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Abstract: This study aimed to analyze the influence of abiotic factors on the diversity of natural enemies in cocoa 
fields. The study was conducted from January to March 2025. Various traps were used, including yellow traps, light 
traps, pitfall traps, and visual observations. Identification showed that cocoa fields with misting applications had a 
higher number of natural enemies (1,052 individuals) compared without misting fields (658 individuals). The 
application of misting resulted in higher diversity indices (H'), richness (R'), and dominance (C'), as well as lower 
evenness (E') compared to untreated fields. These findings suggest that the misting system creates a more 
favorable microhabitat for natural enemy diversity, thus potentially strengthening the IPM approach in cocoa 
cultivation. Interestingly, the analysis showed that temperature had a significance value (sig) > 0.05, indicating that 
temperature did not show a significant correlation with the increase in the abundance of natural enemies, while 
humidity has a significance value (sig) < 0.05, which shows that humidity has a significant correlation, although 
statistically relatively small, with the increase in the abundance of natural enemies. 
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INTRODUCTION 

Insects are key organisms that dominate many terrestrial ecosystems. The 
conservation to preserve insects in an ecosystem plays an important role in increasing 
biodiversity, with the aim of preventing extinction and a reduction in species diversity 
(Windriyanti et al., 2023). Insect diversity is a bioindicator in an ecosystem (Ali et al., 
2024). The use of bioindicators aims to determine the relationship between biotic and 
abiotic environmental conditions and numbers abundance of natural enemies (Haneda 
et al., 2023). The important role of insects is grouped into two categories, namely 
beneficial insects and harmful insects. Pest insects can cause damage to cultivated 
plants by eating plant tissue, laying eggs on leaves, and acting as vectors for disease 
transmission (Amrullah, 2019). Cocoa cultivation faces serious challenges due to 
attacks by the pest Conopomorpha cramerella, which has not been fully controlled. 
Hasinu et al. (2024) reported that in 2021, PBK pest attacks could reach 140.63 ha 
with an attack rate of 7.7%. This condition reinforces the urgency of cocoa ecosystem 
research, considering Indonesia's strategic position as one of the largest cocoa 
producing and exporting countries in the world. Indonesia's contribution to the world 
cocoa trade reaches around 10% per year (Ibnu, 2022).  

This situation indicates that national cocoa problems are not solely technical in 
nature but also reflect weak ecosystem stability within cocoa cultivation systems. 
Therefore, an ecosystem based approach is urgently needed as a long term solution 
to restore productivity, enhance plant resilience, and support the sustainability of cocoa 
farming in Indonesia. The ecosystem approach emphasizes that insects function not 
only as pests but also as beneficial organisms that serve as pollinators and biological 
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control. Pest control using natural enemies, according to (Asril et al., 2022), aims to 
reduce pest populations while minimizing negative impacts on the environment. The 
natural enemies of cocoa plant insects consist of black ants (Hasinu et al., 2024) 
According to Robika et al. (2020) the presence of black ants is effective in suppressing 
the intensity of pest attacks on cocoa plants.  

The study on the diversity of natural enemy insects was conducted in cocoa 
cultivation plots located inside a net house. The use of net houses can creates a more 
stable microclimate and serve as a physical barrier against large pest insects such as 
moths, beetles, and fruit flies, thereby providing an alternative method to reduce pest 
infestations (Prabaningrum et al., 2014). The microenvironment created inside the net 
house through the application water misting technology, can increase the abundance 
of natural enemies, as the resulting higher humidity and more stable air temperatures 
provide more optimal habitat conditions. The stability of the microclimate not only 
benefits plant growth but also enhances host availability, thereby supporting the activity 
of natural enemy insects. According to Malbog (2020) the fine droplets produced 
through water misting treatment can accelerate evaporation and increase air humidity. 
Optimal humidity plays an important role in enhancing the activity of natural enemy 
insects. This condition helps maintain body fluid balance and supports physiological 
processes, including metabolism and reproduction, thereby contributing overall to the 
increased development rate and distribution of these insects within an ecosystem 
(Reksiana et al., 2023). 

The influence of microclimate on insects can be explained through the metabolic 
rate theory and the thermal performance curve theory, which state that insects, as 
ectothermic organisms, are highly dependent on ambient temperature to regulate their 
metabolic rate, physiological activity, growth, and reproduction (Kingsolver, 2017). An 
increase in temperature up to the optimal threshold enhances the rate of biochemical 
reactions within the insect body, thereby accelerating larval development, increasing 
feeding activity, and shortening the life cycle. Conversely, extreme temperatures 
outside the tolerance range reduce survival rates, inhibit reproduction, and cause 
physiological stress (Deutsch et al., 2018) Therefore, maintaining relative humidity 
within the optimal range through the application of a water misting system in a net 
house has the potential to create a microclimate that supports insect survival and 
enhances the effectiveness of natural enemies in pest control. 

Abundance of natural enemies within an ecosystem are dynamic and fluctuate 
over time. Populations can increase or decrease depending on environmental 
conditions. According to Ali et al. (2024) fluctuations in insects diversity can be 
influenced by climatic conditions, food availability, and interactions with other species 
such as predators and parasitoids. Changes in environmental conditions affect insect 
abundance within an ecosystem, indicating that ecosystems are always in a state of 
dynamic balance. A high diversity of insect species demonstrates that the ecosystem 
is in a stable condition. This level of diversity is highly important for supporting the 
stability and overall functioning of ecosystems (Alrazik et al., 2017). Therefore, this 
study aims to enhance the diversity of natural enemy insects by providing favorable 
environmental conditions, thereby contributing to the control of major pests in cocoa 
field and maintaining ecosystem balance in a sustainable manner. 
 
METHOD 
Time and Location of Research 

This research was conducted from January 2025 - March 2025 on two cocoa 
fields with misting treatments, and without misting treatments. The research was 
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conducted at the cocoa plantation of PT. Mondelez International, located in Pasuruan, 
East Java. 

Research Site Selection and Insect Data Collection   
The cacao field inside the net house, with misting and non-misting treatments, 

measured 28 m × 33 m and contained 146 cacao plants aged three to four years. 
Monitoring the Abundance of natural enemies was carried out through visual 
observations and the use of traps. Visual observations were conducted three times a 
day, in the morning (05:30–08:00 WIB), at midday (12:00–13:30 WIB), and in the 
afternoon (15:00–16:30 WIB), allowing insect activity to be monitored throughout the 
day. To support these observations, 1 light trap, 9 yellow traps, and 9 pitfall traps were 
installed in the cacao field under both misting and non-misting treatments. The traps 
were placed in five plots within the cacao field using a diagonal pattern to minimize 
bias caused by microenvironmental factors. The distance between traps was arranged 
at approximately 2 m (Figure 1).  

 
Figure 1. Trap installation layout 

 

Abiotic Factor Measurement 
Abiotic factors such as temperature and humidity were measured using an HTC-

2 digital thermohygrometer. Observations were carried out by placing the device on 
both cocoa plots in a safe location protected from rain. Temperature and humidity were 
recorded twice a week over a two month period. The data obtained were analyzed 
using simple linear regression with IBM SPSS 26 software.The purpose of conducting 
the simple regression analysis was to estimate or determine the values generated from 
the dependent variable (Bagaswara & Astuti, 2025).  

Morphological Identification and Data Analysis  
Insect identification was conducted at the genus level using the book The Insects: 

an Outline of Entomology (Gullan, 2014) and iNaturalist software (Unger et al., 2021). 
Data on the population of natural enemy insects were analyzed quantitatively using the 
Shannon-Wiener diversity index (H'), the evenness index (E'), and the dominance 
index (C'). For the Shannon-Wiener index (H') calculation method, use the For the 
Shannon-Wienner (H') index calculation method, use the formula (Thifany et al., 2020). 

H = − ∑(
ni

N
)(In

ni

N
) 

Keterangan:  
Hꞌ : Diversity index 
ni  : The number of individuals of each type 
ln  : Natural logarithm 
N  : The total number of all individuals 
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The Evenness Index  is calculated by the following formula (Wijayanto et al., 2022)  

E =
H,

lnS
 

E : Evenness index 
Hꞌ : Diversity of types 
ln  : Natural logarithm 
N  : Number of types  
 

The Species Richness Index is calculated using the following formula (Wijayanto et al., 
2022) 

R =
S − 1

In (N)
 

R  : Species Richness Index 
S : Total number of species observed. 
ln : Natural logarithm. 
N : The Total number of individuals observed. 
 

The dominance index is calculated using the Simpson dominance index as follows 

(Thifany et al., 2020)  

C = ∑(
𝑛𝑖

𝑁
)2 

C  : Simpson dominance index 
ni  : Total number of individuals of each species  
N  : The total number of individuals of all species 
 
RESULTS AND DISCUSSION 
Insect Type, Population, and Composition 

Observations conducted at the cocoa plantation of PT. Mondelez International, 
Pasuruan, East Java, recorded a total of 1,053 individuals of natural enemy insects in 
misting treatment and 658 individuals without Misting (Table 1). These natural enemy 
insects belong to five orders: Araneae, Coleoptera, Dermaptera, Diptera, and 
Hymenoptera. The identification results showed 33 genus, including Lycosa sp., 
Amphidraus sp., Evarcha sp., Heliophanus sp., Myrmarachne sp., Neonella sp., 
Thomisus sp., Dromius sp., Paratachys sp., Tachys sp., Atheta sp., Carpelimus sp., 
Euplectus sp., Lithocharis sp., Oligota sp., Paederus sp., Xantholinus sp., Euborellia 
sp., Megaselia sp., Aphytis sp., Encarsia sp., Eretmocerus sp., Stigmus sp., Chelonus 
sp., Basalys sp., Aenasius sp., Dolichoderus sp., Solenopsis sp., Pheidole sp., 
Anagrus sp., Telenomus sp., Oligosita sp., and Trichogramma sp.  

In cocoa fields, natural enemies with misting were classified into 4 orders, 16 
families, and 31 genera, while in fields without misting treatment, they consisted of 5 
orders, 11 family, and 19 genus. These results indicate that higher populations of 
natural enemy insects were found in cocoa fields treated with misting. The application 
misting creates a more humid microhabitat, which helps stabilize the insect habitat. 
These findings are consistent with Hasinu et al., (2024) who stated that humid 
conditions can increase the comfort required by insects. The results from observing 
natural enemy insects found in cocoa fields with and without misting treatment, as well 
as their roles and population numbers, are shown in Table 1.  
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Table 1. Natural enemy population found in cocoa fields with and without misting 
Classification 

Roles 
Population 

Order Family Genus Misting Without Misting 

Araneae Lycosidae Lycosa  Predators 5 2 
Salticidae Amphidraus  Predators 1 0 

Evarcha Predators 1 0 
Heliophanus  Predators 1 0 
Myrmarachne  Predators 8 3 
Neonella  Predators 1 0 

Thomisidae Thomisus  Predators 1 0 

Coleoptera Carabidae Dromius  Predators 163 154 
Paratachys  Predators 17 6 
Tachys  Predators 2 0 

Staphylinidae Atheta  Predators 2 4 
Carpelimus Predators 5 3 
Euplectus Predators 0 1 
Lithocharis Predators 1 0 
Oligota  Predators 1 0 
Paederus  Predators 8 0 
Xantholinus  Predators 0 2 

Dermaptera Anisolabididae Euborellia  Predators 34 9 

Diptera Phoridae Megaselia Parasitoids 14 53 

Hymenoptera Aphelinidae Aphytis  Parasitoids 7 10 
Encarsia  Parasitoids 5 5 
Eretmocerus Parasitoids 1 1 

Braconidae Chelonus  Parasitoids 1 0 
Crabronidae Stigmus  Predators 2 0 
Diapriidae Basalys  Parasitoids 1 0 
Encyrtidae Aenasius  Parasitoids 1 0 
Formicidae Dolichoderus  Predators 77 7 

Solenopsis Predators 28 25 
Pheidole Predators 4 0 

Mymaridae Anagrus  Parasitoids 18 8 
Scelionidae Telenomus Parasitoids 638 359 
Trichogrammatidae Oligosita  Parasitoids 1 2 

Trichogramma  Parasitoids 4 4 

Grand Total 1053 658 

 

The highest percentage indicated that the order Hymenoptera was found in both 
cacao fields, accounting for 74.83% under misting treatment and 63.98% without 
misting treatment (Figure 2). The order Coleoptera ranked second, with 18.90% under 
misting treatment and 25.84% without misting treatment. Other orders identified with 
and without misting treatment included Dermaptera (3.23% and 1.37%), Araneae 
(1.71% and 0.76%), and Diptera (1.33% and 8.05%). The order Hymenoptera 
represents an insect group with a high population percentage and plays a significant 
role in the ecosystem, both as natural enemies that help suppress pest populations 
and as pollinators that support the process of plant reproduction (Perfecto et al., 2014). 

The presence of Hymenoptera in cacao fields is influenced by the condition of 
the plants that have entered the generative phase and begun flowering. The availability 
of flowers provides essential nutritional resources in the form of nectar and pollen, 
which directly contribute to increasing abundance of natural enemies (Idris et al., 
2023). Furthermore, insects belonging to the order Hymenoptera possess a high 
adaptive capacity to diverse environmental conditions. This ability enables them to 
survive and proliferate in large populations, thereby reinforcing their ecological role in 
maintaining ecosystem balance. 
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Figure 2. Comparison insect natural enemy population in cocoa fields based on 

order: (a) misting (b) without misting. 
 

The role of insects as parasitoids and predators was found to be higher in cocoa 
fields with misting treatment compared to those without misting (Figure 3). The 
population of predatory insects recorded in cocoa fields with misting was 362 
individuals, while 216 individuals were found in fields without misting. Meanwhile, the 
population of parasitoid insects in cocoa fields with misting reached 691 individuals, 
compared to 442 individuals in fields without misting. According to Oliveira et al. (2024), 
the abundance of parasitoid insects, particularly those belonging to the order 
Hymenoptera, family Scelionidae, and genus Telenomus sp., is closely associated with 
the availability of Spodoptera sp. hosts, which are commonly found in cocoa cultivation 
areas. In addition to the Scelionidae family, the Carabidae family with the genus 
Dromius sp. also serves as an important predator in controlling aphid pests, thereby 
supporting the food chain balance for ground beetles (Préville et al., 2022).  

 

 
Figure 3. Population predators and parasitoids in cocoa fields 

 

  
Figure 4. Genus and population of the highest natural enemies in cocoa fields. (a) 

parasitoids Telenomus sp.; (b) predators Dromius sp. 
 
Telenomus sp. is a very small insect, measuring about 0.8 mm, with a black body 

and hind wings smaller than the forewings. It has geniculate type antennae consisting 

A B 

a b 
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of 10–11 segments, with the terminal part comprising 3 segments (Figure 4.a). The 
abundance of Spodoptera sp. eggs is the main factor contributing to the increase in 
the number of Telenomus parasitoids. Ardina et al. (2024) stated that Telenomus is a 
parasitoid that can be reared with substitute hosts and is effective in controlling pests 
at the egg stage, achieving up to 64%. Thus having potential as a biological control 
agent  (Otim et al., 2021) 

Dromius sp., according to Makwela et al. (2023), belongs to ground beetles that 
play an ecological role in pest control. Its distinct morphological characteristics include 
a hard, shiny blackish brown body with a body length of 6 mm. Physical characteristics 
include an abdomen with striped patterns, three pairs of spiny legs, and an oval-
rounded head with elongated antennae consisting of 11 segments (Figure 4.b), 
functioning as sensory (Rosiana, 2020).The abundance of Dromius sp. is influenced 
by humid environments, as members of the family Carabidae do not favor excessively 
dry conditions, which can hinder reproduction (Babko et al., 2020). Additionally, the 
presence of landscape or habitat structures such as leaf litter can also increase 
abundance by providing shelter (Lemic et al., 2017). 

Value of Diversity, Evenness, Richness, and Dominance of Insect Natural enemy 
The diversity of natural enemy insects plays an important role in maintaining 

ecosystem balance. The diversity index (H') in cocoa fields with misting was 1.53, 
without misting was 1.49 (Table 2.). According to Nurmianti et al. (2015) diversity index 
values ranging from 1–3 are categorized as moderate. This indicates that the 
ecosystem conditions of both cocoa cultivation areas are relatively stable and 
sufficiently diverse, without any insect species dominating excessively. The evenness 
index (E') in cocoa fields with misting was 0.44, and without misting it was 0.50. These 
values fall into the unstable category, which means that natural enemy species are not 
evenly distributed. This imbalance is influenced by external factors such as excessive 
rainfall, which disrupts the balance of natural enemy insect activities on the soil surface 
(Fitri et al., 2022).  

The species richness index (R') showed a value of 4.31 in cocoa fields with 
misting, while fields without misting recorded 2.77. The higher richness index with 
misting treatment is influenced by the increased humidity provided by misting, which 
in turn enhances abundance of natural enemies. This finding is consistent with Hasinu 
et al., (2024), who stated that optimal humidity strongly affects insect activity, because 
the insect body is covered by an integument coated with chitin and composed largely 
of water, thus requiring adequate humidity to carry out normal metabolic and 
reproductive processes (Kusuma et al., 2025). The dominance index (C') revealed that 
cocoa fields with misting obtained a value of 0.40, while those without misting had 0.36. 
A dominance index value of less than 1 indicates that the abundance of natural 
enemies in a given area is diverse, with no single species domination (Sembiring, 
2020).  

 

Table 2. Values of diversity, evenness, richness and dominance index in cocoa fields 

Index Misting Without Misting P - value Significant 

Diversity Index (H') 1,53  1,49  0,01 Significant 
Evenness Index (E') 0,44  0,50  0,04 Significant 
Richness Index (R') 4,31  2,77  0,03 Significant 
Dominance Index (C') 0,40  0,36  0,14 Not Significant 

 

The results of t-test analysis on the diversity index, evenness index, and species 
richness index showed a p-value < 0.05 in both cocoa plantations. This indicates that 
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there were significant differences in these three indices between the misting and non-
misting treatments. In contrast, the dominance index exhibited a p-value > 0.05, 
suggesting that there was no significant difference between the two treatments. These 
findings demonstrate that the structure of the natural enemy insect community in cocoa 
plantations is unstable (Husamah et al., 2016). An unstable community structure is 
characterized by significant differences in the diversity, evenness, and species 
richness indices. Therefore, community stability is closely related to environmental 
changes, which can substantially influence community balance (Jarzyna et al., 2022). 

 

Table 3. Correlation of temperature and humidity with natural enemy populations 

Climate Factor R -Square t - count Sig 

Temperature 0.001 0.230 0.819 

Humidity 0.123 3.315 0.001 
 

The regression analysis of the relationship between temperature and insect 
population showed an R-square value of 0.001. This R-square value obtained (Table 
3)  indicates that only 1% of the variation in insect population can be explained by the 
temperature variable, while the remaining 99% is influenced by other factors not 
included in the model (Ardiyani et al., 2025). The significance value (sig) obtained was 
0.819, which is greater than 0.05, indicating that temperature does not have a 
significant effect on the increase in insect population (Sianipar et al., 2018). The t-value 
of 0.816 further confirms that the regression coefficient is not statistically significant. 
According to  Wulandari et al., (2024), insect populations fluctuate over time either 
increasing or decreasing depending on ecological factors, food availability, habitat 
conditions, and interactions among organisms. The air temperature recorded during 
the study ranged from 21-28 °C, which is considered optimal for the development of 
larvae, pupae, and adult insects (Hasinu et al., 2024).  

The regression analysis of the relationship between humidity and insect 
population showed an R-square value of 0.123. This R-square value indicates that only 
12.3% of the variation in insect population can be explained by the humidity variable, 
while the remaining 87.7% is influenced by other factors not included in the model. The 
significance value (sig) of 0.001, which is lower than 0.05, indicates that humidity has 
a significant effect on increase the diversity of natural enemy in cocoa cultivation areas 
within the net house, although its statistical contribution is relatively small. The t-value 
of 3.315 further supports that the resulting regression coefficient is statistically 
significant, indicating that increased humidity has a positive effect  (Clario et al., 2025). 
The humidity range recorded during the study was 56–96%. High humidity conditions 
can accelerate the insect life cycle and influence their host-searching behavior 
(Anggara, 2015). A more humid environment can also reduce the risk of dehydration, 
allowing insects to remain active for longer periods while searching for hosts. 

The effect of temperature on abundance of natural enemies was found to be non 
significant, presumably because the microclimatic conditions within the net house were 
relatively stable, so daily fluctuations were not large enough to influence insect 
population dynamics. According to Chien (2019) high environmental stability indicates 
that the net house functions as a buffer capable of dampening temperature variations, 
resulting in minimal selective pressure. Therefore, insect population dynamics within 
the net house are not largely influenced by temperature. Humidity showed a significant 
but relatively small effect, indicating that it is not the primary factor contributing to the 
increase in insect populations. Other factors, such as the availability of hosts as 
nutritional resources supporting insect survival, as well as ecological interactions 
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among organisms, play a more substantial role and contribute to maintaining the 
overall balance of the ecosystem. 

 
CONCLUSION  

Misting significantly increased the abundance and richness of natural enemies, 
particularly parasitoids from the Hymenoptera order, but its effect on community 
evenness and dominance was less clear. This suggests that misting can be an 
effective ecological engineering technique within an IPM framework to enhance 
biological control services. Interestingly, the microclimatic conditions created were 
favorable enough to support insect diversity, although there is no significant correlation 
with temperature, it is significant with humidity. 

 
RECOMMENDATION  

Future studies should investigate the long term effects of misting and its 
integration with other IPM components. 

 
ACKNOWLEDGEMENTS  

The author would like to express gratitude to Mr. Sisko Budianto, as cocoa pest 
and disease scientist who helped facilitate this research at PT. Mondelēz International 
Pasuruan East Java. Also, special appreciation to Faradhiya Aulia Rahma, who 
supported me in finishing this article.  

 

REFERENCES  
Ali, N. Z., Sijid, S. A., & Said, H. (2024). Observasi dan Identifikasi Serangga pada 

Tanaman Kakao (Theobroma cacao L.) di KHDTK Borisallo Kabupaten Gowa. 
Jurnal Mahasiswa Biologi, 4(1), 72–78. 
https://doi.org/10.24252/filogeni.v4i1.36756. 

Alrazik, M. U., Jahidin, J., & Damhuri, D. (2017). Keanekaragaman Serangga (Insecta) 
Subkelas Pterygota di Hutan Nanga - Nanga Papalia. Jurnal Ampibi, 2(1), 1–10. 
http://jurnal.borneo.ac.id/index.php/bjbe/article/view/2124. 

Amrullah, S. H. (2019). Pengendalian Hayati (Biocontrol): Pemanfaatan Serangga 
Predator Sebagai Musuh Alami Untuk Serangga Hama. Prosiding Seminar 
Nasional Biodiversitas Indonesia. pp. 87–90. Jurusan Biologi, Fakultas Sains dan 
Teknologi, UIN Alauddin Makassar. 

Anggara, A. W., & Buchori, D. (2015). Kemapanan Parasitoid Telenomus remus 
(Hymenoptera : Scelionidae) pada Agroekosistem Sederhana dan Kompleks. 
Jurnal Hama Penyakit Tumbuhan, 3(2), 111–125. 

Ardina, B. D., Tobing, M. C. L., Ubaidillah, R., & Darmawan. (2024). Parasitism 
Capacity of Telenomus sp. (Hymenoptera: Scelionidae) on Spodoptera 
Frugiperda, in Refugia System. International Journal of Basic and Applied 
Science, 12(4), 183–193. https://doi.org/10.35335/ijobas.v12i4.327. 

Ardiyani, P. M., Sarjan, M., & Petrunella, S. R. (2025). Pengaruh Keberadaan Hama 
Kutu Kebul (Homoptera: Aleyrodidae) Terhadap Tingkat Hasil Beberapa Varietas 
Kentang (Solanum tuberosum L.) di Sembalun Lombok Timur. Jurnal Ilmiah 
Mahasiswa Agrokomplek, 4(1), 273–283. 
https://doi.org/10.29303/jima.v4i1.7157. 

Asril, M., Lismaini, Ginting, M. S., Suryanti, E., Wahidah., Wati, C., Aksan, M., & 
Joeniarti, E. (2022). Pengelolaan Hama Terpadu. Yayasan Kita Menulis. 
Sumatera. Lampung.  

Babko, M. K., Danko, Y., Pomorksa, A. M., Widomski, M. K., & Babko, R. (2020). The 



 
Damayanti et al Microclimate Modification through Water..... 

 

 

 Bioscientist: Jurnal Ilmiah Biologi, December 2025 Vol. 13, No. 4.                      | |2845 

 

Impact of Climate Variations on The Structure of Ground Beetle (Coleoptera: 
Carabidae) Assemblage in Forests and Wetlands. Forests, 11(10), 1–16. 
https://doi.org/10.3390/f11101074. 

Bagaswara, D. I., & Astuti, Y. P. (2025). Prediksi Penjualan Tanaman Hias 
Menggunakan Regresi Linier Berganda dengan Perbandingan Eliminasi Gauss 
dan Cramer. Jurnal Pendidikan Informatika, 9(1), 266–274. 
https://doi.org/10.29408/edumatic.v9i1.29627.  

Chien, Y. C., & Chang, J. C. (2019). Net Houses Effects on Microclimate , Production, 
and Plant Protection of White-fleshed Pitaya. Journal Hortscience, 54(4), 692–
700. https://doi.org/10.21273/HORTSCI13850-18. 

Clario, S. R., Anggraeni, T., Putri, T. C., Sakiah, S., & Ariantono, J. Y. (2025). Tren 
Iklim dan Implikasinya Terhadap Ketahanan Pangan di Wilayah Asahan dan 
Karo, Sumatera Utara. Jurnal Pertanian Berkelanjutan, 3(2), 55–66. 
https://doi.org/10.56211/tabela.v3i2.1112. 

Deutsch, C. A., Tewksbury, J. J., & Tigchelaar, M. (2018). Increase in Crop Losses to 
Insect Pests in A Warming Climate. Journal Science, 361(6405), 916–919. 
https://doi.org/10.1126/science.aat3466. 

Fitri, N., Rusdy, A., & Hasnah, H. (2022). Biodiversitas Serangga Tanah Pada 
Pertanaman Nilam yang di Tumpangsarikan dengan Famili Solanaceae. Jurnal 
Ilmiah Mahasiswa Pertanian, 7(3), 551–563. 
https://doi.org/10.17969/jimfp.v7i3.20787. 

Gullan, P. J., & Cranston, P. S. (2014). The Insects : an Outline of Entomology. 5th 
Edition. Laserwords. 

Haneda, N. F., Kusmana, C., & Ramadhan, B. K. (2023). Keanekaragaman Jenis 
Arthropoda Tajuk di Hutan Mangrove Ciletuh, Sukabumi, Jawa Barat. Journal 
Tropical Silviculture, 14(2), 158–167. https://doi.org/10.29244/j-siltrop.14.02.158-
167. 

Hasinu, J. V, Rumthe, R. Y., & Sarmin, N. (2024). Keanekaragaman Serangga Musuh 
Alami pada Pertanaman Kakao di Kecamatan Leihitu Kabupaten Maluku Tengah. 
Jurnal Budidaya Pertanian, 20(1), 16–25. 
https://doi.org/10.30598/jbdp/2024.20.1.16. 

Husamah, & Rohman F. H. S. (2016). Struktur Komunitas Collembola pada Tiga Tipe 
Habitat Sepanjang Daerah Aliran Sungai Brantas Hulu Kota Batu. Bioedukasi: 
Jurnal Pendidikan Biologi, 9(1), 45-50. https://doi.org/10.20961/bioedukasi-
uns.v9i1.3886. 

Ibnu, M. (2022). Mencapai Produksi Kakao Berkelanjutan di Indonesia. Jurnal 
Agribisains, 8(2), 22–33. https://doi.org/10.30997/jagi.v8i2.6200. 

Idris, A. A., Fridayati, D., Azhar, R., , M., Rahmi, E., Achwan, S., & Saputra, S. (2023). 
Eksplorasi Serangga Predator pada Pertanaman Kakao (Theobroma cacao L.) 
yang Menghasilkan dan yang Belum Menghasilkan. Jurnal Agroscience, 13(2), 
124–134. https://doi.org/10.35194/agsci.v13i2.3557. 

Jarzyna, M. A., Norman, K. E. A., LaMontagne, J. M., Helmus, M. R., Li, D., Parker, S. 
M.,Rocha, M. P., Record, S., Sokol, E. R., Zarnetske, P. L., & Surasinghe, T. D. 
(2022). Community Stability is Related to Animal Diversity Change. Ecosphere, 
13(3), 1–16. https://doi.org/10.1002/ecs2.3970. 

Kingsolver, J. G., Buckley, L. B., & Kingsolver, J. G. (2017). Quantifying Thermal 
Extremes and Biological Variation to Predict Evolutionary Responses to 
Changing Climate. Philosophical Transactions Of The Royal Society B: Biological 
Sciences, 372(1723), 1–10. https://Doi.Org/10.1098/Rstb.2016.0147. 

Kusuma, R. M., Windriyanti, W., & Simanjuntak. R. G. (2025). Pengantar Entomologi 



 
Damayanti et al Microclimate Modification through Water..... 

 

 

 Bioscientist: Jurnal Ilmiah Biologi, December 2025 Vol. 13, No. 4.                      | |2846 

 

Pertanian. Karya Buku dan Jurnal Indonesia. Sumatera Barat. Padang. 
Lemic, D., Čačija, M., Virić Gašparić, H., Drmić, Z., Bažok, R., & Pajač Živković, I. 

(2017). The Ground Beetle (Coleoptera: Carabidae) Community in an Intensively 
Managed Agricultural Landscape. Applied Ecology and Environmental Research, 
15(4), 661–674. https://doi.org/10.15666/aeer/1504_661674.  

Makwela, M. M., Slotow, R., & Munyai, T. C. (2023). Carabid Beetles (Coleoptera) as 
Indicators of Sustainability in Agroecosystems: A Systematic Review. 
Sustainability (Switzerland), 15(5), 1–13. https://doi.org/10.3390/su15053936. 

Malbog, M. A. F. (2020). Mistmatic: Automatic Misting Control System for Indoor 
Garden with Rule - Based Approach. International Journal of Advanced Trends 
in Computer Science and Engineering, 9(4), 6471–6476. 
https://doi.org/10.30534/ijatcse/2020/332942020. 

Nurmianti, N., Hariani, N., & Budiman, B. (2015). Diversitas Serangga Permukaan 
Tanah Pada Lokasi Budidaya Padi Sasak Jalan di Loa Duri Kabupaten Kutai 
Kartanegara. Jurnal Bioprospek, 10(2), 37–42. 
https://fmipa.unmul.ac.id/jurnal/index/Bioprospek. 

Oliveira, R. C. de, Ikuno, P. H. P., Pratissoli, D., Carvalho, J. R. de, Hoback, W. W., & 
Salamina, B. A. Z. (2024). Biological Characteristics and Thermal Requirements 
of Telenomus podisi and Trissolcus basalis (Hymenoptera: Scelionidae) in Fresh 
and Cryopreserved Eggs of Euschistus heros and Nezara viridula (Hemiptera: 
Pentatomidae). Agronomy, 14(1). https://doi.org/10.3390/agronomy14010170. 

Otim, M. H. A., Aropet, S., Opio, M.,Kanyesigye, D., Opolot, H. N., & Tay, W. T. (2021). 
Parasitoid Distribution and Parasitism of the Fall Armyworm Spodoptera 
frugiperda (Lepidoptera: Noctuidae) in Different Maize Producing Regions Of 
Uganda. Journal Insects, 12(2), 1–20. https://doi.org/10.3390/insects12020121.  

Perfecto, I., Vandermeer, J., & Philpott, S. M. (2014). Complex Ecological Interactions 
in The Coffee Agroecosystem. Annual Review of Ecology, Evolution, and 
Systematics, 45(1), 137–158. https://doi.org/10.1146/annurev-ecolsys-120213-
091923. 

Prabaningrum, L., & Moekasan, T. K. (2014). Pengelolaan Organisme Pengganggu 
Tumbuhan Utama Pada Budidaya Cabai Merah di Dataran Tinggi. Jurnal 
Hortikultura, 24(2), 179–188. https://doi.org/10.21082/jhort.v24n2.2014.p179-
188. 

Préville, A. S. M., Martinez, S. O., Plantegenest, M., & Canard, E. (2022). Effect of 
Conservation Agriculture on Aphid Biocontrol by Generalist (Carabid Beetle) and 
Specialist (Parasitoids Wasp) Natural Enemy Communities In Winter Wheat. 
Journal Frontiers in Ecology and Evolution, 10(1), 1–15. 
https://doi.org/10.3389/fevo.2022.893787. 

Reksiana, C. P. E., Windriyanti, W., & Kusuma, R. M. (2023). Fostering biodiversity: 
Unleashing The Potential Of Refugia To Enhance Arthropoda Diversity in Chili 
(Capsicum annuum L.) Farms. Journal Bioeduscience, 7(3), 251–260. 
https://doi.org/10.22236/jbes/12350. 

Robika, H. H., Masese, Z.A, & Sataral, M. (2020). Pengendalian Hayati Hama 
Penggerek Buah Kakao (Conopomorpha cramerella) Menggunakan Semut 
Hitam (Dolichoderus thoracicus). Jurnal Celebes Agricultural, 1(1), 1–6. 
https://doi.org/10.52045/jca.v1i1.17. 

Rosiana, A. (2020). Kepadatan Serangga Tanah Pada Agroforestri Kopi Sederhana 
dan Agroforestri Kopi Kompleks di Kecamatan Ngantang Kabupaten Malang. 
Universitas Islam Negeri Maulana Malik Ibrahim. 

Sembiring, A. K. (2020). Kelimpahan dan Keragaman Macrofauna di Taman Hutan 



 
Damayanti et al Microclimate Modification through Water..... 

 

 

 Bioscientist: Jurnal Ilmiah Biologi, December 2025 Vol. 13, No. 4.                      | |2847 

 

Raya Sultan Syarif Hasyim. Jurnal Ilmiah Pertanian, 16(2), 100–107. 
https://doi.org/10.31849/jip.v17i1.3561. 

Sianipar, M. S., Purnama, A., Santosa, E., Soesilohadi, R. C. H., Natawigena, W. D., 
Susniahti, N., & Primasongko, A. (2018). Populasi Hama Wereng Batang Coklat 
(Nilaparvata lugens Stal.), Keragaman Musuh Alami Predator Serta 
Parasitoidnya Pada Lahan Sawah di Dataran Rendah Kabupaten Indramayu. 
Jurnal Agrologia, 6(1), 44–53. https://doi.org/10.30598/a.v6i1.245. 

Thifany, A. J., Santosa, E., & Khumaida, N. (2020). Faktor - Faktor Yang 
Mempengaruhi Produksi dan Efektivitas Panen Pada Kakao Mulia. Jurnal 
Agronomi Indonesia (Indonesian Journal of Agronomy, 48(2), 187–195. 
https://doi.org/10.24831/jai.v48i2.30565. 

Unger, S., Rollins, M., Tietz, A., & Dumais, H. (2021). iNaturalist as an Engaging Tool 
for Identifying Organisms In Outdoor Activities. Journal of Biological Education, 
55(5), 537–547. https://doi.org/10.1080/00219266.2020.1739114.  

Wijayanto, M. A., Windriyanti, W., & Rahmadhini, N. (2022). Biodiversitas Arthropoda 
Permukaan dan Dalam Tanah Pada Kawasan Agroforestri di Kecamatan 
Wonosalam Jombang Jawa Timur. Jurnal Pertanian Agros, 24(2), 1090–1102. 
http://dx.doi.org/10.37159/jpa.v24i2.2118. 

Windriyanti, W., Rahmadhini, N., Fernando, I. T. O., & Kusuma, R. M. (2023). 
Arthropods Discovered on Refugio Flowering Plants in Mangifera indica 
Plantation. Biodiversitas Journal of Biological Diversity, 24(9), 4747-4754 
https://doi.org/10.13057/biodiv/d240915.  

Wulandari, A. A., Safaraz, B. R., Atha, D., Aimar, F., Konservasi, S., & Invasif, S. 
(2024). Keanekaragaman dan Status Konservasi Serangga Di Aliran Sungai 
Nglorong Desa Ngrombo, Bakti, Sukoharjo. Jurnal Pendidikan Dan Pengajaran, 
7(2), 16367–16375. 

 
 

   

https://doi.org/10.1080/00219266.2020.1739114
http://dx.doi.org/10.37159/jpa.v24i2.2118
https://doi.org/10.13057/biodiv/d240915

