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ABSTRACT: The survival and development of Aphis craccivora Koch, 1854 (Hemiptera: Aphididae) can be affected
by the characteristics of the different cowpea genotypes. The aim of this study was to estimate the demographic
parameters of black aphid (Aphis craccivora Koch) in cowpea cultivars (Vigna unguiculata (L.) Walp.) of economic
importance for Brazil. BRS Pingo de Ouro, BRS Tumucumaque, BRS Itaim, BRS Nova Era, BRS Imponente and
BRS Guariba cultivars were used. VITA 7 cultivar participated in the study as an insect susceptibility standard. A
cohort was formed, where each cultivar had 10 plants as replicates, and each replicate received an aphid. The
number of live individuals, the number of offspring, which were later removed and the longevity of the cohort insects
were daily recorded. The finite growth rate (1) can be considered as the indicator parameter of outbreak risk for
this pest if its values are above 1.2. BRS Nova Era, BRS Imponente, BRS Tumucumaque, VITA 7, BRS ltaim,
BRS Pingo de Ouro and BRS Guariba cultivars presented % values of 1.77, 1.74, 1.73, 1.73, 1.73, 1.71 and 1.16,
respectively. For presenting survival on the occasion of the first offspring and gross reproduction rate (GRR), net
reproduction rate (R;), R, / GRR ratio, intrinsic growth rate (r ) and finite growth rate (1) values much lower than
the others, BRS Guariba cultivar is suggested to have antibiosis type resistance.
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PARAMETROS DEMOGRAFICOS DO PULGAO-PRETO EM CULTIVARES DE FEIJAO-CAUPI

RESUMO: A sobrevivéncia e o desenvolvimento de Aphis craccivora Koch, 1854 (Hemiptera: Aphididae) pode
ser afetado pelas caracteristicas dos diferentes gendtipos de feijdo-caupi. Objetivou-se estimar os parametros
demograficos do pulgao-preto (Aphis craccivora Koch) em cultivares de feijao-caupi (Vigna unguiculata (L.) Walp.)
de importancia econdmica para o Brasil. Foram usadas as cultivares: BRS Pingo de Ouro, BRS Tumucumaque, BRS
ltaim, BRS Nova Era, BRS Imponente e BRS Guariba. A cultivar VITA 7 fez parte do estudo na qualidade de padréo
de susceptibilidade ao inseto. Foi formado uma coorte, onde cada cultivar teve 10 plantas como réplicas, e cada
réplica recebeu um pulgao. Foram registrados diariamente o nimero de individuos vivos, 0 numero de descendentes,
0s quais em seguida foram retirados e a longevidade dos insetos da coorte. A razao finita de crescimento (i) pode
ser considerada o parametro indicador de risco de surto para esta praga se seus valores estiverem acima de 1.2.
Observou-se para as cultivares BRS Nova Era, BRS Imponente, BRS Tumucumaque, VITA7, BRS Itaim, BRS Pingo
de Ouro e BRS Guariba apresentaram os valores da A de 1.77,1.74,1.73, 1.73, 1.73, 1.71 e 1.16, respectivamente.
A cultivar BRS Guariba por apresentar sobrevivéncia por ocasido do primeiro descendente, taxa bruta de reproducédo
(TBR), taxa liquida de reprodugo (R,), relagéo entre R /TBR, taxa intrinseca de crescimento (r ) e razéo finita de
crescimento (1) muito inferior aos demais, sugere a resisténcia do tipo antibiose.

PALAVRAS-CHAVE: Aphis craccivora, resisténcia de plantas, Vigna unguiculata.

INTRODUCTION 25 + 2°C, according to Valente et al. (2014), the four

Black aphid Aphis craccivora Koch, 1854 ~nymphal stages last 3.6 days in VITA 7 cultivar, which
(Hemiptera: Aphididae) is considered one of the main ~makes its control difficult (Akca et al., 2015). These
pests of cowpea. This aphid has rapid development. At  insects can cause direct damage because, when



70 Ciéncia Agricola, Rio Largo, v. 16, n. 1, p. 69-76, 2018

feeding, they suck the sap of terminal shoots, petioles,
flowers and pods of the host plant, which ends up by
modifying their metabolism, as well as indirect, serving
as vectors for the transmission of many viruses, such
as the Cowpea Aphis borne mosaic virus, CABMV, the
Cucumber mosaic virus, CMV and Cowpea severe
mosaic virus, CPSMV (Asiwe, 2009; Ojuederie et al.,
2009; Oliveira et al., 2012).

Traditionally, cowpea is planted in the
Northeastern region of Brazil, and also used by small
family farmers in the Amazon region. However, from the
year 2006, the cultivation of cowpea in the Midwestern
region of Brazil, mainly in the state of Mato Grosso, has
been expanding because itis considered as a good option
to be planted between soybean harvests, as main culture
presents low production cost and excellent perspective in
the international market. This development of the culture
in the region is due to the breeding program of Embrapa
Meio Norte, which has launched highly productive
cultivars and with architecture that allows increasing the
number of plants per hectare and the mechanization
process of crops, such as erect and semi-erect cultivars
(Freire Filho et al., 2011).

In all producing regions mentioned above, the
black aphid is a limiting factor for cowpea cultivation,
which contributes to a decrease in production, as well as
anincrease in costs. In the absence of control, high levels
of infestation tend to cause a further loss of 50% of crop
yield (Obopile, 2006). The chemical control method is still
the most used, with the use of systemic insecticides, but
its use causes several problems, such as the selection
of resistant populations, causing losses to farmers and
damage to the environment (Silva and Bleicher, 2010).

Thus, it is of great importance to know the

demographic parameters of the black aphid, which is
estimated from the elaboration of fertility life tables on
the main cowpea cultivars planted in Brazil. The data of
these tables allows predicting survival rates, as well as
the development and breeding potential of the insect
(Soroushmehr et al., 2008; Akca et al., 2015).

With the knowledge of such demographic
parameters, it is possible to identify resistant and
| or susceptible cultivars; those that in favorable
environments can present pest outbreaks and assisting
in the elaboration of a management plan for the cultivar
chosen. Therefore, this research aims to estimate
the demographic parameters of black aphid (Aphis
craccivora Koch) in cowpea (Vigna unguiculata (L.)
Walp.) cultivars of economic importance for Brazil.

MATERIAL AND METHODS

The work, with cultivars intended for mechanical
harvesting, was carried out in the second semester
of 2016 at the Agricultural Sciences Center (CCA),
Campus do Pici, Federal University of Ceara-UFC,
Fortaleza, CE, Brazil (3°40'24”S and 38°34’32"W, and
12 m a.s.l.), screen house covered on the sides with
anti-aphid screen, and at the top with 200 micron plastic.

BRS Pingo de Ouro (local cultivar), BRS
Tumucumagque (TE96-282-22G x IT87D-611-3), BRS
ltaim (MNC01-625E-10-1-2-5 x MNC99-544D-10- 1-2-
2), BRS Nova Era (TE97-404-1F x TE97 404-3F),
BRS Imponente (MNCOO-553D-8-1-2-3 x MNCO1-
626F-11-1), BRS Guariba (IT85F-2687 x TE87-98-8G)
cultivars were used, as well as VITA7 cultivar (TVx 289-
46 backcrossing) as a susceptibility pattern (Freire Filho
etal., 2011; Cruz et al., 2012). The main characteristics
of each cultivar are described in table 1.

Table 1. Characteristics of cultivars under dry farming system evaluated in the experiment

Commercial

Weight of 100 Flowering

Cultivar sub-class Size Yield (Kg ha) seeds (q) (days) References
VITA7 Branca Semi-erect 843 19.5 38-40 Freire Filho et al. 1983
BRS Guariba Branca Semi-erect 1.508 19.5 41 Freire Filho et al. 2004
BRS ltaim Branca Erect 1.618 23 35 Freire Filho et al. 2009
BRS Tumucumaque Branca Semi-erect 1.098 19.5 37 Cavalcante et al. 2014
BRS Nova Era Brancdo  Semi-erect 1.074,3 20 41 Freire Filho et al. 2008
BRS Imponente Branca Semi-erect 2.181 34 - Embrapa, 2016
BRS Pingo de Ouro Canapu Prostrated 1.098,59 19.05 45.25 Gongalves et al. 2009
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In order to ensure that the insects used in
the experiment belonged to the same generation
and age, the age standardization of aphid colonies
was performed. For this, ten VITA 7 cultivar seeds
were planted in 2.8 L pots using sand, humus and
vermiculite as substrate at proportion of 6: 3: 1. After
the fifth day of planting, pruning was performed,
leaving five plants per pot, and on the eleventh day
after planting, infestation was carried out with five
aphids per plant. The aphids used in the infestation
were female, adult, wingless, rounded in shape
and bright black color. After 24 hours of infestation,
adult insects were removed with the aid of a brush,
keeping only the nymphs produced. On the sixth day
after infestation, adult aphids of the same age were
transferred to the leaves of cultivars to be evaluated.

Cultivars were sown in 300 mL pots with
three holes at the base, which were filled with the
same substrate used in the age standardization.
Two seeds were sown per pot, and on the fifth day,
punning was performed, leaving only one plant per
pot. Plants were irrigated daily, once a day, and
after infestation, they began to be irrigated twice a
day until the end of the experiment in order to avoid
possible stresses to plants, which could lead to a
possible alteration of results.

The infestation of cultivars was carried
out on the twelfth day after sowing, depositing
5 adult aphids per plant from the colonies of age
standardization, in the first hours of the day. Then,
already infested plants were arranged in benches
without touching, and covered with cages coated
with anti-aphid screen of 1.0 m in width, 1.0 m in
length and 0.50 m in height.

Due to parturitions, adult insects were
removed about 4 hours after infestation, remaining
only 2 nymphs per plant within 24 hours. After this
period, a cohort of 10 individuals was formed, and
distributed in 10 replicates of the cultivar, one aphid
per plant. The same was performed in the 7 cultivars.
The number of living individuals; the number of
descendants, which were then removed; and the
longevity of cohort insects were daily recorded. The
experiment consisted of seven treatments, with ten
replicates.

With information regarding the daily number
of offspring and survival in each age group, fertility
life tables of A. craccivora were elaborated for each

V. unguiculata cultivar. From these, the following
were evaluated: survival at production of the first
offspring (S 1% O), which indicates the chances
of nymphs reaching adulthood and procreating;
the R, / GRR ratio, where values closer to 1.0
means that there is higher degree of adaptation of
the genotype as food to the insect; and the gross
reproduction rate (GRR) (Hoque et al., 2008),
which represents the total mean number of nymphs
produced per female over its useful life. The
demographic parameters of the black aphid were
estimated using the Jackknife method, according
to routine presented by Maia et al. (2000), using
the statistical package (SAS Institute, 2002), at 5%
probability level. The net reproduction rate (R);
average interval between generations (T); time to
double the population (T ); intrinsic growth rate (r )
and finite growth rate (1) were estimated.

After the results of the evaluated parameters,
the averages were ranked according to methodology
proposed by Mulamba and Mock (1978), where the
lowest score was attributed to the average of greatest
interest in the research, in order of resistance. With
the ranking data corresponding to the evaluated
parameters, they were summed in order of each
genotype and, consequently, originating the sum
of posts (Zp), which represents the joint action of
the genotype on the population parameters of the
insect.

RESULTS AND DISCUSSION

When observing survival at production of the
first offspring (S 1 O) on the cultivars studied, it
was verified that the level of mortality in the nymphal
phase was very high on insects that fed on the BRS
Guariba cultivar, where only 20% of individuals
reached the adult stage and procreated, while in
the other cultivars (S 1% O), it ranged from 90 to
100% (Table 2). The low survival rate of aphids in
the nymphal phase on BRS Guariba is indicative of
antibiosis, suggesting a plant defense mechanism.
Paz (2016) attributed antibiosis resistance to
the high mortality rate of A. craccivora still in the
nymphal phase on the BRS Guariba cultivar.
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Table 2. Demographic parameters: Survival at production of the first offspring (S 1% O), gross reproduction rate
(GRR), net reproduction rate (R ), R, / GRR ratio, mean interval between generations (r_ ), finite growth rate (1),
and sum of posts (Xp) of Aphis craccivora in cowpea cultivars.

Demographic parameters
Cultivars ™
S10%) P» GRR P R, PRGRRP T P T P r P i P 3
6522 75a 125b 055a 173 )
VITAT 1003 820 5 yoogesy 7 07 7 (59816 2 (147133 ° (052059 ° (16179 o B0
BRS 5582 75a 129b 053a 171
PngodeOuo 0 2 B80T ggugay 4 0822 gaigony 2 (121437) 2 (50057 2 (1es7r) 2 200
BRS 6062 74a 125b 0552 173
Tumuumague 10 3 8303 4 e O 0B 6 078 3 (118133 3 (os2058) ° (167179 3 N0
BRS 475a 70a 125b 0552 173
Heim 003 619 3 ngoees ° 0% 4 ea7ey) O (119131) 3 (053088 ° (169178 ° 20
BRS 623a 72a 120b 057a 1774
Nova Era 1003 816 6 ioge 6 070 5 (geo779) * (1a3127) ° (05a061) ¢ (171188 O B0
BRS Ma 63a 124b 0552 1743
Imponente N2 842 2 7957 2 08 3 5o6e5 O (111138 ¢ (049061 3 (1es18y 4 D0
BRS 42b 94a 4552 0.15b 116b
Guariba 01 250 1 heegog T 0T a5r0a 1 oo T oe024) T r0e12s) T 80

(1) Confidence interval at 95% probability. Means followed by the same letter in the column do not differ from each
other by means of two-to-two treatment comparisons through the 95% probability confidence interval after error
estimation by the Jackknife method (SAS Institute, 2002) using the t test. (2) Occupied post for the observed variable.
(3) The lower the sum of posts, the more promising are cultivars for resistance, when taking into consideration the

eight evaluated parameters.

In the present study, the gross reproduction rate
(GRR) ranged from 21.50 to 89.16 nymphs produced.
BRS Nova Era and VITA 7 cultivars presented the
highest GRR (89.16 and 87.20), while BRS Guariba, the
smallest (21.50) (Table 2). Low gross reproduction rates
demonstrate the negative effects of hosts on the number
of offspring produced on average per female. For some
authors, nutrition and the presence of compounds
with antibiotic characteristics directly affect fecundity,
causing a decrease in the reproductive capacity of the
insect (Panizzi and Parra, 2009; La Rossa et al., 2013).

The net reproduction rate (R,) values were
higher when insects fed on VITA7 (65.2), BRS Nova Era
(62.3), BRS Tumucumaque (60.6), BRS Pingo de Ouro
(55.8), BRS Itaim (47.5) and BRS Imponente (34.0)
cultivars, which significantly differed (P < 0.05) from
BRS Guariba cultivar, with lower R value (4.2) (Table
2). This shows that the aphid, when feeding on the BRS
Guariba cultivar, suffers a reduction in the capacity to
increase the population, making the cultivar inadequate
as host for the insect. Soffan and Aldawoord (2014)
describe the Misr1 cultivar (Vicia faba) as suitable for
the development of A. craccivora when evaluating the
whole plant, presenting a net reproduction rate value of

58.31, which is much lower than that found in present
study for VITA 7 cultivar, the susceptibility pattern.

Plants with net reproduction rate (R;) above
40 present optimum conditions for the development of
Aphis gossypii Glover, 1877 (Hemiptera: Aphididae)
(Takallozadeh, 2010). This indicates that, even among
aphids of different species, but belonging to the same
genus, individuals with RO greater than 34 when fed on
cowpea cultivars tend to be fully developed and do not
find resistance to increase their populations, as verified
in this research.

Regarding the R / GRR ratio, BRS Guariba
cultivar presented lower preference (0.19), while VITA
7 and BRS Tumucumaque cultivars were the most
preferred (0.75 and 0.73) (Table 2). According to
Aoyama and Labinas (2012), the presence of secondary
compounds interferes in the feeding preference of the
insect by the host.

Regarding the interval between generations
(T), no significant differences were observed among
treatments (P < 0.05) (Table 2). In this case, none of the
cultivars used were able to affect the T value of the black
aphid, where the average period of one generation of A.
craccivora varies from 6 to 9 days (Machacha et al.,
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2012). As for the time to double the population (T ), BRS
Guariba treatment significantly differed (P < 0.05) from
the others, for which the black aphid presented higher
T, (4.55 days), that is, in practical field conditions, it
would take this time to double its population in number,
unlike BRS Nova Era treatment, which would take only
1.20 days, thus demonstrating the susceptibility of the
cultivar to the pest (Table 2).

The intrinsic growth rate (r ) and finite growth
rate values (L) in A. craccivora on BRS Guariba were
significantly different (P < 0.05) than those obtained in
other cowpea cultivars. The r_value ranged from 0.15
to 0.57, and A value from 1.16 to 1.77. The lowest r_and
M values were reached in the BRS Guariba group, and
the highest values in the BRS Nova Era group (Table 2).

In this study, all cultivars tested, except for BRS
Guariba, behaved as hosts suitable for A. craccivora,
reaching high intrinsic growth rate values between 0.53
and 0.57, compared to 0.16 of the BRS Guariba cultivar.

Aliyu and Ishiyaku (2013) investigated the
identification of new sources of genes resistant to black
aphid in cowpea and found that IT90K-76 and Saka
Babba Sata genotypes presented high antibiosis level
on the black aphid development, with intrinsic growth
rate of 0.117 and 0.148, respectively. These values
are very similar to those found in this research on the
BRS Guariba cultivar, thus demonstrating its resistance
and ability to affect the reproductive potential of A.
craccivora.

Obopile and Ositile (2010) and Machacha et al.
(2012) obtained intrinsic growth rate values (0.13 and
0.22) close to those found in this study, demonstrating
that the genotypes that showed to be resistant to black
aphid were able to negatively affect the reproduction of
A. craccivora and, consequently, several demographic
parameters. Jalalipour et al. (2017) evaluated the
demographic parameters of A. craccivora on Robinia
pseudoacacia Fisia under laboratory and field conditions
and obtained r_values of 0.2339 and 0.1906, and A
values of 1.2635 and 1.2100.

The nutritional quality and specific metabolic
types of each cowpea cultivar were possibly important
factors for direct interference on the demographic
parameters evaluated, causing a positive or negative
effect on insect biology, directly reflecting on fecundity,
survival and population development (Asiwe, 2009,
Panizzi and Parra, 2009).

The low net reproduction rate and survival of
the first descendant of A. craccivora when developed
on BRS Guariba cultivar resulted in low reproductive
performance, which was reflected in the low intrinsic
growth rate and, consequently, in the lowest finite growth
ratio. Thus, BRS Guariba cultivar can be considered,
among the 7 cultivars evaluated, less suitable for the
black aphid development.

However, one must be aware of the danger
in the use of resistant cultivars due to the selection
pressure, which may lead to the emergence of new
resistant biotypes, since insects that survived on BRS
Guariba cultivar could, throughout their generations,
transmit to their progeny the gene that confers
resistance to the antibiotic compound (Dogimont et al.,
2010; Souleymane et al., 2013).

When evaluating the joint action of cultivars on
the population and biological parameters of the insect,
by means of a sum of posts (2p) (Table 2), it was verified
that BRS Guariba cultivar presented a smaller sum of
posts, showing the most promising among cultivars
evaluated due to the resistance to black aphid. This
result is a confirmation of the resistance of BRS Guariba
cultivar because it caused a reduction in reproductive
potential and survival, which directly influenced the
results of each evaluated parameter.

Currently in the main growing state, Mato
Grosso, the BRS Tumucumaque cultivar is the most
planted followed by BRS Nova Era. In 2016, Embrapa
launched a new cultivar BRS Imponente, a genotype
that promises to exceed the expectations of producers
and consumers, with features that meet the international
market (Santos, 2015). When comparing the results
between recently introduced BRS Imponente cultivar
and the others in use, with the exception of BRS
Guariba, it is potentially more susceptible to presenting
pest outbreaks, given the favorable environmental
conditions.

The BRS Imponente cultivar shows a tendency
of high productivity in relation to the other cultivars
(Table 1). But this should not be the sole criterion for
the choice of the variety. Semi-erect and erect cultivars
are recommended for mechanized harvesting. On the
other hand, if the choice is to take into account regions
favorable or not to aphid outbreaks, the choice is for
BRS Guariba in areas subject to aphids and BRS
Imponente in those where the occurrence is sporadic.
These considerations do not take into account consumer
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preference, which will ultimately define the cultivar to be
planted.

According to Razmjou et al. (2009), the use
of resistant varieties or cultivars with low level of
population growth is an important tool in Integrated Pest
Management (IPM). Thus, it could be concluded that
the BRS Guariba cultivar significantly contributes to the
decrease of the reproductive potential and development
of A. craccivora, presenting antibiosis resistance, and
with the exception of BRS Guariba, all other cultivars
evaluated are suitable for the development of this pest,
taking into account the set of demographic estimates
studied. This research also points out to the need to
evaluate the resistance to aphids in advanced strains
and thus avoid the release of cultivars more susceptible
than those in use by producers
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