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Abstract. The aim of this work was to determine the variance components and genetic and environmental stability
of 12 cowpea genotypes at three locations (South-east of Spain: Cartagena, South and North of Portugal: Elvas and Vila
Real, respectively) in the Iberian Peninsula in two consecutive years (2015 and 2016). The genotype, the environment
and the genotype X environment interaction significantly influenced all the morphological and agronomical parameters
evaluated. For both years, the highest yields were observed at Elvas, whereas Cartagena and Vila real were the most
suitable places to obtain crop precocity. Cartagena was the place where the filling of the seed was the fastest, probably
due to the higher temperatures and radiation. The thermal time model (effective degree-days) could be used to predict
the period of cowpea development, therefore predict flowering and pod maturity date. Correlation analysis showed
that days to flowering, days to maturity and the seed yield vs protein content exhibited negative correlations. The
highest heritability was found for plant height and pod length at Cartagena and for 100-seed weight at Elvas and Vila
Real. In conclusion, the variations that exist in the studied accessions could give rise to a breeding program to develop

cowpea cultivars with interesting agronomic traits.
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Introduction

Cowpea (Vigna unguiculata L. Walp.) is originated in Southern
Africa and belongs to the family Fabaceae, tribe Phaseoleae and
genus Vigna, which comprises several species, subspecies and
varieties depending on morphology and domestication (Padulosi
and Ng 1997). Cultivated cowpea belongs to V. unguiculata,
spp. unguiculata, which contains the cultigroups Unguiculata,
Biflora, Sesquipedalis and Textilis (Ng and Marechal 1985). This
annual warm-season legume is one of the most widely adapted,
versatile, and nutritious grain legumes (Ehlers and Hall 1997).
During the 2010-2014 period, the world cowpea planting area
was 58.1 million hectares and the production was 33.5 million
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tonnes. Africa has been responsible for 95.8% of worldwide
cowpea production (FAOStat 2017). Nigeria and Niger are the
largest producers with 3.4 and 1.6 million tonnes, respectively.
In contrast, Europe is only responsible for 0.4% of worldwide
cowpea production (FAOStat 2017). Now-a-days, cowpea is
mainly grown by subsistence farmers in west and central sub-
Saharan Africa, but also is an important food source in the rest of
Africa, Central and South America, South-east Asia and in the
southern United States (Davis ef al. 1991; Timko and Singh
2008). In addition, cowpea is being cultivated at a small scale
in many parts of Southern Europe and countries around the
Mediterranean Basin (Dominguez-Perles et al. 2015), providing
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these countries a considerable income through exports to
Northern European and non-European countries (EC 2016).
Like other grain legumes, cowpea has the capacity to establish
association with nitrogen-fixing bacteria (like rhizobia) and
vesicular-arbuscular mycorrhizal fungi that make this crop
interesting for predicted climatic changes. Cowpea can be used
for human food and for fodder livestock (Tarawali et al. 1997).
For human food, dry grain is the most important part, but leaves
and immature pods are also consumed. Dry grains provide a
significant amount of dietary protein (18-35%), as well as a
source of calories, vitamins, minerals and essential amino acids
as lysine and tryptophan (Singh 2002). For all this proprieties,
this is an attractive crop with which many research is being
done to promote it and include it in diets, not only because of its
protein content but also because other functional properties,
such as chlorophylls, carotenoids and phenolic contents, and
high antioxidant activity (Khalid et al. 2012; Campbell et al.
2016; Karapanos et al. 2017). However, the value of grain
legumes as a source of nutrients depends on a plethora of
factors, including genetic characteristics, agro-climatic conditions,
and postharvest management (Gongalves et al. 2016).

The environment plays a very important role in the
development and growth of plants. The major driving force that
pushes crop growth and development is temperature although
there are other environmental factors that can modify the effect
of temperature such as photosynthetically active radiation
(PAR) or photoperiod. Locations, growing seasons, rainfall,
may have positive or negative impacts on several plant species
as well as in cowpea genotypes. The thermal time concept or
the accumulation of temperature for a life cycle or a particular
phase of plant development, in contrast to the chronological time,
has been used frequently to study the cowpea development, with
the advantage to be independent of location and time of sowing.
Craufurd ef al. (1997) have described the effects of photoperiod
and temperature on several development stages. Thus, the
base temperature for development of seed germination,
seedling emergence, leaf appearance, and days from sowing to
first flowering is 8—11°C and the optimum temperature for most
rapid reproductive development is close to 28°C. In addition,
inclusion of radiation will allow describing development when
temperature is not the only environmental variable affecting
the process (Jones 2014). Thus, the ‘effective degree-days’ can
be used to combine both temperature and radiation effects on
plant development (Scaife et al. 1987). To our knowledge, no
previous information exists on the effects of both temperature
and radiation on cowpea development.

The association between the environment and the phenotypic
expression of a genotype constitute the genotype (G) x environment
(E) interaction, which determines if a genotype is widely adapted
for an entire range of environmental conditions or separate
genotypes must be selected for different sub-environments.
Presence of the G x E interaction indicates that the phenotypic
expression of one genotype might be superior to another genotype
in one environment but inferior in a different environment
(Falconer and Mackay 1996). Most of the studies in cowpea
have been carried out on the genotypic variability and stability of
some grain yield components (e.g. Akande 2007; Adewale et al.
2010; Shiringani and Shimelis 2011), showing generally
significant G x E interactions. In addition, the protein content
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in seeds is also influenced by environmental and genotypic
factors, being negatively correlated with yield (Oluwatosin
1997). Therefore, G x E should be taken into account in any
breeding program.

Thus, the aim of this work was to determine the variance
components and genetic and environmental stability of 12
selected cowpea genotypes at three locations of the Iberian
Peninsula in two consecutive years. The results of this study
may assist cowpea breeders in the manipulation of interested
traits.

Material and methods
Plant material

Ten cowpea landraces (five from Portugal, three from Spain and
two from Greece), one commercial variety from Portugal and
one advanced line from Nigeria (Table 1) were used in three field
experiments in 2015 and in 2016. The accessions were selected
based on previously studies that were developed in the three
locations where morphological and agronomical characteristics
were evaluated. The agronomic characterisation of the 12
genotypes was done at: Technical University of Cartagena
(UPCT), Cartagena, Spain (N 37°36/, W 00°58’; 40 m) — field
experiment 1; National Institute for Agrarian and Veterinarian
Research (INIAV), Elvas, Portugal (N 38°53’, W 07°09’, 208 m)—
field experiment 2; University of Tras-os-Montes and Alto
Douro (UTAD), Vila Real, Portugal (N 41°17'51', W 07°44'12/,
465 m) — field experiment 3.

Field experiment 1

Cultivars were planted on 29 May 2015 and 15 June 2016 in a
randomised complete block design with four replications. One
row per plot with 8-m length, 0.9-m row spacing and 7 m* were
used. Seeds were sown by hand and seed rate was 10 seeds/m?.
The topsoil (0—20 cm) was classified as clay loam with a medium
texture in both growing seasons, and presented 1.97 organic
matter, 78 mg/kg of P,Os, 354 mg/kg of K,0, and pH (KCl)
8.4in2015 growing season, and 2.18 organic matter, 80.13 mg/kg
of P,0s, 415.82 mg/kg of K,0, and a pH (KCI) 8.3 in 2016.
Before sowing, in both growing seasons, the experimental field
was ploughed with a rotary tiller and fertilised with 30 kg/ha of
ammonium nitrate, 170 kg/ha of potassium nitrate and 250 kg/ha

Table 1. Cowpea accessions, origin and breeding status
Accession Origin Status of accession
IT 97K-499-35 Nigeria Advanced line
AUA1 Greece Landrace
AUA2 Greece Landrace
Cp 4877 Portugal Landrace
Cp 5051 Portugal Variety
Cp 5553 Portugal Landrace
Vg 59 Portugal Landrace
Vg 60 Portugal Landrace
Vg 73 Portugal Landrace
BGE038479 Spain Landrace
BGE038474 Spain Landrace
BGE038478 Spain Landrace
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of monoammonium phosphate. The trails were drip irrigated
from the beginning of June until the end of September.

Field experiment 2

Cultivars were planted on 28 April 2015 and 24 May 2016 in
a randomised complete block design with four replications.
Two row plots with 3-m length, 0.6-m row spacing and 3.6 m?
were used. Seeds were sown by hand and seed rate was 11 seeds/
m?. The topsoil (0-20 cm) was classified as sandy clay loam with
amedium texture in both growing seasons, and presented 1.3 g/kg
organic matter, >200 mg/kg of P,0s, 153 mg/kg of K,0, and
pH (KCI) 6.9 in 2015 growing season, and 0.80 g/kg organic
matter, >200 mg/kg of P,Os, >200 mg/kg of K,0, and pH (KCl)
6.4 in 2016. Before sowing, the experimental fields were
ploughed with a rotary tiller and fertilised with 200kg/ha of
15:15:15. The trials were drip irrigated from the beginning of
May until the end of August.

Field experiment 3

Cultivars were planted on 11 May 2015 and 3 June 2016 in a
randomised complete block design with four replications. Three
row plots with 3-m length, 0.75-m row spacing and 6.7 m* were
used. Seeds were sown by hand and seed rate was 11 seeds/m”.
The topsoil (0-20 cm) was classified as gleyic fluvisol with a
medium texture in both growing seasons, and presented in 2015
1.29 g/kg organic matter, 36 mg/kg of P05, 103 mg/kg of K,0,
and a pH (KCl) 4.2, whereas in 2016 1.61 g/kg humus content,
44 mg/kg of P,0s, 110 mg/kg of K,0, and a pH (KCI) 5.2.
Before sowing in both growing seasons, the experimental field
was ploughed with a rotary tiller and fertilised with 250 kg/ha of
nitromagnesium 27 and 200 kg/ha of NPK (Ca-Mg-S) §-12-12
(2—2—14). The trials were drip irrigated from the beginning of July
until the end of August.

Climatic data and calculation of accumulated degree-days
and effective degree-days

The mean daily air temperature, total rainfall (mm) and
accumulated global radiation (MJ/m?) from April to September
for each experiment are presented in Table 2.

Summations of heat units were determined based on base
temperature using the coefficient of variation model (CV) to
identify the accurate base temperature to adjust the method,
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according to Ochoa ef al. (2011). The base temperatures tested
ranged from 0°C to 16°C. The following methods were used:

Method 1. Standard degree-days method: DD =X (T, — Ty,),
where T, and T, are the daily mean and base temperatures
respectively.

Method 2. Use of maximum instead mean temperature:
DD=X (Ty — Tp), where Ty and Ty, are the daily maximum
and base temperatures respectively.

Method 3. The degree-days method modified by the effect of
the daily photosynthetic radiation input or effective degree-days
(EDD), calculated according to following equation:
EDD '=DD '+f PAR !, where PAR is photosynthetically
active radiation (MJ/m* day) and f is a constant that defines
the relative importance of radiation and temperature (m*MJ).

The DD and EDD were calculated considering the climatic
conditions from sowing to flowering and sowing to maturity.

Morphological and agronomical traits

Phenotypic data for days to flowering and maturation were
collected when 50% of the plants begin to flower and have
mature pods, respectively. Plant height, first pod height, pod
length and width and number of seeds per pod were measured in
10 plants per plot randomly selected. Yield, adjusted to 12%
moisture, and 100-seed weight were evaluated per plot. Protein
content (AOAC 1990) was derived from the estimated nitrogen
(N) content, which was determined by the Kjeldahl method
(Bremmer 1960), by the following formula: protein content
(%)=N content (%) x 6.25.

Data analysis

Analysis of variance (ANOVA) of the three factors (genotype,
location and year) followed by the Tukey’s test was performed for
each parameter in each environment and in the assembly of the
three environments using the IBM SPSS Statistics 20 software.

A complete linear mixed model was used to estimate variance
components of parameters in the analysis of all the quantitative
parameters within and across the accessions and locations
using Restricted Maximum Likelihood (REML) algorithm of
SPSS program version 8.0. The heritability of each quantitative
parameter was calculated for each environment using the
following equation:

Table 2. Mean temperatures, precipitation and global radiation from April to September 2015 and 2016 in each location
Environment/  Year Cartagena Elvas Vila Real
Month T(C) R (mm) Solar radiation T(C) R (mm) Solar radiation T(°C) R (mm) Solar radiation
(MJ/m?) (MJ/m?) (MJ/m?)
April 2015 16.0 10.2 596.02 16.6 110.3 630.57 13.5 48.8 453.97
2016 16.1 14.6 627.72 143 80.6 648.39 11.0 193.0 456.62
May 2015 20.2 0.0 825.38 22.0 2.8 813.55 17.5 69.6 713.86
2016 18.6 3.0 791.06 17.2 119.7 717.96 14.2 124.4 536.18
June 2015 23.1 1.6 876.83 25.6 37.9 820.66 20.9 2.2 729.61
2016 22.8 0.0 853.27 23.7 0.0 953.87 19.1 25.2 759.73
July 2015 27.2 0.6 852.9 26.5 0.0 847.19 22.5 0.4 781.33
2016 254 0.0 825.15 28.5 0.1 956.20 23.8 0.2 821.62
August 2015 27.2 1.0 693.22 25.4 0.9 809.93 20.9 0.6 647.58
2016 255 1.2 759.95 272 0.1 858.85 233 0.2 657.18
September 2015 22.8 72.6 519.29 22.1 32.8 604.26 17.4 1.2 489.99
2016 23.7 25.0 587.09 24.0 0.0 671.23 19.6 28.4 515.56
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W = V[V + (V)]

where ng and V? represent genotypic and error variance for
each parameter and r the number of replications. For the three
environments, the heritabilities were calculated using the
equation:

W = V[V + (Ve /e) + (V2 /re)]

where Vge2 is the G x E interaction variance and ¢ is the number
of environments (Mendes-Moreira et al. 2015).

Pearson correlation coefficients between the different
quantitative parameters and environments were determined
through SPSS program version 8.0.

The principal components analysis (PCA) was performed
using the MVSP program version 3.22.

Results and discussion

The plant genetic resources collections provide genetic variants,
genes or genotypes that allow breeders to respond to new
challenges based on systems of high production, high nutritional
quality and disease and environmental resistance/tolerance. In
the present study, we evaluated 12 cowpea accessions growing
in three locations in the Iberian Peninsula (South-east of Spain:
Cartagena, South of Portugal: Elvas and North of Portugal: Vila
Real) during 2 years (2015, 2016) to identify morphological and
agronomical parameters and the interactions among genotypes,
environment and year.

In general, Vila Real registered the lowest temperatures
and the lowest solar radiation. It is worth to highlights that the
rainfall in Vila Real was 4-fold in 2016 than in 2015, whereas
Cartagena had the driest conditions during the studied period
(Table 2).

ANOVA to determine the effects of genotype, environment,
year (Y) and their reciprocal interactions (G X E; G X Y; G X E;
G x E xY) on 10 morphological and agronomical parameters
showed that all the factors had a high influence on the majority
of the parameters (Table 3). These findings are according to
those obtained by Shimelis and Shiringani (2010), who showed
significant interactions among genotypes, locations and planting
dates in cowpea. The genotype and the environment significantly
influenced all the parameters evaluated. Year effect was also an
important factor affecting all parameter except first pod height,
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pod length and number of seed per pod. The G x E interaction
was significant for all parameter, but G x Y interaction was only
significant for days to flowering and to maturity, first pod height,
seed yield and number of seeds per pod. The E x Y interaction
affected all parameters, except first pod height and pod width.
Finally, the G X E XY interaction was significant for all
parameters, except 100-seed weight, pod length and protein
content (Table 3). This high variability among the cowpea
accessions indicates their utility in breeding programs.

The duration of the periods sowing to flowering and sowing
to maturation were affected by the three factors and their
interactions. In Cartagena, the days from sowing to maturity
were the shortest, whereas in Elvas were the longest in both years
(Table 4). Also in Cartagena the time from flowering to maturity
was the shortest in both years, probably due to the effects of
high temperature and radiation in this period (Tables 2 and 4).

The analysis of the three methods showed the least CV was
obtained with Method 3 (Table 5), demonstrating that PAR
had an important effect on the duration of crop cycles in all
accessions. The best fit for f ranged from 0.11 to 0.12. The
accurate base temperature for all methods and accessions
ranged from 2°C to 14°C, varying in some accessions for
each calculation method and period. This temperature range
differed to that proposed by Craufurd ef al. (1997), who fixed
8—11°C for development of cowpea cultivated in Nigeria.

Table3. Analysis of variance for the 10 morphological and agronomical
parameters evaluated in 12 cowpea accessions at three environments
(Cartagena, Elvas, Vila Real) during 2 years (2015, 2016)
*P<0.05; **P<0.01; ***P<0.001; n.s., not significant

Parameters ANOVA
G E Y GxE GxY ExY GxXExY

Days to ﬂowering skeeok cdeoksk skeskk seokok sfeoksk sfeoksk seksk
Days to maturity sk skesksk o skekek sksksk sksksk sksksk skkk
Plant helght ek skeskesk skekok dekok n.s. sfeksk *
First pod height REOK g, FEE wE n.s. *
Seed yleld deksk skeskesk skekok sfeokok sk sfeksk sfeksk
100-seed weight R R ek ek n.s. woE n.s.
Pod length R n.s. ** n.s.
POd Wldth skeksk skeksk skekk skskok n.s. n.s. *
Number of seeds/pod *** *%* pg  #k* * wok ok
Protein content A R Rk ek n.s. ok n.s.

Table 4. Means and standard deviation of the 10 morphological and agronomical parameters evaluated in 12 cowpea accessions at three
environments (Cartagena, Elvas, Vila Real) during 2 years (2015, 2016)
For each year, means followed by the same letter in the row are not significantly different at the 0.05 level using Tukey test, n=4

Parameters 2015 2016

Cartagena Elvas Vila Real Cartagena Elvas Vila Real
Days to flowering 75.58+10.34a 66.44+6.28¢c 70.00£9.21b 59.21+9.13b 67.94+13.54a 69.98+£3.56a
Days to maturity 86.42+10.08c  101.29+4.60a 89.04£9.01b 69.58 +8.88b 89.27+11.53a 89.25+3.9a
Plant height (cm) 212.47+63.26a  123.87+61.36b 57.07+32.58¢ 212.72+62.33a  146.38+60.67b 80.05+37.39¢
First pod height (cm) 37.48£7.54a 38.70+9.15a 39.224+10.55a 38.88 +7.24ab 36.97+4.78b 41.84+8.59a
Seed yield (g/m?) 89.84+33.24b  197.69+£103.21a  95.28+43.39b 102.43+44.18b  312.06+122.89a  65.68+26.56b
100-seed weight (g) 15.91+£2.26¢ 17.27+4.52b 18.63+£5.39a 15.90+2.32¢ 17.92+5.10b 19.93+5.43a
Pod length (cm) 17.16+3.75a 16.94+2.82a 16.63+1.81a 17.10+3.89a 16.38+3.21b 17.14+1.94a
Pod width (cm) 0.88+0.09a 0.78 +£0.08b 0.46+0.09¢ 0.89+0.08a 0.80+0.10b 0.47+0.09¢
Number of seeds/pod 11.60+1.26a 11.63+1.03a 11.19+1.13a 11.88+0.92a 10.87+1.02b 11.30+1.17b
Protein content (%) 21.71+2.52a 21.69+1.78a 22.41+0.98a 23.88+2.26a 22.44+1.14b 22.39+1.15b
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An explanation of our different findings could be due to the base
temperature drops with the increase of the daily thermal amplitude
(Bonhomme 2000), higher in our conditions than in Nigeria.

Table 5. The base temperature for each cowpea accession and over
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The seed yield was also affected by the three factors and
their interactions (Table 3). For both years, the highest yields
were observed in the trials located in Elvas (Table 4). In the
second year (2016), the seed yield average increased in Cartagena
and Elvas, while decreased in Vila Real (data not shown). At

Cartagena, the most productive accessions were BGE038474
and IT97K-499-35 in 2015 and BGE038474 in 2016 (Table 6).
In this location, the yield ranged from 52 to 165.4 g/m” and from
63.8 to 226.5 g/m” in 2015 and in 2016, respectively. At Elvas,
Cp 5051 and Vg73 were the most productive in 2015, whereas in
2016 the most productive were Cp5553 and Vg73. The yield

growing periods incorporating PAR radiation
Tbase is the base temperature. f is a constant that defines the relative
importance of radiation and temperature in Method 3 (EDD calculation) as
described before. CV is the coefficient of variation expressed as a percentage.
S-F is the growing period from sowing to 50% of flowering. S-M is the
growing period from sowing to maturity of pods

Accession Thase (°C) s CV (%) ranged from 35.98 to 329.6 g/m? in 2015 and from 152.32 to
S-F S-M S-F S-M S-F S-M 514.4 g/m?> in 2016. The commercial variety Cp 5051 revealed
IT-97K-499-35 s s 01z ol 10.61 s O be one of the well adapted accessiops to this environment, this
AUAIL 5 5 0.12 011 11.18 07.80 result could be expected due to this variety was selected at
AUA2 2 9 012 011 0627 1024 the INIAV Breeding Station in Elvas. Finally, in the first year,
Vg 59 2 2 0.12 0.11 20.39 13.07 the most promising accessions in Vila Real were Cp 5553, Vg 60
Vg 60 10 10 0.12 0.11 17.83 12.85 and Vg 73, whereas in 2016 the most productive was AUA1. The
Vg 70 2 2 0.12 0.11 10.87 10.28 seed yield varied from 34.3 to 167.2 and from 39.4 to 123.0 g/m>
Cp 4487 2 2 0.12 0.1 1033 0980  in 2015 and 2016, respectively. In general, the most productive
Cp 5051 14 14 0.12 011 0973 1220 gaccessions in each location were those that originally came
Cp 5553 2 2 0.12 0.12 10.83 09.49 from their own country, due to they are better adapted to their
BGE038479 7 11 0.12 0.12 04.97 04.83 environmental conditions.
ggﬁgggjzg 1; 1; 83 gii 183491 géég The highest plant height and pod width were observed in

Cartagena in both years (Table 4). In 2015, the first pod height,

Table 6. Seed yield (g/mz) for the 12 cowpea accessions evaluated at three environments (Cartagena, Elvas, Vila Real) during 2 years (2015, 2016)
Means followed by the same letter within the column for each year are not significantly different at the 0.05 level using Tukey test, n=4

Accessions 2015 2016
Cartagena Elvas Vila Real Cartagena Elvas Vila Real

IT 97K-499-35 142.43+26.51a 247.17+93.29abc 49.25+20.91b 130.02+45.87b 152.32+20.68d 40.05+24.21b
AUAL 52.00+13.89¢ 84.14+17.41de 101.05+55.20ab 86.65+28.95b 263.75+99.86¢d 123.03+47.77a
AUA2 94.40+13.22b 258.20 +56.64abc 76.73+28.21ab 86.77+26.71b 292.35+55.32bcd 45.90+27.41ab
Cp 4877 64.98+11.41bc 169.89+37.26bcd 89.50+31.05ab 88.98 + 18.69b 237.05+46.19¢cd 39.35+16.62b
Cp 5051 77.15+18.93bc 329.56 +45.06a 79.45+17.04ab 82.65+39.32b 310.90 +80.93bcd 46.53+33.97ab
Cp 5553 97.53+26.03b 279.93 +81.56ab 167.15+71.96a 122.23+40.51b 506.82+91.66a 82.58+51.01ab
Vg 59 67.85+12.81bc 231.72 +41.56abc 57.10+14.26b 70.20+13.59b 465.75+137.68ab 57.05+22.51ab
Vg 60 64.53+11.09bc 257.20+58.07abc 153.58+58.14a 83.58+9.88b 352.35+53.57abc 103.80+9.51ab
Vg 73 75.20+4.38bc 310.67+95.24a 157.78 +38.44a 63.83+17.34b 514.37+85.65a 61.80+13.58ab
BGE038479 83.55+9.77bc 40.66+2.36de 34.33+15.44b 73.43+20.33b 197.82+41.13cd 44.40+15.05ab
BGE038474 165.35+1.11a 35.98+9.42¢ 78.68 +27.45ab 226.45+60.19a 217.12+43.74¢d 71.65+31.79ab
BGE038478 91.23+2.66b 127.12+18.31cde 98.75+12.80ab 114.38+15.77b 234.11+4.71cd 72.18+51.72ab

Table 7. Pearson correlation coefficients for 10 morphological and agronomical parameters for 12 cowpea accessions in the three environments
(Cartagena, Elvas, Vila Real) and 2 years (2015, 2016)
*P<0.05; **P<0.01

Days to Days to Plant First pod  Seed yield 100-seed Pod length  Pod width  Number of seeds  Protein

flowering ~ maturity height height weight per Pod content
Days to flowering 1 - - - - - - - -
Days to maturity 0.737%** 1 - - - - - - - -
Plant height 0.089 —0.178%* 1
First pod height 0.118%* 0.084 0.210%* 1 - - - - - -
Seed yield -0.277**  0.018 —0.006 0.029 1 - - - - -
100-seed weight —0.142*  —0.031 —0.360%*  —0.092 0.092 1 - - -
Pod length —0.220%*  —0.231**  0.167**  0.186*%* —0.033 0.176** 1 - -
Pod width —0.150%  —0.234**  0.488** —0.149* 0.240%** 0.077 0.055 1
Number of seeds/pod  —0.108 —0.116* 0.160**  0.142* 0.076 —0.216%*  0.227** 0.047 1 -
Protein content —0.148*  —0.255**  0.115 0.105 —0.172**  —0.106 0.196%** 0.025 0.081 1
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pod length and number of seeds per pod did not differ among
the trial places. Vila Real was the location in which the seeds
reached the highest 100-seed weight in both years. The seed size,
measured as 100-seed weight, is one of the most important
parameter for the consumer’s preference.

As regards protein content, it was influenced by genotype,
environment and their interaction (Table 3), in agreement with
the results obtained by Oluwatosin (1997) with 15 cowpea
cultivars grown in three locations in Nigeria and Ravelombola
et al. (2016) who grew 11 cowpea breeding lines in three
locations in Arkansas. The highest percentage was found in
Cartagena in 2016 (~24% in average) (Table 4). The values of
protein content obtained in this study are in agreement with
the results found in literature (Singh 2002; Timko et al. 2007).

In general, correlation coefficients between the 10 parameters
in the three environments and 2 years were not too high
(Table 7). The highest correlation coefficient was between
days to flowering and days to maturity (»=0.737, P=0.01)

Table 8. Heritability for the 10 morphological and agronomical
parameters evaluated for UPCT, UTAD and INIAV and across the
three environments in 12 cowpea accessions
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and between plant height and pod width (»=0.488, P=0.01).
The correlation between days to flowering and days to maturity
was expected because they are closer in the plant development.
Plant height and 100-seed weight showed the highest negative
correlation (r=-0.360, P=0.01) (Table 7), which shows that
selection for the increase of plant height can induce a reduction in
the 100-seed weight. There was also a negative correlation
between the beginning of flowering and seed production in
2016 as it was reported by Silva et al. (2014). The seed yield
and protein content exhibited negative correlations, which is
agreement to the results obtained by Oluwatosin (1997) in
cowpea and by Simmonds (1995) in cereals, and consequently
indicates some restrictions in breeding alongside for high-
yielding and high-protein genotypes. For the first pod height
and seed yield, a positive correlation was registered. And for
number of seeds per pod and 100-seed weight it was negative
in agreement with the result obtained by Silva et al. (2014).
The correlation between pod length and 100-seed weight was
positive as the results obtained by Peksen and Artik (2004).
Heritability reflects the genetic variability that is transmitted
from parents to their offspring (Robinson et al. 1949).
Heritability, in broad-sense, estimates across environments,
ranged from 0.29 for seed yield to 0.91 for pod width

Cartagena Elvas Vila  Cartagena x Elvas x (Table 8). In general, it was higher at the Cartagena than at the
Real Vila Real other environments, with the exception of days to flowering,
Days to flowering 0.80 094  0.80 0.59 days to maturity, 100-seeq weight and number of seeds per pod.
Days to maturity 0.79 084 077 0.60 The? parameters plant height and pod length had the.hlghest
Plant height (cm) 0.99 0.96  0.90 0.78 heritability at UPCT (0.99), whereas at Elvas and Vila Real
First pod height (cm) 0.98 052 0.92 0.77 was 100-seed weight that had the highest heritability (0.99)
Seed yield (g/m?) 0.93 0.82 0.78 0.29 (Table 8). A hundred had high values of heritability in the
100-seed weight (g) 0.94 0.99 099 0.89 three environments (0.94 at UPCT, 0.99 at Elvas and 0.99 at
Pod length (cm) 0.99 097 093 0.81 Vila Real) and across the three environments (0.89). These
;Od ‘g'ldthf(cmfi/ J 82?1 821 gz; gzé values are very close to the ones obtained in other studies
Pg:li;rcgnf:; (su/p)o 0.89 065 036 0.53 with cowpea, which were always higher than 0.83 (Drabo
0 . B . . . .
et al. 1984; Omoigui et al. 2006; Manggoel et al. 2012;
e Cartagena
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Fig. 1. Principal component analysis of 12 cowpea accessions (average of 2 years) and the three environments based on 10 quantitative

traits. The data are the mean of 2 years.
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Table 9. Eigen value, factor scores and contribution of the first two
principal component axis to variation in the 10 morphological and
agronomical parameters of 12 cowpea accessions

Axis 1 Axis 2

Eigenvalues 9456.529 6147.711
Percentage 59.747 38.842
Cumulative percentage 59.747 98.589
Days to flowering -0.034 0.001
Days to maturity 0.027 —0.022
Plant height —0.201 0.979
First pod height —-0.009 0.018
Seed yield 0.978 0.202
100-seed weight 0.008 —0.021
Pod length —0.003 0.006
Pod width 0 0

Number of seeds/pod 0 0.003
Protein content —0.005 0.002

Egbadzor et al. 2013). These parameters with high heritabilities
can be used in future breeding programs and for further
quantitative genetic studies. However, it is important to refer
that a high heritability alone is not enough to perform an efficient
selection in advanced generations unless that it is accompanied
by substantial genetic gains (Johnson et al. 1955; Mishra and
Singh 2014). In the three environments (Cartagena*Elvas*Vila
Real), the lowest values of heritability were estimated in seed
yield (0.29) and protein content (0.53) (Table 8). The days to
maturity (0.79), first pod height (0.52) and protein content (0.36)
were the parameters with lowest values of heritability in
Cartagena, Elvas and Vila Real, respectively. The low seed
yield heritability was also reported by Omoigui et al. (2006) in
cowpea. The value obtained in protein content is in agreement
with the value reported by Ravelombola et al. (2016), who
estimated a protein content of 0.58, and pointed out that this
parameter can be inherited and can be selected for in the progeny.

PCA of the 12 cowpea accessions in three different
environments in two seasons is presented in Fig. 1. The first
two principal components (PC) explained 98.59% (PC1=59.75
and PC2 =38.84) of total variation. In PC1, the main contributing
parameter was yield (0.98) and in PC2 plant height (0.98)
(Table 9). Manggoel and Uguru (2011) and Doumbia et al.
(2013) also obtained in their studies that yield and plant height
were parameters that contribute to the divergence between
accessions. In addition, they found another parameter such as
number of peduncles and flowers per plant, the days to flowering
and days to maturity, which also contributed to the divergence,
although some of them were not analysed in the present study.
The accessions characterised at Vila Real were grouped
principally in the third quadrant, those characterised in Cartagena
were mainly distributed in the second quadrant and the accessions
at Elvas were dispersed for the four quadrants, although the
majority were in first and fourth ones (Fig. 1).

Conclusion

The results indicate the existence of significant interactions
among genotypes, locations and years, providing a useful
knowledge about the breeding value of the genetic resources
studied. INTAV could be the best place to grow these accessions

M. Martos-Fuentes et al.

because of'the highest yield obtained. However, if we are looking
for precocity, Cartagena and Vila Real are the most suitable
places. Cartagena was the place where the filling of the seed
was the fastest, probably due to the higher temperatures and
radiation. The thermal time model (EDD) could be used to predict
the period of cowpea development, therefore predict flowering
and pod maturity dates, an important issue in harvest logistic and
marketing strategies.
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