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SUMMARY

The cotton aphid (Aphis gossypii), is one of the most devastating insect pests for chili
pepper that damages the crop and transmits several viruses. Thus far, there is no
commercial chili cultivar with effective resistance to cotton aphids (CA). The present study
aimed to develop a reliable and practical screening protocol in chili peppers for aphids
resistance in the tropical areas. Three no-choice test methods i.e., seedling cage, detached
leaf, and clip cage tests have been developed. The experiment was conducted in a
randomized complete block design (RCBD) with four replications in a greenhouse at the
Gunung Putri, Bogor, West Java, Indonesia. Seven chili pepper genotypes belong to the
species Capsicum annuum L. provided by the Department of Agronomy and Horticulture,
IPB University, Bogor, Indonesia were used in this study. Chili pepper resistance to aphids
was observed through the number of aphids progeny, and aphids fecundity among the
genotypes. Two chili genotypes consistently showed low infestation while other genotypes
showed the highest infestation with three screening methods. All the methods have a high
heritability value (90%-91%), indicating that the evaluated chili genotypes could be used to
determine effective screening methods. The correlation between the detached leaf and clip
cage tests was significant (r = 0.84, P < 0.05). Therefore, the clip cage test could be used
as a reliable and practical screening test for the assay of chili peppers resistance to CA
infestation. These information will be helpful in the development of aphid resistant cultivars
in the future.
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Key findings: The present study demonstrated the reliable and practical phenotypic
screening tests in chili pepper (Capsicum annuum L.) resistance to cotton aphids. The clip
cage test was found more accurate than the whole plant test used for screening of chili
peppers for resistance to cotton aphids at the seedling stage. The seedling phase required
less space, more uniformly than generative plants, and can be performed soon after sowing.
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INTRODUCTION

Chili pepper (Capsicum annuum L.) is one
of the economically important vegetable
crops in the world. The chili peppers are
grown both in the lowlands and highlands.
There are five domesticated species in the
genus Capsicum: Capsicum annuum, C.
frutescens, C. baccatum, C. chinense, and
C. pubescens. The C. annuum and C.
frutescens species are widely planted in
Indonesia, while C. pubescens is only
grown in the highlands of Dieng Plateau,
Central Java, Indonesia (Amamoto et al.,
2013). The last reported data of the chili
pepper grown area, production, and yield
per hectare in 2019 were 300 379
hectares, 2.4 million tons, and 8.67 tons
ha!, respectively (Ministry of Agriculture
Republic Indonesia, 2021). Syukur et al.
(2010), reported from their studies that
chilli pepper productivity can reach 22 tons
ha™.

Global climate change, directly and
indirectly affects insect-pest populations,
natural enemies, decomposers, and
microorganisms (Setiawati et al., 2013).
The increase in mean temperatures could
enhance the growth of populations for
several aphid species meanwhile
increasing CO, concentration could lead to
their population dynamics was highly
variable (Blanchard et al., 2019). Aphids
are among insect-pests that threaten chili
peppers (Parisi et al., 2020), and feed on
the sieve elements of the phloem through
the apoplast pathway (Nalam et al.,
2019). They reproduce parthenogenically
with a short generation that allows them
to rapidly attain high population densities
and reducing plant quality (Smith and
Chuang, 2014). Aphids produce winged
female progeny to facilitate dispersion to
other plants, as an effective vector to
transmit viral diseases, and by also having
resistance to some of the insecticides.
These makes them extraordinary insect
pests (Nalam et al., 2019).

Maharani and Hidayat (2019)
reported 112 aphids species in the
agricultural area of Indonesia. Two species
have been reported to infest the Capsicum
(Parisi et al., 2020). Green peach aphid
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(GPA), Myzus persicae (Sulzer), infest the
Capsicum in midland to the highland
areas, while cotton aphids (Aphis gossypii
Glover) infest the Capsicum species in
lowland and the humid regions (Satar et
al., 2008). Cotton aphids (CA) were
reported to reduce chili pepper production
up to 65% if not controlled chemically
(Fereres et al., 1996). In addition, CA as
also reported to serve as vectors for 50
types of viruses in the Solanaceae family
(Shannag et al., 2007; da-Costa et al.,
2011). Farmers have intensively used
pesticides to control these pests.
However, chemical control of aphids is no
longer effective because of their
resistance to insecticides (Carletto et al.,
2009).

The use of resistant cultivars can
reduce the number of insecticide sprays,
and maintain natural enemies. Many
crops, including soybean (Kim and Diers,
2013; Conzemius et al., 2019), melon
(Liang et al., 2015; Boissot et al., 2016),
and tomato (Nalam et al.,, 2019), have
been developed that exhibit natural
resistance to aphids. The two basic host-
plant resistance to the insect-pests
infestation are antixenosis and antibiosis
(Niks et al., 2011; Natukunda et al.,
2019). Antibiosis interferes with aphid
growth, survival, and fecundity, while
antixenosis influences aphid behavior,
including plant choice and feeding on the
sieve elements (Niks et al., 2011).
However, strong antibiosis can also affect
aphid behavior (Nalam et al., 2019).

Several test methods have been
described for identification of insect pests
infestation in the host species plants
including: whole plant (Klingler et al.,
2005; Michel et al., 2010; da-Costa et al.,
2011), detached leaf (Michel et al., 2010;
Daryanto et al., 2017), leaf disc
(Maharijaya et al., 2011), and clip cage
(Firdaus et al., 2012; Saberski et al.,
2016; Rasool et al., 2017; Sun et al.,
2020). The screening methods should be
easy to conduct, generate accurate
results, reproducible, time-efficient, and
requiring little space to be used in the
breeding program. However, studies are
lacking the evaluation of in vivo vs. in
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vitro tests within the CA infestation in chili
pepper. The present study aimed to
develop a reliable and practical screening
protocol in chili peppers for aphids
resistance in tropical areas.

MATERIALS AND METHODS
Plant material

The research was conducted from October
2020 to February 2021 in a greenhouse at
the Gunung Putri, Bogor, West Java,
Indonesia. Chili pepper genotypes were
provided by the Department of Agronomy
and Horticulture, IPB University, Bogor,
Indonesia. In total, seven chili pepper
genotypes belong to C. annuum species
namely IPB C3, IPB C12, IPB C15, IPB
C20, IPB C313, IPB C367, and IPB C371,
were used. Each genotype was sown in a
seedling tray (72 holes) and then after 14
days of sowing, the plants were
transferred to a pot with size 5.5 cm x 7
cm. The planting media used was a
mixture of cocopeat and husk charcoal
with a ratio of 1:1 (v/v) without
insecticide treatment. For fertilizers
application, the AB-mix nutrition was used
with the concentration of 1000 ppm, three
times a week. In chili pepper plants, all
the screening tests were conducted at the
seedling phase and early vegetative
stages.

Aphids rearing

The cotton aphids population was taken
from chili pepper fields and then reared on
susceptible chili genotype (IPB C313)
inside the insect-tight boxes. The aphids
colony was maintained in a standard
tropical greenhouse under the same
conditions as the chili pepper genotype
plants. The Aphid population was also
transferred to other susceptible chili
pepper plants when the host plant quality
become poor due to the high aphid
population. Colonies of CA were reared for
several generations to sufficiently increase
the population for infestation. A soft brush
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was used to transfer wingless aphids
(apterous) into the experimental unit.

Screening methods
Seedling cage test

The seedling cage test was a whole plant

assay at the seedling stage. The
evaluation was carried out under
greenhouse conditions. Approximately

four weeks after sowing, each plant was
infested with one wingless adult CA using
a wet brush enclosed in an aphid-proof
cage. In each chili pepper genotype, four
plants were used with four replications in
a randomized completed block design
(RCBD). Each plant was covered with a
modified plastic cup. The colony numbers
were counted after one day of infestation
(DAI) and seven DAI using a magnifying
glass. After testing, the plant organs and
aphids were soaked in soapy water to
avoid uncontrolled infestation.

Detached leaf test

The detached leaf test was performed as
described by Daryanto et al. (2017).
Briefly, the experimental design consisted
of four randomized blocks, each
comprising seven genotypes grown in a
pot and each experimental unit involved
four plants per line. The leaf of each plant
was taken from fully opened leaves and
placed in a closed container (6 cm x 4 cm)
with wet cotton and ventilated by insect
nets made of organza fabric. The
environmental conditions were kept at 28
°C £ 2 °C and 70% =+ 10%. Initial
infestation placed one apterous adult for
24 hours and five 1 day old nymphs were
produced by an adult aphids on detached
leaf which were then used for infestation.
The remaining day-old nymphs were used
to evaluate for the survival rate and the
number of aphids colonies until seven
days (Michel et al., 2010). The Survival
rate was determined by dividing the
number of living aphids by the total colony
of aphids in the detached leave. The
number of aphids colonies was calculated
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as dead and alive aphids after seven days
of infestation.

Clip cage test

The rings of foam-floating material were
used, commonly called swimming pool
needles, which are made of polyethylene
foam. The foam clip cage is light, durable,
easily transported, cheaper, and easily
used in field experiments (Haas et al.,
2018). Each clip cage consisted of two
discs of foam tubes, i.e., one for confining
the aphids and the other supporting the
clip. The clip cage was prepared using
circular with an outer diameter of 4 cm,
an inner diameter of 2 cm, and a
thickness of 1 cm. Air circulation was
provided with an organza fabric on both
clips, glued with a non-toxic glue stick.
Each plant was given one pair of foam clip
cage then clamped by pins. One wingless
imago was kept infested for seven days
(Hanson et al., 2016). The environmental
conditions were kept as per standard
tropical greenhouse. The evaluation was
carried out for the number of imago,
nymphs, and formation of winged aphids.
Comparison of and
generative stages

vegetative

Plant stage comparison used clip cage
test. Approximately vegetative and
generative stages were four and eight
weeks after sowing, respectively. Chili
pepper cultivar IPB C313 was used as a
susceptible genotype and IPB C367 as a
putative resistance genotype. Each
experimental unit involved four plants per
line. Each plant received three foam clip
cages containing one adult wingless CA
obtained from a rearing on the genotype
IPB C313. After  evaluation, the
observations were recorded as described
in the clip cage test.
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Heritability estimation

The broad heritability (h%,) value for each
test was estimated by using variance
components obtained from analysis of
variance (ANOVA) using the following
formulas:

. alg

where;

Environmental variance (c°e ) = Error
mean square

Genetic variance (0°g) = (Genotypes
mean square — Error mean square)/r

Phenotypic variance (o’p) = o°g + (o°e/r)

r = Number of replications
Statistical analysis

Bartlett's and Normality tests were
performed at P < 0.05 level of significance
to meet the assumption €ij ~ N (0, 0°);
error normal spread, the mean p, and
variance homogeneous. Furthermore, the
data were tested by ANOVA (F-test), when
the treatments (Chili pepper genotypes)
were significantly different, it was followed
by the least significant difference (LSD)
test at a 5% level of significance. Pearson
correlation was calculated to compare the
different test methods. The Student’s t-
test was used to determine the differences
between the plant stages at a 5% level of
significance. The statistical analyses were
done using Microsoft Excel 2013, R studio
1.2.1, and Minitab 14.

RESULTS
Seedling cage test

In the seedling cage test, the aphid
population were recorded at 1 DAI (days
after infestation) and 7 DAI. The chili
genotypes varied from one another in
terms of the number of aphids per plant.
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Table 1. Means of cotton aphids population within seedling cage test at one and seven days

after infestation.

Genotypes One DAI Seven DAI
IPB C3 8.11 a 75.42 a
IPB C12 5.17 a 51.50b
IPB C15 6.92 a 74.28 a
IPB C20 4.36 a 40.13 b
IPB C313 5.75 a 79.42 a
IPB C367 5.15 a 38.83b
IPB C371 5.06 a 82.18 a

One DAIL: One day after infestation, Seven DAI: Seven days after infestation. Different letters in the same column
indicated a significant difference between genotypes based on LSD’s test at level P < 0.05.

Chili genotypes IPB C367, IPB C20, and
IPB C12 had lower number of aphids at 7
DAI, i.e., 38.83, 40.13, and 51.50 aphids
per plant, respectively, compared to the
rest However, genotypes IPB C3, IPB
C313, and IPB C371 had the higher
number of aphids ranging from 74 to 82
aphids per plant. There was no difference
(P 0.146) in the number of nymphs
produced at one-day after infestation (1
DAI) (Table 1).

Detached leaf test

The responses of seven chili pepper
genotypes on detached leaf testing to CA
infestation after 1 DAI and 7 DAI are

presented in Table 2. There was no
difference in the number of nymphs
produced after 1 DAI in all the chili

genotypes (P = 0.06). After 7 DAI, there
was a difference (P <0.0001) in the
number of aphids per leaf or aphid’s
colony on the chili genotypes. Genotypes
IPB C20 and IPB C637 showed

significantly reduced CA colonies
compared to other genotypes, i.e., IPB
C3, IPB C12, IPB C15, IPB C313, and IPB
C371 genotypes. The survival rate of
aphids showed no dignificant difference (P
0.227) with the values ranged from
0.51-0.86.

Clip cage test

We could differentiate CA reproduction in
all genotypes by clip cage test. Imago and
nymphs were clearly distinguishable in
size and color. Imago tended to have a
darker color, and the nymphs were bright
yellow. Chili pepper genotypes IPB C20
and IPB C367 significantly had lower
number of aphid colonies compared to five
other genotypes after 7 DAI (Table 3).
Genotypes IPB C20 and IPB C367 had a
low infestation category ranging from 51-
55 aphids per leaf, while IPB C12, IPB C3,
and IPB C371 showed the higher
infestations with a range of 64-117 aphids

Table 2. Means of the cotton aphid population and survival rate within detached leaf one

and seven days after infestation.

Genotypes One DAI Seven DAI Survival rate
IPB C3 5.60 a 32.67 b 0.83 a
IPB C12 5.93 a 32.40 b 0.72 a
IPB C15 5.83 a 29.60 b 0.72 a
IPB C20 3.43 a 11.47 c 0.51a

IPB C313 5.83 a 46.13 a 0.83 a

IPB C367 493 a 17.53 c 0.75 a

IPB C371 5.57 a 30.73 b 0.86 a

One DAIL: One day after infestation, Seven DAI: Seven days after infestation. Different letters in the same column
indicated a significant difference between genotypes based on LSD’s test at the level of P < 0.05.
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Table 3. Means of the cotton aphid population within clip cage after seven days of

infestation.

Genotypes Nymph Imago Winged aphid Total aphids per leaf
IPB C3 65.19 bc 21.15 bc 4.94 a 89.48 bc

IPB C12 84.88 ab 22.83 bc 4.98 a 111.00 ab

IPB C15 89.43 ab 25.54 ab 3.75 a 117.06 ab

IPB C20 39.93d 13.41c 4.25 a 55.39d

IPB C313 103.23 a 33.28 a 6.42 a 139.54 a

IPB C367 32.73d 15.00 c 5.58 a 50.93d

IPB C371 44.43 cd 16.00 bc 4.38 a 63.55 cd

Different letters in the same column indicated significant differences between the chili pepper genotypes based on

LSDo.0s.

IPB C367 |

IPB C371

Figure 1. The appearance of cotton aphids infestation on chili pepper genotypes after seven
days of infestation by clip cage test. Genotypes IPB C20 and IPB C367 showed low cotton
aphids infestation; Genotypes IPB C313, IPB C12, IPB C3, IPB C371, and IPB C5 showed the
highest cotton aphids infestation after seven days of infestation.

per leaf. Genotype IPB C313 was
identified as the most susceptible
phenotype to CA infestation with an
increased number of infestations (140 CA
per leaf). Genotype IPB C313 was also
used as a host for aphid’s culture in

aphids rearing culture. In line with the
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total CA per leaf, the number of imago
and nymph numbers showed significant
differences among the test genotypes,
while the winged CA showed no difference
at 7 DAI (P = 0.816). The appearance and
behavior of each chili pepper genotype
can be seen in Figure 1.
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Comparison of vegetative and Comparison of screening tests
generative stages
The variance and heritability components

Based on the initial screening methods, it of the chili genotypes on the cotton aphids
was decided to focus further efforts on the infestation were presented in Table 4. The
clip cage test to evaluate the plant stage heritability values generated from three
because it was considered to have the screening methods on aphids population
flexibility to the plant stage. The ranged from 90%-91%. There was a
responses of the host, resistant, and significant positive correlation between the
susceptible genotypes were compared in test methods (seedling cage, detached
the vegetative and generative stages after leaf, and clip cage tests) for the number of
seven days of aphid infestation. The aphids after 7 DAI (Table 5). The
differences in cotton aphid colonies on significant correlation was shown by
vegetative and generative stages were not detached leaf method with seedling cage
significant on chili pepper cultivars, i.e., (r = 0.78, P < 0.05) and detached leaf
IPB C313 (t = 0.16, P = 0.880) and IPB with clip cage test (r = 0.84, P < 0.05).

C367 (t = 0.83, P = 0.446).

Table 4. Variance components and heritability values of chili pepper resistance to cotton
aphids infestation in the seedling cage, detached leaf, and clip cage tests.

Screening methods 0% 0’ 0’ h%ps (%)
Seedling cage test 93.543 328.443 359.624 91
Detached leaf test 0.587 1.101 1.219 90
Clip cage test 460.107 1,059.98 1,175.01 90

o’e: Environmental variance, o%g: Genetic variance, o’p: Phenotypic variance, h%s: Broad sense heritability

Table 5. Pearson correlation and its significance among three infestation methods in total
colonies parameter at seven days of infestation.

Screening tests Seedling cage test Clip cage test
Clip cage test 0.54Ns -
Detached leaf test 0.79* 0.84*

*Correlation is significant at the 0.05 level (two-tailed). NS: Not significant, *Significant at p<0.05.

DISCUSSION infestation (Figure 2). The seedling phase

required less space, more uniformly than
Screening tests effect on aphids generative plants, and can be performed
population soon after sowing (Niks et al., 2011). The

significant correlation among the
All the screening tests showed high screening tests provides the information
heritability values using cotton aphids that it is possible to use either detached
(Table 5), indicating that the evaluated leaf or clip cage to screen chili pepper
chili pepper genotypes could be used to genotypes for resistance to aphids. Using
determine the effective screening chili peppers plant leaves either detached
methods. All the screening tests were or caged could facilitate the evaluation of
performed at the seedling phase. There host plant resistance to cotton aphids.
were non-significant differences between Maharijaya et al. (2011) reported similar
the seedling phase (vegetative) and results in vitro and in vivo methods
generative stage in response to CA developed to screen chili peppers
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Figure 2. Plant stage response to the cotton aphids infestation in chili pepper genotypes

IPB C313 and IPB C367. NS:

indicated the standard error of the mean (SEM).

genotypes for resistance to thrips with
high heritability values and were strongly
correlated.

Past studies reported that in vitro
tests such as detached leaf and leaf disc
could be used as an appropriate screening
method for insect pests than the whole
plant (Maharijaya et al., 2011; Vosman et
al., 2018). Other studies also reported
that detached leaves cannot replace the
whole plant for the evaluation of soybean
genotypes for resistance to aphids (Michel
et al., 2010; Lagos-Kutz et al., 2020). The
detached leaf is wusually used for the
evaluation of the life table parameters of
aphids (Satar et al., 2008).

The «clip cage «could be an
appropriate screening method to evaluate
chili peppers resistance to aphids because
it combines a detached leaf and the whole
plant assay, and thus avoiding other tests
which require more space, time, and
energy consumed. Many researchers have
used clip cage tests over the years in
antibiosis-based resistance to aphid
infestation (Blua and Perring, 1992;
Saberski et al., 2016; Rasool et al., 2017;
Sun et al., 2020). Clip cages potentially
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not significant for a t-student test at P<0.05. Bar

reduced the damage to the plant and are
perfectly used in the Ilaboratory,
glasshouse, and in the open field (Haas et
al., 2018).

In a plant breeding program, the
shortest screening method is needed and
more desirable. Present results showed
that aphid colonies could be well
differentiated at 7 DAI both for the
resistant and susceptible chili pepper
genotypes. Esmaeceili-Vardanjani et al.
(2014) reported that common bean
resistance to A. fabae could be identified
at 7 DAI. Tilmon et al. (2011) reported
double time (6-7 DAI) for Aphis glycines
population on the soybean. Evaluation of
cotton aphids colonization in melon plants
was carried out after seven days of
infestation (Boissot et al., 2016).

In the screening methods used for
chili pepper antibiosis resistance to cotton
aphids infestation, some advantages and
disadvantages were observed (Table 6).
Each screening test required different
environmental conditions, the material
used, the damage rate of the plant, and
the easiness in evaluation. The seedlings
were used for the whole plant assay and
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Table 6. Comparison among screening tests against aphids infestation.

No. Parameters Detached leaf Clip cage Seedling cage
1 Types In vitro In vivo In vivo
2 Test location Laboratory Greenhouse Greenhouse
3 Monitoring Easy Medium Medium
4 Plant Sample Non-destructive Non-destructive Destructive
5 Evaluation Easy Easy Medium-Hard
6 Material cost Low Low Low
7 Heritability value High High High
modified the plastic cup as a cage. The the lower escape rate of aphids (6%

seedling cage test was destructive
because it needed to cut off all leaves to
count the entire aphid population. Aphids
could be trapped and die by water
condensation on the cage during the day.
So it was necessary to provide a shading
net to reduce the light intensity. The
cages made are suitable only at the
seedling stage, around 4 to 5 weeks after
sowing. Therefore, if the chili peppers
genotypes have vigor growth, then there
would be problems with this method.

With a detached leaf test, the
leaves were damaged by fungus. The
leaves become damaged due to the
accumulation of honeydew. Honeydew
was reported as a good medium for the
development of sooty mold (Kinyanjui et
al., 2016) which can interfere with
photosynthesis and then affect the plant
quality (Tilmon et al., 2011). Lagos-Kutz
et al. (2020) reported inconsistent
responses of soybean aphids using
detached leaves compared to whole plant

assay. The retention of resistance to
soybean aphids on detached leaves
depends on the source of resistance

(Michel et al., 2010).

With the clip cage test, there was
no effect on aphid reproduction. The foam
clip-cages were used to evaluate the
aphids infestation. Foam clip-cage is a
light material, and there was no need for
plant stakes to support the clip-cages
during the experiment. The foam clip cage
adapted very well to the leaves, both at
vegetative and generative plant stages
and the pressure applied on the leaf could
be controlled well. According to Haas et al.
(2018), foam clip cages were cheaper and
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escape) was less than the classic clip cage
(40% escape).

Chili pepper genotypes response in
resistance to aphids

The reproduction rate of cotton aphids
was observed in chili pepper genotypes at
the seedling stage with detached leaf and

clip cage tests. In this study, the
developed test was antibiosis-based
resistance of chili peppers to CA

infestation. A wingless CA could produce 4
to 8 nymphs at in vivo test (Table 1) and
3 to 6 at in vitro test (Table 2) after 24
hours. Nymph parameters after one day of
infestation did not show any difference
between resistant and susceptible chili
peppers genotypes both in the seedling
cage and detached leaf tests. The study
also indicated that the previous host
influenced the one-day colony of CA. An
imago CA produced 3 to 5 nymphs per
day on chili pepper genotypes recorded
through detached leaf test (Daryanto et

al., 2017).
The three developed screening
tests were able to distinguish the

reproductive ability of cotton aphids. Chili
pepper genotypes IPB C20 and IPB C367
showed resistance with fewer numbers of
aphids infestation than the other five
genotypes after 7 DAI. These results
confirmed our previous study where the
genotype IPB C20 was found resistant to
cotton aphids infestation, while the three
other genotypes, i.e., IPB C313, IPB C15,
and IPB Cl12 were recognized as
susceptible in the detached leaf test
(Daryanto et al., 2017). There was still
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limited information regarding the source
of chili pepper resistance to CA compared
to green peach aphid (GPA) (Parisi et al.,
2020). Sun et al. (2020) reported a chili
pepper genotype that was resistant
against GPA infestation, but its resistance
to cotton aphids was not confirmed.
According to Talaga-Taquinas et al.
(2020), the cotton aphids species reached
its adult state faster than GPA in chili
peppers.

In addition to identifying resistant
chili pepper genotypes, it is also important
to be able to identify susceptible
genotypes that could be used as an
effective and efficient host plant in the
rearing programs. The chili pepper
genotype IPB C313 was identified as an
effective and efficient host in the aphid’s
culture because it was consistent as a
highly susceptible genotype in all the
screening tests. Genotype IPB C313 also
had fast growth, vigorous, and produced
large numbers of seeds for next
propagation. Host plants have a crucial
role in the success of the screening to
insect pest resistance. For example, in the
other chili pepper screening programs, the
GPA maintained lower survival and
reproduction on cabbage than chili
peppers (Sun et al., 2018).

The chili pepper genotype from C.
annnum species became our focus in the
resistance to cotton aphids. C. annuum is
the most popular species grown by
farmers compared to other species
(Ministry of Agriculture Republic
Indonesia, 2021). Finding a source of
resistance in this species will make it
easier to transfer these resistance genes
into other commercial cultivars through
breeding. The source of GPA resistance
was reported in the species C. baccatum
(Sun et al.,, 2018) and C. pubeccent
(Bosland and Ellington, 1996). The
identified chili pepper resistant genotypes
belong to different species, and it would
be difficult to be crossed. There were
barriers in inter-specific crossing between
C. annuum and C. baccatum for
introgression of resistance gene (Lee et
al., 2016). The present results showed
considerable variation for resistance to
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aphids in the species C. annuum that can
be exploited in breeding programs and
further genetic studies related to aphid
resistance in chili peppers.

CONCLUSIONS

All the deployed screening tests had high
heritability and a strong correlation. It
means that the evaluated chili pepper
genotypes could be used to determine the
effective screening method. The
correlation between the detached leaf and
clip cage tests was significant. Therefore,
the clip cage test could be used as a
reliable and practical screening test for the
assay of chili peppers resistance to CA
infestation. This information will be very

useful for developing aphid-resistant
cultivars.
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