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Abstract. Olsiviana, Yassi A, Melina. 2024. Effect of refugia plant (Zinnia sp.) population on the presence of stem borer (Scirpophaga
innotata Walker) and natural enemies in rice. Biodiversitas 25: 2652-2660. This study supports biological control by preserving natural
enemies in rice cultivation through habitat modification. The research aimed to analyze the effects of different population levels of
refugia (Zinnia sp.) on pest attack rates, the presence and diversity of natural enemies of rice stem borer (Scirpophaga innotata Walker
1863), and rice (Oryza sativa L.) production. The study was designed using a Randomized Group Design (RGD) with four population
treatment levels: control (no Zinnia sp.), sparse population (32 polybags of Zinnia sp.), medium population (96 polybags of Zinnia sp.),
and dense population (160 polybags of Zinnia sp.). The results showed that the dense population (160 polybags of Zinnia sp.) produced
the lowest stem borer infestation rate in the eighth week of observation (1.67%). Pests in all treatments belonged to four orders:
Lepidoptera, Hemiptera, Coleoptera, and Diptera, with Hemiptera being the most prevalent. Natural enemies of rice pests belonged to
three orders: Coleoptera, Hymenoptera, and Orthoptera. The dense population treatment (160 polybags of Zinnia sp.) yielded the highest
values for diversity index (H") at 2.1785, species richness index (R) at 2.1837, and evenness index (E) at 0.9915. This treatment also
achieved the highest average rice production at 8.64 tons/ha. Meanwhile, the highest dominance value (C) of 0.2489 was found in the
control treatment. Thus, this study supports the idea that increasing the population of Zinnia sp. as a refugia plant can increase the diversity

of natural enemies, reduce rice stem borer infestation, and increase rice plant production.
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INTRODUCTION

Rice (Oryza sativa L.) is very important as the main
food source in Indonesia, where demand continues to increase
with population growth (BPS 2023a). In 2019, South
Sulawesi ranked fourth as the largest rice-producing region
in Indonesia (BPS 2023a), with a harvest area of 1.04
million hectares and production of 5.36 million tonnes (BPS
2023b). Nevertheless, the problem of crop failure remains a
serious concern, especially in South Sulawesi. In 2022, land
vulnerable to crop failure in Indonesia decreased compared to
the previous year, and South Sulawesi is among the most
vulnerable areas, especially to floods, droughts, and rice
stem borer (Scirpophaga innotata Walker) attacks (BPS
2023b). North Luwu, one of the main rice producers in
South Sulawesi (BPS Luwu Utara 2021), especially in
Bone-Bone District, is an area that is not immune to this
vulnerability.

The prolonged intensification of rice crops has led to
ecological changes, fostering monoculture farming
ecosystems that can trigger the emergence of destructive
plant pest organisms (Bhattacharyya et al. 2016). Pests
such as rice stem borers hamper rice production, causing
huge losses without effective control (Khaled et al. 2022;
Nakano et al. 2022; Zhu et al. 2022). Lack of crop rotation

allows specific pests and pathogens to breed and persist in
the soil, increasing the risk of pest and disease infestation
(Wang et al. 2022). Reliance on synthetic pesticides harms
the environment, causing pest resurgence, pest resistance,
increase in secondary pests, decrease in natural enemies,
and pollution (Ayilara et al. 2023). To reduce these adverse
impacts, the use of environmentally friendly control methods,
such as biological control through conservation of natural
enemies, is essential (Begg et al. 2017; Nayak et al. 2018;
Gontijo 2019; Romeis et al. 2019; Syahputra et al. 2019).
The abundance and efficiency of natural enemies are
strongly influenced by habitat complexity, including the
availability of prey, alternative hosts, pollen sources, nectar,
shelter, and breeding sites. In agroecosystems, crop species
diversification creates greater ecological opportunities for
natural enemies. This approach involves manipulating
vegetation at the edge of the rice layer, modifying plant
species composition, and increasing plant density (Egerer
and Philpott 2022; Hernandez-Ochoa et al. 2022). The
introduction of flowering plants and reduced use of
synthetic insecticides can reduce habitat degradation (Ara
and Haque 2021; Li et al. 2021; Cano et al. 2022; Yang et
al. 2022). Flowering plants are attractive to natural enemies
(predators and parasitoids), pollinators, and play a role in
pest population regulation, crop pollination, and maintenance
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of biodiversity (Broadley et al. 2022; Fei et al. 2023; Kulkarni
et al. 2023).

Flower characteristics such as color, shape, and scent
can stimulate insects to search for, find, and land on flowers
(Tanda 2023; Chen et al. 2023). Research by Desriani et al.
(2021) showed that natural enemies are attracted to Zinnia
flowers because these flowers provide pollen, nectar, and
shelter that support their activities and survival. Aldini
(2019) reported that most natural enemies are associated
with Zinnia elegans Jacq. flowers, suggesting that these
flowers provide a favourable environment for natural
enemies.

This study used yellow Zinnia which attracts insects
(Puspita 2017). Ali et al. (2023) confirmed the significant
effect of refugia density on brown planthopper density in
rice. Habibi and Fuadah (2021) found that refugia plants
affected the even distribution of brown planthopper natural
enemy populations. Brotodjojo et al. (2019) showed the
number of natural enemies was higher in rice fields with
more sunflowers than without sunflowers. This study applied
habitat modification to enhance biological control and
conserve natural enemies of rice by providing different
population levels of refugia plants (Zinnia sp.). Previous
research emphasized habitat modification with different
types and placement of refugia plants (Habibi and Fuadah
2021; Aminatun et al. 2023).

The density of refugia plants affects resource competition
and the effectiveness of natural enemies around rice plants
(Khan 2013). Finding the optimal density is crucial to
ensure natural enemies can move effectively and control
pest populations efficiently. Therefore, in the context of the
increasing need for sustainable agricultural practices, this
research is important to determine the optimal density of
refugia plants. This can help farmers increase crop yields,
reduce losses due to pest attacks, increase the effectiveness
of natural enemies in controlling pests, especially rice stem
borers, naturally and sustainably.

MATERIALS AND METHODS

Research time and location

This research was conducted from April to August 2021
in Sidomukti Village, Bone-Bone Sub-district, North Luwu
District, South Sulawesi, Indonesia. The research site was
selected based on the high frequency of crop failures in the
village, which led to a significant decline in agricultural
production and negatively impacted the welfare of local
farmers.

Research methods

The research was arranged in a Randomized Group
Design (RGD) with 4 levels of refugia plant population
treatment (Zinnia sp.), namely treatment without Zinnia sp.
as control (p0), sparse population of 32 polybags (p1), medium
population of 96 polybags (p2), and dense population of
160 polybags (p3).

Each treatment plot measured 8 m x 8 m with a distance
of 5 meters between plots. In each plot, there are rice plants
that function as borders. Each treatment consisted of 3
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replications, so there were 12 experimental units. Each
treatment plot was bordered by different colored ropes tied
to bamboo poles at each corner plot to facilitate the
observation process. The flowers used in this study were
local yellow Zinnia flowers. Before being applied in the
study, seedlings were sown from Zinnia seeds into 30
seedling trays with 32 planting holes per tray, resulting in
960 seedlings. The polybag size was 20 cm x 30 cm, with
the planting medium being soil and manure from cow
dung. The plants were nurtured for 2 months until they
were ready to be transplanted to the rice field. According to
the treatment plots, Zinnia seedlings planted in polybags
were placed in the research location as planned. Some
parameters observed in this study include these parts.

Intensity of rice stem borer attack

The intensity of rice stem borer attack was based on
observations of absolute damage, namely by counting egg
clusters per unit area (1 m?), which was carried out visually
in 1 plot of 10 clumps of plants, carried out every 10 days.
The infested plant area percentage was calculated using the
following formula (Kojong et al. 2019):

n

= _— 0,
P N><100;6

Where:
P : percentage of infected farms (%)
n - number of farms affected

N : number of clusters observed

Observations of pests and natural enemies

Observations of pests and natural enemies were also
carried out every 10 days, from 14 days after planting until
14 days before harvest. Observations were made every 10
days for 8 times during the study period. Observations were
conducted based on the Technical Guidelines for Observation
and Reporting of Plant Disturbing Organisms, Directorate
General of Food Crops (2018). Observations of the presence
of pests and natural enemies were conducted using two
methods, namely: (i) using a yellow tray trap measuring
26x26x13 cm (pxIxt), placed in the center of the treatment
plot and filled with detergent solution as much as one-third
of the tray height. The trays were set up before 09.00 in the
morning and retrieved after 24 hours. The trapped specimens
were filtered and picked up using a fine brush and put into
a bottle containing 70% alcohol and then identified using
the Insect Recognition Handbook (Borror et al. 1996).
During observation, the plant clumps were shaken slightly
so that pests and natural enemies could be caught. Pests
and natural enemies caught were counted immediately in
situ. Then, for the next 10 days, the detergent solution is
replaced with a new one; (ii) using insect nets, this is done
by swinging the net 3 times in each plot. All insects caught
were put into a yellow tray trap containing a detergent
solution to kill them;

Rice plant production

The rice plant production was calculated by converting
the production amount for each treatment (kg/treatment)
into units of tonnes/ha. The rice plant production was
calculated using the following formula:
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10.000m?  Xkg
~ L (m?) 1.000kg

Where:

Y : production (tons/ha)
X production in 1 plot
L : plot area (m?)

Diversity index
The Diversity Index (H') of natural enemies was calculated
using the Shannon-Wiener formula (Kinasih et al. 2017):

H =—Y_,P, InP,
() ()

Where:

H' : species diversity value

In : natural logarithm

Pi : ni/N (number of individuals of type i divided by
the total number of individuals)

: number of individuals of type i

: total number of individuals

ni
N

Species richness index

The Species Richness Index (R) of natural enemies was
calculated using the Margalef formula (Sulistyani et al.
2014):

_ 51
In (N)
Where:
R : species richness value

S : total number of species
In : natural logarithm
N : total number of individuals of all species

Evennes species index
The Evenness Species Index (E) of natural enemies was
calculated using Evennes' formula (Sulistyani et al. 2014):

H.
E = Lns
Where:
E : type uniformity value
H' : species diversity value
In : natural logarithm
S : total number of species

Table 1. Average intensity of rice stem borer attack (%)
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Species Dominance Index
Species Dominance Index (C) of natural enemies
calculated using Simpson's formula (Sulistyani et al. 2014):

2
v)
Where:
C : Simpson's dominance index
ni : number of individuals of a species i
N : total number of individuals of all species

Data analysis

The data obtained in this study were analyzed using
SPSS Version 23 with the Analysis of Variance (ANOVA)
test to see the effect of the Zinnia population at various
population levels on the presence of pests and natural enemies
in rice plants. If there were differences between treatments,
LSD (Least Significance Difference), further test was
conducted.

RESULTS AND DISCUSSION

Attack intensity of rice stem borer pests

The population of refugia plants (Zinnia sp.) significantly
affected the intensity of rice stem borer attack on the 30™
day of observation and very significantly from the 40" day
to the 80" day (Table 1).

Observations showed the presence of pests in rice
plants that can be identified as various species. Pests found
in rice plants with various treatments of Zinnia sp. refugia
populations (Table 2) generally come from four orders:
Lepidoptera, Hemiptera, Coleoptera, and Diptera.

Presence and diversity of natural enemies

The results showed that several species of insects act as
predators or parasitoids, which are natural enemies for rice
plant pest organisms (pests) in various population treatments
of Zinnia sp. Natural enemies found in rice plants with
various population treatments of Zinnia sp. refugia derived
from three orders: Coleoptera, Hymenoptera, and Orthoptera
(Table 3).

The highest values of Diversity Index (H'), Species
Richness Index (R), and Uniformity Index (E) of natural
enemies in rice plants were obtained in the treatment of
Zinnia sp. refugia population of 160 polybags (p3), with
values of 2.1785; 2.1837; and 0.9915, respectively. Meanwhile,
the highest dominance value (C) of natural enemies in rice
plants was obtained in the control treatment (p0), which
was 0.2489 (Table 4).

Observation (days)

Treatments 10 20 30 40 50 60 70 80
00 0.7071 0.7071 1.2864° 17743 2.0378° 2.2706° 248147 2.4814°
p1 0.7071 0.8797 0.9107° 1.3435 16777 1.9543 2.1959° 2.2706°
02 0.7071 0.7071 0.7937° 0.7071¢ 0.8797° 1.3435 16777 1.9543
03 0.7071 0.7071 0.7937° 0.7071¢ 0.8797° 1.3435 1.4401 1.4401¢

Note: Numbers followed by the same letter (a,b,c) mean not significantly different at the BNT test level. a.=0.05
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Table 2. Pest species found in rice fields at different population levels of refugia Zinnia sp.
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Treatments Type of species Family Order
Control (p0) Spodoptera litura Fabricius 1775 Noctuidae Lepidoptera
Batrocera spp. Tephritidae Diptera
Nilaparvata lugens Stal 1854 Delphacidae Hemiptera
Ostrinia furnacalis Guenée 1854 Crambidae Lepidoptera
Aulacophora indica Gmelin 1790 Chrysomelidae Coleoptera
Carabus sp. Carabidae Coleoptera
Scirpophaga innotata Walker 1863 Pyralidae Lepidoptera
Aphis fabae Scopoli 1763 Aphididae Hemiptera
Riptortus linearis Fabricius 1775 Alydidae Hemiptera
Siphanta acuta Walker 1851 Flatidae Hemiptera
Population 32 polybags (pl) Leptocorisa oratorius Fabricius 1794 Alydidae Hemiptera
Ostrinia furnacalis Guenée 1854 Crambidae Lepidoptera
Aulacophora indica Gmelin 1790 Chrysomelidae Coleoptera
Scirpophaga innotata Walker 1863 Pyralidae Lepidoptera
Spodoptera litura Fabricius 1775 Noctuidae Lepidoptera
Riptortus linearis Fabricius 1775 Alydidae Hemiptera
Carabus sp. Carabidae Coleoptera
Siphanta acuta Walker 1851 Flatidae Hemiptera
Aphis fabae Scopoli 1763 Aphididae Hemiptera
Population 96 polybags (p2) Scirpophaga innotata Walker 1863 Pyralidae Lepidoptera
Siphanta acuta Walker 1851 Flatidae Hemiptera
Riptortus linearis Fabricius 1775 Alydidae Hemiptera
Carabus sp. Carabidae Coleoptera
Leptocorisa oratorius Fabricus 1794 Alydidae Hemiptera
Aulacophora indica Gmelin 1790 Chrysomelidae Coleoptera
Nilaparvata lugens Stal 1854 Delphacidae Hemiptera
Aphis fabae Scopoli 1763 Aphididae Hemiptera
Spodoptera litura Fabricius 1775 Noctuidae Lepidoptera
Population 160 polybag (p3) Nilaparvata lugens Stal 1854 Delphacidae Hemiptera
Scirpophaga innotata Walker 1863 Pyralidae Lepidoptera
Aphis fabae Scopoli 1763 Aphididae Hemiptera
Siphanta acuta Walker 1851 Flatidae Hemiptera
Spodoptera litura Fabricius 1775 Noctuidae Lepidoptera
Aulacophora indica Gmelin 1790 Chrysomelidae Coleoptera

=—4=—p0 =—@—=pl =—d—p2 p3

6,00 5,67 5,67

5,00 A 4,67

4,00

PERCENTAGE OF INFECTED GROVES (%)

0,33 & 0,33
0,00 0,00

10 20 30 40 50 60 70 80
OBSERVATIONTIME (DAYS)

Figure 1. The average intensity of stem borer infestation from day
10 to day 80 of observation

Rice crop production

The population of refugia plants (Zinnia sp.) directly
influences rice production in a hectare of paddy area. The
treatment of the Zinnia sp. refugia plant population of 160
polybags (p3) produced the highest average rice production

(8.64 tonnes/ha) (Table 5). It was significantly different
(p<0.05) compared to the other Zinnia sp. refugia plant
population treatments (p1 and p2).

Discussion

The results of statistical analysis showed that the intensity
of stem borer attack on rice plants was higher in the control
treatment without refugia compared to the refugia treatment
population of 32 polybags (pl), 96 polybags (p2), and 120
polybags (p3), except in treatment pl on the 20" day of
observation, the intensity of rice stem borer attack was
higher than the control treatment. This can be caused by
several factors, including the initial adaptation of pests to
new environmental conditions caused by the presence of
refugia. In this initial phase, refugia may not be effective
enough to significantly reduce the pest population, so the
pest attack in treatment pl is still higher than the control. In
addition, refugia need time to attract and support populations
of stem borer natural enemies. On day 20, refugia may not
have reached optimal conditions to support predator and
parasitoid populations that effectively control pests, so the
intensity of pest attack in treatment pl is higher.
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Table 3. Natural enemy species found at different population levels of refugia (Zinnia sp.) in rice crops

Treatments

Role

Control (p0)

Population 32 polybags (p1)

Population 96 polybags (p2)

Population 160 polybags (p3)

Carnivores (Parasitoids)
Carnivores (Predators)
Carnivores (Parasitoids)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Predators)

Carnivores (Predators)
Carnivores (Parasitoids)
Carnivores (Parasitoids)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Predators)

Carnivores (Predators)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Parasitoids)
Carnivores (Parasitoids)
Carnivores (Parasitoids)
Carnivores (Predators)
Carnivores (Predators)

Carnivores (Parasitoids)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Parasitoids)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Predators)
Carnivores (Predators)

Type of species Family Order
Tetrastichus sp. Eulophidae Hymenoptera
Chrysso scintillans Thorell 1895 Theridiidae Coleoptera
Telenomus rowani Gahan 1925 Scelionidae Hymenoptera
Coccinella sp. Coccinellidae Coleoptera
Solenopsis invicta Buren 1972 Formicidae Hymenoptera
Gryllus assimilis Fabricius 1775 Grylludae Orthoptera
Chrysso scintillans Thorell 1895 Theridiidae Coleoptera
Telenomus rowani Gahan 1925 Scelionidae Hymenoptera
Tetrastichus sp. Eulophidae Hymenoptera
Paederus littoralis Gravenhorst 1802  Staphylinidae Coleoptera
Lasius niger Linnaeus 1758 Formicidae Hymenoptera
Gryllus assimilis Fabricius 1775 Grylludae Orthoptera
Solenopsis invicta Buren 1972 Formicidae Hymenoptera
Gryllus assimilis Fabricius 1775 Grylludae Orthoptera
Lasius niger Linnaeus 1758 Formicidae Hymenoptera
Chrysso scintillans Thorell 1895 Theridiidae Coleoptera
Tetrastichus sp. Eulophidae Hymenoptera
Trichogramma sp. Trichogrammatidae  Hymenoptera
Telenomus rowani Gahan 1925 Scelionidae Hymenoptera
Coccinella sp. Coccinellidae Coleoptera
Paederus littoralis Gravenhorst 1802  Staphylinidae Coleoptera
Telemonus rowani Scelionidae Hymenoptera
Chrysso scintillans Thorell 1895 Theridiidae Coleoptera
Paederus littoralis Gravenhorst 1802  Staphylinidae Coleoptera
Tetrastichus sp. Eulophidae Hymenoptera
Gryllus assimilis Fabricius 1775 Grylludae Orthoptera
Coccinella sp. Coccinellidae Coleoptera
Solenopsis invicta Buren 1972 Formicidae Hymenoptera
Lasius niger Linnaeus 1758 Formicidae Hymenoptera

Table 4. Diversity index (H"), species richness index (R), diversity
index (E), and dominance value (C) of natural enemies in rice
fields under various refugia (Zinnia sp.) population treatments

Treatments H’ R E C
Control (p0) 15192 14300 0.8479 0.2489
Population 32 polybags (p1) 1.8889 1.5499 0.9707 0.1580
Population 96 polybags (p2) 1.9333 1.9386 0.9297 0.1629
Population 160 polybag (p3) 2.1785 2.1837 0.9915 0.1151
Table 5. Average rice production (tonnes/ha)

Treatments Average
Control (p0) 7.04c
Population 32 polybags (p1) 7.31bc
Population 96 polybags (p2) 7.79
Population 160 polybag (p3) 8.64a

Notes: Numbers followed by the same letter (a, b) mean not
significantly different at the BNT test level. a=0.05

The density of refugia in treatment p1 with 32 polybags
may also not be high enough to provide maximum protection
to rice plants from pest attacks. The lower density compared
to p2 and p3 may cause a lack of shelter and food sources
for natural enemies of pests. In addition, planting refugia
may change the microclimate around the rice plants. In the
initial phase, these changes may not immediately provide
significant benefits in reducing pest populations, instead
providing temporarily more favorable conditions for stem
borers. With time, refugia are expected to create a more
stable and favorable environment for the presence of natural
enemies. In the following days, the intensity of rice stem
borer infestation will be lower in the refugia treatment than
in the control. These results indicate the importance of
selecting the optimal number and distribution of refugia
and the time required to achieve an effective ecological
balance in controlling pests. However, apart from the pl
treatment on the 20" day of observation, in general, refugia
planting was able to suppress the level of stem borer attack.
This is thought to be due to the presence of refugia plants
inviting the arrival of insects that are natural enemies of
stem borers to reduce the population of stem borers, which
is characterized by low intensity of attack on plants. This
mechanism of pest attack reduction occurs due to the
attraction of refugia plants to the rice stem borers'
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predatory insects. Flowering plants such as Zinnia sp. have
morphological and physiological characteristics that attract
insects because of their size, shape, color, aroma, and the
nectar and pollen contents produced during the flowering
period to conserve the population of natural enemies in an
agroecosystem (Serée et al. 2022; Colazza et al. 2023).
Furthermore, Septariani et al. (2019) added that refugia
planting also serves as a food provider and a shelter for
natural enemies of plant pests.

The results of further statistical analysis showed that the
higher the number of Zinnia sp. refugia populations used
would further reduce the intensity of the attack of rice stem
borer pests; this can be seen in Table 1 and Figure 1, which
shows that the treatment of Zinnia sp. refugia plant population
of 160 polybags (p3) resulted in a lower attack rate (1.67%)
and significantly different compared to the treatment of
other Zinnia sp. refugia plant populations. The smaller the
number of Zinnia sp. refugia plant populations, the higher
the rice stem higher borer infestation intensity. This finding
indicates that the presence of refugia plants with the
highest population can ward off the presence of rice stem
borer pests, resulting in the lowest population numbers.
Research by Sarni and Sabban (2022) supports the concept
that refugia plants are able to increase the presence of
natural enemies living around refugia plants, making rice
stem borers tend to avoid them because they feel threatened
by the presence of these natural enemies.

The low level of stem borer pest attack on rice plants
treated with Zinnia sp. refugia plant populations of 32, 96,
and 120 polybags is thought to be due to the presence of
refugia plants inviting the arrival of insects that are either
predators or parasitoids, especially parasitoids that attack
white rice stem borer eggs so that many groups of eggs do
not hatch into larvae. In the rice plantation area studied,
there are species of parasitoids of rice stem borer eggs and
larvae; among these are egg parasitoids, namely Tretrastichus
sp. and Telemonusrowani sp.. According to Pribadi et al.
(2020), refugia is a microhabitat planted around cultivated
plants for predators and parasitoids to breed. The benefits
of refugia as a conservation area for natural enemies in rice
fields are as pest trap plants, pest repellent plants, shelter,
attracting natural enemies to live and breed in the area
because it provides a source of nutrients and energy such as
nectar, honey powder and honeydew needed by natural
enemies so that the presence of natural enemies can
balance the pest population at a harmless limit.

Other findings from this study also showed that in all
treatments, there was an increase in the intensity of rice
stem borer attack over time until the 70" day of observation
and then became stagnant (stable) until the 80" day of
observation (see Figure 1). This assumption arises because
of the possibility of the existence of egg nests of rice stem
borers before the rice planting season begins, both on land
managed without refugia plants and on land with refugia
plants. Before the entry of the rice planting season, it is
estimated that many rice stem borers live in the grass in the
rice field area and lay their eggs in the area. It was
observed in this study that the number of eggs increased
every 10 days until the 70" and 80" days of observation.
However, the increase in the intensity of this pest attack
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can be suppressed by applying Zinnia sp. refugia plants at
various population levels. These refugia plants are able to
provide shelter which are also a food source for predatory
insects or parasitoids of these pests. Suriyanto (2020) stated
that one of the efforts to suppress the population of rice
stem borers is by planting refugia plants. Refugia can provide
spatial and temporal shelter for natural enemies and support
biotic interaction components in the ecosystem, such as
pollinators. Planting refugia plants in the bund is expected
to invite the arrival of predatory arthropods and parasitoids
earlier with a high enough population, so that it will be able
to curb the development of rice plant pest populations.
Thus, this treatment has a positive impact in reducing the
attack of rice stem borers.

The study's results on the presence of pests in rice
plants showed that most pest insects found were insect
pests from the order Hemiptera and Lepidoptera with
various species (Table 2). The ecological role of Hemiptera
members found in the rice agroecosystem at the study site
is to act as herbivores and predators. One of the pests
included in this order is Nilaparvata lugens or brown
planthopper. This pest is one of the main threats to rice
plants and can significantly reduce rice production. Insects
of the Hemiptera order have flat bodies varying in size
from very small to large, thick wings at the base and
webbed wings at the tip, called hemielitra (Taszakowski et
al. 2022). They have long antennae, mouthparts that branch
off from the front of the head, and no cerci. These insects
are commonly known as ladybirds and mostly act as crop
pests, while some also serve as predators and disease
vectors. It lives by sucking the phloem fluid of rice plants,
which causes the leaves to turn orange-yellow before turning
brown, drying out, and then dying (Senewe et al. 2020).

The other most common pest identified in this study
was Lepidoptera. This order is characterized by two pairs
of wings, with the hind wings generally smaller than the
forewings. Feathers or scales cover the wings, and imago
of this order are known as butterflies if active during the
day or moths if active at night. One of the main pests of
rice plants from this order is S. innotata or white rice stem
borer. According to Konno (2023), larval-stage insects
often damage plants, while adults only suck nectar (honey)
from flowers. S. innotata larvae damage the stems of rice
plants by gnawing on the inside of the stem, resulting in
decreased plant stability (Singh and Tiwari 2019; Rahimoon
et al. 2023). This can cause the rice plant to collapse or die
because it is unable to support the damaged stem structure.
Larvae that bore into rice stems feed on plant tissues that
contain essential nutrients. This can reduce the nutrients
available for plant growth and development, negatively
affecting plant health and productivity (Rahmawasiah et al.
2022).

Table 2 also shows that in addition to pests on rice
plants such as N. lugens, S. innotata, and L. oratorius, pests
were also found that were the main pests on corn plants
such as O. furnacalis and pests on legumes such as S.
litura, A. fabae and R. linearis. This is because there were
maize and bean crops around the research site at the time of
this research. In addition, many types of pests, including
rice pests, were found because some pests are polyphagous.
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According to IImi et al. (2016), polyphagous pests live and
eat on various species in various families.

Pests from the order Diptera were also found in this
study, namely Bactrocera spp. (fruit flies); this pest is not a
pest of rice plants but of horticultural plants. The presence
of these pests is due to the species of fruit flies entering the
trap because they can fly well enough in search of hosts or
food to survive in the field, allowing them to fly at a height
of 85 cm or more. This follows Kuswadi (2013), who states
that fruit flies are strong-flying insects; male flies can fly as
far as 6.44-24.14 km, depending on wind speed and
direction.

The importance of Zinnia sp. refugia plants in increasing
the diversity and richness of natural enemy species can be
seen from the variety of orders and families found in rice
fields. Observations showed that the natural enemies found
in rice plants with various treatments of Zinnia sp. refugia
populations came from 3 orders: Coleoptera, Hymenoptera,
and Orthoptera, which generally act as predators and
parasitoids (Table 3). The number of insects from the
Hymenoptera order was higher in all Zinnia sp. refugia
population treatments compared to the Coleoptera and
Orthoptera orders. According to Ramzan et al. (2021),
Hymenoptera is one of the largest orders, with about
115,000 identified species. This number exceeds the
number of vertebrates both on land and in water. This
shows that Hymenoptera is one of the main components of
faunal diversity, especially insects. Hymenoptera found at
the research site included families such as Formicidae,
Eulophidae, Scelionidae, and Trichogrammatidae, which
act as natural enemies of pests. These insects help control
pest populations in rice plants by laying their eggs inside
the bodies of pests. Some members of Hymenoptera, such
as ants (family Formicidae), play a dominant role as
predators of pests in rice crops. They can help control the
population of insects that can harm plants. In addition, ants
can help compost the soil around rice plants. The activity
of ants digging in the soil and moving organic matter can
increase the movement of water and nutrients in the soil
and improve soil structure (Ekka et al. 2020).

The natural enemies in these rice plants act as predators
and parasitoids for rice pests. Predatory Hymenoptera
includes the family Formicidae, while parasitoid families
include Eulophidae, Scelionidae, and Trichogrammatidae.
All pest species have natural enemies (parasitoids, predators,
and pathogens) that attack them at various life stages.
Treating refugia plants can increase the population and
diversity of natural enemies of rice pests. Research by
Septiani and Aminah (2021) found that planting refugia
affects the population of pests and their natural enemies in
rice fields. Kurniawati and Martono (2015) and Setyadin et
al. (2017) added that refugia plants can boost the population
of natural enemies such as spiders, predatory insects, and
parasitoids.

The presence of predatory insects around rice fields is
due to the availability of food from flowering plants,
specifically refugia plants, which provide nectar and honey
from flowers and harbor pest insects. According to Wahyuni
et al. (2013), predators not only obtain nectar and honey
from flowering plants they visit but also find prey hiding in
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them, making it easier for predators to capture their prey.
Kurniawati and Martono (2015) further noted that habitat
manipulation can be achieved by planting flowering plants
(insectary plants) that serve as a food source, alternative
hosts/prey, and refugia for natural enemies.

The availability of parasitoid insects is closely related
to the presence of flowering plants around rice fields,
which serve as shelters and hunting grounds. The more
numerous and diverse the flowering plants in the field, the
higher and more varied the potential presence of parasitoids.
Pratama et al. (2013) stated that two factors influence the
abundance of parasitoid populations. The first factor is
intrinsic, referring to the genetic ability of each parasitoid
individual to adapt to changes in hosts and the environment.
The second factor is extrinsic, including food sources,
competition for space, and the use of pesticides.

During observations, the number of natural enemy
species found in rice plants showed that predator species
were more numerous than parasitoid species. Specifically,
there were 6 species of natural enemies from the predator
group and 3 species from the parasitoid group. The population
of predator and parasitoid natural enemies increased due to
the morphological and physiological traits of refugia plants,
which can attract natural enemies. This is consistent with
Rahardjo et al. (2018), who stated that refugia attract the
most natural enemies because they can attract insects using
their morphological and physiological characteristics, such
as size, shape, color, fragrance, blooming period, and pollen
or nectar content.

One species found in this study was Trichogramma of
the Trichogrammatidae family, which was only present in
treatment p2 (96 Zinnia polybags) and not in the other
treatments (p0, pl, p3). This suggests that an intermediate
density of refugia plants creates optimal conditions for
these egg-parasitic wasps. Trichogrammatidae are highly
dependent on the availability of host eggs for parasitisation.
Zinnia densities at p2 may favor certain pest populations
whose eggs can serve as hosts, while at p1, host numbers
may be insufficient. At P3, higher plant densities may alter
host population dynamics or increase competition and
predation. In addition, Trichogrammatidae may have a
preference for habitat complexity at intermediate densities
(p2), where densities that are too low (p1) or too high (p3)
do not provide ideal environmental conditions. Zinnia density
at p2 may also create more stable and favorable microclimate
conditions, such as ideal humidity and temperature, necessary
for Trichogrammatidae development and activity.

The value of the natural enemy diversity index (H') in
rice plantations with refugia plants at various population
levels of Zinnia is included in the medium category based
on the criteria for the value of the Shannon-Wienner
diversity index. This indicates that the presence of refugia
plants, especially Zinnia with various population levels,
contributes significantly to the diversity of natural enemies
in rice fields.

Specifically, the H' value, which falls into the medium
category, indicates that the diversity of natural enemies in
these crops is not too low but also not too high. This
indicates that using refugia plants from different population
levels of Zinnia significantly increases the diversity of
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natural enemies; however, there is still potential for further
improvement. One way to increase the diversity of natural
enemies is to add more refugia plants other than Zinnia.
Expanding the variety of refugia plants can attract more
species of predatory insects and parasitoids, increasing the
diversity of natural enemies in the crop. The planting
pattern of refugia plants can also be optimized to maximize
the effect of increasing natural enemy diversity. For
example, placing refugia plants at a more regular spacing
throughout the crop or mixing different types of refugia
plants within a given area can create more hospitable
conditions for different species of natural enemies. Li et al.
(2022) stated that the factors that influence the value of
species diversity (H') are environmental conditions, the
number of species, and the distribution of individuals in
each species. Environmental conditions strongly support
the development of natural enemies by modifying the crop
cultivation system, one of which is the addition of refugia
plants.

The species richness index value in all treatments was
in the low category. This means that the number of species
of natural enemies found in rice cultivation is small.
However, each treatment's evenness index (E) value was in
the high category. This indicates that the distribution of
individuals of natural enemy species in rice cultivation is
relatively balanced, although the number is small. According
to research by Wijana (2014), species richness (number of
species) and evenness (distribution of individuals) can
affect the value of the diversity index (H"). If richness and
evenness have almost the same value, the diversity index
value will be high or have a balanced contribution from
each species. However, if richness and evenness have a
large difference, then one of these components will contribute
more to diversity. Thus it can be explained that although
species diversity is low, the presence of natural enemy species
present in rice plantations with the addition of Zinnia
refugia plant populations still significantly contributes to pest
control. The even distribution of these individuals can help
maintain the stability of agricultural ecosystems and reduce
the risk of excessive pest attacks.

The dominance value of natural enemies that falls into
the low category indicates that no species dominates in all
treatments. The absence of significantly dominating natural
enemy species can reduce the risk of large population
fluctuations that can disrupt ecosystem balance. This
finding is consistent with the concept that balanced ecosystem
will support biodiversity and balanced contribution of
natural enemies to pest control (Kumar et al. 2021).

The results of the statistical analysis showed that the
treatment with a population of 160 polybags of Zinnia sp.
refugia (p3) produced the highest average rice yield (8.64
tons/ha) and was significantly different compared to other
Zinnia sp. refugia plant population treatments (Table 5).
This indicated that the greater the population of Zinnia sp.
refugia plants, the higher the rice production obtained
because refugia plants (Zinnia sp.) with higher populations
found more natural enemies. Hence, the presence of natural
enemies suppresses pest populations from rice growth to
harvest. This follows the statement of Heong et al. (2015)
that planting refugia is an alternative to biological control
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of rice pests that became a habitat for natural enemies
because it affects the biodiversity and abundance of insects.
Pradana et al. (2014) stated that insects in the rice
ecosystem, directly or indirectly, affect both the quality and
quantity of rice production. This research implies that
increasing biodiversity in rice fields produced by refugia
plants can positively contribute to rice production.

Additionally, the use of refugia plants, specifically
yellow Zinnia flowers in this study, is also suspected to
contribute to distracting target pests and reducing interference
with rice plant growth, which in turn has the potential to
increase yield (Takikawa et al. 2022). Flower color selection
to become pest distraction has been the strategy that has
proven effective in crop pest control. The yellow color is
particularly attractive to several pests, which can divert
their focus away from desirable rice plants (Azizah et al.
2022). Therefore, Zinnia sp. with yellow flowers can act as
a visual trap that directs pest attention to these refugia
plants. In addition, this diversion effect also has the
potential to reduce pest incidence on rice plant growth,
contributing to increased production yields. Research by
Takikawa et al. (2022) provided a scientific basis for a
refugia planting strategy using Zinnia sp., which has yellow
flowers. This strategy focuses on protecting rice plants
from pests and uses visual appeal to manage pest behavior
more effectively. Thus, the flower color applications as a
diversionary tool may be an approach that has the potential
to stimulate more optimal growth and yield of rice plants.

The production yield can be optimized through proper
planting patterns and maintenance. The importance of
refugia population density to enhance rice production has
been significantly demonstrated in this study, where refugia
populations with the highest density also yielded the
highest rice production. Therefore, combining planting
patterns with flowering plants positively influences ecosystem
diversity, especially through variations in refugia plant
population densities. These findings are consistent with the
views of Kurniawati and Martono (2015), who emphasize
the crucial role of flowering plants in supporting environmental
conservation, including maintaining populations of natural
enemies in ecosystems.

In conclusion, the Zinnia sp. refugia plant population at
the dense population level (160 polybags) showed the
highest results in increasing the diversity of natural enemies,
resulting in the lowest stem borer pest (Scirpophaga
innotata Walker) infestation rate, and achieving the highest
rice production. Thus, the strategy of habitat modification
by increasing the population of refugia plants (Zinnia sp.)
in rice cultivation can be considered an effective method
for improving the balance of agricultural ecosystems and
reducing yield losses due to crop-destroying pests.
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