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Abstract. Surjan is a specific type of cropping system that is part of a local wisdom practice found
in Kulonprogo Regency, Special Region of Yogyakarta. The cropping system employs a
polyculture system with a raised-sunken bed configuration. In ancient times, this system was
initiated as a conservation initiative in the event of drought. In the context of agroecosystems,
defined as the interaction between biotic and abiotic components, arthropods serve as indicators
of the biotic components of the agricultural environment. The presence of arthropods is influenced
by the use of synthetic pesticides. In response to the use of synthetic pesticides, biopesticides are
frequently used as a countermeasure. The present study aims to ascertain the impact of
biopesticide applications on the composition of arthropods in agricultural land that utilizes surjan
cropping system configuration. This study was conducted on the surjan cropping system in
Kulonprogo Regency, which is predominantly characterized by the cultivation of rice and shallots.
The biopesticide used in this study was a group of fungi, namely Trichoderma harzianum and
Metarhizium anisopliae. These organisms function as bioprotectants and biofertilizers. The
findings indicate that surjan cropping system, when accompanied by biopesticide utilization, yield
a greater diversity of arthropod species in comparison to surjan cropping system that employs
synthetic pesticides. In agricultural land with surjan system configuration and biopesticide
applications, certain arthropods function as predators, parasitoids, and bioindicators. The most
prevalent arthropod species identified is Verania sp. (Coleoptera; Coccinelidae), with a total of
68 individuals. The present study has yielded findings indicating a correlation between the
application of surjan cropping system and the utilization of biopesticides in land cultivated with a
specificcrops and the composition of arthropods in the environment.
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1. Introduction
Surjan 1s a specific type of cropping system that is part of a local wisdom practice found in
Kulonprogo Regency, Special Region of Yogyakarta. It involves polyculture of horticulture and

food crops. The distinguishing characteristic of this cropping system is the configuration of the
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soil media, which are designed to vary in elevation to accommodate different crops. In ancient
times, this agricultural practice was employed to address irrigation problems during the dry season.
In the contemporary era, its implementation is part of agroecosystem modification for the purpose
of achieving sustainable land infrastructure [1]. The optimization of land resources is one part of
conservation measures intended to counteract the occurrence of pests and diseases. Despite the
implementation of surjan cropping system, farmers continue to rely on synthetic pesticides and
fertilizers to protect their crops from pests and to increase plant growth.

Agroecosystem modification is part of the implementation of sustainable agriculture [2]. A
healthy agroecosystem is characterized by an abundance of arthropods. Arthropods are one of the
indicators of environmental health when exposed to synthetic materials [3]. The abundance of
arthropods in an ecosystem is an indication that the ecosystem is relatively uncontaminated. Apart
from arthropod pests, there are also arthropod natural enemies: predators and parasitoids.
Furthermore, arthropods play a vital role in ecosystems as pollinators, biodecomposers, and
bioindicators [4-6]. The existence of arthropods is very important for the maintenance of
ecosystem sustainability and the conservation of land resources, as well as the well-being of plants.
The implementation of surjan cropping system, for example, involves the cultivation of insectary
plants (refugia) along the boundaries between fields, serving as hosts for natural enemies and as
an integrated pest management [7].

Currently, farmers continue to rely on synthetic pesticides for the management of pests and
diseases. The utilization of synthetic pesticides has been demonstrated to exert harmful effects,
including the killing of non-targets. This has the potential to jeopardize the diversity of natural
enemies and predators, thereby exacerbating pest populations [8]. Pests may exhibit a heightened
degree of resistance to pesticides over time, and attack rates may concomitantly rise [9,10]. A
secondary impact is the deterioration of land quality, which can manifest in the form of degradation
and a decline in soil fertility levels [11].

An alternative to synthetic pesticides is the utilization of beneficial microbes, such as
Metarhizium anisopliae and Trichoderma harzianum. These two microbes are biological agents
from the fungi group and have potential applications in pest and disease control [12,13]. Both fungi
have mechanisms of action and entry that ensure their exclusive targeting of their intended hosts.
The resulting secondary metabolites of these fungi play an important role as protectants and
biostimulants [14], and the hormones produced can trigger plant growth. It is anticipated that,
following a prolonged period of application, these fungi will proliferate in nature, thereby ensuring
ample availability [15,16].

The extant literature on surjan cropping system is scant, with few studies having been

conducted to date. The most recent study investigated the arthropod populations in polyculture

307



Wagiyana et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 306-318

using surjan cropping system and in monoculture, revealing variations in arthropod abundance.
The implementation of surjan cropping system has been demonstrated to result in a notable
increase in the diversity and abundance of arthropod populations [17]. A study was conducted to
compare the effects of conventional and surjan cropping systems on arthropod abundance. The
results showed that surjan cropping system resulted in a higher abundance of arthropods compared
to the conventional cropping system [18]. The application of conventional systems has led to the
proliferation of pests such as Bactrocera sp. and Arigona sp. The utilization of surjan cropping
system has been demonstrated to result in an increase in the abundance and diversity of arthropod
natural enemies. In light of the aforementioned elaboration, the present study aims to ascertain the
influence of the application of biopesticides derived from fungal active ingredients (M. anisopliae
and T. harzianum) on arthropod diversity within agricultural environments configured using surjan

cropping system.

2. Materials and Methods

2.1. Study area

The study was conducted in an agricultural area with surjan cropping system configuration,
located in Panjatan District, Kulonprogo Regency, Special Region of Yogyakarta. The area is
located at coordinates -7.916343,110.1108008; -7.9063609,110.1711428 (Fig. 1). The study was
conducted from April to November 2023, coinciding with the rice and shallot planting season. All
farmers applied a simultaneous and uniform planting pattern. The treatments were administered to
rice crops at 52 days after planting (DAP) and to shallot crops at 21 DAP. The cultivation was
performed in accordance with the conventional practices of the farmers. However, in order to
facilitate the administration of biopesticide treatment, the farmers were prohibited from using
synthetic pesticides.
2.2. Rejuvenation and formulation of biopesticides

A suspension of 0.1 mL of pure isolate was obtained using a syringe needle and placed in a
Petri dish containing PDA (potatoes dextrose agar) media in a sterile environment. The suspension
in the Petri dish containing PDA media was flattened by rotating it. Subsequently, the Petri dish
was closed and wrapped in order to prevent contamination from external sources. Next, pure
isolates of M. anisopliae and T. harzianum were propagated in test tubes with PDA media as a
starter for propagation with 100 g of corn media. Following inoculation, the cultures were
subjected to incubation at room temperature for a period of 7-10 days, until the fungi had
proliferated to the point of covering the surface of the corn media (Fig. 2). The corn media that
had been covered with fungi was then ground using a flour machine, producing mycogranules that

were ready to be applied. The concentration of spores used in the demonstration plot was 10® spore
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2.3. Observations and applications

Observations were conducted at several diagonal points of the sample and on two
demonstration plots: one receiving biopesticide application and another receiving synthetic
pesticide. The biopesticide was administered to rice crops at 52 DAP and to shallot crops at 21
DAP. The concentration of entomopathogenic fungi was determined to be 10® spores mL!. The
biopesticide was administered in a three-times-per-week manner. Concurrently, observations were

conducted over a three-day interval until the conclusion of the vegetative phase.

Fig. 2. Biopesticide rejuvenation and formulation: a) 7. harzianum isolate; b) M. anisoplae
isolate; c) propagation in slant tubes; d) dilution process; and e) solid media formulation
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2.4. Experimental design and data analysis

The experimental design was implemented by allocating land for biopesticide application
and land cultivated through conventional farming practices (Fig. 3). The land size was 250 m? for
each rice crop and shallot crop. The land area was 150 m? for the purpose of control. The
designated treatment land is located in proximity to a technical irrigation area, where the quantity
of water can be controlled. The samples observed included a population of arthropods, comprising
pests and natural enemies. To complement the observational data, sweep netting was conducted
on ten separate occasions. The collected arthropods were preserved in a vial containing a solution
of formalin (25 mL), acetic acid (1 mL), water (15 mL), and distilled water [19,20]. The samples
were then examined under a stereo microscope (Leica) to facilitate identification. The analysis was
conducted using both descriptive and quantitative methods. The instrument used for the

measurement of diversity indicators was PAST 4.11 software.
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Fig. 3. Illustration of the experimental design for the application of biopesticide and the control
treatment
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3. Results and Discussion

Sustainable agriculture can be defined as a cultivation system that prioritize environmental
sustainability. Surjan cropping system is one of the habitat modifications employed for integrated
pest management. Habitat modification is an integrated part of the agroecosystem, serving to
disrupt the cycle of pest development. The modification of habitat within surjan cropping system
configuration involves the combination of polyculture with different bed elevation configurations
for different crops. Prior to planting, farmers usually till the soil to break the life cycle of pests.
Additionally, it was observed that in their agricultural practices, farmers use insectary plants

(refugia), which serve as hosts for natural enemies. The insectary plants utilized include
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sunflowers, cosmos, zinnias, and rose balsams [21,22]. Conversely, the conventional system
mirrors the monoculture system and relies heavily on the utilization of synthetic pesticides.
Arthropods are the dominant biotic components in the rice field ecosystem and are described
as indicators of environmental health. The presence of arthropods is greatly influenced by the
actions and practices of farmers. The more intensively synthetic pesticides are used, the greater
the likelihood of a decline in arthropod populations due to the fact that these chemicals, designed
to target a broad range of organisms, can also affect non-target species. Arthropods have functions
that involve interactions with exosystems. For example, they serve as predatory enemies, natural
enemies, bioindicators, pollinators, and decomposers. In sum, arthropods act as a medium for plant
interaction with the environment. However, there are species of arthropods that are pests, posing
a threat to farmers and leading to crop failure if left unchecked. The implementation of
environmentally friendly agricultural practices is recommended, and this can be achieved by
exercising caution and restraint in the application of synthetic pesticides. An alternative
recommendation could be the utilization of biological agents, such as M. anisopliae and T.
harzianum. In the context of surjan cropping system configuration in Kulonprogo, farmers have
implemented a complex agroecosystem involving habitat manipulation. Nevertheless, synthetic

pesticides are still used intensively.
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Fig. 4. Abundance of arthropods due to biopesticide application

The present study was conducted for the purpose of investigating the composition of
arthropod population in relation to biopesticide application. To date, the utilization of biopesticides
containing active fungal ingredients for the management of pests and diseases has not been

previously documented. Metarhizium anisopliae, an entomopathogenic fungus, has been utilized
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to control various pests. This fungus produces secondary metabolites, including tropolone, citrinin,
phenomonic acid, and azaphilone [23]. Metarhizium anisopliae has demonstrated effectiveness in
the management of pests across various orders [13,24]. Trichoderma harzianum is a fungus that
produces indole-3-acetic acid (IAA), a hormone that stimulates plant growth [25]. The mechanism
by which this occurs involves an increase in the activities of certain enzymes, including SOD,
POD and APX. Indole-3-acetic acid (IAA) is a biostimulant that is produced by plant growth-
promoting microbes (PGPM), including Sphingomonas and Gemmatimonas, in addition to

Trichoderma [26].
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Fig. 5. Correlation between the types of crops cultivated and biopesticide applications

Fig. 4 presents the results of the analysis of arthropod composition in each observation
period. The presence of arthropods was observed at three-day intervals following the application
of the biopesticide and the farmer's conventional farming method (control). The box plots
illustrating the entire composition of arthropods collected are displayed in Fig. 5. The composition
of the box plots presented is dynamic and varied. The observed crops were rice and shallots, with
a combination of both in the control treatment. The highest diversity of arthropods was found in
the agricultural area planted with rice crops. At the time of observation, the rice had reached 52
DAP, marking the onset of the vegetative phase. The observation was conducted by collecting all
the arthropods present. In the agricultural area that received the control treatment, the composition
of arthropods exhibited a tendency to be less than the total species found. This result was attributed
to the application of synthetic pesticides as the control treatment within the study area. The efficacy
of synthetic pesticides is typically more immediate than that of biopesticides. The efficacy of
biopesticides, while less immediate, is characterized by their ability to target specific pests. As
illustrated by the box plot, the arthropod composition in the agricultural area with surjan system
configuration, coupled with biopesticide application, was more abundant than in the agricultural

area with surjan system configuration and synthetic pesticide application (control).
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Table 1. Inventarization and composition of arthropods in area with surjan system configuration
and biopesticide application

Total
Number
Arthropods Status Order Family of Refere.nce Key
. Identification
Individu
als
Verania sp. Predator Coleoptera Coccinelidae 68 [27]
Hololena sp. Predator Araneae Agelenidae 46 [28]
Atherigona sp. Pest Diptera Muscidae 7 [29]
Anisoptera sp. Bioindicators Odonata Gomphidae 15 [30]
Scirpophaga sp. Pest Lepidoptera Crambidae 28 [31]
Haltica sp. Herbivore Coleoptera Halticidae 13 [32]
Menochilus sp. Predator Coleoptera Coccinellidae 11 [33]
Scymnus sp. Predator Coleoptera Coccinellidae 52 [34]
Leptocorisa accuta Pest Hemiptera Alydidae 38 [35]
Nilaparvata lugens Pest Hempitera Delphacidae 28 [36]
Oxya sp. Pest Orthoptera Acrididae 13 [37]
Brachonidae Parasitoid Hymenoptera Braconidae 8 [38]
Formicidae Predator Hymenoptera Formicidae 32 [39]

The findings of this study demonstrated a correlation between the response of arthropod
composition and differences in biopesticide treatment and farmers' conventional methods, both of
which incorporated surjan cropping system. As illustrated in Fig. 5, there was no correlation
between the two crops (i.e., rice and shallots) and biopesticide application. However, a significant
difference in arthropod composition was observed in the agricultural area with surjan cropping
system configuration and biopesticide treatment. This phenomenon can be posited as a
recommendation for integrated pest management. The symbol (X) in the analysis results signifies
the absence of a discernible correlation or the presence of an extremely negligible correlation. In
contrast, the large oval symbol indicates a high degree of correlation.

Table 2. Inventarization and composition of arthropods in area with surjan system configuration

(control)
Total
Number
Arthropods Status Order Family of Referepce Key
. Identification
Individu
als
Verania sp. Predator Coleoptera Coccinelidae 30 [27]
Hololena sp. Predator Araneae Agelenidae 21 [28]
Atherigona sp. Pest Diptera Muscidae 15 [29]
Anisoptera sp. Bioindicators Odonata Gomphidae 2 [30]
Scirpophaga sp. Pest Lepidoptera Crambidae 58 [31]
Leptocorisa accuta Pest Hempitera Alydidae 35 [35]
Paederus fuscipes Predator Coleoptera Coccinellidae 2 [40]
Spodoptera exigua Pest Lepidoptera Noctuidae 23 [41]

As illustrated in Table 1, the composition of arthropods in the area with surjan system

configuration and biopesticide applications exhibited a greater number of species. In Table 1, the
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arthropods have been classified based on their status and function in the agroecosystem
components. In the area where biopesticides were applied, predators such as Verania sp. became
the most dominant natural enemy. The number of predators and bioindicators was found to be
higher in areas that had undergone biopesticide treatment in comparison to area that had received
the control treatment. This finding suggests that the biopesticide is effective in targeting specific
pests without causing harm to natural enemies, as indicated by previous studies [42.43].
Conversely, as illustrated in Table 2, the number of arthropod species identified following farmers'
application of synthetic pesticides as a control treatment was diminished. The utilization of
synthetic pesticides can exterminate pests while concurrently eliminating natural enemies within
an ecosystem. Prolonged utilization can lead to the development of resistance, resulting in a more

prevalent and aggressive pest population.

4. Conclusions

The application of biopesticide within surjan cropping system configuration does not result
in the disruption of natural enemy populations. In the agricultural area characterized by surjan
cropping system configuration, the composition of arthropod species exhibited greater diversity
following biopesticide application in comparison to synthetic pesticide application. In the area
with surjan system configuration and biopesticide application, the composition of predatory
arthropods was dominated by Verania sp., with a total abundance of 68 individuals, followed by
Scymnus sp. with 52 individuals and Hololena sp. with 46 individuals. The dominant species
within the order Coleoptera and the family Coccinelidae were identified. In the agricultural area
with surjan system configuration and synthetic pesticide application (control), the number of
arthropod species was found to be reduced, while the pest population exhibited greater dominance

in comparison to natural enemies.

Abbreviations
Not applicable.
Data Availability Statement
Data will be made available upon request.
CRediT Authorship Contribution Statement

Wagiyana: Conceptualization, Data curation. Suharto: Formal analysis. Bakhroini
Habriantono: Funding acquisition. Suhartiningsih Dwi Nurcahyanti: Investigation,
Methodology. Mohammad Nur Khozin: Project administration. Dimas Ganda Permana Putra:
Resources. Farchan Mushaf Al Ramadhani: Software operation, Supervision. Rachmi
Masnilah: Validation. Gusna Merina: Visualization. Fariz Kustiawan Alfarisy:

Conceptualization, Data Curation, Writing — original draft, Writing — review and editing.

314



Wagiyana et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 306-318

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper.

Acknowledgement

This study was funded by Keris Dimas grant, in collaboration with the Integrated Crops

Management (ICM) Research Group from the Institute of Research and Community Services

(LP2M) at University of Jember, as indicated in Decision Letter No 3302/UN25.3.1/LT/2023. The

authors would like to acknowledge the contributions of Thoriq Abdillah and Muhammad Wafiq,

who served as research assistants.

[1]

References

Rijanta R. Sustainability of the sawah surjan agricultural systems in Depok Village,
Panjatan Subdistrict, Kulonprogo Regency, Yogyakarta Special Province. Forum Geografi
2018;32:109-118. https://doi.org/10.23917/forgeo.v32i2.5798.

Propper CR, Sedlock JL, Smedley RE, Frith O, Shuman-Goodier ME, Grajal-Puche A, et
al. Balancing food security, vertebrate biodiversity, and healthy rice agroecosystems in
Southeast Asia. Crop and Environment 2024;3:43-50.
https://doi.org/10.1016/j.crope.2023.11.005.

Liu HY, Wei HB, Chen J, Guo Y, Zhou Y, Gou XD, et al. A latitudinal gradient of plant—
insect interactions during the late Permian in terrestrial ecosystems? New evidence from
Southwest China. Global and Planetary Change 2020;192:1-12.
https://doi.org/10.1016/j.gloplacha.2020.103248.

Jasmi, Salmah S, Dahelmi, Syamsuardi. Nesting sites of Apis cerana Fabr. (Hymenoptera:
Apidae) in two different altitutes of polyculture plantations in West Sumatera. HAYATI
Journal of Biosciences 2014;21:135-143. https://doi.org/10.4308/hjb.21.3.135.

Lu Q, Yuan-feng S, Ke-qing P, Yun L, Ming-xin T, Guo-hua Z, et al. Improved crop
protection and biodiversity of the agroecosystem by reduced tillage in rice paddy fields in
southern  China.  Journal of Integrative  Agriculture  2022;21:2345-2356.
https://doi.org/10.1016/S2095-3119(21)63802-9.

Ryndevich SK, Prokin AA, Makarov KV, Sundukov YN. The beetles of the families
Helophoridae, Georissidae, Hydrophilidae, Hydraenidae, and Elmidae (Insecta: Coleoptera)
of Kunashir Island and the Lesser Kurils. Journal of Asia-Pacific Biodiversity 2021;14:461—
491. https://doi.org/10.1016/j.japb.2021.06.007.

Alfarisy FK. Utilization of sunflower (Helianthus annuus L.) through habitat manipulation
as integrated pest management to decrease pesticide demand for sustainable agriculture.
Aspect of Biosecurity in Indonesia, Denpasar: PCRC Plant Biosecurity; 2018, p. 18-20.
https://www.researchgate.net/publication/338965796 UTILIZATION OF SUNFLOWE
R Helianthus annuus L THROUGH HABITAT MANIPULATION AS INTEGRATE
D PEST MANAGEMENT TO DECREASE PESTICIDE DEMAND FOR _SUSTAI
NABLE AGRICULTURE.

Knauer A, Naef C, Albrecht M. Pesticide hazard, floral resource availability and natural
enemies interactively drive the fitness of bee species depending on their crop fidelity.
Science of the Total Environment 2024;922:1-8.
https://doi.org/10.1016/j.scitotenv.2024.171058.

Ong’onge MA, Ajene 1J, Runo S, Sokame BM, Khamis FM. Population dynamics and
insecticide resistance in Tuta absoluta (Lepidoptera: Gelechiidae), an invasive pest on
tomato in Kenya. Heliyon 2023;9:1-11. https://doi.org/10.1016/j.heliyon.2023.e21465.

315


https://doi.org/10.23917/forgeo.v32i2.5798
https://doi.org/10.1016/j.crope.2023.11.005
https://doi.org/10.1016/j.gloplacha.2020.103248
https://doi.org/10.4308/hjb.21.3.135
https://doi.org/10.1016/S2095-3119(21)63802-9
https://doi.org/10.1016/j.japb.2021.06.007
https://www.researchgate.net/publication/338965796_UTILIZATION_OF_SUNFLOWER_Helianthus_annuus_L_THROUGH_HABITAT_MANIPULATION_AS_INTEGRATED_PEST_MANAGEMENT_TO_DECREASE_PESTICIDE_DEMAND_FOR_SUSTAINABLE_AGRICULTURE
https://www.researchgate.net/publication/338965796_UTILIZATION_OF_SUNFLOWER_Helianthus_annuus_L_THROUGH_HABITAT_MANIPULATION_AS_INTEGRATED_PEST_MANAGEMENT_TO_DECREASE_PESTICIDE_DEMAND_FOR_SUSTAINABLE_AGRICULTURE
https://www.researchgate.net/publication/338965796_UTILIZATION_OF_SUNFLOWER_Helianthus_annuus_L_THROUGH_HABITAT_MANIPULATION_AS_INTEGRATED_PEST_MANAGEMENT_TO_DECREASE_PESTICIDE_DEMAND_FOR_SUSTAINABLE_AGRICULTURE
https://www.researchgate.net/publication/338965796_UTILIZATION_OF_SUNFLOWER_Helianthus_annuus_L_THROUGH_HABITAT_MANIPULATION_AS_INTEGRATED_PEST_MANAGEMENT_TO_DECREASE_PESTICIDE_DEMAND_FOR_SUSTAINABLE_AGRICULTURE
https://doi.org/10.1016/j.scitotenv.2024.171058
https://doi.org/10.1016/j.heliyon.2023.e21465

Wagiyana et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 306-318

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Bass C, Nauen R. The molecular mechanisms of insecticide resistance in aphid crop pests.
Insect Biochemistry and Molecular Biology 2023;156:1-14.
https://doi.org/10.1016/j.ibmb.2023.103937.

Chao H, Balcazar JL, Wu Y, Cai A, Ye M, Sun M, et al. Phages in vermicomposts enrich
functional gene content and facilitate pesticide degradation in soil. Environment
International 2023;179. https://doi.org/10.1016/j.envint.2023.108175.

Wang W, Peng G, Sun Y, Chen X. Increasing the tolerance of Trichoderma harzianum T-
22 to DMI fungicides enables the combined utilization of biological and chemical control
strategies against plant diseases. Biological Control 2024;192:1-7.
https://doi.org/10.1016/j.biocontrol.2024.105479.

Potrich M, Silva RTL da, Maia FMC, Lozano ER, Rossi RM, Colombo FC, et al. Effect of
entomopathogens on Africanized Apis mellifera L. (Hymenoptera: Apidae). Revista
Brasileira de Entomologia 2018;62:23-28. https://doi.org/10.1016/j.rbe.2017.12.002.
Aravinthraju K, Shanthi M, Murugan M, Srinivasan R, Maxwell LA, Boopathi NM, et al.
Endophytic entomopathogenic fungi: Their role in enhancing plant resistance, managing
insect pests, and synergy with management routines. Journal of Fungi 2024;10:1-18.
https://doi.org/10.3390/j0f10120865.

Wahab A, Muhammad M, Munir A, Abdi G, Zaman W, Ayaz A, et al. Role of arbuscular
mycorrhizal fungi in regulating growth, enhancing productivity, and potentially influencing
ecosystems  under  abiotic and  biotic  stresses. Plants = 2023;12:1-40.
https://doi.org/10.3390/plants12173102.

Frac M, Hannula SE, Belka M, Jedryczka M. Fungal biodiversity and their role in soil
health. Frontiers in Microbiology 2018;9:1-9. https://doi.org/10.3389/fmicb.2018.00707.
Trisnawati DW, Nurkomar I, Ananda LK, Buchori D. Agroecosystem complexity of Surjan
and Lembaran as local farming systems effects on biodiversity of pest insects. Biodiversitas
2022;23:3613-3618. https://doi.org/10.13057/biodiv/d230738.

Wagiyana, Alfarisy FK, Suharto, Khozin MN, Habriantono B, Abdillah T, et al.
Composition of arthropods in conventional and Surjan systems in the Special Region of
Yogyakarta. IOP Conference Series: Earth and Environmental Science, 2024, p. 1-6.
https://doi.org/10.1088/1755-1315/1302/1/012004.

Ogiso-Tanaka E, Shimada D, Ogawa A, Ishiyama G, Okumura K, Hosaka K, et al. DNA
specimen preservation using DESS and DNA extraction in museum collections. Biology
2025;14:1-58. https://doi.org/10.3390/biology 14060730.

Day DM, Wallman JF. Effect of preservative solutions on preservation of Calliphora augur
and Lucilia cuprina larvae (Diptera: Calliphoridae) with implications for post-mortem
interval estimates. Forensic Science International 2008;179:1-10.
https://doi.org/10.1016/j.forsciint.2008.04.006.

Duff H, Debinski D, Maxwell BD. Ecological refugia enhance biodiversity and crop
production in dryland grain production systems. Agriculture, Ecosystems and Environment
2024;359:1-15. https://doi.org/10.1016/j.agee.2023.108751.

Tang CQ, Matsui T, Ohashi H, Nualart N, Herrando-Moraira S, Dong YF, et al. Identifying
long-term stable refugia for dominant Castanopsis species of evergreen broad-leaved forests
in East Asia: A tool for ensuring their conservation. Biological Conservation 2022;273:1—
14. https://doi.org/10.1016/j.biocon.2022.109663.

Sbaraini N, Guedes RLM, Andreis FC, Junges A, Morais GL de, Vainstein MH, et al.
Secondary metabolite gene clusters in the entomopathogen fungus Metarhizium anisopliae:
Genome identification and patterns of expression in a cuticle infection model. BMC
Genomics 2016;17:400—417. https://doi.org/10.1186/s12864-016-3067-6.

Fiorotti J, Urbanova V, Golo PS, Bittencourt VREP, Kopacek P. The role of complement
in the tick cellular immune defense against the entomopathogenic fungus Metarhizium
robertsii. Developmental and Comparative Immunology  2022;126:1-9.
https://doi.org/10.1016/5.dci.2021.104234.

316


https://doi.org/10.1016/j.ibmb.2023.103937
https://doi.org/10.1016/j.envint.2023.108175
https://doi.org/10.1016/j.biocontrol.2024.105479
https://doi.org/10.1016/j.rbe.2017.12.002
https://doi.org/10.3390/jof10120865
https://doi.org/10.3390/plants12173102
https://doi.org/10.3389/fmicb.2018.00707
https://doi.org/10.13057/biodiv/d230738
https://doi.org/10.1088/1755-1315/1302/1/012004
https://doi.org/10.3390/biology14060730
https://doi.org/10.1016/j.forsciint.2008.04.006
https://doi.org/10.1016/j.agee.2023.108751
https://doi.org/10.1016/j.biocon.2022.109663
https://doi.org/10.1186/s12864-016-3067-6
https://doi.org/10.1016/j.dci.2021.104234

Wagiyana et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 306-318

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Bader AN, Salerno GL, Covacevich F, Consolo VF. Native Trichoderma harzianum strains
from Argentina produce indole-3 acetic acid and phosphorus solubilization, promote growth
and control wilt disease on tomato (Solanum lycopersicum L.). Journal of King Saud
University - Science 2020;32:867—873. https://doi.org/10.1016/j.jksus.2019.04.002.

Zhang S, Zhang C, Gao ZF, Qiu CW, Shi SH, Chen ZH, et al. Integrated physiological and
omics analyses reveal the mechanism of beneficial fungal Trichoderma sp. alleviating
cadmium toxicity in tobacco (Nicotiana tabacum L.). Ecotoxicology and Environmental
Safety 2023;267:1-14. https://doi.org/10.1016/j.ecoenv.2023.115631.

Syahrawati M, Martono E, Putra NS, Purwanto BH. Predation and competition of two
predators (Pardosa pseudoannulata and Verania lineata) on different densities of
Nilaparvata lugens in laboratory. International Journal of Science and Research (IJSR)
2015;4:610-614. https://www.researchgate.net/profile/My-
Syahrawati/publication/279850563 Predation_and Competition of Two Predators Pard
osa_pseudoannulata_and Verania lineata on_ Different Densities of Nilaparvata lugen
s _in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-
Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-
Nilaparvata-lugens-in-Laboratory.pdf.

Stapleton A, Blankenship DT, Ackermann BL, Chen TM, Gorder GW, Manley GD, et al.
Neurotoxic insecticidal polypeptides isolated from the funnel-web spider Hololena curta.
The Journal of Biological Chemistry 1990;265:2054—2059. https://doi.org/10.1016/S0021-
9258(19)39939-9.

Susilo FX, Swibawa IG. Insect pests in agroecosystem where three corn varieties were
grown under conservation versus full tillage system in Natar, South Lampung in 2001
growing season. Journal of Tropical Plant Pests and Diseases 2002;2:8—14.
https://doi.org/10.23960/j.hptt.128-14.

Fleck G, Brenk M, Misof B. Larval and molecular characters help to solve phylogenetic
puzzles in the highly diverse dragonfly family Libellulidae (Insecta: Odonata: Anisoptera):
The Tetrathemistinae are a polyphyletic group. Organisms Diversity and Evolution
2008;8:1-16. https://doi.org/10.1016/j.0de.2006.08.003.

Anwar R, Sartiami D, Rauf A. Species Investigation of Rice Stem Borers and Its Parasitoids
on Fallowing Rice Fields at Karawang, Indonesia. AGRIVITA Journal of Agricultural
Science 2024;46:38—47. https://doi.org/10.17503/agrivita.v4611.4036.

Kasno, Tjitrosemito S, Sunjaya. The role of Haltica SP. (Coleoptera: Halticidae) as
biological control agent of Polygonum Chinense. Biotropia 1991:41-48.
https://do1.org/10.11598/btb.1991.0.4.190.

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

Kumari S, Suroshe SS, Kumar D, Budhlakoti N, Yana V. Foraging behaviour of Scymnus
coccivora Ayyar against cotton mealybug Phenacoccus solenopsis Tinsley. Saudi Journal
of Biological Sciences 2021;28:3799-3805. https://doi.org/10.1016/5.sjbs.2021.03.051.
Mandanayake MARA, Amarakoon AMA, Sirisena UGAI, Hemachandra KS, Wilson MR,
Kahawaththa UC. Occurrence of Leptocorisa acuta (Thunberg) (Hemiptera : Alydidae) in
Sri Lanka. Annals of Sri Lanka Department of Agriculture 2014;16:323-326.
https://www.researchgate.net/profile/Ugai-

Sirisena/publication/267363826 OCCURRENCE OF LEPTOCORISA ACUTA_ THUN
BERG HEMIPTERA ALYDIDAE IN SRI LANKA/links/544dff5eOcf2bcaSce8ecld3/
OCCURRENCE-OF-LEPTOCORISA-ACUTA-THUNBERG-HEMIPTERA-
ALYDIDAE-IN-SRI-LANKA .pdf.

Weixia W, Tingheng Z, Pinjun W, Qi W, Jiachun H, Fengxiang L, et al. Cloning and
functional analysis of Calcineurin Subunits A and B in development and fecundity of

317


https://doi.org/10.1016/j.jksus.2019.04.002
https://doi.org/10.1016/j.ecoenv.2023.115631
https://www.researchgate.net/profile/My-Syahrawati/publication/279850563_Predation_and_Competition_of_Two_Predators_Pardosa_pseudoannulata_and_Verania_lineata_on_Different_Densities_of_Nilaparvata_lugens_in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-Nilaparvata-lugens-in-Laboratory.pdf
https://www.researchgate.net/profile/My-Syahrawati/publication/279850563_Predation_and_Competition_of_Two_Predators_Pardosa_pseudoannulata_and_Verania_lineata_on_Different_Densities_of_Nilaparvata_lugens_in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-Nilaparvata-lugens-in-Laboratory.pdf
https://www.researchgate.net/profile/My-Syahrawati/publication/279850563_Predation_and_Competition_of_Two_Predators_Pardosa_pseudoannulata_and_Verania_lineata_on_Different_Densities_of_Nilaparvata_lugens_in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-Nilaparvata-lugens-in-Laboratory.pdf
https://www.researchgate.net/profile/My-Syahrawati/publication/279850563_Predation_and_Competition_of_Two_Predators_Pardosa_pseudoannulata_and_Verania_lineata_on_Different_Densities_of_Nilaparvata_lugens_in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-Nilaparvata-lugens-in-Laboratory.pdf
https://www.researchgate.net/profile/My-Syahrawati/publication/279850563_Predation_and_Competition_of_Two_Predators_Pardosa_pseudoannulata_and_Verania_lineata_on_Different_Densities_of_Nilaparvata_lugens_in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-Nilaparvata-lugens-in-Laboratory.pdf
https://www.researchgate.net/profile/My-Syahrawati/publication/279850563_Predation_and_Competition_of_Two_Predators_Pardosa_pseudoannulata_and_Verania_lineata_on_Different_Densities_of_Nilaparvata_lugens_in_Laboratory/links/559be61908ae7f3eb4cede9d/Predation-and-Competition-of-Two-Predators-Pardosa-pseudoannulata-and-Verania-lineata-on-Different-Densities-of-Nilaparvata-lugens-in-Laboratory.pdf
https://doi.org/10.1016/S0021-9258(19)39939-9
https://doi.org/10.1016/S0021-9258(19)39939-9
https://doi.org/10.23960/j.hptt.128-14
https://doi.org/10.1016/j.ode.2006.08.003
https://doi.org/10.17503/agrivita.v46i1.4036
https://doi.org/10.11598/btb.1991.0.4.190
https://doi.org/10.13057/biodiv/d200836
https://doi.org/10.1016/j.sjbs.2021.03.051
https://www.researchgate.net/profile/Ugai-Sirisena/publication/267363826_OCCURRENCE_OF_LEPTOCORISA_ACUTA_THUNBERG_HEMIPTERA_ALYDIDAE_IN_SRI_LANKA/links/544dff5e0cf2bca5ce8ec1d3/OCCURRENCE-OF-LEPTOCORISA-ACUTA-THUNBERG-HEMIPTERA-ALYDIDAE-IN-SRI-LANKA.pdf
https://www.researchgate.net/profile/Ugai-Sirisena/publication/267363826_OCCURRENCE_OF_LEPTOCORISA_ACUTA_THUNBERG_HEMIPTERA_ALYDIDAE_IN_SRI_LANKA/links/544dff5e0cf2bca5ce8ec1d3/OCCURRENCE-OF-LEPTOCORISA-ACUTA-THUNBERG-HEMIPTERA-ALYDIDAE-IN-SRI-LANKA.pdf
https://www.researchgate.net/profile/Ugai-Sirisena/publication/267363826_OCCURRENCE_OF_LEPTOCORISA_ACUTA_THUNBERG_HEMIPTERA_ALYDIDAE_IN_SRI_LANKA/links/544dff5e0cf2bca5ce8ec1d3/OCCURRENCE-OF-LEPTOCORISA-ACUTA-THUNBERG-HEMIPTERA-ALYDIDAE-IN-SRI-LANKA.pdf
https://www.researchgate.net/profile/Ugai-Sirisena/publication/267363826_OCCURRENCE_OF_LEPTOCORISA_ACUTA_THUNBERG_HEMIPTERA_ALYDIDAE_IN_SRI_LANKA/links/544dff5e0cf2bca5ce8ec1d3/OCCURRENCE-OF-LEPTOCORISA-ACUTA-THUNBERG-HEMIPTERA-ALYDIDAE-IN-SRI-LANKA.pdf
https://www.researchgate.net/profile/Ugai-Sirisena/publication/267363826_OCCURRENCE_OF_LEPTOCORISA_ACUTA_THUNBERG_HEMIPTERA_ALYDIDAE_IN_SRI_LANKA/links/544dff5e0cf2bca5ce8ec1d3/OCCURRENCE-OF-LEPTOCORISA-ACUTA-THUNBERG-HEMIPTERA-ALYDIDAE-IN-SRI-LANKA.pdf

Wagiyana et al. Journal of Applied Agricultural Science and Technology Vol. 9 No. 3 (2025): 306-318

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Nilaparvata lugens (Stal). Rice Science 2022;29:143-154.
https://doi.org/10.1016/j.rsci.2022.01.003.

Coronel KHI, Torres MAJ, Demayo CG. Describing compartmentalization in the fore-wing
of populations of the rice grasshoppers, Oxya sp. (Acrididae: Orthoptera). Egyptian
Academic Journal of Biological Sciences (A Entomology) 2012;5:59-66.
https://doi.org/10.21608/eajbsa.2012.14908.

Chau NNB, Quoc NB. The family braconidae (hymenoptera) parasitoids: Taxonomy and
behavior. Journal of Science 2015;2:82-87.
https://journalofscience.ou.edu.vn/index.php/tech-en/article/view/420.

Mohseni MR, Mikheyev A. A new species of Crematogaster Lund, 1831 (Hymenoptera:
Formicidae) from Iran with an identification key to Iranian Crematogaster species. Journal
of Asia-Pacific Biodiversity 2023;16:484—492. https://doi.org/10.1016/j.japb.2023.08.005.
Monaco D, Rota A, Carbonari A, Lillo E, Lacalandra GM, Rizzo A. Collection of
epididymal semen in the tomcat (Felix catus) by stereomicroscope-aided retrograde flushing
(SARF) improves sample quality. Animal Reproduction Science 2024;261:1-9.
https://doi.org/10.1016/j.anireprosci.2023.107388.

Khan MM, Hafeez M, Siddiqui JA, Ullah F, Shah S, Iftikhar A, et al. Residual toxicity and
sublethal effects of fenvalerate on the development and physiology of Spodoptera exigua
reared on different hosts. Journal of King Saud University - Science 2021;33:1-8.
https://doi.org/10.1016/j.jksus.2021.101593.

Deka B, Baruah C, Babu A. Entomopathogenic microorganisms: their role in insect pest
management. Egyptian Journal of Biological Pest Control 2021;31:1-8.
https://doi.org/10.1186/s41938-021-00466-7.

Qin Y, Liu X, Peng G, Xia Y, Cao Y. Recent advancements in pathogenic mechanisms,
applications and strategies for entomopathogenic fungi in mosquito biocontrol. Journal of
Fungi 2023;9:1-16. https://doi.org/10.3390/;0f9070746.

318


https://doi.org/10.1016/j.rsci.2022.01.003
https://doi.org/10.21608/eajbsa.2012.14908
https://journalofscience.ou.edu.vn/index.php/tech-en/article/view/420
https://doi.org/10.1016/j.japb.2023.08.005
https://doi.org/10.1016/j.anireprosci.2023.107388
https://doi.org/10.1016/j.jksus.2021.101593
https://doi.org/10.1186/s41938-021-00466-7
https://doi.org/10.3390/jof9070746

	1. Introduction
	2. Materials and Methods
	2.1. Study area
	2.2. Rejuvenation and formulation of biopesticides
	2.3. Observations and applications
	2.4. Experimental design and data analysis

	3. Results and Discussion
	4. Conclusions

