002; Purchase et al., 2000).

5.0 Conclusionand recommendations

Analysis of variance for each location as well as.combined analysis of variance across all the
locations revealed that there were- significant differences among genotypes and their
environments for grain yield and.yield.components indicating the presence of variability in
the inbred lines as well as diversity of growing conditions and locations. The genotype by
environment interaction.was:highly significant reflecting the differential response of the
inbred lines in various environments.ref? Phenotypic correlation analysis for days to
flowering and maturity:did not have any influence on yield as reflected in the selection of
potential stable and high yielding inbred lines. This is in contrast to earlier studies reporting
that cowpea:genotypes with longer cycles are more productive. The substantial variability of
the, inbred, lines is an indication of the potential for identifying drought tolerant and high
yielding inbred lines across all the locations in the Guinea and Sudan Savanna ecologies
based on mean performance and stability. Potentially stable as well as high yielding inbred
lines across all the environments were 84, 116, 142, 398, 406, 396, 353, and 255. Inbred line
131 had the highest mean yield for Nyankpala location (environment two), whereas inbred
line 189 was the highest yielding at Tumu location (environment one). These would be further

evaluated and released to farmers in the Guinea and Sudan Savanna ecologies.
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