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Abstract

Cowpea, a crucial lequme in Nigeria, faces significant challenges from various biotic and abiotic
stresses, with the Cowpea Aphid (Aphis crassivora Koch) being the most detrimental pest affecting
yield. Despite breeding efforts to develop resistant varieties, emerging aphid biotypes have compromised
this resistance. The research aimed to ascertain the resistance status of cowpea genotypes and detail the
demographic parameters of the cowpea aphid. Eighteen cowpea genotypes were evaluated
phenotypically in insect-proof cages within a screen house, using a completely randomized design with
three replications. The parameters measured included the pre-reproductive period, reproductive period,
life span, total offspring, intrinsic rate of natural increase, and mean relative growth rate of cowpea
aphids. The study found varying levels of resistance among the genotypes, with SAC-20KTE-11 and
Sampea 14 showing the highest resistance, while Dan Misra and Aloka Local exhibited the highest
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susceptibility. The pre-reproductive period of aphids was prolonged by the resistant genotypes compared
to the susceptible ones. The resistant genotypes also shortened the reproductive period, life span, total
offspring, intrinsic rate of increase, and mean relative growth rate of aphids compared to the susceptible
genotypes. SAC-20KTE-11 and Sampea 14 displayed antibiosis-type resistance, indicating their
potential to reduce aphid reproductive rates. These genotypes could be selected for inclusion in cowpea
breeding programs aimed at developing improved resistant lines against aphids.
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INTRODUCTION

Cowpea (Vigna unguiculata L. Walp) is an essential leguminous crop that serves as a major
source of food and fodder for livestock (Singh et al., 2002). It also plays a crucial role in soil
fertility improvement due to its nitrogen-fixing ability (Timko et al., 2007). Globally, about 9.8
million tonnes of cowpea are produced annually, with Africa contributing approximately

95.5% of the total production. Nigeria is the largest producer and consumer, accounting for
nearly 50% of global cowpea production (FAO FAOSTAT, 2024).

Despite its economic and nutritional importance, cowpea production is severely constrained
by aphid (Aphis craccivora) infestations, leading to yield losses ranging from 80% to 100% (Kusi
et al., 2020). Aphids damage cowpea both directly by feeding on plant sap and indirectly by
transmitting viral diseases, necessitating effective management strategies for sustainable
production (Aliyu et al., 2023; Smith, 2021). Currently, many African farmers rely on synthetic
insecticides to control aphids. However, these chemicals are costly, hazardous to human
health, and environmentally detrimental (Ouédraogo et al., 2020). Moreover, aphids exhibit a
high resurgence potential in insecticide-treated fields, reducing the long-term efficacy of
chemical control methods (Omoigui et al., 2017).

Host-plant resistance is the most cost-effective and environmentally sustainable approach to
managing aphids in cowpea. Resistance breeding efforts have incorporated aphid-resistant
genes into elite varieties, but these resistance mechanisms have been compromised by the
emergence of new aphid biotypes, rendering previously resistant cultivars susceptible
(Boukar et al., 2019). Therefore, the identification of new, durable sources of resistance remains
a critical research priority.

Several studies have explored the mechanisms underlying aphid resistance in cowpea.
Resistance mechanisms typically include antibiosis, antixenosis, and tolerance (Kusi et al.,
2010). Antixenosis affects insect behavior by deterring colonization, while antibiosis directly
influences insect development and reproduction by reducing feeding efficiency, prolonging
development time, and increasing mortality rates. Tolerance, in contrast, enables plants to
sustain significant aphid infestations without substantial yield losses (Bidinger, 1992). These
mechanisms may act individually or synergistically to confer effective resistance against
aphids.

Despite previous efforts in breeding for aphid resistance, there is a need to identify and
characterize new sources of resistance to counteract evolving aphid biotypes. This study aims
to evaluate the resistance of selected cowpea genotypes to Aphis craccivora through phenotypic
screening and the estimation of key demographic parameters. Unlike previous studies that
primarily focused on resistance screening, this research integrates both screening and a
detailed assessment of aphid population dynamics, providing novel insights into the
effectiveness of resistance mechanisms in cowpea. The findings will contribute to breeding
strategies for developing more durable aphid-resistant cowpea varieties.
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MATERIALS AND METHODS

The study was conducted at the screen house of department of Crop Protection, Institute for
Agriculture Research (IAR), Zaria. Two experiment was performed, the first experiment
involves screening cowpea genotypes for resistance to aphids, the second experiment was to
estimate the demographic parameters of cowpea aphids. For the initial screening, two (2)
seeds of eighteen cowpea genotypes (table 1) was planted in a pot placed in insect proof cages.
The seedlings were pruned to one seedling, seven (7) days after planting (DAP). The
experimental design was completely randomized design (CRD) in three (3) replications. Soil
was irrigated with tap water as necessary (Souleyman et al., 2013). Camel hair brush was used
to Infest the trifoliate leaves of each seedling with five (5) fourth-instar nymphs 7 DAP
(Souleymane et al., 2013; Togola et al., 2020).

For estimation of demographic parameter screening, two seeds each of four (4) selected
genotypes (Dan Misra, Sampea 14, SAC20KTE-11, Aloka local) were sown in pots, arranged
in completely randomize design (CRD) in three replications, and thinned to one seedling after
germination. The germinated seedlings were infested with single nymph stage of Aphis
crassivora, seven days after sowing. The aphid pre-reproductive period (d), reproductive
period, number of progenies in reproductive days/ effective fecundity (md), and life span of
the aphid were monitored daily up to the death of the adult aphids. Intrinsic rate of increase
(rm), and mean relative growth rate (MRGR) were calculated using the formulae below:

= M, where k is constant with 0.738 value (Wyatt and White 1977), Md is the effective

fecundity, and d is the pre-reproductive period in days.
m

MRGR= = (Dixon, 1987)

The data collected from the initial, and demographic parameter screening was subjected to
general linear model analysis of variance (ANOVA) and treatment means separation was
conducted using the Tukey Honestly significant difference (HSD).

Table 1: List of Genotypes used for the initial screening

S/n  Genotype Source of seed

1 17-4-T2 IAR, ABU, Zaria, Nigeria
2 SAC-20KTA-41 IAR, ABU, Zaria, Nigeria
3 Sampea-14 IAR, ABU, Zaria, Nigeria
4 1T84S-2246-4** IAR, ABU, Zaria, Nigeria
5 SAC-20KTE-11 IAR, ABU, Zaria, Nigeria
6 SAC-20KTE-17 IAR, ABU, Zaria, Nigeria
7 SAC-20KTA-53 IAR, ABU, Zaria, Nigeria
8 YACINE IAR, ABU, Zaria, Nigeria
9 Sampea-11 IAR, ABU, Zaria, Nigeria
10 43-7-QTL IAR, ABU, Zaria, Nigeria
11 282-9-QTL IAR, ABU, Zaria, Nigeria
12 27-1-QTL IAR, ABU, Zaria, Nigeria
13 Dan misra Local farmers

14 Aloka local IAR, ABU, Zaria, Nigeria
15 Badoje IAR, ABU, Zaria, Nigeria
16 Sampea 2 IAR, ABU, Zaria, Nigeria
17 Sampea 4 IAR, ABU, Zaria, Nigeria
18 Gamagari* Local farmers

** Resistant check, * susceptible check
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RESULTS AND DISCUSSION

The mean aphid population score and plant damage score of cowpea genotypes at 7, 14, and
21 days after infestation (DAI) is presented in Figure 1. The results reveal consistent resistance
to aphid infestation in SAC20KTE-11 and Sampea 14, as evidenced by their low damage scores
and aphid populations of 1 at 7, 14, and 21 DAI. Other genotypes that exhibited resistance
included IT96D-604, Yacine, SAC20KTE-17, 1T845-2246, and SAC20KTA-41, displaying
damage scores of 1 and aphid population scores ranging between 1 and 2. The ability of these
resistant genotypes to prevent the survival of aphids over time suggests the presence of
metabolites with potential aphidicidal properties. This aligns with the findings of
MacWilliams et al. (2022), who demonstrated that resistance in cowpea line CB77 is mediated
by antibiosis, effectively reducing aphid survival and associated phytotoxic symptoms. The
ability of the resistant genotype to prevent the survival of aphids with days after infestation
suggest the presence of possible metabolites that can kill the nymph and adult stage of aphids
(Alabi et al., 2012).

Conversely, Dan Misra and Aloka local demonstrated the most severe impact from cowpea
aphids, with the highest aphid population and damage rating scores of 5.0 at 21 DAL
Consequently, these genotypes were classified as highly susceptible to aphid infestation.
Similarly affected cowpea genotypes include Sampea 2, Gamagari, and Badoje, each
exhibiting aphid population and damage scores of 4.0. The significant aphid infestation in
these genotypes suggests that only susceptible varieties displayed visible symptoms of attack,
which could be attributed to the higher rate of aphid multiplication and the lack of early
resistance mechanisms in young seedlings. Omoigui et al. (2017) reported a similar pattern,
where susceptible varieties showed a high rate of aphid colonization due to the absence of
resistance traits.
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Figure 1: Resistance status determination of 18 cowpea genotypes screened in insect proof cages
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The mean performance of genotypes in relation to the demographic parameters of Aphis
craccivora is shown in Figure 2. The pre-reproductive period of aphids was observed to be
prolonged in SAC20KTE-11 and Sampea 14. This delay in the reproductive cycle suggests an
antibiosis effect, as resistant plants influence aphid development during the early growth
stages. Such an effect has been observed in resistant cowpea genotypes, where aphids exhibit
prolonged development times and reduced survival (MacWilliams et al., 2022). This finding
also agrees with the research conducted by Obopile and Ositile (2010), who reported a delay
in the pre-reproductive stage in resistant cowpea varieties due to aphid infestation.

Reproductive period and lifespan of aphids differed significantly among genotypes (p < 0.05).
Shorter reproductive periods and lifespans were observed in the resistant varieties
(SAC20KTE-11 and Sampea 14) compared to the susceptible varieties (Dan Misra and Aloka
local). This may be due to the poor nutritional quality of resistant host plants, which
negatively impacts aphid fecundity and longevity. Holopainen and Kossi (1998) suggested
that resistant plants provide lower-quality food resources, thereby reducing aphid
reproductive success. The decreased reproductive performance of aphids infested on resistant
varieties is confirmed by a significant reduction in fecundity, similar to the findings of Lamari
et al. (2008) in broad beans, who reported that reduced fecundity and lifespan of aphids was
due to an antibiosis-mediated response. Recent studies, such as those by Omoigui et al. (2017),
confirm that resistant cowpea varieties limit aphid proliferation through similar antibiosis
mechanisms.

The intrinsic rate of increase was significantly higher in susceptible varieties (Dan Misra and
Aloka local) compared to resistant genotypes (SAC20KTE-11 and Sampea 14). The increased
intrinsic rate in susceptible varieties indicates their suitability as aphid hosts, leading to rapid
population growth. This aligns with findings from MacWilliams et al. (2022), who
demonstrated that susceptible cowpea lines supported greater aphid reproduction, whereas
resistant lines significantly suppressed aphid population expansion. The obtained results are
lower than those obtained by Obopile et al. (2006), possibly due to inherent varietal
differences.

Additionally, significant differences were observed in the mean relative growth rate (MRGR)
of aphids across genotypes, with SAC20KTE-11 exhibiting the lowest MRGR. This suggests
its potential to suppress aphid reproductive rates compared to susceptible varieties like Dan
Misra and Aloka local, which had the highest MRGR. The reduced MRGR observed in
resistant varieties is consistent with the findings of Omoigui et al. (2017), who reported that
resistant cowpea genotypes significantly limited aphid development and reproduction.

Overall, the findings confirm that aphid resistance in cowpea is largely governed by
antibiosis, which delays aphid development, reduces fecundity, and limits overall population
growth. Recent research has emphasized the importance of genetic factors in resistance,
suggesting that future breeding programs should focus on introgressing resistance-associated
genes into elite cowpea varieties to ensure durable aphid resistance in the field.
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Figure 2: Variation in Cowpea aphid (CPA) development on selected genotypes under screen house condition
Footnote: Pre-repr= pre-reproductive period (days), Repr =Reproductive period (days), md =effective fecundity,
total-ofs= total offspring, rm =intrinsic rate of increase, mrgr =mean relative growth rate

CONCLUSION

The study observed varying levels of resistance to cowpea aphids among cowpea varieties.
SAC-20KTE-11 and Sampea 14 were identified as the most resistant varieties. The resistance
displayed by SAC-20KTE-11 and Sampea 14 was attributed to antibiosis mechanism. Dan
misra and Aloka local are suitable hosts for the development and population increase of
Cowpea aphid. The resistant genotypes could be selected for inclusion in cowpea breeding
programs aimed at developing improved resistant lines against aphids in Nigeria.
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