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Abstract. Pests are one of the limiting factors in increasing soybean production. Pest control
carried out by farmers using pesticides is feared to threaten the sustainability of soybean
production in Indonesia. This study aimed to identify the effect of different pest management
systems and various soybean varieties on pest population dynamics, abundance and diversity of
natural enemies, plant damage, and soybean production. A split plot design with three
replications was applied, where the main plot was pest management systems i.e. (1) control
(which received neither chemicals nor integrated pest management), (2) chemical control, and
(3) integrated pest management, and the sub-plot was soybean varieties i.e. (1) Anjasmoro, (2)
Demas 1, and (3) Dering 1. Results indicated that variety affects pest diversity and abundance,
however, it affected leaf damage, pod damage, and production. The pest management systems
influenced the diversity and abundance of pests and natural enemies, plant damage, and
production. Interaction between variety and pest management system affected plant damage.
We conclude that the use of resistant varieties combined with integrated pest management
could reduce plant damage, maintain the natural enemy population, and optimize soybean
production.
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1. Introduction
Soybean is one of the most valuable crops globally. It has benefits as a good source of protein in the
human diet, oilseed crops, feed for livestock and aquaculture, and also used as biofuel in developed
countries. Indonesian soybean production has increased slightly, but because the consumption of and
demand for soybean have also risen over the years, Indonesia has to import soybeans. In 2021,
Indonesia imports 2.5 million tons of soybeans [1]. Several factors affect soybean production, such as
the unavailability of sustainable quality seeds, new high-yielding varieties that have not yet developed
at the farm level, limited production area, a climate that is difficult to predict, soybean prices are less
profitable for farmers, and pest disease [2,3].

In Indonesia, there are over 111 species of arthropods reported as soybean pests [4]. It is grouped
into plant seed, leaf-eating, and pod-feeding pests [5]. The bean fly, Ophiomyia phaseoli Tr., is an
important pest for soybean plant seed. Bean fly infestation that occurs in less than 10 days old plant
will result in plant death, while late infestations will cause stunted plants and produce a small number
of pods [6]. The main soybean leaf-eating pests include whitefly (Bemisia tabaci), soybean aphid
(Aphis glycines), Tetranychus cinnabarinus, Empoasca spp armyworm (Spodoptera litura),
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Chrysodexis chalcites, leaf-folder (Lamprosema indicata), and Phaedonia inclusa [5, 7]. Yield losses
due to the leaf-eating pest, such as armyworm can reach 80% and even ‘puso’ [7]. The most
destructive pod-feeding pests is pod sucking bug, pod borer, and pod worm. The soybean yield losses
due to these pests were between 20-100% [8, 9]. According to Asadi et al. [10] soybean yield loss due
to pest attacks depends on the soybean growth phase and plant resistance level. Moreover, pest
infestation also decreases seed vigor, increases production costs, and even product rejection by
consumers [11, 12]. So far, farmers are still using chemical insecticides to control soybean pests [13,
14].

Plant characteristics such as secondary metabolites, nutritional resources, and morphology, may
affect arthropod–plant interactions. This can be considered to enhance plant resistance and control pest
populations [15]. The resistant varieties have a negative effect on the biology, physiology, and
behaviour of insects [16]. Therefore, the use of resistant varieties can minimize yield losses.
Unfortunately, soybean varieties that are resistant to leaf-eating pests are not available yet. In addition
to using resistant varieties and chemical pesticides, the soybean pest population can be controlled by
various methods, such as sex pheromones, botanical pesticides, biological insecticides, and trap crop
[17, 18, 19, 20].

This study aimed to identify the effect of different pest management systems and various soybean
varieties on pest population dynamics, abundance and diversity of natural enemies, plant damage, and
soybean production.

2. Materials and Methods

2.1. Study Site and Experimental Design
This study was conducted at the research station of North Sumatra Assessment Institute for
Agricultural Technology, Deli Serdang District, North Sumatra, Indonesia (3o29’48” N; 98o54’22” E,
and 22 m above sea level) from January to June 2018.

Three soybean varieties, i.e Anjasmoro, Demas 1, and Dering 1, were used in this study. Each
variety was cultivated with three dIifferent pest management methods. First, pest control without
human intervention (control); second, pest control using chemical pesticides scheduled basis (eight
times application); and three, integrated pest management (IPM). The IPM treatment consists of
several treatments, namely seed treatment (Bacillus polymixa and Pseudomonas flourescens;
Rhizomax®, Wish Indonesia), corn plant (Zea mays) as a barrier plant, pheromone (Fero Grayak®,
Rumah Bio Indonesia), pest population monitoring, application of botanical pesticide (azadirachtin
0.003 g-l, Agri Neem®, Rumah Bio Indonesia) and chemical pesticide (cypermethrin 2 ml-l, lambda-
cyhalothrin 2 ml-l). This study used a split plot design with a randomized complete block design
pattern using three groups. The pest management method was treated as the main-plot while the
soybean variety was treated as a sub-plot. The distance between treatment was 5 m between the sub-
plot and 250 m between the main-plot.

2.2. Plant Cultivation
Soybean seeds were planted with a spacing of 40 cm x 15 cm on the 10 m x 10 m field sized for each
sub-plot. The plant was fertilized with 50 kg-ha urea, 50 kg-ha SP36, and 50 kg-ha KCl at the time of
planting. Weeding was carried out on plants 21 and 35 days after planting (DAP). In the treatment of
pest control using chemical pesticides, it was applied eight times. Cypermethrin 2 ml/l was applied on
plants 8 DAP on the treatment chemical pesticide. For control leaf-feeder and pod borer caterpillars
were applied lambda-cyhalothrin 2 ml-l on was 21 until 63 DAP with an interval of seven days, while
soybean pod sucker was controlled using deltamethrin 2 ml-l on 56 DAP [21].

Five rows of corn were planted around the IPM sub-plot one week before soybean. Corn seeds
were planted with a spacing of 70 x 20 cm. The plants were fertilized according to Zubachtirodin et al
[22].
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2.3. Arthropod Observation
In this study, we observed the soybean pest population, diversity, and abundance of natural enemies.
The pest population was observed from 1 to 10 weeks after application (WAP) (Table 1). All
herbivorous insects were observed from the sample plant directly in the morning before pesticide
application. Natural enemies were collected using a yellow pan trap (five pans per sub-plot).
Observation of natural enemies started at 4 to 8 WAP with intervals of 14 days. All natural enemies
were identified to morphospecies level.

Table 1. Observation schedule of soybean pest population and number of samples observed

Pests
Plant age (weeks after planting)

Sample size
1 2 3 4 5 6 7 8 9 10

Ophiomya phaseoli √ √ √ 30 plants on diagonal
Lamprosema indicata √ √ √ √ 3 plots with a size of 1 m2 each
Spodoptera litura √ √ √ √ √ √ √ √ √ √ 30 plants on diagonal

2.4. Plant Damaged
Soybean damage was determined by the rate of leaf and pod damage. Leaf damage was assessed by
counting the number of leaves that were damaged by leaf-feeding caterpillars. The observation started
at three until eight WAP with intervals of seven days. Ten plants were sampled in diagonal. The

intensity of leaf damage was determined by the following formula � = �=0
� (�� � ��)�

� � �
� 100%

Note: I = intensity of attacks; N = total number of leaves; V = highest score; ni = number of leaves in
each score; and vi = score. The visual score of leaf damage followed the score used by CIAT [23].

Observation of pod damage due to pod-feeding pests was carried out at harvest time. All pods from
fifteen clumps of plants diagonally in each plot were collected. A number of damaged and undamaged
pods were counted for the calculated pod damage percentage.

2.5. Yield
The yield component per plant was counted at the R8 stage. Ten randomly selected soybean plants
from the diagonal of each sub-plot were used to count the number of filled pods per plant and 100-
seed weight. Seed yield was calculated by harvesting three units measuring 2 x 5 m in each sub-plot
and adjusting the yield to 18% moisture content.

2.6. Data Analysis
All data were analyzed using ANOVA with Duncan Multiple Range Test (DMRT) at the level p ≤
0.05 as a post hoc test to compare the means of each treatment. The data was transformed using

(� + 0.05).

3. Results and Discussion

3.1. Soybean pest population
Pests emergence on soybean fields was related to the phase of plant growth. Bean fly O. phaseoli
began to appear in the early vegetative phase (1-3 WAP), with a population peak at 2 WAP. Soybean
leaf folder L. indicata and armywarm S. litura attack plants in the early vegetative phase (1 – 2 weeks
after planting) until the generative phase (6 – 10 WAP). While the emergence of pod-sucking bug R.
linearis and pod borer E. zinckenella began when the plant began to form pods.
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The results showed that the soybean pest population was not significantly different in soybean
varieties but different in pest management treatments (Table 2). At two WAP, the number of bean fly
found a range between 0.72 – 1.43 per clump of plants. The highest number of bean fly was found in
the uncontrolled treatment and IPM, however, the two treatments were not significantly different. The
high number of bean fly found in the IPM treatment was due to the research site grows soybeans at the
end of the season. According to Tengkano [6] soybeans grown for more than 10 days in one field
cause soybean plants to be susceptible to bean fly. At three WAP, the highest number of bean fly was
found only in the uncontrolled treatment and was significantly different with both insecticide and IPM
treatment. The low number of bean fly found in the IPM treatment suspected that insecticide
application at 14 days after planting (after pest population monitoring).

Leaf-eating caterpillars began to attack soybean plants one week after planting. The first pest
infestation was armyworm and follow by the soybean leaf folder. The effect of various pest
management on the soybean leaf folder population was shown on four to six weeks after planting
(Table 2). All pest management methods significantly reduced the soybean leaf folder population
compared to treatment without pest control. At four WAP, insecticide applications significantly
reduced the leaf folder population after two applications. However, the leaf folder population
increased again in the fifth and sixth week after planting although insecticide application was still
carried out. The same thing was also reported by Indiati and Bedjo [24], they found that the population
of soybean leaf-eating caterpillars increased one day and one week after the application of lambda-
cyhalothrin 2 ml/L. We suspect that the increase in pest population is due to the negative effects of the
scheduled and continuous use of this insecticide. Several reports have mentioned the negative effects
of synthetic pyrethroid insecticides on Lepidoptera [25, 26]. Therefore, it is necessary to conduct
further studies to determine the negative impact of lambda-cyhalothrin on the Indonesian populations
of L. indicata.

The population of armyworms was influenced by pest management methods. The lowest
armyworm population was found in the IPM treatment and was significantly different from other
treatments (Table 2). A combination of sex pheromone and azadirachtin was able to suppress
armyworm populations in the vegetative phase. Samudra et al [19] reported that synthetic sex
pheromones (Fero Grayak®) were effective in capturing male S. litura from 1 – 8 weeks after
pheromone installation. While azadirachtin affected some biological aspects of S. litura, namely
feeding behavior, growth, and development [27, 28, 29]. Soybean pest control with a combination of
various pest control components can increase the population of beneficial insects, especially general
predators and parasitoids compared to the application of chemical insecticides.

3.2. Plant damage
Leaf-eating caterpillars attacked soybean plants starting one week after planting, but the effect of
treatment was seen four weeks after planting. Therefore, plant damage data presented also starts four
weeks after planting. Table 3 showed that both the average leaf and pod damage were significantly
different between types of pest management and varieties. In the types of pest management, the lowest
both leaf and pod damage intensity was observed in IPM, but it was not significantly different from
the insecticide. The low plant damage in IPM treatment indicated that the combination of sex
pheromones and botanical pesticides at the beginning of soybean growth and the use of chemical
pesticides based on pest populations monitoring were effective in controlling the population of leaf-
eating and pod-feeding pests so that damage caused was also low. The Synthetic sex pheromone used
in our study was effective in capturing S. litura adults in the Indonesian population [19]. The
effectiveness of azadirachtin to control larvae of L. indicata assigned S. litura has been reported [30,
31] According to Mordue and Nisbet [32] active compound of neem affects several insect
physiological activities such as feeding activity, reproductive ability, moulting process, chitin-forming,
etc.

Our results showed that soybean variety affects leaf and pod damage. The highest intensity of leaf
damage was observed in both Anjasmoro and Dering 1, while the highest intensity of pod damage was
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observed in Anjasmoro (Table 3). The difference in the response of soybean varieties to pest attacks
was related to the trichomes present in both leaves and pods. The effect of pest attack on plants is
influenced by the density of trichomes on the plant surface and trichome length [33, 34, 35].

The interaction between pest management and soybean varieties significantly affected leaf damage
at six and eight weeks after planting. The lowest leaf damage was found in the interaction between
insecticide and Demas 1 and between IPM and Demas 1, it was significantly different from other
interactions (Tabel 4 and 5).

Table 2. Effect of soybean variety and pest management on the population of bean fly Ophiomyia
phaseoli, soybean leaf folder, and armyworm

Treatment
Plant age (weeks after planting)

1 2 3 4 5 6 7 8 9 10

Bean fly Ophiomyia phaseoli population (individuals/clumps of plants)
Pest management (P)
Control 0.32 1.43 b 1.13 b - - - - - - -
Insecticide 0.27 0.72 a 0.24 a - - - - - - -
IPM 0.21 1.38 b 0.47 a - - - - - - -
F 1.32 18.10 111.18 - - - - - - -
P value 0.36 0.01 0.00 - - - - - - -
Soybean variety (V)
Anjasmoro 0.27 1.18 0.60 - - - - - - -
Demas 1 0.28 1.13 0.57 - - - - - - -
Dering 1 0.26 1.22 0.68 - - - - - - -
F 0.02 0.16 0.25 - - - - - - -
P value 0.98 0.85 0.79 - - - - - - -

Soybean leaf folder population (individuals/clumps of plants)
Pest management (P)
Control - 0.30 1.44 2.19 c 2.30 c 2.59 c - - - -
Insecticide - 0.30 1.26 0.81 a 1.00 b 2.26 b - - - -
IPM - 0.30 1.04 1.37 b 0.63 a 0.48 a - - - -
F - 0.16 2.64 18.39 95.07 234.68 - - - -
P value - 0.86 0.19 0.01 0.00 0.00 - - - -
Soybean variety (V)
Anjasmoro - 0.26 1.26 1.41 1.33 1.70 - - - -
Demas 1 - 0.30 1.26 1.52 1.30 1.85 - - - -
Dering 1 - 0.33 1.22 1.44 1.30 1.78 - - - -
F - 0.26 0.09 0.29 0.05 0.64 - - - -
P value - 0.77 0.91 0.75 0.96 0.55 - - - -

Armywoisrm Population (individuals/clumps of plants)
Pest management (P)
Control 0.09 0.08 1.06 b 1.67 b 1.47 b 1.80 b 1.35 a 1.16 a 0.99 b 1.03 b
Insecticide 1.00 0.03 0.97 b 1.60 b 1.53 b 1.90 b 1,96 b 1.66 b 1.43 c 0.96 b
IPM 0.00 0.03 0.26 a 0.85 a 0.74 a 1.00 a 1.64 ab 1.16 a 0.65 a 0.41 a
F 3.98 1.93 13.12 77.73 11.13 16.71 80.28 6.49 29.85 11.57
P value 0.11 0.26 0.02 0.00 0.02 0.01 0.00 0.05 0.00 0.02
Soybean variety (V)
Anjasmoro 0.07 0.02 0.79 1.18 0.99 a 1.50 1.74 1.30 1.07 0.83
Demas 1 0.07 0.03 0.67 1.51 1.35 b 1.60 1.72 1.22 1.01 0.75
Dering 1 0.05 0.09 0.83 1.43 1.39 b 1.59 1.49 1.25 0.99 0.83
F 0.03 0.61 0.22 1.57 6.99 0.20 0.95 0.19 0.28 0.26
P value 0.97 0.56 0.80 0.25 0.01 0.82 0.42 0.83 0.76 0.77

Value followed by the same letter in the same column is not significantly different in DMRT at 5% of
significant level.
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Table 3. Effect of pest management and soybean variety on soybean plant damage by leaf-eating
caterpillar and pod-feeding pests

Treatment
Leaf Damage (%) Pod Damage

(%)4 WAP 6 WAP 8WAP

Pest Management (P)

Control 11.89 a 22.07 a 28.90 a 18.65 a
Insecticide 8.52 b 18.42 b 22.68 b 14.92 b
IPM 7.93 b 19.14 b 21.11 c 14.43 b
F 15.44 53.50 107.90 8.081
P value 0.013 0.001 0.00 0.004

Soybean variety (V)

Anjasmoro 10.74 a 20.01 b 25.70 a 19.49 a
Demas 1 7.06 b 17.55 c 21.11 b 15.53 b
Dering 1 10.53 a 22.02 a 25.88 a 12.97 c
F 10.89 64.48 92.10 24.41
P value 0.002 0.00 0.00 0.00

Interaction

P x V ns * * ns

Value followed by the same letter in the same column is not significantly different in DMRT at 5% of
significant level.

Table 4. Interaction between pest management and soybean varieties on leaf damage by leaf-eating
caterpillar at six weeks after planting

Pest Management
Intensity of Leaf Damage (%)

Anjasmoro Demas 1 Dering 1

Control 22.03 aA 21.71 aA 22.48 aA
Insecticide 18.61 bB 14.72 bC 21.87 aA
IPM 19.49 bB 16.24 bC 21.70aA

The numbers followed by the same small letter in the same column are not significantly different in
the DMRT test at 5% of significant level. The numbers followed by the same capital letter in the same
row are not significantly different in the DMRT test at 5% of significant level

3.3. Diversity and abundance of natural enemies
In this study, we collected 38,592 individuals of natural enemies consisting of 12 ordo, 44 families,
and 102 morphospecies. The natural enemies found were dominated by parasitoids (92.4%) consisting
of 47 morphospecies, 20 families, and two ordo. Eulophidae, Scelionidae, Braconidae, Trichogrammatidae,
and Pteromalidae were the families that have the highest abundance of individuals. While predators
were dominated by families Coccinellidae, Formicidae, Oxyopidae, and Lycosidae.

Species richness and abundance of natural enemies were influenced by pest management methods,
but not by soybean varieties. The lowest species richness of both parasitoids and predators was found
in soybean fields that were sprayed with insecticide. A number of parasitoid morphospecies ranged
from 12 – 20 morphospecies depending on the age of the plant, while predator was ranging from 9 –
31 morphospecies (Tabel 6). This effect was also shown in the abundance of parasitoids and predators.
Parasitoid abundance on fields sprayed with insecticide at four and six weeks after planting were 454
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and 350.67, respectively, and was significantly different from other treatments. While in eight WAP,
the parasitoid population in soybean fields sprayed with insecticide and IPM was not significantly
different (Table 7). This is due to the application of insecticides to reduce the population of pod-
feeding pests on seven weeks after planting. Pest control using pesticides in soybean production
systems was reported to be able to suppress pest populations so that yield losses can be reduced [36,
37, 38]. Unfortunately, most parasitoids were sensitive to insecticides [39, 40, 41].

Table 5. Interaction between pest management and soybean varieties on leaf damage by leaf-eating
caterpillar at eight weeks after planting

Pest Management
Intensity of Leaf Damage (%)

Anjasmoro Demas 1 Dering 1

Control 29.91 aA 26.17 aB 30.63 aA
Insecticide 25.16 bA 18.16 bB 24.71bA
IPM 22.04 cA 18.49 bB 22.32 bA

The numbers followed by the same small letter in the same column are not significantly different in
the DMRT test at 5% of significant level. The numbers followed by the same capital letter in the same
row are not significantly in DMRT test at 5% of significant level.

Table 6. Effect of varieties and pest management on natural enemies diversity in soybean cultivation

Treatment
Parasitoid Predator

4 WAP 6 WAP 8 WAP 4 WAP 6 WAP 8 WAP

Pest Management (P)
Control 19.33 b 20.89 c 12.44 c 38.11 b 45.11 b 26.11 b
Insecticide 12.44 a 7.78 a 4.67 a 31.33 a 17.11 a 9.78 a
IPM 18.78 b 14.44 b 9.33 b 38.56 b 45.22 b 26.89 b
F 25.95 73.94 34.28 5.68 198.32 76.61
P value 0.00 0.00 0.00 0.01 0.00 0.00

Soybean variety (V)
Anjasmoro 16.56 15.11 9.67 37.22 36.56 21.78
Demas 1 16.78 13.78 8.33 35.00 35.11 20.22
Dering 1 17.22 14.22 8.44 35.78 35.78 20.78
F 0.20 0.79 1.22 0.44 0.19 0.51
P value 0.82 0.47 0.32 0.65 0.83 0.61

Interaction
P x V ns ns ns ns ns ns

Value followed by the same letter in the same column is not significantly different in DMRT at 5% of
significant level.

3.4. Production
Our results showed that pest management systems and soybean varieties significantly influenced
soybean production (Tabel 8). There was no interaction between the pest management system and
soybean varieties. In the pest management systems, soybean production varied between 13.10 to 20.04
kg per m2. The highest yield was found in IPM and it was not significantly different from production
in insecticide plots. These results indicate that technological components in IPM plots can suppress
pest populations equivalent to insecticides. The insecticide was applied when the pest population is
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above the control threshold. Lambda-cyhalothrins effective for controlling pod borer in cowpea [42,
43].

Table 7. Effect of varieties and pest management on natural enemies abundance in soybean cultivation

Treatment Parasitoid Predator

4 WAP 6 WAP 8 WAP 4 WAP 6 WAP 8 WAP

Pest Management (P)
Control 600.56 b 704.89 c 412.22 b 64.67 b 38.56 b 24.33 b
Insecticide 454.00 a 350.67 a 202.56 a 38.67 a 24.11 a 11.56 a
IPM 598.89 b 427.67 b 210.22 a 62.89 b 39.44 b 22.11 b
F 11.11 52.81 48.48 29.08 7.86 14.79
P value 0.001 0.00 0.00 0.00 0.00 0.00

Soybean variety (V)
Anjasmoro 551.11 491.22 274.11 57.56 36.22 19.44
Demas 1 558.00 501.33 272.89 53.33 32.44 19.78
Dering 1 544.33 490.67 278.00 55.33 33.44 18.78
F 0.07 0.05 0.09 0.62 0.41 0.08
P value 0.93 0.95 0.91 0.55 0.67 0.92

Interaction
P x V ns ns ns ns ns ns
Value followed by the same letter in the same column is not significantly different in DMRT at 5% of
significant level.

Table 8. Effect of soybean variety and pest management on soybean production

Treatment Production (kg per m2)
Pest Management (P)

Control 13.10 a
Insecticide 20.03 b
IPM 20.04 b
F 77.11
P value 0.00

Soybean variety (V)
Anjasmoro 16.33 a
Demas 1 17.16 ab
Dering 1 19.69 b
F 25.44
P value 0.00

Interaction
P x V ns

Value followed by the same letter is not significantly different in DMRT at 5% of significant level.

Overall, our results underline the complementary impact of different pest management systems in
regulating pest population in soybean fields and its impact on soybean yield. Reducing pesticide use
can increase the diversity and abundance of natural enemies. These organisms can control pest
populations naturally so that the damage to leaves and pods in the IPM plot can be suppressed and
does not show a significant difference compared to the chemical control plot. Although this study
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covered only one crop season, our results highlight the importance of contributions from natural
enemy communities in increasing yields. Moreover, the ecosystem service provided by natural
enemies can minimize negative effects on the environment, reduce the dependence on pesticide
applications, and maintain high-yield sustainability (44,45,46). Therefore, combining several pest
control technologies that make the application of insecticides the last alternative in pest control is a
pest management system that can ensure the sustainability of soybean production.

4. Conclusion
The interaction between pest management systems and varieties significantly affected the leaf damage.
The lowest leaf damage was found in the interaction between insecticide and Demas 1 and between
IPM and Demas 1, it was significantly different from other interactions. Pest management systems
affected pest population, plant damage, abundance, and diversity of natural enemies and soybean
production. The IPM treatment consists of several treatments, namely seed treatment (Bacillus
polymixa and Pseudomonas flourescens; Rhizomax®, Wish Indonesia), corn plant (Zea mays) as a
barrier plant, pheromone (Fero Grayak®, Rumah Bio Indonesia), pest population monitoring,
application of botanical pesticide (azadirachtin 0.003 g-l, Agri Neem®, Rumah Bio Indonesia) and
application of chemical pesticide (cypermethrin 2 ml-l, lambdacyhalothrin 2 ml-l) based on
monitoring of pest population, can increase soybean production equivalent to soybean production in
insecticide plot.

5. Acknowledgement
We thank Kusnadi, Suriani, and H. Siagian for field assistance. This research was funded by The

North Sumatra Assessment Institute for Agricultural Technology (North Sumatra AIAT) Ministry of
Agriculture of the Republic of Indonesia.

References
[1] BPS Indonesia 2022 Statistik Indonesia 2022 (Indonesia: BPS Indonesia).
[2] Budhi GS and Aminah M 2010 Forum Penelitian Agro Ekonomi 28(1) 55-68.
[3] Ridhayat IR 2012 Perkembangan populasi hama dan musuh alami kedelai Edamame

(Glycine max Varietas Edamame) pada fase vegetatif dan generatif. (Indonesia: Bogor
Agricultural University).

[4] Okada T, Tengkano W and Djuarso T 1998 An outline of soybean pest in Indonesia in
faunistic aspect. Conf. BORIF 1998 Des 6 (Indonesia: Bogor).

[5] Marwoto and Hardaningsih S 2007 Kedelai: Teknik Produksi dan Pengembangan (Indonesia:
Badan Penelitian Tanaman Panga.

[6] Tengkano W 2003 Buletin Palawija 5: 43-56.
[7] Marwoto and Suharsono 2008 Jurnal Litbang Pertanian 27(4): 131-136.
[8] Prayogo P and Suharsono 2005 Jurnal Litbang Pertanian 24(4): 123-130.
[9] Bayu MSYI 2015 Prosiding Seminar Nasional Masyarakat Biodiversitas Indonesia 1:878-883.
[10] Asadi, Purwantoro A and Yakub S 2012 Agrivita 34(1): 28-35.
[11] Norris RF, Caswell-Chen EP and Kogan M 2003 Concept in Integrated Pest Management

(United States: Prentice Hall).
[12] Bae SD, Kim HJ and Mainali BP 2014 Journal of Asia-Pacific Entomology 17: 477-481.
[13] Mustikarini F, Retnaningsih and Simanjuntak M 2014 Jurnal Ilmu Keluarga dan Konsumen

7(2): 93-102.
[14] Anshori A and Prasetiono C 2016 Journal of Sustainable Agriculture 31(1): 38-44.
[15] Price PW, Denno RF, Eubank MD, Finke DL and Kaplan I 2011 Insect ecology: behavior,

population and communities (United Kingdom: Cambridge University Press).
[16] Endo N, Hirakawa I, Wada T and Tojo S 2007 Applied Entomology and Zoology 42:199-204.
[17] Tengkano W and Iman M 2002Milestone advances in food crop production technology

(Indonesia: Food Crop Research Center).



5th International Conference on Sustainable Agriculture
IOP Conf. Series: Earth and Environmental Science 1172 (2023) 012032

IOP Publishing
doi:10.1088/1755-1315/1172/1/012032

10

[18] Pratiwi K, Trisyono YA and Martono E 2016 Jurnal Perlindungan Tanaman Indonesia
20(1): 7-14.

[19] Samudra IM, Koswanudin D, Wartono and Winasa IW 2016 Seminar Proceedings on the
results of research on legume and tuber crops p. 273-278 (Indonesia: Food Crop Research
Center).

[20] Bedjo 2017 Biodiversitas 18(2): 582-588.
[21] Indiati SW 2010 Jurnal Penelitian Pertanian Tanaman Pangan 29(1): 50-55.
[22] Zubachtirodin, Saenong S, Pabbage MS, Azrai M, Setyorini D, Kartaatmadja S and Kasim F

2016 PTT Jagung 4th edition (Indonesia: Ministry of Agriculture).
[23] CIAT 1987 CIAT annual report (Columbia: Centro Internacional de Agricultura Tropical)
[24] Indiati SW and Bedjo 2017 Jurnal Penelitian Pertanian Tanaman Pangan 1(3):243-252.
[25] Ríos-Díez JD and Saldamando-Benjumea CI 2011 Journal of Economic Entomology

104(5): 1698–1705.
[26] Stacke RF, Giacomelli T, Bronzatto ES, Halberstadt SA, Garlet CG, Muraro DS, Guedes

JVC and Bernardi O 2019 Journal of Economic Entomology XX(XX): 1-10.
[27] Govindachari TR, Narasimhan NS, Suresh G, Partho PD and Gopalakrishnan G 1996

Journal of Chemical Ecology 22: 1453-1461.
[28] Nathan SS and Kalaivani K 2006 Biological Control 39: 96-104.
[29] Yooboon T, Pluempanupat W, Koul O and Bullangpoti V 2015 Communications in

Agricultural and Applied Biological Sciences 80(2): 169-177.
[30] Salbiah D and Andria N 2019 Jurnal Dinamika Pertanian XXXV(1): 1 – 6
[31] Paramita H, Puspasari LT, Hidayat Y, Meliansyah R, Dono D, Maharani R and Supratman U

2018 Jurnal Cropsaver 1(1): 20-26.
[32] Mordue AJM and Nisbet AJ 2000 Anais de Sociedade Entomologica do Brasil 29(4): 615-632.
[33] Susanto GWA and Adie MM 2008 Jurnal Penelitian Pertanian Tanaman Pangan 27(2): 1-6.
[34] Bayu MSYI, Tantawizal YI and Prayogo 2016 Prosiding Seminar Nasional Hasil Penelitian

Tanaman Aneka Kacang dan Umbi tahun 2015. Pp 310-315. (Indonesia: Pusat Penelitian dan
Pengembangan Tanaman Pangan).

[35] Tamang S, Venkatarao P and Chakraborty G 2017 International Journal of Plant Protection
10(1): 7-13.

[36] Biswas GC and Islam R 2012 Bangladesh Journal of Agricultural Research 37(1): 19-25.
[37] Bueno MR, da Cunha JPAR and de Santana DG 2017 Biosystems Engineering 154: 35-45.
[38] Dudhbale C, Surpam A, Kothikar R and Koche M 2017 American Journal of Entomology

1(1): 16-18.
[39] Franz JM, Bogenschutz H, Hassan SA, Huang P, Naton E, Suter H and Viggiani G 1980

Entomophaga 25: 231-236.
[40] Aydogdu M, Gokalp FD and Güner U 2017 Fresenius Environmental Bulletin 26(3): 2346-

2445.
[41] Araújo MB, Rakes M, Pasini RA, Bernardi D and Grützmacher AD 2022 Biocontrol Science

and Technology 32(7): 877-890.
[42] Gehan YA and Abdalla EF 2006 Journal of Agriculture and Biological Science 2(6):578-583.
[43] Dhaka SS, Singh G, Ali N, Mittal V and Singh DV 2011 Crop Research 42: 331-335.
[44] Boomarco R, Kleijn D and Potts SG 2013 Trends in Ecology and Evolution 28(4): 230-238
[45] Pywell RF, Heard MS, Woodcock BA, Hinsley S, Ridding L, Nowakowski M and Bullock

JM 2015 Proceedings of The Royal Society B 282: 20151740.
[46] Raj A, Jhariya MK, Khan N, Banerjee A and Meena RS 2021 Ecological Intensification of

Natural Resources for Sustainable Agriculture (Singapore: Springer).



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.


	Effect of soybean variety and pest management on t
	1.  Introduction 
	2.  Materials and Methods
	2.1.  Study Site and Experimental Design
	2.2.  Plant Cultivation
	2.3.  Arthropod Observation
	2.4.  Plant Damaged
	2.5.  Yield
	2.6.  Data Analysis

	3.  Results and Discussion
	3.1.  Soybean pest population 

	4.  Conclusion 
	5.  Acknowledgement 
	References 

