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Assessment of Soybean Resistance Level to Pod Sucking Bug
Riptortus linearis F. (Hemiptera: Coreidae) based on No-choice
and Free-choice Tests
A. Krisnawati, K. Noerwijati, S.W. Indiati, Trustinah, E. Yusnawan, M.M. Adie      10.18805/LRF-650

ABSTRACT
Background: The infestation of the pod sucking bug Riptortus linearis is one of the limiting factors of soybean productivity in Indonesia.
The research aims were to identify the level of resistance to the pod sucking bug R. linearis on several soybean genotypes based on
the no-choice test (NCT) and free-choice tests (FCT).
Methods: The genetic materials used were 49 soybean genotypes. The study was conducted in the Indonesian Legumes and Tuber
Crops Research Institute (ILETRI) from August to December 2020, using the randomized block design in triplicates. The evaluation
for pod sucking bug resistance was based on NCT and FCT.
Result: The FCT resulted in two genotypes with a consistent moderately resistance level (20-40% of damage intensity) to pod
sucking bug based on the pod and seed damage intensity. The NCT method resulted in five genotypes as moderately resistant (20-40%
of damage intensity) to pod sucking bug based on the seed damage. The NCT resulted in higher average intensity of pod and seed
damage (80.25% and 71.23%, respectively) than the FCT (69.91% and 69.09%, respectively). Two soybean genotypes (Degra/Anjasmoro-
1-559 and Anjasmoro/IAC100-2-618) with a consistent moderately resistance level could be used for cultivar improvement in the breeding
program. The pod trichome density was suggested to be one of the effective morphological defenses against the pod sucking bug attack.
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INTRODUCTION
Riptortus linearis is a pod-sucking pest commonly found in
the tropics, as well as a threat to soybean farming in sub-
tropical areas. The damage caused by the infestation of R.
linearis is one of the causes of suboptimal soybean
productivity in Indonesia. This pest is considered more
important than other pod pest complexes because it has a
wider spread throughout soybean growing seasons and its
attacks occur from the beginning of seed filling until pod
maturation (Asadi et al. 2012; Indiati et al. 2017). The yield
loss due to R. linearis attack was from negligible to significant
(Krisnawati and Adie 2019; Li et al. 2021), depend on the
developmental stage of plant at the time of attack, planting
date, the plant resistance level (Asadi et al. 2012; Abudulai,
2018). Pod sucking bugs cause economic damage by
reducing the ability of seeds to grow, decreasing grain quality
and yield, decreasing seed vigor due to tissue damage
caused by seed puncture and delaying plant maturation
(Leonard et al. 2011).

The highest attack intensity of R. linearis occurred
during the pod filling phase which caused the highest yield
losses (Sarjan et al. 2021). Similarly, the mid to late pod
filling phase (R5-R7) was reported as the peak of stink bug
Nezara viridula (L.) infestation in soybean (Baur et al. 2000).
Pod borer pests, such as N. viridula, R. linearis, Etiella
zinckenella and Leptocorisa acuta, were found to be
responsible for 18.26% of pod damage in the soybean field
in Sulawesi, Indonesia (Rahayu et al. 2018). Meanwhile, in
Southern Brazil, the green-belly stink bug has been reported

as a threat to the cultivation of a variety of crops, including
soybean (Smaniotto and Panizzi, 2015).

Various approaches are used to prevent crop loss due
to pod sucking pests, but the most common is the use of
insecticides, both chemical and botanical (Traore et al. 2019;
Seetharamu et al. 2020; Agale et al. 2021). Nevertheless,
the use of a resistant variety of pod sucking bug is an
important alternative to reduce the negative impact of
inappropriate use of insecticides. A screening of soybean
resistance for stink bug (N. viridula L.) in Indonesia has
obtained three resistant varieties and it was also shown that
pests favor varieties with a short reproductive phase followed
by small seed sizes as a source of food (Kuswantoro et al.
2020). Asadi et al. (2012) obtained two resistant soybean
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genotypes which its resistance was controlled by two
recessive genes located at different loci with epistatic
dominant interaction. Another study found a genotype with
resistant reaction to pod sucking bug R. linearis (Krisnawati
and Adie, 2018). The availability of several soybean
genotypes resistant to pod sucking bugs, then the efforts to
increase soybean resistance to these pests were considered
to have a high chance of success.

Varietal screening is a continual process that improves
the probability of finding resistant genotypes. No-choice and
free-choice tests are the most commonly used methods for
determining resistance (Pinheiro et al. 2005; Van Driesche
and Murray, 2004). Therefore, the research aims were
to assess the level of resistance to the pod sucking bug
R. linearis on several soybean genotypes based on the no-
choice and free-choice tests.

MATERIALS AND METHODS
Research materials
The genetic materials used were 49 soybean genotypes
which consists of 42 crossing lines, six improved varieties
(Detap 1, Ijen, Derap 1, Dega 1, Anjasmoro and Gema) and
one genotype resistant to pod sucking bug (G100H).

Study area
This study was conducted in the Indonesian Legumes and
Tuber Crops Research Institute (ILETRI) which is located at
Malang (East Java, Indonesia), from August to December
2020. The experiments were conducted in the screen house
and laboratory of ILETRI. The pod sucking bugs R. linearis
were collected from soybean fields at Kendalpayak Research
Station (Malang) and reared in the Laboratory of Breeding,
ILETRI. The insect pests used in this study were the first
offspring (F1) of R. linearis imago resulted from the rearing.

Planting and experimental design
Soybean genotypes for no-choice and free-choice tests were
grown in the screen house of ILETRI. The experiment was
arranged in a Randomized Block Design in triplicates. Each
genotype was planted in a plastic pot (Φ =18 cm) with 10 kg
of soil mixed with manure (4:1 ratio), two plants per pot.
Planting was done in such a way that ten soybean genotypes
could flower at the same period. Before sowing, 5 g of NPK
fertilizers were applied per pot. Pests and diseases were
optimally controlled only until 30 days after planting (dap).
The evaluation for pod sucking bug resistance was based
on the no-choice test and free-choice tests.

No-choice test (NCT)
When plants reached the R5 stage, each soybean genotype
was enclosed in a cage (height = 50 cm, diameter = 26 cm)
made of nylon netting (with replicates for each). Then, each
cage was infested with a pair of newly emerged adult R. linearis.

Free-choice-test (FCT)
All soybean genotypes were enclosed in cage in a large nylon
mesh cage (length= 120 cm, width= 120 cm and height 100 cm)

and arranged in a random order according to replication.
Hence, there were three nylon mesh cages represent the
number of replications. The newly emerged adults R. linearis
were infested to each mesh cage when plants reached the
R5 stage (n=2 per plant or 98 adults R. linearis per cage).

Observation
Soybean pods were harvested once they had reached full
maturity (R8 stage). Soybean pods were visually observed
under a binocular microscope for the number of punctures
on seed caused by the R. linearis attack and the average
trichome density in 4 mm2 from the adaxial and abaxial
surface of leaflets of each genotype. The observation was
also made for the number of attacked pods and seeds and
the percentage of pod and seed damage. The following
formula is used to calculate the percentage of pods and
seeds damage by R. linearis:

The soybean resistance to pod sucking bugs based on
seed and pod damage was classified as follows: resistant
(<21%), moderately resistant (21-40%), moderately
susceptible (41-60%), susceptible (61-80%) and highly
susceptible (>80%) (Asadi et al. 2012).

Data analysis
The descriptive statistic was used for all observed data. The
correlation analysis was performed among the observed
data using the Pearson correlation analysis (Singh and
Chaudhary, 1977) and visualized using the Corrplot and
Hmisc packages of the RStudio program version 1.3.959
(RStudio Team, 2020).

RESULTS AND DISCUSSION
The grouping of resistance levels based on the no-
choice test
The evaluation of soybean resistance against R. linearis
using no-choice test (NCT) showed the range of pod damage
intensity of 49 soybean genotypes was 54.78-100% (an
average of 80.25%) and the range of seed damage intensity
was 23.91-100% (an average of 71.23%) (Fig 1). The
average intensity of the pod damage was higher than the
seed damage. Previous studies found the similar result to
those found in this study (Krisnawati et al. 2016; Maulidah,
2006; Krisnawati and Adie, 2018).

Fig 2 showed the grouping of the level of resistance of
49 genotypes to R. linearis based on the pod and seed
damage intensity in the NCT. There were no soybean
genotypes classified as resistant or moderately resistant
based on the pod damage intensity in the NCT. However,
two genotypes were classified as moderately susceptible,
24 genotypes were susceptible and 23 genotypes were

Seed damage intensity (%) =
Attacked seeds
Total seeds

 100%

Pod damage intensity (%) =  100%Attacked pods
Total pods
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highly susceptible. Based on the seed damage intensity, it
also did not find a resistant genotype, but five genotypes
were found to be moderately resistant, namely Grobogan/
G100H-12-369, Grobogan/Degra-20-762, Degra/Grob-2-
257, Ijen and G100H. No-choice tests are regarded to
maximize the expression of host range (Van Driesche and
Murray 2004) and also particularly useful for determining
choosiness (Charalabidis et al. 2017) since it does not
provide the opportunity for insect pests to select the preferred
host. Thus, it caused a high average intensity of damaged
on seed as well as pod.

The grouping of resistance levels based on the free-
choice test
In the free-choice test (FCT), the pod damage intensity of
49 soybean genotypes was ranged from 25.97-100% (an
average of 69.91%) and the range of seed damage intensity
was 32.62-100% (an average of 69.09%) (Fig 3). It can be
seen that the average damage intensity of seed and pod in
the FCT is comparable. Nevertheless, pod and seed
damaged intensity was influenced by genotypes. A previous
study in the non-controlled environment showed the range
of the intensity of pod and seed damage was 34.46-76.82%

(an average of 60.16%) and 11.72-42.31% (an average of
23.08%), respectively (Krisnawati and Adie, 2018).

The grouping of the level of resistance of 49 genotypes
to R. linearis based on the pod and seed damage intensity
in the FCT was presented in Fig 4. The classification of
resistance to R. linearis based on the pod as well as seed
damage intensity in the FCT resulted in a similar result (Fig 4).
The difference number of genotypes was slightly different
for the susceptible and highly susceptible groups. There
were no resistant soybean genotypes have been found
based on the classification of pod damage as well as the
seed damage intensity. However, two genotypes (Degra/
Anjasmoro-1-559 and Anjasmoro/IAC100-2-618) were
identified with a consistent resistance level (moderately
resistant) based on the pod and seed damage intensity.

The resistance evaluation using the FCT method was
to provide an opportunity for R. linearis imago to make a
host selection of 49 soybean genotypes. Naturally, insect
pests have the ability to choose the preferred food source
(Mainali et al. 2014). As a result, the two genotypes reported
in this study with a consistent moderately resistant level
suggested that these genotypes were not preferred as a
food source for R. linearis, or indicating the occurrence of

Fig 1: The pod and seed damage intensity of 49 soybean
genotypes in the no-choice test (NCT).

Fig 2: The level of resistance of 49 soybean genotypes based on
the pod and seed damage intensity in the no-choice test (NCT).

R= Resistant, MR= Moderately resistant, MS= Moderately
susceptible, S= Susceptible, HS= Highly susceptible.

Fig 4: The level of resistance of 49 soybean genotypes based on
the pod and seed damage intensity in the free-choice test (FCT).

R= Resistant, MR= Moderately resistant, MS= Moderately
susceptible, S= Susceptible, HS= Highly susceptible.

Fig 3: The pod and seed damage intensity of 49 soybean
genotypes in the free-choice test (FCT).
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non-preference mechanism on those genotypes. A previous
study found a soybean genotype (G511H/Anj//Anj-2-8) which
showed a consistent resistance to pod sucking bug R.
linearis based on the field evaluation in the controlled as
well as the non-controlled environment (Krisnawati and Adie,
2018).  A study by Kim and Lim (2010) found that pod sucking
bug R. pedestris preferred Cheongjakong soybean variety
to Daewonkong or Agakong variety in the choice-test. In
cowpea, Olatunde et al. (2007) reported that the genotype
of IT86D-716 was resistant to the pod sucking bug
(Clavigralla tomentosicollis) and its resistance exhibited both
non-preference and antibiosis resistance mechanisms. 

Soybean resistance evaluation based on the FCT
revealed a lower average of damage intensity than those
based on the NCT, both in terms of pod and seed damage.
According to several studies, one of the phenotypic
features of resistant genotype to the insect pests was a
lower ratio of pod damage (Santos et al. 2018; Kuswantoro
et al. 2020). Krisnawati et al. (2016) used the NCT method
to investigate soybean resistance to R. linearis and found
one consistent resistant genotype based on the pod and
seed damage. The NCT approach was also used to identify
soybean resistance to armyworm pests, but it was found
that no soybean genotypes were classified as resistant
(Bayu et al. 2017). Nevertheless, the use of NTC in the
resistance evaluation  was suggested will produce
genotypes with higher resistance to pod-sucking pests
(Krisnawati et al. 2017).

Number of punctures on seed
Seed damage is a direct result of R. linearis attack on
soybeans. The number of punctures on the seeds varied
between soybean genotypes (Fig 5). The average number
of punctures in the seeds in the FCT ranged from 0.32 to
5.93 punctures (an average of 2.69 punctures/seed), while
the number of punctures in the seeds in the NCT ranged
from 1.26 to 8.29 punctures (an average of 4.73 punctures/
seed). The difference in the number of punctures seed could
be caused by the presence of volatile compounds that are
unfavorable to the insects (Ulhoa et al. 2020) or pod
morphological characteristic which inhibits feeding behavior,
indicating the expression of feeding non-preference as a

mechanism of resistance (War et al. 2012). Another study
suggests that the number of punctures on seed were
stimulated by the first prick to taste (Souza et al. 2013), or
maybe related to a physical factor such as the distance
between the seed and the wall of the pod, preventing the
stylet of the pod sucking bug from reaching the seed
(Pannizi and Silva, 2009) and also in the different thickness
of the soybean pod wall (Rahman and Lim, 2017) and
different depth of stylet penetration into the pod tissue
(Esquivel, 2015).

In this study, the number of punctures on seed in the
NCT was higher than in the FCT, this suggested that despite
the previously mentioned factors, each individual plant in
the NCT experienced more attacking pressure due to insects
were given no-choice access to make host selection. The
seed damage caused by pod-sucking pest will reduce the
soybean seed vigor and quality and also the yield
productivity per unit area (Bae et al. 2014).

The pod trichome density
The trichome density on the soybean pod of 49 genotypes
varied from 29-179 trichomes/4 mm2 with an average of 81
trichomes/4 mm2 (Fig 6). Twelve genotypes have trichome
density over 100 trichomes/4 mm2, suggested those
genotypes have relatively dense trichomes. A previous study
on the 150 soybean genotypes by Adie and Krisnawati
(2017) obtain the trichome density of 150 ranged from 12-
59 trichomes/4 mm2 with an average of 27.64 trichomes/4
mm2 with 66 genotypes exhibited a higher trichome density
than the average density. Trichomes have been reported to
protect plants from insect pests (Jat et al. 2021). A dense
layer of trichomes acts as a physical barrier to insects
feeding (Karabourniotis et al. 2020).

Correlation analysis
The correlation study among observed traits was presented
in Fig 7. The correlation between the damage intensity
among resistance evaluation methods (NCT and FCT)
showing a positively significant correlation. The relationship
between trichome density and the intensity of R. linearis
attack in the NCT revealed that the trichome density had a
non-significant correlation with the pod damage (r= - 0.245ns)

Fig 5: The average number of punctures on seed of 49 soybean genotypes in the no-choice test (NCT) and free choice-test (FCT).
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as well as the seed damage (r= -0.218ns). However, in the
FCT, the trichome density had a negatively significant
correlation with the pod damage (r= -0.394**) and seed
damage (r= -0.324*). In the NCT, insect pests were forced
to feed, thus the trichome density may not play a significant
role in the plant defense. In addition to genetic factors, the
plant resistance could be due to the other morphological
factors (antixenosis or non-preference) as well as antibiosis
factors (Smith, 2005; War et al. 2012).

In this study, in the FCT, the denser trichome caused
a lower pod as well as seed damage intensity. This
suggests that pod trichomes play an important role in plant
defense by reducing insect interactions with pods. Denser

and longer trichomes on pods, as well as harder pod
shells, act as a physical barrier in soybean antixenosis
resistance to the pod sucking bug (Suharsono and
Sulistyowati, 2012; War et al. 2012). In the behavioral
studies of R. pedestris, the dense hairiness of mature
soybean pods might also inhibit the movements of the
bugs (Rahman and Lim, 2017).

CONCLUSION
Based on pod and seed damage intensity, the FCT produced
two genotypes with a constant moderately resistance level
(20-40% of damage intensity) to pod sucking bug. Based
on seed damage, the NCT identified five genotypes as
moderately resistant to pod sucking bug (20-40% damage
intensity). The evaluation of soybean resistance against R.
linearis using the NCT resulted in higher intensity of pod
and seed damage than the FCT method. Two soybean
genotypes (Degra/Anjasmoro-1-559 and Anjasmoro/
IAC100-2-618) with a consistent moderately resistance level
could be used in the breeding program. Based on the
correlation study, the pod trichome density was suggested
to be effective for pod morphological defense against the
pod sucking bug attack.
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