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Preface: The Second International Conference on Genetic Resources and Biotechnology

The Second International Conference on Genetic Resources and Biotechnology, which is the continuation
of the first event held in 2018, focuses on topics related to advances in biotechnology to create more
opportunities for effective conservation and sustainable utilization of genetic resources for food and
agriculture. This year conference’s theme is Harnessing Technology for Conservation and Sustainable
Use of Genetic Resources for Food and Agriculture. The conference was organized by Indonesian
Agency for Agricultural Research and Development (IAARD), Ministry of Agriculture, Indonesia, in
collaboration with Indonesian Biotechnology Consortium and held on 24™-25" of May 2021virtually due
to the pandemic of COVID-19.

The conference aims to share and exchange current scientific information and technological developments
on biotechnology and their applications for conservation and sustainable use of genetic, to encourage and
promote quality, efficiency, and modernization of management and utilization of genetic resources, and to
facilitate national and international collaboration among participants. There are five scopes discussed in
this conference. They are effective management of conservation and sustainable use of genetic resources
for food and agriculture, application of genomics and molecular markers for genetic resource
conservation and crop adaptation to climate change, application of innovative crop improvement
techniques for conservation and sustainable use of plant genetic resources for food and agriculture, plant
cell and tissue culture for conservation and effective utilization of genetic resources, and the use of
microbial genetic resources as biological control agents of agricultural pests and diseases, and for soil
bioremediation.

Five speakers from the United States of America, Japan, India and Indonesia were invited to discuss about
their expertise and knowledge on relevant subjects in the plenary sessions. This conference was attended
by more than 100 participants including 75 presenters and 44 listeners worldwide. They came from
diverse governmental, private, or academic institutions and also scientific communities. The presented
materials have undergone peer review processes and only qualified papers were selected. Furthermore, all
papers were subjected to double blind peer-review and expected to meet the scientific criteria of
significance and academic excellence to be published in a conference proceedings indexed in a well-
known, reputable service.

We would like to express our sincere gratitude to our speakers, presenters and all participants for their
contributions in this conference. We would also like to express our appreciation for the generosity of our
sponsors that support this conference: PT CropLife, PT ITS Science Indonesia, PT Fajar Mas Murni and
PT Prima Instrument Analitika. Lastly, special thanks to all committee members for their exceptional
work and contributions in the conference and publication.

Chair of Organizing Committee

Dr. Toto Hadiarto

The Second International Conference on Genetic Resources and Biotechnology
AIP Conf. Proc. 2462, 010001-1-010001-1; https://doi.org/10.1063/12.0006897
Published by AIP Publishing. 978-0-7354-4172-9/$30.00
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Abstract. Pod-sucking bug Riptortus linearis (Fabricius) is the most destructive soybean insect pest in Indonesia. The
losses caused by this insect could reach 2—-100%. This study aimed to determine the resistance level of 13 soybean lines
to pod-sucking pests using no choice and free choice tests. The evaluation for resistance to the pod-sucking bug was
performed using free-choice test (FCT) and no-choice test (NCT) methods. In FCT, all genotypes were placed in a
meshed cage, meanwhile, in the NCT, each soybean genotype was individually placed in a meshed cage. Newly emerged
adults R. linearis (n =2 per plant) were infested during the RS stage of the soybean. In the FCT, the range of pod damage
intensity was 11.03—44.22% (average of 24.68%). Meanwhile, the seed damage intensity was ranged from 10.94-41.14%
(average of 20.93%). In the NCT, the range of pod and seed damage intensities was 18.89—47.52% (average of 37.17%)
and 13.19-72.38% (average of 37.74%), respectively. One genotype (G4) was identified as resistant based on the pod and
seed damage in the FCT and NCT, respectively. Soybean genotypes that were consistently resistant based on the pod and
seed damage in the NCT, as well as FCT methods, could potentially be used as gene sources for breeding soybean
resistance to pod-sucking bug. The NCT method provides higher damage intensity than that of the FCT method. Thus,
the NCT method could be used to screen soybean genotypes for resistance against pod-sucking bug to obtain genotypes
with higher resistance level.

INTRODUCTION

Pod-sucking bug Riptortus linearis (Fabricius) (Hemiptera: Alydidae), is a pod-feeding insect pest that is
currently the most serious soybean pest in Indonesia. The losses caused by this pest are not only quantitative in the
form of reduced seed yield, but also qualitative, as they are related to seed vigor. The amount of yield loss caused by
pod-sucking pests varies by soybean production center area. In Indonesia, reported losses exceed 70% [1]. In Africa
could reach 20-100% [2]. Meanwhile, the losses in India were reported to be 30-40% [3]. The difference in yield
loss is due to the susceptibility of the varieties used as well as the stage of pest infestation.

In Indonesia, the two most common pod-sucking pests are Nezara viridula and R. linearis. However, in recent
years, R. linearis has been found to dominate various soybean production centers. As reported by Krisnawati and
Adie [4] that the damage intensity of pod-sucking bug at 45 days after planting (DAP) in a controlled environment
reached 60.24%, while the damage intensities of pod borer and pod worm were 46.08% and 3.85%, respectively.
Other countries have also reported changes in the dominance of pod-feeding pests. The effect of two species of pod-
sucking bugs in soybean showed that R. dentipes caused more pod damage (70%) to the plant than did N. viridula
(44%) [5]. Another study reported that the southern green stink bug N. viridula was once widespread in the Southern
Brazil and Southern USA, but its numbers have steadily declined [6]. In Bangladesh, it was also reported that the
R. pedestris (Fabricius) and Halyomorpha halys (Stal.) as the major insect pest of soybean [7].

The amount of yield loss caused by pest infestation is also related to the time of pest attack. A study discovered
that stage R4 and R6 of soybean plants were the most vulnerable to the H. halys (Hemiptera: Pentatomidae). These
two stages represent the full pods and seeds filling process [8]. Another study reported that the soybean's most
vulnerable growth stage to pod-sucking bug infestations occurs between the reproductive stages R3 and R5 [5]. The
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best way to reduce soybean yield losses due to pest attack is to provide soybean varieties that are resistant to these
pests. The soybean genotype of IAC 100 has been reported to be resistant not only to pod-sucking pests, but also to
other pests in soybeans [9, 10]. Identification of resistance in 21 soybean advanced lines obtained G511H/Anj//Anj-
2-8 as a resistant line to pod-sucking bug [11]. In cowpea, the identification of resistance gene to pod-sucking bug
Clavigralla tomentosicollism obtained the IT86D-716 as resistant genotype [12].

The determinants of a genotype's resistance to specific pests are due to chemical factors, morphology, or escape.
Several research findings revealed that one of the morphological factors considered to determine resistance to
various pests, including the pod-sucking bug, is the character of trichomes [9, 13—15]. This fact indicates that
increasing soybean resistance to pod-sucking pests has a chance of success. This study aimed to determine the
resistance level of several soybean advanced lines to pod-sucking pests using no choice and free choice tests.

MATERIALS AND METHODS

Genetic Materials and Study Site

The research materials consisted of 13 soybean genotypes, including 10 lines selected from several cross
combinations and 3 check cultivars (2 high yielding genotypes and 1 pod-sucking bug resistant genotype) (Table 1).
The experiment was conducted in Malang (East Java, Indonesia) from March to June 2018. The insect use for the
test was the progeny (F,) of adults R. /inearis collected from soybean fields in the Kendalpayak Experimental
Station, Malang and reared in the laboratory.

TABLE 1. Genetic materials used in this study.

No. Code Soybean genotype Remark
1 Gl SPLas-11 Pedigree line
2 G2 SPLas-13 Pedigree line
3 G3 SPLas-14 Pedigree line
4 G4 SPLas-19 Pedigree line
5 G5 SPLas-25 Pedigree line
6 G6 SPLas-8 Pedigree line
7 G7 SPLas-10 Pedigree line
8 G8 SPLas-3 Pedigree line
9 G9 SPLas-2 Pedigree line
10 G10 SPLas-1 Pedigree line
11 Gl1 Demas 1 Check cultivar for high
yield
12 Gl12 Anjasmoro Check cultivar for high
yield
13 G13 G100H Check cultivar for insect

pest resistance

Research Design and Plant Cultivation

The experiment was arranged in a randomized complete block design with 13 soybean genotypes as treatment
and each genotype was replicated three times. Each genotype was planted in a plastic pot (18 cm in diameter)
containing a mixture of soil and manure in a 4:1 ratio. The planting was done in such a way that all soybean
genotypes could flower at the same time. Before sowing, a 5 g/pot NPK fertilizer was applied. To control pests, an
insecticide with the active ingredient of cypermethrin was applied 8 DAP, followed by an insecticide with the active
ingredient of cyhalothrin at 14, 21, and 28 DAP. The insecticide application is not carried out after 28 DAP.

Resistance Evaluation

The evaluation of soybean genotypes for resistance to pod-sucking bug was done by using two methods, namely
free-choice test (FCT) and no-choice test (NCT). In FCT, all genotypes were placed in a meshed cage, meanwhile,
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in the NCT, each soybean genotype was individually enclosed in a meshed cage. The FCT test was performed by
placing all of the tested genotypes in one meshed cage when the plants were 35 DAP, so that there were three
meshed cages as a reflection of three replications. In NCT, each genotype was individually enclosed in a meshed
cage (with three replicates for each) with an iron frame (30 cm in diameter and 60 cm in height) when the plants
were 35 DAP. On those methods, each cage was infested with a pair of newly emerging adult R. linearis (NCT) and
as many as one pair of imago/hill/replication (FCT) at 02.00 PM during the RS stage.

Observations and Data Analysis

The agronomic characters observed included plant height, seed weight per plant, pod numbers per plant, and
seed numbers per plant. Soybean pods were harvested after reaching full maturity. Seeds were manually removed
from the pods, and then visually examined under a binocular microscope for the number of punctures on seed caused
by R. linearis. The measurement formulas for the intensity of damaged pod and seed [10] were:

XY attacked pods
X total pods

Pod damage (%) = x100%

Seed damage (%) = 228ckedseeds 4 1009

X total seeds

The grouping of resistance to pod-sucking bug was based on the pod damage and seed damage, as follows:
resistant (<21%), moderately resistant (21-40%), moderately susceptible (41-60%), susceptible (61-80%), and
highly susceptible (>80%) [16]. Data were subjected to a two-way analysis of variance (ANOVA). The correlation
analysis was performed using the Pearson correlation to measure the relationship between agronomic characters
with pod damage and seed damage, respectively.

RESULTS AND DISCUSSIONS

Analysis of Variance for Agronomic Characters and the Damage Intensity

The identification of soybean genotype resistance to the pod-sucking bug using a free-choice test (FCT) and no-
choice test (NCT) showed that the performance of the morphological agronomic characters (plant height, seed
weight per plant, pod numbers per plant, and seed numbers per plant) is not affected by differences in resistance test
methods. On the other hand, the intensity of pod damage, seed damage, and the number of punctures on seed
differed between FCT and NCT. Significant differences among genotypes were found (Figs. 1-5). There was a
significant interaction between resistance test methods and genotype on the characters of pod damage intensity, seed
damage intensity, and the number of punctures on the seeds, indicating the difference in the pressure of the damage
intensity of pod-sucking bug in FCT and NCT (Table 2).

TABLE 2. Analysis variance for agronomic characters and the damage intensity caused by pod-sucking bug infestation.

Mean square

Character Resistance test method Genotype Interaction
R) (G) (R xG)
Plant height (cm) 75.02 ns 818.76%* 65.36 ns
Seed weight per plant (g) 0.27 ns 1.50%* 1.05 ns
Pod numbers per plant 5.92 ns 28.79%** 20.45*
Seed numbers per plant 220.01 ns 180.34* 143.90™
Pod damage intensity (%) 3560.76** 281.12%* 218.76%*
Seed damage intensity (%) 3708.06%* 661.72% 746.52%*
Number of punctures on seed 126.92* 71.61%** 52.87*

**Significant at 1% probability level (p<0.01). *Significant at 5% probability level (p<0.05). ns = not significant.
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FIGURE 5. Number of punctures on seeds of thirteen soybean genotypes resulted from Riptortus linearis infestation
in the NCT and FCT.

Resistance Evaluation of Pod-Sucking Bug
Free-Choice Test (FCT)
FCT provides an opportunity for individual insect pests to make host selection. The average intensity of the pod
damage and seed damage was 24.68% and 20.93%, respectively. The damaged pod was found to be greater than the

seed damage. Based on the intensity of the pod damage, the resistance of 13 soybean genotypes were classified into
resistant (4 genotypes), moderately resistant (8 genotypes), and moderately susceptible (1 genotype). Meanwhile, the
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resistance of soybean genotypes based on the intensity of the seed damage were classified into resistant (7
genotypes), moderately resistant (5 genotypes), and moderately susceptible (1 genotype).

Two genotypes showing the resistant consistency based on the pod as well as seed damage in the FCT (Fig. 6),
while other genotypes have different resistance based on pod and seed damage. This demonstrates that there are
different resistance determinants of each soybean genotype due to differences in pod and seed attributes. The
morphology and chemical factors were reported to be the soybean determinants of resistance to pod-sucking bug. A
study reported that the trichome length and density as the antixenosis resistance in soybean for pod-sucking bug.
They also successfully identified two genotypes (IAC 100 and IAC 80) that have a source of resistance gene for
breeding [9]. Another study in soybean related to the performance of the resistant genotype (IAC 100) and
susceptible genotype (FT-Estrela) to the stink bug-complex suggested using the percentage index of pod damage
(PIPD) as selection criteria in the early generation and the percentage of spotted seeds (PSS) for the advanced
generation [17].

No-Choice Test (NCT)

The resistance evaluation using the NCT is a force-feeding test because the insect pest was forced to fed the host
plant, without other choices of hosts. In this study, the average intensity of pod damage was 38.20%, higher than
that of the average intensity of seed damage (34.72%). Based on the intensity of pod damage, 1 genotype was
classified as resistant, 6 genotypes as moderately resistant, and the rest (6 genotypes) were moderately susceptible
(Fig. 7). The soybean resistance level obtained based on the intensity of seed damage was classified into 3 genotypes
as resistant, 6 genotypes as moderately resistant, 3 genotypes as moderately susceptible, and 1 genotype as
susceptible. A genotype was obtained to show a consistent resistance to pod-sucking bug based on both the intensity
of pod damage as well as seed damage observations.
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FIGURE 6. Pod damage intensity of 13 soybean genotypes FIGURE 7. Seed damage intensity of 13 soybean genotypes
resulted by Riptortus linearis infestation in both the NCT and  resulted by Riptortus linearis infestation in both the NCT and
FCT. FCT.

Correlation Study among Agronomic Characters with the Damage Intensity

The economic value of the soybean is in the quantity and quality of the soybean seeds. In the FCT, the number of
punctures on the seeds was correlated with the intensity of seed damage (Table 2, above the diagonal), and the more
seeds caused the higher the number of the punctures on the seeds. The relationship among characters in the NCT
(Table 3, below the diagonal) was different from the pattern in the FCT, except the number of punctures on the
seeds determines the seed damage intensity.

Interestingly, in the FCT, the intensity of seed damage was determined by the number of punctures on the seeds,
and the number of punctures related to the number of seeds. Meanwhile, the pattern in the NCT, the intensity seed
damage was also related to the number of punctures on the seeds, but the number of punctures was not related to the
number of seeds. This reflects that there is no opportunity for host choice in the NCT, or other words, NTC provides
heavier pressure and selection than the FCT. Thus, the NTC will produce genotypes with high resistance to pod-
sucking pests [18].
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TABLE 3. Correlation among agronomic characters with pod damage and seed damage in the FCT and NCT.

Character PD SD PH SW PN SN NU
PD -0.011 -0.058 -0.020 -0.025 -0.227 -0.189
SD 0.342 0.339 0.346 0.106 0.351 0.908**
PH -0.295 -0.515 0.293 -0.253 0.260 0.432
SW -0.571 -0.012 0.316 0.261 0.481 0.462
PN -0.632* -0.171 0.429 0.867** 0.305 0.147
SN -0.422 0.019 0.288 0.959** 0.843** 0.640%*
NU 0.171 0.907** -0.477 0.284 0.058 0.3441

FCT = above the diagonal, NCT = below the diagonal, PD = pod damage (%), SD = seed damage (%), PH = plant height (cm),
SW = seed weight per plant (g), PN = pod number per plant, SN = seed number per plant, NU = number of punctures on the
seeds. **Significant at 1% probability level (p<0.01). *Significant at 5% probability level (p<0.05).

Obtaining a soybean genotype that is resistant to pod-sucking pests is important because, in addition to
maintaining yield potential, it has the potential to prevent negative environmental impacts and the occurrence of
insecticide resistance. A survey of the use of several insecticides revealed that the insecticides beta-cyfluthrin and
imidacloprid were less effective at suppressing the brown stink bug Euschistus heros infestation; it was suspected
that the pests had undergone an immune process, or have the insecticide resistance [19]. Furthermore, it is possible
to have a degree of dominance over a pod-sucking pest, and it has been reported in Argentina that N. viridula is
currently considered to be of lower economic value [20]. On the other hand, there is a significant opportunity to
increase soybean resistance to pod-sucking pests. As stated by Asadi ef al. [16] that soybean resistance to pod-
sucking bug R. linearis was controlled by two recessive genes located at different loci, and interacted with each
other with epistatic dominant reaction. With an assumption that B and C genes were dominant, hence the resistance
genes found in both soybean genotypes were bbcce. In this study, soybean genotypes resistant to pod-sucking pests
are those that are consistently resistant to both FCT and NCT, as well as those that are resistant based on the
intensity of the pod and seed damages.

CONCLUSION

A soybean genotype (G4) was identified as resistant to pod-sucking bug R. linearis based on the pod and seed
damages caused by the insect pest both in the FCT and NCT methods, respectively. This resistant soybean genotype
is potentially used as a resistance gene source for developing soybean lines resistance to pod-sucking insect pest.
The intensity of pod damage caused by the pod-sucking bug R. linearis was higher than the intensity of seed damage
caused by the insect. The damage intensity in the NCT method was higher than that obtained in the FCT method.
The NCT method, therefore, should be more applicable to screen soybean genotypes for resistance against pod-
sucking bug to obtain soybean genotypes with higher resistance levels.
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