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Abstract

Synthetic insecticides are still extensively used by farmers to control insect pests in carrots. The effects of excessive use of synthetic
insecticides can damage agricultural ecosystems. This research aimed to examine Bacillus thuringiensis-based bioinsecticide toward
arthropods existence in vegetative growth phase of carrots The research was conducted in Pagar Alam City (700 m above sea level) and
a relative humidity of 48-99%. The carrot plantations studied were planted in polyculture with mustard greens and sweet corn. This study
used a completely randomized design (CRD) with 3 treatments and 9 replications. The treatments were bioinsecticide B. thuringiensis;
synthetic insecticide (imidacloprid 200 g/l); and no-insecticide application (control). Agronomic observations were height of carrot and
their number of leaves. Arthropods observations were carried out using sweep nets, pitfall traps, and direct visual observation. The results
showed there was no significantly different on height of carrot plant and their number of leaves among three applications. Arthropods
population in carrot plants treated with B. thuringiensis was lower than those in control carrot plants. In pitfall trap observations, the
highest number of arthropod individuals obtained was belong to order Hymenoptera and had a moderate value of the Shannon-Wiener
diversity index (H"). In addition, total insect population after application of B. thuringiensis observed using nets, tended to decrease from
the second observation onwards. The category of insect diversity level trapped by Pitfall trap in B. thuringiensis bioinsecticide treatment
was included in the medium category (H' = 1.75), while the treatment of imidacloprid (H' = 0.85) and control (H' = 0.81) was included
in the low category.
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1. Introduction

Carrot (Daucus carota L.) is a horticultural com-
modity widely consumed by society because it has high nu-
tritional value. Carrot consumption by the household sector
increased by 7.35% or 26.90 thousand tons in 2021, and in
2022 it increased to 392.82 thousand tons [1]. The increase
in demand must be balanced with high production. In real-
ity, carrot cultivation is constrained by pest attacks. Pests
of carrot crops were included Agrotis sp. earthworm,

Cavariella aegopodii, Semiaphis heraclei, Aeolothrips me-
ridionalis [2] and Melanagromyza sp. larvae [3]. Farmers
generally still use synthetic insecticides to control insect
pests in their carrot crops. Excessive and continuous use of
synthetic insecticides can cause resurgence of target pests
and leave residues in cultivated plants and environment [4],
[5]. In addition, synthetic insecticides can also kill natural
enemies [6], [7].

The utilization of microorganisms such as Bacillus
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thuringiensis bacteria as biological agents is an alternative
to reduce the use of synthetic pesticides. B. thuringiensis is
a gram-positive bacterium that produces protein crystals
during sporulation [8]. B. thuringiensis has been widely
used in biological control of insect pests from different or-
ders, including Lepidoptera, Coleoptera and Diptera [9].
The effectiveness of using B. thuringiensis has been re-
ported in several cases such as in cabbage [10], caisim [11],
other Brassicaceae families [12] and potato [13]. The use
of B. thuringiensis does not have a negative impact on the
environment. According to [14], application of bio-insecti-
cide B. thuringiensis does not interfere with the abundance
of predatory arthropods such as spiders and other predatory
insects.

The application of B. thuringiensis in addition to
being a bio-insecticide can also increase the growth of cul-
tivated plants because it functions as a biofertilizer and bi-
ostimulator [15]. [16] also reported that B. thuringiensis
can function as a bio-fertilizer in addition to its main role
as a bio-insecticide. [17] emphasized that B. thuringiensis
is a stimulant that has not been widely recognized by the
public to increase plant growth. Therefore, research was
conducted with the aim of studying B. thuringiensis bio-
insecticide on carrot growth and the presence of arthropods
in the vegetative phase of carrots.

2. Materials and Methods

The location of carrot cultivation in Keban Agung
Village, Ulu Rurah Village, Pagar Alam Selatan Subdis-
trict, Pagar Alam City, South Sumatra Province, Indonesia
(4°03'25 "S and 103°26'40") at an altitude of 700 m above
sea level. The research design used a completely random-
ized design (CRD) with 3 treatments and 9 replicates. The
treatments consisted of:

(1) Bio-insecticide B. thuringiensis
(2) Synthesized insecticide imidacloprid 200 g/l
(3) No application (water) as control.

2.1. Preparation of Bacillus thuringiensis bioinsecticide

The production of B. thuringiensis bio-insecticide
was carried out in June 2023 at the Phytopathology Labor-
atory, Department of Plant Pests and Diseases, Plant Pro-
tection Study Program, Faculty of Agriculture, Sriwijaya
University, Indralaya. B. thuringiensis isolate with isolate
code BK originally from the bacterial collection at the Phy-
topathology Laboratory. Preparation of B. thuringiensis
bio-insecticide using the method [18]. The colony density
used was 5 x 10° CFU/ml.

2.2. Land preparation and carrot cultivation

Land preparation for making beds was done 2
weeks before planting. Beds were made measuring 10 m x
60 cm with a bed height of 50 cm. There were 27 units of
beds made, with a distance of 20 cm between beds. Carrot
planting was done by planting the seeds directly by making
a furrow and then sowing the seeds in the furrow. Carrot
seeds used were local variety. After the plants grew 45 days
after planting (DAP), thinning was done with a spacing of 8
cm x 8 cm. Planting was done in polyculture by planting 5
rows of carrots in the center and 2 rows of mustard greens
on the edge of the bed and interspersed with sweet corn
plants..

2.3. Bacillus thuringiensis bioinsecticide application

The dose of B. thuringiensis used was 20 ml/L wa-
ter. Bio-insecticide application was carried out by spraying
on the plant crown and soil using an 8 L knapsack sprayer.
Bio-insecticide application began when carrot plants were 3
weeks after planting (WAP). Applications were made 4
times with an application interval of 2 weeks. Applications
were carried out every afternoon at 4-5 pm.

2.4 Test the effect of Bacillus thuringiensis bio-insecticide
application on carrot vegetative growth

Observations of carrot vegetative growth including
the number of leaves and plant height were carried out at
the same time. The number of leaves and plant height were
observed from 5 sample plants in each replication in treat-
ment plots consisting of 9 replications. The number of
leaves was counted then the plant height was measured us-
ing a crossbar after which the results obtained were rec-
orded.

2.5 Observation of arthropods population

Observations were made visually, using insect nets
and pitfall traps. Visual observations were made by looking
directly at arthropods in treatment plots both before and after
application of bio-insecticide B. thuringiensis and synthetic
insecticides. Furthermore, the insects found were photo-
graphed and identified using the book [19] and browsing
from the website http://www.bugguide.net/ managed by
lowa State University Entomology and PictureThis applica-
tion. Population of insects observed was then counted and
recorded. Observations using insect nets were made with 5
double swings. Observations using insect nets were con-
ducted before and after application of B. thuringiensis bio-
insecticide and synthetic insecticide. Observations using in-
sect nets were made after visual observations. The insects
obtained were then recorded and identified. Observa-
tions using pitfall traps were conducted every 2 weeks prior
to bio-insecticide application, by setting one pitfall trap in
each replicate and treatment. The method of pitfall trap in-
stallation was to make a hole in the ground 10 cm deep, then
put a paralon pipe into the ground. Next, a clear plastic cup
with a volume of 300 mL was inserted, then filled with
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soapy water (0.5%) as much as one-third the height of the
plastic cup which was installed parallel to the ground sur-
face to make it easier for insects to be trapped. The captured
insects were then sorted, filtered with a 1 mm pore size
sieve, rinsed with sterile water, then put into a jam bottle
containing 70% alcohol, to be further identified under a mi-
croscope and counted the number of individuals in the En-
tomology Laboratory, Department of Plant Pests and Dis-
eases, Faculty of Agriculture, Sriwijaya University, In-
dralaya.

2.6 Data analysis

Regression analysis was performed to determine
the relationship between parameters with coefficient deter-
mination (R2) indicating the strength of the relationship.
Furthermore, significant differences between treatments
were tested using the least significant difference (LSD) test
at P <0.05 by RStudio version 2023.06.2+561 "Mountain
Hydrangea" Release for windows 10.

The data obtained from each insect capture were
counted and identified, then analyzed using the Shannon-
Wienner species diversity index formula [20] with the fol-
lowing equation: H'= -} pi In pi; pi = ni/ N (the ratio of the
number of individuals of a species to the whole species),
with ni: the number of individuals of the i-th species; N:
total individuals. The species diversity index is defined as
follows: H' > 3 indicates that species diversity is high, H' 1
< H' <3 indicates that species diversity is moderate, and H'
< 1 indicates that species diversity is low.
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3. Results and Discussion

3.1 Plant height (cm)

Based on the results of variance analysis, the
application of B. thuringiensis had no significantly effect on
plant height. However, the application of bio-insecticide B.
thuringiensis had a positive effect in increasing plant height
growth compared to the effect of other treatments. Plant
height growth was faster from week 5 to week 9 and began
to optimize when entering week 10 (Figure 1).

From the results of this study, it was found
application of bio-insecticide B. thuringiensis had an effect
in accelerating plant height. This was supported by results
of research by [21] which states application of B.
thuringiensis can increase the growth of chickpea plant
height.

B. thuringiensis was considered to be able to
increase plant growth because it has a function as a phyto-
hormone which has an important function for plant growth
and development as a regulator and signaler [22].
Phytohormone compounds are produced by bacteria
colonizing plant roots that play a role in plant growth. Some
strains of B. thuringiensis colonize plant roots and have
properties that increase plant growth [23].
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Figure 1. Effect of Bacillus thuringiensis bio-insecticide application on carrot plant height growth

3.2 Number of leaves (strands)

Based on the results of analysis of variance,
application of B. thuringiensis caused no significant effect
on the number of leaves. Based on the average application
of B. thuringiensis obtained the highest number of leaves at
the age of 5, 7 and 10 weeks after planting (Figure 2).

Based on the results of the study, the application of
bio-insecticide B. thuringiensis was able to produce more

leaves compared to other treatments. This is supported by
the results of research by [24] which states B. thuringiensis
treatment can increase the number of leaves on chili
(Capsicum annuum) and long beans (Vigna unguiculata).
The increase in number of leaves in B. thuringiensis
treatment was allegedly because B. thuringiensis can
function as a bio-fertilizer because it was able to dissolve
phosphate [25]. This is also supported by [17], stated that
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some Bacillus genera have the ability to fix N from the air,
synthesize IAA to spur plant growth and suppress
pathogens and dissolve P and K.
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Figure 2. Effect of Bacillus thuringiensis bio-insecticide application on the growth of the number of leaves of carrot plants

3.3 Visual insect population

observation decreased after application but increased in the

Visual insect population observations showed 2nd, 3rd and 4th observations (Figure 3).

differences in the total insect population observed visually
before and after the application of bioinsecticide B.
thuringiensis, synthetic insecticide and control. The total
insect population of B. thuringiensis treatment in the first
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Figure 3. Total insect population before and after application of bio-insecticide B. thuringiensis (B), synthetic insecticide

(P) and no application (K) observed visually.

Based on the results of study, effect of B.

B. thuringiensis which has a slow effect in suppressing

thuringiensis application on the presence of insects host-specific insects, in contrast to the application of
fluctuated. This was due to the use of bioinsecticide synthetic pesticides that work quickly in Killing insects [11].
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3.4 Insect population with nets

The results showed that there were differences in
the total insect population before and after application. The
total insect population due to B. thuringiensis bio-

insecticide treatment in the 2nd, 3rd and 4th observations
decreased (Figure 4).
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Figure 4. Total insect population before and after application of bioinsecticide B. thuringiensis (B), insecticide

imidakloprid (1) and no application (K) observed by netting.

The decrease insect population in B. thuringiensis
bio-insecticide treatment was alledly because B.
thuringiensis possesses d-endotoxin protein crystals that
will damage the cell membrane structure in the host insect.
It can weaken the immune system and Kill the host insect
after a few days of infection [8].

The number of insect populations in polyculture
will decrease when the crop was harvested [26]. This is due
to the various types of crops whose harvest times vary,
causing insect emigration out of cultivated crops. The
presence of natural enemies obtained in the observations
can suppress insect pest populations. This is due to
increased biodiversity caused by polyculture cropping
patterns [27].

3.5 Arthropod population with pitfall trap
Based on the results of the study, the category of
insect diversity level in the B. thuringiensis bio-insecticide

treatment was moderate (H' 1.75). The synthetic
insecticide treatment (H' = 0.85) and control (H' = 0.81)
were categorized as low insect diversity (Table 1).

The use of bio-insecticide B. thuringiensis did not
cause the diversity of arthropod species low. Arthropod
population density will change because it was influenced by
biotic and abiotic factors. Biotic factors such as the presence
of natural enemies and vegetation diversity and abiotic
factors such as temperature played an important role in
insect life [28], [29]. It is proven from this study that abiotic
factors such as fluctuating humidity can affect the insect
population around the plant. Relative humidity at the time
of carrying out observations ranged from 48-99%.

In addition, the polyculture system in the field
causes a more diverse insect population when compared to
the monoculture system or only carrot crops.
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Table 1. Arthropods species trapped by pitfall trap

Found in every treat-

Order/family Species ment (individue) Total (individue)
Bt I K
Coleoptera
Staphylinidae Anotylus sp. 1 2 2 5
Carabidae Pherosophus bimaculatus 2 2 0 4
Coccinellidae Coccinellidae sp. 0 0 2 2
Orthoptera
Gryllidae Gryllus pennsylvanicus 10 4 4 18
Diptera
Muscidae Graphomya maculata 1 0 0 1
Hymenoptera
Formicidae Odontoponera denticulata 42 36 34 112
Tapinoma sessile 26 12 7 45
Camponotus americanus 1 0 2 3
Anoplolepis gracilipes 10 12 15 37
Polydesmida
Paradoxosomatidae Asiomorpha coarctata 6 7 5 18
Araneae
Pisauridae Dolomedes plantarius 14 17 9 40
Biodiversity index 1,75 0,85 0,81
Dominancy index 0,23 0,03 0,02
Evennes index 0,76 0,40 0,37

Notes: Bt: Bacillus thuringiensis, I: Imidacloprid, K: control

3.6 Species of arthropods

Thirty-six species of arthropods were collected in
carrot crops during vegetative phase by visual observation,
pitfall traps and insect nets. These arthropods have roles as
pests (Figure 7), natural enemies (Figure 8) and pollinators
(Figure 9).

In the bioinsecticide B. thuringiensis treatment, the
arthropod species that acted as pests were the most and
those that acted as pollinators were the least compared to

the imidacloprid and control treatments (Figure 10).

This is because B. thuringiensis in controlling
insects that are not host specific so that the effect is not
significant. Although in some studies, B. thuringiensis toxin
has successfully controlled Coleoptera and Lepidoptera pest
insects, Hemiptera pest insects are not very susceptible to B.
thuringiensis toxin [30].

According to [31], little is known about the toxicity
of B. thuringiensis to Hemiptera that have a sucking mouth
type (haustelata).
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Figure 7. Species arthropods of pests: Eurydema pulchrum (A), Nezara viridula (B), Aulocophora similis (C), Cletus
schmidti (D), Phyllopalpus pulchellus (E), Acrida turita (F), Celyphus sp. (G), Asiomorpha coarctata (H), Patanga sp.
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Figure 8. Species predatory arthropodes: Diplacodes trivialis (A), Ischnura ramburii (B), Andrallus spinindens (C),
Rainieria antennaepes (D), Ischiodon scutellaris (E), Condylostylus sp. (F), Paederus fuscipes (G), Menochilus
sexmaculatus (H), Coccinela transversalis (1), Pardosa pseudoannulata (J).
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Figure 9. The role of arthropods in carrot crops during the vegetative phase

Notes: B: Bacillus thuringiensis, I: Imidacloprid, K: control,

4. Conclusion

The application of bio-insecticide B. thuringiensis
had no significant effect on the growth of height and num-
ber of carrot leaves. In B. thuringiensis bio-insecticide
treatment, the arthropod species acted as pests was the
highest and those acted as pollinators was the lowest com-
pared to the imidacloprid and control treatments. The cate-
gory of insect diversity level trapped by Pitfall trap in B.
thuringiensis bio-insecticide treatment was included in the
medium category (H' = 1.75), while imidacloprid treatment
(H'=0.85) and control (H' = 0.81) were low category.

5. Acknowledgement

The authors would like to thank the Rector of
Sriwijaya University for the financial support through the
Sriwijaya University Profession Grant research scheme in
2023 with no. 0188/UN9.3.1/SK/2023 dated April 18,
2023.

References

[1] Irjanyanti, A. D., Wibowo, A. S., Stiyaningsih, H.,
Putri, 1. M., Gitaningtyas, O. P., Areka, S. K.,
Suprapti, W., & Nurfalah, Z. (2023). Statistik
Hortikultura 2022. 27.

[2] Bhat, D. M., And Kashmir, J., Fayaz, I., Ahangar,
A., & Ahangar, F. A. (2018). A Systematic
checklist and species richness of insect pests
associated with vegetable crops in Jammu &amp;
Kashmir State (India). Journal of Entomology and
Zoology Studies, 6(2), 328-338.

[3] N. V. Raghunandan, & Manjunatha, R. (2023). A
new report of a fly, Melanagromyza sp. (Diptera:
Agromyzidae) on carrot (Daucus carota L.) from
India. Pest Management in Horticultural

Pests,

[4]

[5]

[6]

[7]

[8]

[9]

Natural enemies, m Pollinator

Ecosystems, 29(1), 169-171.

Indiati, S. W., & Marwoto, M. (2017). Penerapan
Pengendalian Hama Terpadu (PHT) pada Tanaman
Kedelai.  Buletin  Palawija,  15(2), 87.
https://doi.org/10.21082/bulpa.v15n2.2017.p87-
100

Zago, H. B., Siqueira, H. A. A, Pereira, E. J. G,,
Picanco, M. C., & Barros, R. (2014). Resistance and
behavioural response of Plutella xylostella
(Lepidoptera: Plutellidae) populations to Bacillus
thuringiensis formulations. Pest Management
Science, 70(3), 488-495.
https://doi.org/10.1002/ps.3600

Prabawati, G., Herlinda, S., & Pujiastuti, Y. (2019).
The abundance of canopy arthropods in south
sumatra (Indonesia) freshwater swamp main and
ratooned rice applied with bioinsecticides and
synthetic insecticide. Biodiversitas, 20(10), 2921—
2930. https://doi.org/10.13057/biodiv/d201021
Herlinda, S., Prabawati, G., Pujiastuti, Y.
Susilawati, Karenina, T., Hasbi, & Irsan, C. (2020).
Herbivore insects and predatory arthropods in
freshwater swamp rice field in South Sumatra,

Indonesia  sprayed with  bioinsecticides of
entomopathogenic  fungi and  abamectin.
Biodiversitas, 21(8), 3755-3768.

https://doi.org/10.13057/biodiv/d210843

Osman, G. E. H., Already, R., Assaeedi, A. S. A,,
Organji, S. R., EI-Ghareeb, D., Abulreesh, H. H., &
Althubiani, A. S. (2015). Bioinsecticide bacillus
thuringiensis a comprehensive review. Egyptian
Journal of Biological Pest Control, 25(1), 271-288.
Valtierra-De-luis, D., Villanueva, M., Berry, C., &
Caballero, P. (2020). Potential for Bacillus
thuringiensis and Other Bacterial Toxins as
Biological Control Agents to Combat Dipteran
Pests of Medical and Agronomic Importance.
Toxins, 12(12).
https://doi.org/10.3390/toxins12120773

Novian Dwisatria Putri et al, 2023 |



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Kim, E., Jeoung, S., Park, Y., Kim, K., & Kim, Y.
(2015). A Novel Formulation of Bacillus
thuringiensis for the Control of Brassica Leaf

Beetle, Phaedon  brassicae  (Coleoptera:
Chrysomelidae). Journal of Economic
Entomology, 108(6), 2556-2565.

https://doi.org/10.1093/jee/tov245

Astuti, D. T., Damiri, N., Pujiastuti, Y., & Afriani,
S. R. (2019). Pemanfaatan Limbah Organik dalam
Pembuatan  Bioinsektisda berbasis  Bacillus
thuringiensis sebagai Agens Pengendalian Hama
Tanaman Caisim Brassica juncea. Jurnal Lahan
Suboptimal, 7(2), 136-143.
https://doi.org/10.33230/jls0.7.2.2018.350
Pujiastuti, Y., Sulistyani, D. P., & Suparman, S.
(2021). Patogenisitas isolat bakteri
entomopatogenik Bacillus thuringiensis diisolasi
dari Spodoptera litura terhadap larva Plutella
xylostella ( Lepidoptera : Plutellidae ). Prosiding
Seminar Nasional Lahan Suboptimal Ke-9 Tahun
2021, 1, 621-627.

Guney, G., Cedden, D., Hanniger, S., Heckel, D.
G., Coutu, C., Hegedus, D. D., Mutlu, D. A,
Suludere, Z., Sezen, K., Glney, E., & Toprak, U.
(2021). Silencing of an ABC transporter, but not a
cadherin, decreases the susceptibility of Colorado
potato beetle larvae to Bacillus thuringiensis sp.
tenebrionis Cry3Aa toxin. Archives of Insect
Biochemistry and Physiology, 108(2), 1-16.
https://doi.org/10.1002/arch.21834

Sunariah, F., Herlinda, S., Irsan, C., & Windusari,
Y. (2016). Kelimpahan dan Kekayaan Artropoda
Predator pada Tanaman Padi yang Diaplikasi
Bioinsektisida  Bacillus  thuringiensis. HPT
Tropika, 16(1), 42-50.

Azizoglu, U. (2019). Bacillus thuringiensis as a
Biofertilizer and Biostimulator: a Mini-Review of
the Little-Known Plant  Growth-Promoting
Properties of Bt. Current Microbiology, 76(11),
1379-1385. https://doi.org/10.1007/s00284-019-
01705-9

Bandopadhyay, S. (2020). Application of plant
growth promoting Bacillus thuringiensis as
biofertilizer on Abelmoschus esculentus plants
under field condition. Journal of Pure and Applied
Microbiology, 14(2), 1287-1294.
https://doi.org/10.22207/JPAM.14.2.24

Ahmad, M., Pataczek, L., Hilger, T. H., Zahir, Z.
A., Hussain, A., Rasche, F., Schafleitner, R., &
Solberg, S. (2018). Perspectives of microbial
inoculation for sustainable development and
environmental  management.  Frontiers  in
Microbiology, 9 (DEC).
https://doi.org/10.3389/fmich.2018.02992
Pujiastuti, Y., Gunawan, B., Sulistyani, D. P.,

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Sandi, S., & Sasanti, A. D. (2021). Pemanfaatan
Limbah Urin Sapi sebagai Bahan Dasar Pembuatan
Bioinsektisida Berbasis Bacillus thuringiensis di
Desa Sejaro Sakti Kecamatan Indralaya Kabupaten
Ogan Ilir.  Jurnal Puruhita, 3(1), 17-21.
https://doi.org/10.15294/puruhita.v3il.53051
Borror, D.J., Triplehorn C.A., and Johnson, N.F.
2005. Study of Insects. 7th Edition. Thomson
Brooks Cole. United States. 879 p.

Mazlan, Kartikawati, S. M & Burhanuddin. (2019).
Keanekaragaman Jenis Semut (Formicidae)
Arboreal di Hutan Mangrove Kelurahan Setapuk
Besar Kota Singkawang. Jurnal Hutan Lestari, 7(3),
999-1006. https://doi.org/10.26418/jhl.v7i3.35531
Khan, N., Bano, A. M. D., & Babar, A. (2020).
Impacts of Plant Growth Promoters and Plant
Growth Regulators on Rainfed Agriculture. In
PLOS ONE (Vol. 15, Issue 4).
https://doi.org/10.1371/journal.pone.0231426
Poveda, J., & Gonzélez-Andrés, F. (2021). Bacillus
as a source of phytohormones for use in agriculture.
Applied Microbiology and Biotechnology, 105(23),
8629-8645.  https://doi.org/10.1007/s00253-021-
11492-8

Armada, E., Probanza, A., Roldan, A., & Azcon, R.
(2016). Native Plant Growth Promoting Bacteria
Bacillus thuringiensis and Mixed or Individual
Mycorrhizal Species Improved Drought Tolerance
and Oxidative Metabolism in Lavandula Dentata
Plants. Journal of Plant Physiology, 192, 1-12.
https://doi.org/10.1016/j.jplph.2015.11.007
Bhuimbar, M. V, & Dandge, P. B. (2023).
Production of Organic Liquid Biofertilizer from
Fish Waste and Study of its Plant Growth Promoting
Effect. Proceedings of the National Academy of
Sciences, India Section B: Biological Sciences,
93(1), 235-243. https://doi.org/10.1007/s40011-
022-01413-8

Swandi, M. K., Mubarik, N. R., & Tjahjoleksono,
A. (2019). Rhizobacterial inoculants: The
formulation as biofertilizer and its application on
chili plants (Capsicum annum L.). Malaysian
Journal of Microbiology, 15(1), 44-51.
https://doi.org/10.21161/mjm.112517

O’Rourke, M. E., & Petersen, M. J. (2017).
Extending the ‘resource concentration hypothesis’
to the landscape-scale by considering dispersal
mortality and fitness costs. Agriculture, Ecosystems
& Environment, 249, 1-3.
https://doi.org/https://doi.org/10.1016/j.agee.2017.
07.022

Mala, M., Mollah, M. M. 1., & Baishnab, M. (2020).
Importance of intercropping for biodiversity
conservation. Journal of Science Technology and
Environment  Informatics, 10(2), 709-716.

Novian Dwisatria Putri et al, 2023 |



(28]

[29]

[30]

[31]

https://doi.org/10.18801/jstei.100220.71
Karenina, T., Herlinda, S., Irsan, C., & Pujiastulti,
Y. (2019). Abundance and species diversity of
predatory arthropods inhabiting rice of refuge
habitats and synthetic insecticide application in
freshwater swamps in South Sumatra, Indonesia.
Biodiversitas, 20(8), 2375-2387.
https://doi.org/10.13057/biodiv/d200836

Das, I, Kumar, G., & Shah, N. G. (2013).
Microwave heating as an alternative quarantine
method for disinfestation of stored food grains.
International Journal of Food Science, 2013.
https://doi.org/10.1155/2013/926468

Chougule, N. P., Li, H., Liu, S., Linz, L. B., Narva,
K. E., & Meade, T. (2013). Retargeting of the
Bacillus thuringiensis toxin Cyt2Aa against
hemipteran insect pests. 110(21), 8465-8470.
https://doi.org/10.1073/pnas.1222144110
Schiinemann, R., Knaak, N., & Fiuza, L. M.
(2014). Mode of Action and Specificity of Bacillus
thuringiensis Toxins in the Control of Caterpillars
and Stink Bugs in Soybean Culture . ISRN
Microbiology, 2014, 1-12.
https://doi.org/10.1155/2014/135675

Novian Dwisatria Putri et al, 2023 |



