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LAnaIysis\ of Parent Offspring Regression of Selected Cowpea (Vigna unguiculata [L].
Walp.) Agronomic Traits in Phosphorus Limiting Soil.

ABSTRACT
Cowpea is a significant grain legume pulse, vegetable, and fodder crop. However, due to

biotic and abiotic stresses, yields have been consistently low. Phosphorus (P) deficiency-
related yield losses are one of the major abiotic stresses. The objectives therefore were ]i)\
to evaluate the mean performance response of selected cowpea traits across genotypes in
optimum and P- limiting soil media and i) to determine the cowpea heritability response
of agronomic traits in P-limiting soil. Twenty cowpea genotypes comprising of 12 F;
crosses and eight progenitors were evaluated at the University of Zambia Greenhouse in
Lusaka, using a completely randomized design with three replications and two-level sets
of phosphorus (i.e. 0 kg P,Os and 60 kg P,Os). The 60 kg P,Os level set was used as a
control. The results showed that the mean performance across genotypes for all measured
traits was higher in control experiment at an applied rate of 60 kg P,Os/ha than at applied
rate of 0 Kg P,Os/ha experimental sets. Significant better performances were obtained
with plant height, shoot biomass, plant biomass and yield measured traits. The narrow
sense heritability for measured traits ranged from 11- 35 % and 12 - 72% for 0 Kg P,0s
and 60 Kg P,Os experimental set respectively. The highest narrow sense heritability
scores in experimental set were pod length (h?= 0.35) and root biomass (h’= 0.28) while
in the control set the variable yield (h*= 0.72) had the highest score. This implies that the
identified trait (pod length) with high narrow sense heritability in P-limiting soil can
initially be used to aid in selecting for high performing genotypes in P limiting soil.
However, this should be supplemented by yield response especially in late generation
selection (Fs onwards).
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INTRODUCTION
Cowpea [Vigna unguiculata (L.) Walp] is an essential economic crop, native to Africa

and belongs to the family Fabaceae. It is rich in diverse nutrients, with high levels of
protein, vitamins, fiber, macro and micronutrients (i.e. protein, carbohydrates, vitamins,
and minerals) [1,2,3,4]. Cowpea is multifunctional future smart climate-resilient crop
contributing to food and nutritional security to resource poor farmers. Importantly,
cowpea forms symbiosis with the root nodule bacterium, Rhizobium, and fixes 70 to 350
kg/ ha of atmospheric nitrogen and some 40 to 80 kg of this is deposited into soils as a

natural source of mineral nitrogen, which contribute to soil health [5].

Global production of cowpea is estimated to be 7.4 million tons per annum on a 12.5
million hectare land [6]. The mean grain yield of cowpea in sub-Saharan Africa is less
than 700 kg/ ha which is far less than the potential yield of 3000 kg/ha [7,8]. The yield
gap is attributable to a multitude of biotic and abiotic stresses. Among the abiotic
stresses, yield ]Iosse§ due to phosphorus (P) deficiency is an important factor. Phosphorus
is one of the most important plant nutrients, accounting for 0.05 % to 0.5 % of plant dry
weight [9]. However, P is one of the least available plant nutrients and is deficient in
many soils of the world [10]. Presently, the use of P-formulated fertilizers by some
farmers appears to be a quick and easy fix for P deficient soils. However, the current
option has not been widely adopted by most smallholder cowpea growers because it is
expensive, neither sustainable nor environmentally safe. Therefore, the most sustainable
strategy is to develop and choose cowpea genotypes that have high yield in P-limiting

soil and are easily adopted by low-resource farmers.

Knowledge on narrow sense heritability of the agronomic variables is key in
understanding a breeding strategy to employ in screening for cowpea genotypes in P-
limiting soils. As an indicator of selection effectiveness and a measure of the likelihood

that advantageous additive genes will be passed down from progenitor to their progeny,
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information on narrow-sense heritability is crucial to breeders [11]. It is important
because of the effectiveness of selection is dependent on the additive components of
genetic relative to total variance [12,13]. However, heritability estimates are usually
specific to the trait, population, and environment being investigated [14]. This allows
breeders to develop the best breeding techniques and selection criteria for desirable trait.
This research endeavors to generate fundamental knowledge for utilization in breeding
cowpea varieties efficient at utilizing P in P-limiting soils. Therefore, the objectives of
this study were i) to evaluate the mean performance response of selected cowpea traits
across genotypes in optimum and P- limiting soil media, and ii) to determine the cowpea
heritability response of agronomic traits in P-limiting soil.

MATERIALS AND METHODS

Experimental site, material used and experimental details.

Twenty genotypes comprising of 12 F1 crosses and eight progenitors were used for this
study. The F; crosses were generated as by Chikalipa et al. [15] (Table 1). The study was
conducted at the University of Zambia, Green house in Lusaka (15°23°S and 28°25’E, at
1250 m above sea level). Soil samples used in the study were collected from the top layer
(0-30 cm) at Liempe Farm (15° 22> S and 28° 26’ E, at 1171m above sea level) in
Chongwe District, as described by [15]. It contained 7.30 mg/kg available phosphorus,
1.92 % organic matter, 0.34 % nitrogen (N) and 0.28 cmol//kg potassium (K). The

average pH was measured to be 5.25.

Table 1. Genotype used in the study

Genotypes Codes  Genotypes Type
AXH LT 3-8-4-6 X LT 11-3-3-13 Cross
BXG LT 11-5-1-1 X LT 10-7-1-12 Cross
AXD LT 3-8-4-6 X LT 4-2-4-1 Cross
CXE LT 11-5-2-2 X LT 3-8-4-1 Cross
DXA LT 4-2-4-1 X LT 3-8-4-6 Cross
EXB LT 3-8-4-1 X LT 11-5-1-1 Cross
FXE LT 16-7-2-5 X LT 3-8-4-1 Cross
AXE LT 3-8-4-6 X LT 3-8-4-1 Cross

GXC LT 10-7-1-12 X LT 11-5-2-2 Cross
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CXG LT 11-5-2-2 X LT 10-7-1-12 Cross

EXD LT 3-8-4-1 X LT 4-2-4-1 Cross
HXA LT 11-3-3-13 X LT 3-8-4-6 Cross
A LT 3-8-4-6 Parent
B LT 11-5-1-1 Parent
C LT 11-5-2-2 Parent
D LT 4-2-4-1 Parent
E LT 3-8-4-1 Parent
F LT 16-7-2-5 Parent
G LT 10-7-1-12 Parent
H LT 11-3-3-13 Parent

The study was a two-set experiment and laid out as a completely randomized design
(CRD), with three replications. The experimental plot was 15c¢cm diameter polythene
plastic bags filled with 3kg of soil and Single Super Phosphate (SSP) was applied three
weeks after planting. The quantity of SSP added was calculated to achieve the soil P at
two levels 60kg P,Os /ha (optimal) was added to control set while Okg P,Os/ha
(suboptimal) was added to experimental set. However, the recommended quantities of
potassium (K) (30 kg K/ha) and nitrogen (N) (20 kg N/ha) was applied as basal dressing
in form of potassium sulphate and urea (46% N) fertilisers at the rates of 64 kg/ha and 25
kg/ha respectively. In each bag, three identical genotypes were planted which were later
thinned to two plants per bag at the true-leaf stage. Other crop management practices
were carried out as per the best agronomic practices recommended for cowpea

production.

Data collection
The following variables were collected on each experimental unit in both sets; Plant
: 100 Seed weight (g)

was calculated in grams from hundred sampled seeds; Pod Length (cm); Root length

]height(cm); Shoot biomass(g); Root biomass(g); Plant biomass(g)

(cm); Number of pods per plant were counted at harvest maturity; Number of seeds per
pod were counted at harvest maturity; Yield/ha; Yield per hectare was estimated on a

plot basis and converted the plot yield of the seed dry weight to kg/ha.
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Statistical Data Analysis
Heritability in the narrow sense was estimated by regressing mid-parent means on the

progeny means as suggested by Falconer and Mackay [11]. The equation being;

Y=bX+C
Where; Y is the average performance of progeny, b is the gradient representing narrow
sense heritability estimate, X is the average performance of mid-parent, and C is the
constant.
Mean genotypic performance for each measured variable in each experimental set was
recorded and the standard error bars were computed in excel. Data analysis was
performed using GenStat (18" edition) and excel statistical software.
RESULTS AND DISCUSSION
Genetic evaluation of traits
The results showed that the mean performance across genotypes for all measured traits
was higher in control experiment at an applied rate of ]60kg\ P,Os/ha than at applied rate
of OKg P,Os/ha (Figure 1). Significant better performances were obtained with plant
height, shoot biomass, plant biomass and vyield \measured traits\. This implies that
Phosphorous plays a key role in ]plant productivity, cowpea inclusivd. Previous studies
have demonstrated that phosphorous is an important element in leguminous crop [16,17].
Furthermore, mean genotypic responses of measured variables exhibited varying narrow
sense heritability (h?) ranging from 11- 35 % and 12-72 % for 0 Kg P,Os experimental
trial and 60 Kg P,Os control trial respectively]across measured traits \(Table 2).
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Mean performance of measured variables at 0kg P,O- and 60kg P,O4
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Figure 1. Mean performance of measured traits at P- limited and optimum medium
PH=Plant Height (cm), NDP= Number of Pods per Plant, PDL= Pod Length (cm),
NSPD= Number of Seed per Pod, 100SW=Hundred seed weight, RBM =Root Biomass,
PBM= Plant Biomass (g), SBM=Shoot biomass, Yield*= Yield Kg x 10% ha.

Table 2. Narrow sense heritability of measured variables

Measured variables h? 0Kg P,Os h? 60Kg P,Os
PH 0.19 0.12
NPD 0.13 0.22
PDL 0.35 0.16
NSPD 0.11 0.46
100SW 0.12 0.24
RBM 0.28 0.16
PBM 0.12 0.38

SBM 0.13 0.37




Yield 0.11 0.72

h®=Heritability, PH=Plant Height, NDP= Number of Pods per Plant, PDL= Pod Length,
NSPD= Number of Seed per Pod, 100SW=Hundred seed weight, RBM =Root Biomass,
SBM=Shoot biomass, PBM= P lant Biomass, Yield= Yield Kg/ha.

The narrow sense heritability for agronomic traits ranged from 11-35 % and 12-72% for 0
Kg P,0s and 60 Kg \PZOS\ respectively (Table 2). Narrow sense heritability estimates in
crops are classified as high (>0.20), medium (0.10 - 0.20), and low (<0.10) [18]. The
narrow-sense heritability observed in the experimental trial, suggest that there is potential
for improvement through progeny selection and advancement [14].

Estimates for narrow sense heritability obtained are similar to reported narrow sense
heritability ranging from 20-85% in cowpea [19, 20]. In the experimental set (0 Kg/ ha
P,Os) variables, pod length (h*= 0.35) and root biomass (h’= 0.28) had the highest
heritability values while in the control set, the variable yield (h*= 0.72) had the highest
value. The results entail that selection for yield in P-limiting medium may be challenging
for breeders especially if applied in early generation selection and efforts may be boosted
through applying genomics or marker-assisted breeding [21, 22, 23]. Responses to pod
length (PDL) and root biomass (RBM) could be used as an indirect selection criteria for
advancing cowpea crosses in P-limiting soil especially at early generation selection. Early
generation selection can be applied to traits that have high heritability. However, for
yield (h*= 0.11) under P- limited soil, late generation selection (Fs onwards) screening
should be employed as heritability for yield was found to be low. Previous studies have
shown that PDL and RBM can be used as an indirect selection criteria for dry bean
agreeing with our finding [24]. The higher yield heritability value (h*= 0.72) in control
set (Table 2) could be due to sufficient P which permitted full expression of genes

associated with yield [18].

[Comment [a18]:,....comma

[ Comment [a19]: remove an

[Comment [a20]: delete




CONCLUSION

In this study, results showed that the mean performance across genotypes for all
measured traits was higher in optimum than the limiting soil medium. Significant better
performances were obtained with plant height, shoot biomass and plant biomass traits.
The narrow sense heritability for measured traits ranged from 11- 35 % and 12-72% for 0
Kg P,0s and 60 Kg P,Os experimental beﬁ respectively. The highest narrow sense
heritability scores in a limiting P soil medium were for pod length (h?= 0.35) and root
biomass (h’= 0.28) while in the control set (optimum soil medium) the yield trait (h’=
0.72) had the highest score. This implies that the identified variable (pod length) with
high narrow sense heritability in P-limiting soil can initially be used to aid in selecting for
high performing genotypes in P limiting soil during ]early generation selection\. However,
this should be supplemented by vyield response especially at late generation selection

(non-segregating generations), F5\ onwards.

REFERENCES

1. Bai Z, Huang X, Meng J, Kan L, Nie S. A comparative study on nutritive
peculiarities of 24 Chinese cowpea cultivars. Food chemistry toxicology journal,
2020; 146: 111- 841.

2. EIMasry G, Mandour N, Ejeez Y, Demilly D, Al-Rejaie S, Verdier J, Belin E,
Rousseau D. Multichannel imaging for monitoring chemical composition and
germination capacity of cowpea (Vigna unguiculata) seeds during development
and maturation. The Crop Journal, 2021; 10(5): 1399-1411.

3. Silva VM, Nardeli AJ, de Carvalho Mendes NA, de Moura Rocha M, Wilson L,
Young SD, Broadley MR, White PJ, Dos Reis AR. Agronomic biofortification of
cowpea with zinc: variation in primary metabolism responses and grain nutritional
quality among 29 diverse genotypes. Plant Physiology and Biochemistry Journal,
2021;162: 378-387.

[Comment [a21]: set, ]

[Comment [@22]: selection in early generation ]

[Comment [a23]: F;s ...do it in complete article ]

[ Comment [a24]: do stricly as per Jounal format ]




. Tembo L, Pungulani L, Sohati HP, Mataa CJ, Munyinda K. Resistance to
Callosobruchus maculatus developed via gamma radiation in cowpea. Journal of
Agriculture and Crops, 2017; 3(8): 65-71.

. Meena H, Krishna KR, Singh B. Character associations between seed yield and its
components traits in cowpea (Vigna unguiculata L.) Walp. Indian Journal
Agricultural Research, 2015; 49(6): 567-70.

. FAOSTAT. Food and Agriculture data; 2022. Available at
https://www.fao.org/faostat/en/#home Accessed June 11. 2022.

. Horn LN, Shimelis H, Laing M. Participatory appraisal of production constraints,
preferred traits and farming system of cowpea in the northern Namibia:
implications for breeding. Legume Research — An International Journal, 2015; 38,
691-700.

. Gerrano AS, van Rensburg SWJ, Adebola OP. Preliminary evaluation of seed and
germination traits in cowpea (Vigna unguiculata) genotypes, South African
Journal of Plant and Soil, 2017;34(5), 399-402.

. Vance CP, Uhde-Stone C, Allan DL. Phosphorus acquisition and use: critical
adaptations by plants for securing a non renewable resource. New Phytology,
2003; 157: 423-447.

10. White PJ, Brown PH. Plant nutrition for sustainable development and global

health: Annals of Botany, 2010; 105(7), 1073-1080.

11.Falconer DS, Mackay TFC. Introduction to Quantitative Genetics (4" ed.),

Longman Group Ltd. 1996.

12. Acquaah G. Principles of Plant Genetics and Breeding. Oxford: Wiley- Blackwell.

2007.

13.Bernardo R. Essentials of Plant Breeding. Woodbury, USA: Stemma Press. 2014.

14.Horn LN, Shimelis H. Production constraints and breeding approaches for cowpea

improvement for drought prone agro-ecologies in Sub-Saharan Africa. Annals of
Agricultural Sciences, 2020; 65(1), 83-91.

[Comment [a25]: remove




15. Chikalipa E, Mwala SM, Tembo L. Evaluation of cowpea parents and hybrids
through multivariate analysis under phosphorus limited soil. Journal of Genetics,
Genomics and Plant breeding, 2022; 6(4) 102-110.

16.Li SX, Wang ZH, Stewart BA. Differences of some leguminous and non-
leguminous crops in utilization of soil phosphorus and responses to phosphate
fertilizers. Advances in Agronomy, 2011; 110, 125-249.

17.Tairo EV, Ndakidemi PA. Possible benefits of rhizobial inoculation and
phosphorus supplementation on nutrition, growth and economic sustainability in
grain legumes. American Journal of Research Communication, 2013;1(12), 532-
556.

18. Ajayi A. Genetic Variability of Quantitative Traits in F2 Hybrids of Cowpea and
Parent Lines. Journal of Genetic Resources, 2023; 9(1), 1-10.

19.Jacinto-Hernandez C, Azpiroz-Rivero S, Acosta-Gallegos, J A, Hernandez-
Sanchez H, Bernal-Lugo I. Genetic analysis and random amplified polymorphic
DNA markers associated with cooking time in common bean. Crop Science
Society of America, 2003; 43, 329-332.

20. Mashi DS. Genetic studies on seed coat texture and cooking time in some varieties
of cowpea (Vigna Unguiculata (L.) Walp) (Doctoral dissertation). 2006.

21.Mbwando A, Lungu DM, Tryphone GM, Tembo L. Nature of resistance of
cowpea Alectra vogelii infestation. African Crop Science Journal, 2016; 24, 389-
395.

22.Tan H, Tie M, Luo Q, Zhu Y, Lai J, Li H. A review of molecular makers applied
in cowpea (Vigna unguiculata L. Walp.) breeding. Journal of Life Sciences, 2012;
6(11), 1190.

23.Raina A, Laskar RA, Wani MR, Khan S. Role of Mutation and Molecular
Breeding in the Improvement of Cowpea, a Primary Pulse Crop. Biotechnologies
and Genetics in Plant Mutation Breeding: Mechanisms for Genetic Manipulation
of Plants and Plant Mutants. 2023.



24.Cichy KA, Wiesinger JA, Matthew B, Nchimbi-Msolla S, Deidre F, Porch TG.
The role of genotype and production environment in determining the cooking time

of dry beans (Phaseolus vulgaris L.). Legume Science Journal, 2019; 1:e13.



