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Biological aspects of Aphis gossypii Glover, 1877
(Hemiptera: Aphididae) on colored lint cotton cultivars

Aspectos biolégicos de Aphis gossypii Glover, 1877 (Hemiptera: Aphididae)
em cultivares de algodoeiro com fibra colorida

Lilian Roberta Batista Correa'*, Francisco Jorge Cividanes', Saulo Rene Damido Sala’

RESUMO: Este trabalho teve por objetivos estudar aspectos biols-
gicos de Aphis gossypii em cultivares de algodoeiro de fibra colorida,
construir tabelas de vida e avaliar a influéncia da densidade de tricomas
e glandulas de gossipol das folhas das plantas na biologia do pulgao. Os
ensaios foram conduzidos em cAmara climatizada regulada a 25 +2°C,
UR de 70 £ 10% e fotofase de 12 horas, utilizando-se as seguintes
cultivares: BRS Rubi, BRS Safira e BRS Verde. Ninfas recém-nascidas
foram isoladas individualmente em placas de Petri contendo discos
foliares de algodoeiro das cultivares sobre uma limina de dgar-dgua
(1%) de aproximadamente 5 mm. A avaliagio da densidade de trico-
mas e de glandulas de gossipol das folhas das plantas foi realizada sob
microscopio estereoscdpico, delimitando-se uma drea de 1 cm? ¢, em
seguida, realizando-se a contagem e identificagio dos mesmos nessa su-
perficie. Os substratos alimentares avaliados influenciaram a fase ninfal
de A. gossypii, sendo que a BRS Verde proporcionou menor tempo de
duragio e a BRS Safira, o maior perfodo desta fase. A cultivar BRS
Verde com a menor densidade de tricomas proporcionou elevada pro-
dugio de ninfas e a maior taxa liquida de reprodugio (R ). Diante dos
resultados, conclui-se que as cultivares de algodoeiro colorido influen-
ciam o tempo de duracio da fase ninfal e adulta do pulgao A. gossypii.
A cultivar com elevada densidade de tricomas nas folhas (BRS Safira)
afeta adversamente os padroes de fecundidade de A. gossypii.

PALAVRAS-CHAVE: pulgio do algodoeiro; fibra colorida;

biologia; tricomas; gossipol.

ABSTRACT: This paper outlines the results of a study into the
biological aspects of Aphis gossypii Gléver on colored cotton cultivars
through the construction of life tables. In addition, we evaluate the
influence of density of gossypol glands and trichomes of leaves on
the biology of the aphid. Tests were conducted in a climate chamber
at 25 £ 2°C, with relative humidity (RH) at 70 £ 10%, and a
photophase of 12 hours, using the cultivars BRS Rubi, BRS Safira,
and BRS Verde. Newly hatched nymphs were individually isolated
in petri dishes containing leaf discs of cotton cultivars on a layer of
water-agar (1%) of approximately 5 mm thick. An evaluation of the
trichomes and gossypol gland densities of the cotton leaf plants was
performed under a stereomicroscope, delimited to an area of 1 cm?,
and a count and identification of those on the surface was made.
The feed substrates that were evaluated influenced the nymphal stage
of A. gossypii. BRS Verde provided the shortest duration and BRS
Safira was the longest during this phase. The cultivar BRS Verde, with
the lowest density of trichomes, provided a large number of nymphs
and led to a higher net reproductive rate (R ). Given these results,
conclusions can be drawn that the colored cotton cultivars influence
the duration of nymphal and adult stages of A. gossypii. The cultivar
with a high density of trichomes on leaves (BRS Safira) adversely
affects the fertility parameters of A. gossypii.

KEYWORDS: cotton aphid; colored ling; biology; trichomes;
gossypol.
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INTRODUCTION

The production of colored cotton fibers, both convention-
ally and organically grown, has been considered as a prom-
ising activity for producers and other participants in the
production of cotton (BELTRAO et al., 2004). The naturally
colored cotton has no requirement to pass through the
stages of preparation and dyeing, and as it has been grown
in a system that fosters biological activity and encourages
sustainability, it requires a management system different to
that associated with the conventional production (Souza,
2000). Thus, colored cotton is produced using agroecologi-
cal and sustainable systems and through the management
and protection of natural resources without using pesti-
cides, genetically-modified organisms, chemical fertilizers,
or other inputs harmful to human and animal health and
to the environment (BELTRAO et al., 2009).

Aphis gossypii (a tiny insect or greenfly, commonly
known as the cotton aphid or melon aphid) is of significant
economic importance in cotton production. These insects
attack the plants early in their growing cycle, causing direct
damage as a result of sap sucking (TakarLoozapen, 2010)
and they also have a considerably negative impact by trans-
mitting the causative agents of several viruses to the plants
(FonTes et al., 20006).

The development cycle and reproductive performance
of A. gossypii and other aphid species may vary with the
host plant, or even between different genotypes of the same
plant species. In different cultivars of a species of plant,
A. gossypii may make changes in its behavior, affecting the
degree of susceptibility of the plant. Thus, when an inap-
propriate species of plant is used as food for these insects, it
may have adverse effects on their biology, such as an irregu-
lar growth rate, deformation, reduced fertility, and diseases
in the population. These adverse effects are the consequence
of an inappropriate diet (deficient in some nutrients), or
caused by the presence of toxic metabolites in these plants
(MEeTcaLr; LuckMANN, 1994).

In this manner, morphological and chemical properties
of plants can influence aspects of an insect’s life cycle. For in-
stance, the trichomes are appendages that can affect the ac-
tivity of insects mechanically by pilosity, depending on their
density, hardness, and the length and shape of the trichomes,
just as chemicals can affect the insects through the release of
allelochemicals (Oriany; VENDRAMIM, 2010). The gossypol
glands are involved in the defense of cotton cultivars, and
their presence and density are negatively associated with the
abundance and performance of herbivores, and the damage
caused by them (Summy; King, 1992).

In the Brazilian scientific literature, there is little infor-
mation on the biological aspects of the aphid A. gossypii in
colored cotton cultivars. Therefore, it is emphasized that the
Brazilian studies relate to determine the development time

of different instars, as well as patterns of survival and fecun-
dity, because they form the basis to establish pest control
strategies and facilitate the adoption of integrated manage-
ment programs (Xia et al., 1999). The construction of life
tables is an important tool for the development of these
strategies and, consequently, for improvement of manage-
ment programs (RaBs et al., 1984).

In this context, this study concentrated on the biologi-
cal aspects of A. gossypii in colored cotton cultivars, as well
as the construction of fertility and life expectancy tables,
and on the evaluation of the influence of trichomes and
gossypol glands present in the leaves of the plants on the
aphid’s biology.

MATERIAL AND METHODS

Experiments were carried out at the Laboratory of Insect Ecology
and the experimental area of the Plant Protection Department of
the Faculdade de Ciéncias Agrarias e Veterindrias/Universidade
Estadual Paulista “Julio de Mesquita Filho” (FCAV/UNESP).
The following colored lint cotton cultivars were used in the
tests: BRS Rubi, BRS Verde, and BRS Safira (Gossypium hirsu-
tum latifolium Hutch L., herbaceous).

The tests were carried out in growth chambers set at
25 £ 2°C, relative humidity (RH) at 70 & 10%, and a pho-
tophase of 12 hours. To obtain the nymphs used in the
bioassays, ten adult females from the maintenance rearing
group were isolated in one petri dish (10 cm in diameter)
containing a cotton leaf suspended in a solution of water-
agar (1%). Newly hatched nymphs were individually iso-
lated from these dishes into petri dishes (5 cm in diameter)
containing leaf discs of the tested cotton cultivars (4 cm in
diameter) deposited on a layer of water-agar (1%) of ap-
proximately 5 mm thick. The dishes were sealed with poly-
ethylene film, and when necessary, the substrates of water-
agar and leaf discs were renewed, transferring the insects to
a new petri dish.

The experiment used a completely randomized design
(CRD), with 50 replicates for the treatment. Each replicate
consisted of one individual of A. gossypii maintained on the
leaves within the petri dishes, using the three-colored cotton
cultivars, namely, BRS Rubi, BRS Safira, and BRS Verde.
Daily observations were made under a stereoscopic micro-
scope, evaluating at the nymphal phase, the number and du-
ration of each instar, the total duration of the phase, and sur-
vival in each of these stages. In the adult phase of A. gossypii,
the longevity and daily and total capacity in terms of the
production of nymphs, was determined.

Data were collected for the duration of instars of
A. gossypii at the nymphal stage and during its adult
phase life cycle. Daily and total nymph production and
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nymphal instars’ survival rates were submitted for analysis
of variance (ANOVA), and means were compared using
the Tukey test at 5% probability. The life tables of the
aphid were built according to S1Lveira NETO et al. (1976)
and MicHELOTTO et al. (2003).

To evaluate the density of gossypol glands and the tri-
chomes present below the surface of the leaves of colored
cotton cultivars used in biological assays, 25 leaves from
the middle part of the plants of each cultivar were ran-
domly selected. Smrra (1964) proposed that the counting
of leaf trichomes should be performed on leaves located in
the midline to the top of the plants for the characterization
of cotton genotypes.

Under a stereomicroscope, an area of 1 cm? was de-
limited on the leaves, and a count and identification of
trichomes and gossypol glands on this surface were made.
The trichomes were separated into morphologically simple,
stellate, and forked, according to the classification system
proposed by Bonpapa; OosTtERHUIS (2000). The data ob-
tained were subjected to analysis of variance (ANOVA) and
means were compared using the Tukey test at 5% probability.

RESULTS AND DISCUSSION

The nymphs of A. gossypii presented four instars in all culti-
vars (Table 1). These results are similar to those obtained by
other researchers who have studied the biology of this aphid
in several cotton cultivars under different environmental
conditions (VENDRAMIM; NAkANO 1981; KERSTING et al.,
1999; MicHeLoTTO et al., 2003; Pessoa et al., 2004), in
chrysanthemum under different constant temperatures
(SogLia et al., 2002; 2003), and in Cucurbitaceae plants
(SATAR et al., 2005; LErTE et al., 2008).

The feed substrates that were evaluated showed no influ-
ence on the duration of the instars of A. gossypii (Table 1).
Conversely, the nymph and adult stages of the aphid were
affected, which were found to depend on the substrates
(Table 2). A shorter duration of the nymphal phase occurred
when A. gossypii was reared on the cultivar BRS Verde, while
the opposite was found when BRS Safira served as a feed
substrate. The value obtained for BRS Safira (5.53 days) and
BRS Rubi (5.29 days) differed from the results obtained by
PEessoa et al. (2004), who found that values ranged from

Table 1. Mean + standard error values for different instars of Aphis gossypii on the basis of colored cotton cultivars (25 + 1°C, 70

+ 10% relative humidity, and 12-hours photophase).

Instars (days)

Culti
wiivars First Second Third Fourth
. 1.82 £ 0.07 1.18 £0.06 1.12+0.05 1.18 £ 0.06
BRS Rubi
(n =50) (n = 49) (n =49) (n = 49)
1.84+0.05 1.22 £0.06 1.16 £ 0.05 1.31£0.07
BRS Safira
(n = 50) (n = 49) (n = 49) (n = 49)
1.78 £ 0.06 1.16 £0.05 1.10+£0.04 1.17 £0.05
BRS Verde
(n =50) (n = 50) (n = 49) (n = 48)
F 0.26 0.34 0.42 1.65
p-value 0.7747 0.7143 0.6599 0.1952

Table 2. Mean = standard error values for life stages and life cycle of Aphis gossypii on the basis of colored cotton cultivars (25 +

1°C, 70 = 10% relative humidity, and 12-hours photophase).

Stages/cycle (days)
Cultivars Life cycle
Nymphal stage Adult stage (nymph - aduft)
. 5.29 £ 0.08%* 21.12+0.69° 26.41 +£0.68°
BRS Rubi
(n=49) (n=49) (n = 49)
BRS Safira 5.53 £0.08° 23.88 £ 0.69° 29.41 £0.71°
(n=49) (n=49) (n=49)
5.23 +0.06° 23.48 £ 0.69° 28.71 £ 0.69%
BRS Verde
(n =48) (n=48) (n = 48)
F 4.38 4.66 5.05
p-value 0.0144 0.0111 0.0077

Means followed by the same letter in column do not differ from each other by Tukey test at 5% probability.
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4.94 days to 5.23 days in four different cotton cultivars.
Similarly, FunicHELLO et al. (2009) obtained 5.06 days and
5.16 days for Nqual® (GMO) and DeltaOpal® (white lint)
cultivars, respectively.

On the feed substrate of BRS Rubi, A. gossypii present-
ed the shortest duration of the adult phase (Table 2). The
value of the duration of the adult phase found for this sub-
strate is similar to that observed in cotton cultivar NuOpal®
(21.83 days) (FunicHELLO et al., 2009). The life cycle of this
aphid had the longest period when reared on BRS Safira and
the shortest on BRS Rubi (Table 2).

In all the cultivars studied, the average pre-reproductive
period of A. gossypii was less than 24 hours. The shortest
reproductive period occurred when the aphid was reared
on BRS Rubi (Table 3). On the other hand, for the dura-
tion of the post-reproductive period of the aphid reared on
the tested cultivars, no significant differences (F = 1.65 and
p = 0.1790) were found.

The variety of cotton, BRS Verde, enabled A. gossypii to
produce a total number of nymphs significantly higher than
was the case with the other cultivars, while BRS Rubi adverse-
ly affected the reproductive capacity of aphids as this cultivar
produced the lowest number of nymphs. Nonetheless, the
daily production of nymphs was not affected by the foods
that were offered to the aphids (Table 3). However, the daily
production of nymphs observed in the cultivars was in ex-
cess of that found by Kersting et al. (1999) (2.3 nymphs/
day) and Pessoa et al. (2004) (3.0 nymphs/day), when they

studied the biology of A. gossypii on cotton cultivars on
Cukurova (Turkey) and IPEACO-SL (Brazil), respectively.

No adverse effect was observed on cultivars of col-
ored cotton on the survival of different instars, and the
nympbhal stage of A. gossypii, verifying values between 96%
and 100% (Table 4). A similar result for this biological pa-
rameter was obtained by Pessoa et al. (2004), who studied
this aphid in several cotton cultivars, showing survival val-
ues greater than 90%. On the other hand, Du et al. (2004)
observed survival values of less than 55% in commercial
white lint cultivars of cotton.

Life expectancy (e ) was found to be high in the three
cotton cultivars that were tested, reaching values of 25.59,
28.40, and 27.22 days for aphids reared on BRS Rubi,
BRS Safira, and BRS Verde, respectively. Then a decrease
was followed in the e values, until the end of the evalu-
ation period (Figure 1). Observing these results, initially
BRS Rubi led to the lowest life expectancy (e ). Conversely,
MicHEeLOTTO et al. (2004) observed lower initial values for
e, ranging from 15 days to 23 days, for this same aphid
species reared on weeds.

The highest mortality rate (d,) of A. gossypii reared on the
cultivar BRS Rubi, occurred on the 28" and 30 days, giv-
ing a probability of death (100 q ) of 34.78% and 88.89%,
respectively. The highest mortality rate for BRS Safira and
BRS Verde occurred on the 28" day (38.71% and 32.14%,
respectively). It is worth observing that in these periods,
the aphids were already in adulthood, confirming the low

Table 3. Reproductive period + standard error and nymphs production + standard error of Aphis gossypii on the basis of colored
cotton cultivars (25 £ 1°C, 70 = 10% relative humidity, and 12-hours photophase).

Production of nymphs/females

Cultivars Reproductive period (days) Total Daily
BRS Rubi 10.51 £0.37¢ 55.76 £ 1.30¢ 5.10£0.14
(n=49) (n=49) (n=49)
BRS Safira 12.90 £ 0.45° 60.98 + 1.30° 476+0.11
(n = 49) (n=49) (n=49)
BRS Verde 14.64+0.57° 69.19 £ 1.70° 490+0.16
(n=48) (n=48) (n=48)
F 19.31 21.06 1.42
p-value <0.001 <0.001 0.2453

Means followed by the same letter in column do not differ from each other by Tukey test at 5% probability.

Table 4. Survival (%) + standard error for instars and nymphal stage of Aphis gossypii on the basis of colored cotton cultivars

(25 % 1°C, 70 £ 10% RH, 12 hours photophase) (n = 50).

5 instars

Cultivars First Second Third Fourth Nymphal stage

BRS Rubi 100.0+£0.0 98.0+2.0 100.0£0.0 100.0+£ 0.0 98.0+ 2.0

BRS Safira 100.0+ 0.0 98.0+2.0 100.0+ 0.0 100.0+ 0.0 98.0+2.0

BRS Verde 100.0+ 0.0 100.0£0.0 98.0+2.0 98.0+2.0 96.0+2.67

F 1.00 0.33 1.00 1.00 0.24

p-value 0.4041 0.8014 0.4041 0.4041 0.8680
328 Arq. Inst. Biol., Sdo Paulo, v.80, n.3, p. 325-333, 2013
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Figure 1. Survival (L ) and life expectancy (e,) of Aphis gossypii on the basis of colored cotton cultivars (25 £ 1°C, 70 = 10% relative

humidity, and 12-hours photophase).

mortality observed for nymphal instars of the aphid on these
colored cotton cultivars (Table 4).

The critical period for an increased tendency of popula-
tion growth of an insect species occurs between the inter-
section of the curves of fecundity (m ) and survival rate (1)

Arg. Inst. Biol., Sdo Paulo, v.80, n.3, p. 325-333, 2013

until the peak of reproduction (MEeLLO et al., 1980). The
reproductive peak, i.e., the highest values of m (average
number of nymphs/female) occurred on the 9" day for BRS
Safira and BRS Verde and on the 10" day for BRS Rubi. The

survival rate (1) was initially high, and remained practically
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BRS Rubi —o—m,
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1.2

Survival rate (1)

34 37 40 43
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Figure 2. Average number of nymphs/female (m ) and survival rate (I ) of Aphis gossypii on the basis of colored cotton cultivars

(25 £ 1°C, 70 = 10% relative humidity, 12-hours photophase).

stable with small variations until the 15% (BRS Rubi), 19*
(BRS Verde), and 23" days (BRS Safira). Thereafter, it fell
down sharply until the end of the evaluations (Figure 2).
Considering the parameters of the life-fertility ta-
bles, the net reproductive rate (R) is an estimation of
the expected number of offspring per female over a gen-
eration (Siveika NETO et al.,, 1976). In this study, A
gossypii showed an increased value of R on the cultivar
BRS Verde, and a lower value on the cultivar BRS Rubi

(Table 5). It is worth observing that the values of R on
the tested cultivars were higher than those observed
by KersTiNG et al. (1999) for this aphid reared on cot-
ton cultivar Cukorova (44.7 nymphs/female/generation).
However, MicHELOTTO et al. (2003) found a higher value
of R, for A. gossypii reared on cotton cultivar DeltaOpal®
(82.08 nymphs/female/generation).

The time interval between each generation (T) and the
time required for the population to double (TD) in this

330
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study was greater in the case of BRS Verde and BRS Safira
(Table 5). MicueLoTTO et al. (2003) found similar values
to those obtained on BRS Rubi, for T (10.45 days) and TD
(1.81 days), for A. gossypii reared on cotton cultivar CNPA
ITA 90, whilst Kersting et al. (1999) found a higher value
of the parameter T (15.1 days on cotton cultivar Cukorova)
compared to those observed on colored cotton cultivars.

The values of the innate ability to increase in num-
bers (r ) and of the finite rate of increase (A) were lower
when A. gossypii was reared on BRS Safira and greater when
reared on BRS Rubi (Table 5). However, the results ob-
tained for these parameters on BRS Rubi were lower than
those obtained by MicuELOTTO et al. (2003) (r_ = 0.390
and A = 1.477 nympbhs/female/day) for this aphid reared on
DeltaOpal® cultivar.

BRS Safira presented the largest number of trichomes
and the smallest coverage of gossypol glands, with regards
to the morphological characteristics of the cotton leaves that
were evaluated (Table 6). Three types of trichomes were ob-
served on the lower surfaces of leaves of colored cotton, i.e.,
simple, stellate, and forked.

It is notable that the cultivar with the highest density of
trichomes (BRS Safira) caused a prolongation of the nymphal
stage of the aphid. Thus, the high density of trichomes formed a
mechanical barrier, hindering access to food by the nymphs be-
cause of their small size (SoGLia et al., 2002). According to LARA
(1991), the morphological characteristics of plants can change the
behavior of insects, and also interfere with their biology, reducing
their adaptive capacity and giving protection to plants.

Similarly, the density of leaf trichomes of colored cotton cul-
tivars affected the fertility patterns of A. gossypii. It was observed
that BRS Verde, with the lowest density of trichomes (Table 6),
featured a high production of nymphs and an increased net repro-
ductive rate (R ) (Table 5). SoGtia et al. (2003) also observed that
in chrysanthemum cultivars, with a higher density of trichomes,
A. gossypii showed a lower fecundity rate. The reproductive po-
tential of aphids can be affected by several factors, among which
include the quality of the host plant and the occurrence of natural
resistance in the plants (Kocourek et al., 1994).

Furthermore, the gossypol glands present on cotton
leaves showed that BRS Rubi, with the highest density of
such glands, (Table 6) led to the lowest adult longevity and

lowest fertility patterns (small production of nymphs
and low value for R)) (Table 5). Du et al. (2004), studying
the biology of A. gossypii, also observed this effect in cotton
cultivars with a higher density of gossypol glands.

It is emphasized that the information on the develop-
ment and fecundity of aphids from particular hosts and
regions should be used with caution, if applied to differ-
ent cultures and regions, from those in which the study
took place (Akey; BuTLERr, 1989). The existence of dif-
ferent breeds and host incompatibility is a common phe-
nomenon in A. gossypii, making it important to study the
interactions with aphid host plants in different regions
(SATAR et al., 1999).

Conclusions can be drawn from the results obtained
that the colored cotton cultivars influence the duration of the
nymphal and adult phases of A. gossypii, and its survival is not
affected. This data showed that BRS Verde cultivar with a low
density of trichomes on the leaves, promotes the highest de-
gree of fecundity on the part of A. gossypii. BRS Rubi cultivar
with a high density of gossypol glands has an adverse effect on
the fecundity and longevity of adults of A. gossypii.
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Table 6. Mean number of trichomes/cm? and gossypol
glands/cm? (£ standard error) present underneath leaves of
colored cotton cultivars (n = 25).

Cultivars Trichomes Gossypol glands
BRS Rubi 55.5 £ 5.93° 90.5 £ 3.69°
BRS Safira 109.4 £ 6.99° 58.6 £ 3.25°
BRS Verde 25.08 + 1.49¢ 78.5+247°

B 77.42 26.38
p-value < 0.001 < 0.001

Means followed by the same letter in column do not differ from each
other according to the Tukey test at 5% probability.

Table 5. Life-fertility table parameters of Aphis gossypii on the basis of colored cotton cultivars (25 + 1°C, 70 £ 10% relative

humidity, 12-hours photophase).

. T R, M A D
Cultivars -
(days) (nymphs/females/generation) - (nymphs/female/day) (days)
BRS Rubi 10.451 54.641 0.383 1.467 1.810
BRS Safira 11.079 59.760 0.369 1.446 1.878
BRS Verde 11.166 66.420 0.376 1.456 1.843

T: time interval between each generation; R : net reproduction rate; r_: innate capacity for increasing in number; A: finite rate of increase; TD: time

required for population to double.
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