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Abstract 

The research was conducted at the Experimental Field of the Faculty of Agriculture, University of Islam Sumatera 

Utara, Jln. Karya Wisata, Gedung Johor, Medan Johor District, Medan City, North Sumatra Province, at an altitude 

of approximately 25 metres above sea level, with flat topography. This research was conducted from January to 

March 2025. S. frugiferda is an important pest on corn plants that can cause losses with an attack intensity of up to 

80%. The purpose of this research was to determine the effect of refugia plants and corn varieties on S. frugiferda 

attacks and the number of pest predators. This study used a split-plot design with two treatment factors, namely 

refugia plants Turnera subulata (B1), Tagetes erecta (B2), No Refugia (B0), and treatments of Pertiwi variety (V1) 

and Advanta Madu 59 variety (V2). The results showed that the Turnera subulata refugia plant and the Advanta 

Madu 59 variety produced lower S. frugiferda pest attacks and higher numbers of pest predators, although this was 

not statistically significant.  
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INTRODUCTION 

Sweet corn has bright prospects in the market. The popularity of sweet corn has increased rapidly in recent 

years around the world due to the increased focus on health and nutrition. The increase in sweet corn consumption 

over the past few years has shifted farmers' interest towards sweet corn cultivation. According to data from the 

Badan Pusat Statistik (2023), corn production increased in 2022 to 16.53 million tonnes. However, in 2023, 

production declined to only 14.46 million tonnes, a decrease of 2.07 million tonnes or 12.50%. This decline in corn 

production can be attributed to various factors, one of which is the attack of Plant Pests (OPT), namely S. 

frugiferda (Kementerian Pertanian, 2019). The fall armyworm S. frugiperda J.E. Smith is an invasive insect that 

has become a pest on corn plants (Zea mays L.) in Indonesia. This insect originates from America and has spread 

to various countries. In early 2019, this pest was found on corn plants in the Sumatra region (Ministry of 

Agriculture, 2019). In 2019, it was reported that S. frugiperda had infested an area of 31,856 ha with 120 ha of 

crop failure. Subsequently, in January 2020, there was an increase in the infested area to 82,000 ha, with the 

highest infestation occurring in January (Data as of 5 June 2020) (PEI Webinar, 2020). The damage caused by S. 

frugiperda ranges from 22.13 to 46.83% (Navik et al., 2021). Meanwhile, according to Kalqutny et al. (2021), this 

pest attacks corn crops with an attack intensity of 60.12 to 87.05%, which is classified as crop failure. S. frugiperda 

pest control can be carried out in an environmentally friendly manner by using refugia plants. Refugia are types of 

plants that can provide shelter, food sources or other resources and are beneficial to natural enemies such as 

predators and parasitoids (Amanda, 2017). Several studies have shown that the presence of refugia flowers can 

attract and increase the presence and diversity of natural enemies to suppress the population of S. frugiperda, the 

main pest of corn plants. (Widyastuti et al., 2020). Nine species were found to act as predators of S. frugiferda, 

including the spider Oxyopes salticus (Araneae: Oxypidae), Dermaptera, the robber fly Holcocephala sp. (Diptera: 
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Asilidae), Rainieria sp. flies (Diptera: Micropezidae), Orius insidiosus bugs (Hemiptera: Anthocoridae), 

Dolichoderus sp. ants, Paratrechina sp. ants, Oecophylla sp. ants (Hymenoptera: Formicidae) and grasshoppers 

Conocephalus longipennis (Orthoptera: Tettigoniidae) (Suroto, 2021). The author considers it necessary to conduct 

research to see how refugia plants and sweet corn varieties affect the intensity of S. frugiferda pest attacks and pest 

predator populations. 

 

LITERATURE REVIEW  

The classification and morphology of the S. frugiperda pest according to Plessis et al. (2020) are as 

follows: Kingdom: Animalia; Phylum: Arthropoda; Class: Insecta; Order: Lepidoptera; Family: Noctuidae; Genus: 

Spodoptera; Species: Spodoptera frugiperdai. Based on the results of Rusisah's (2021) research, the S. frugiperda 

pest attacks corn crops at 1 week of age. This pest attacks from the vegetative phase to the generative phase. Pest 

attacks in the vegetative phase are characterised by the presence of coarse brown sawdust-like powder, while in the 

generative phase, this pest attacks the cobs and male flowers. 

The tips of corn leaves that have not fully opened (buds) will appear hollow and contain a lot of larval 

faeces if attacked by larvae. If the leaves have opened, many parts of the leaves will appear damaged and hollow 

from the larvae's movements. S. frugiferda larvae usually settle on the tips of plants. The symptoms of S. 

frugiperda attack on corn shoots are similar to those caused by Mythimna separata (Lepidoptera: Noctuidae) 

larvae, so the determination of S. frugiperda attack will be biased if not observed directly on the affected parts of 

the plant (Maharani et al., 2019). Refugia plants can be utilised as part of a biological control strategy, as they have 

been proven to have a significant impact on suppressing the population of S. frugiperda, the main invasive pest of 

maize crops. Refugia serve as alternative habitats for the survival of natural enemies such as parasitoids and insect 

predators, thereby increasing the number of natural enemies and their effectiveness in controlling pest populations 

(Gurr et al., 2017). Several studies have shown that planting refuge plants such as sunflowers, cosmos (Cosmos 

sulphureus), and other flowering plants can increase the diversity and abundance of natural enemies, such as 

Cotesia marginiventris and Trichogramma spp., which are important control agents against S. frugiperda eggs and 

larvae (Wyckhuys et al., 2020; Rwomushana et al., 2019). By providing additional food sources in the form of 

nectar and shelter, refugia support a more stable and sustainable life cycle for natural enemies. Refugia plants are 

also considered environmentally friendly because they reduce dependence on chemical pesticides (FAO, 2021). 

Therefore, the application of refugia plants in integrated farming systems is an effective and sustainable approach 

to managing S. frugiperda pest populations. 

 

METHOD  

The research was conducted at the Experimental Field of the Faculty of Agriculture, University of Islam 

Sumatera Utara, Jln. Karya Wisata, Gedung Johor, Medan Johor District, Medan City, North Sumatra Province, at 

an altitude of ± 25 metres above sea level, with flat topography. This research was conducted from January to 

March 2025. This study used a split-plot design (RPT) with two treatment factors, namely refugia plants Turnera 

subulata (B1), Tagetes erecta (B2), No Refugia (B0) and Pertiwi variety treatment (V1), Advanta Madu 59 variety 

treatment (V2) with four treatment repetitions. The research data were analysed using Analysis of Variance 

(ANOVA) and followed by Duncan's Multiple Range Test (DMRT) at a 5% confidence level. 

The observations conducted consisted of: 1. Intensity of S. frugiperda attacks; 2. Number of S. frugiperda 

pest predators. 

 

1. Intensity of S. frugiperda attacks 

The calculation of the intensity of attacks (IS) caused by S. frugiferda was obtained using Equation 

(Natawigena, 1993). 

Is = Attack Intensity 

ni = Number of damaged plants from each attack category  

vi = Damage scale value for the i-th category 

N = Number of plants observed  

Z = Highest score assigned 
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The observation method was carried out by determining the scale of damage to plant leaves (scale 0–5 or 

0–9), which indicates the severity of the attack on each plant. The higher the IS value, the greater the level of 

damage to the corn plants. Calculating the attack intensity is very important in determining the level of S. 

frugiperda pest attacks and in making control decisions. By knowing the IS value, farmers or researchers can 

evaluate the effectiveness of the control methods used, determine the economic control threshold, and develop 

more efficient and environmentally friendly integrated pest management (IPM) strategies. The damage score/scale 

(vi) refers to the Davis scoring (Nonci et al., 2019). 

 

Table 1. S. frugiperda pest attack scores. 

 

Score Description 

 

0 No damage visible on leaves 

1 Damage only as small as a pinhole 

2 Damage as small as a pinhole and small circular holes on leaves 

3 Damage visible as pinholes, small circular lesions, and a few small elongated (rectangular) lesions up to 

1.3 cm long on leaf rolls and leaf blades 

4 Several small to medium elongated lesions with a length of 1.3-2.5 cm are visible on the leaf rolls and 

blades 

5 Several large elongated lesions measuring more than 2.5 cm are visible on a few leaf rolls and leaf blades 

and/or several small to medium-sized holes with a uniform to irregular shape (lower membrane eaten) are 

visible on leaf rolls or leaf blades 

6 Several large elongated lesions are visible on some leaf rolls and/or leaf blades and/or several large holes 

with uniform to irregular shapes are visible on leaf rolls and leaf blades 

7 Numerous elongated lesions of all sizes are visible on some leaf blades and rolls, plus several large holes 

with uniform to irregular shapes are visible on leaf rolls and leaf blades 

8 Numerous elongated lesions of all sizes are present on most leaf rolls and leaf blades, plus numerous 

medium to large uniform to irregular holes are visible on leaf rolls and leaf blades 

9 Leaf rolls and leaf blades are almost completely destroyed 

 

The intensity categories of S. frugiperda damage are differentiated based on the damage intensity value 

and plant age (Table 2). 

Table 2. Intensity categories of S. frugiperda damage on corn leaves. 

Category 0-2 WAP        Plant Age   

             2-4 WAP 

>4 WAP 

Mild 0-10% 0-20% 0-40% 

Moderate 11-20% 21-40% 41-60% 

Severe 21-40% 41-60% 61-75% 

Very severe 41-85% 61-85% 76-85% 

Puso >85% >85% >85% 

    

Note: WAP (week after planting) 

 

2. Number of S. frugiperda pest predators. 

Observations of the presence of predators were carried out directly in the field using a sweep net. The 

catch from each sweep of the net was then placed in a transparent bottle filled with 70% alcohol as a preservative. 

The observation process was carried out in the morning, starting at 07:00 to 09:00 WIB, when insect activity 

tended to be higher. Each individual caught was then identified and counted based on the classification of predator 

types present in the planting area. Identification was carried out at the Indonesian Agricultural Quarantine Agency, 

Medan Petisah, using insect determination keys to ensure data accuracy. 
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RESULTS AND DISCUSSION 

 

1. Intensity of S. frugiperda attacks 

Data on the effect of refuge plants and sweet corn varieties on the intensity of S. frugiperda attacks (Table 

1). The use of refuge plants, varieties, and the interaction between refuge plants and varieties had no significant 

effect on the intensity of S. frugiperda attacks.  

Table 3. Intensity of S. frugiperda attacks 2-6 wap 

 

Treatment                                                     Plant Age (WA) 

 2 WAP 3 WAP 4 WAP 5 WAP 6 WAP  

Refugia      

control 00,0 1,13 3,21 4,43 6,60  

Turnera subulata 00,0 0,87 3,13 2,86 4,51  

Tagetes erecta 00,0 0,87 2,95 4,51 5,47  

Varieties       

Pertiwi 00,0 1,10 3,59 4,92 6,08  

Advanta Madu 59 00,0 0,81 2,60 2,95 4,98  

Interactions B * V       

B0V1 00,0 0,52 1,56 2,78 1,79  

B0V2 00,0 1,74 4,86 6,08 2,73  

B1V1 00,0 1,04 3,30 3,82 2,32  

B1V2 00,0 0,69 2,95 1,91 1,50  

B2V1 00,0 1,74 5,90 8,16 2,88  

B2V2 00,0 0,00 0,00 0,87 1,53  

Note: Figures followed by the same letter indicate no significant difference at the 5% level. 

 

Based on Table 1, the results of the Analysis of Variance test at the 5% level show that the refugia 

treatment had no significant effect on the intensity of S. frugiperda attacks. However, the highest attack intensity 

was in the control treatment, which was 6.60%, which was not significantly different from the Turnera subulata 

treatment, which was 4.51%, and the Tagetes erecta treatment, which was 5.47%. Similarly, the variety treatment 

had no significant effect on the highest attack intensity of the Pertiwi treatment, which was 6.08% and not 

significantly different from the Advanta Madu 59 treatment, which was 4.98%. Likewise, there was no interaction 

between refugia flowers and varieties. 

The main issue that can be highlighted from the results of this study is that refuge plants, which are grown 

to provide habitat for natural enemies of pests, are greatly influenced by climatic conditions, including 

temperature, rainfall, and light intensity. Climate variability can affect the growth and flowering time of refuge 

plants such as Tagetes erecta, Turnera subulata, and Cosmos sulphureus, which are sources of nectar and shelter 

for predatory and parasitoid insects. Extreme high temperatures can accelerate the life cycle of refuge plants but 

can reduce nectar content and flower aroma, potentially decreasing their attractiveness to beneficial insects 

(Jonsson et al., 2008). In addition, excessive rainfall can cause physical damage to the flowers and foliage of 

refuge plants, thereby disrupting their ecological function in supporting biodiversity in agricultural land (Gurr et 

al., 2017). Therefore, selecting refuge species that are adaptive to the local climate is very important to ensure their 

function in supporting optimal biological control. 

The intensive use of synthetic chemical pesticides on agricultural land planted with refuge crops can 

interfere with the effectiveness of the biological control system expected from the presence of these refuge crops. 

Broad-spectrum pesticides can kill or repel natural enemies such as Coccinellidae, Syrphidae, and Trichogramma 

spp. parasitoids that shelter and feed around refuge plants (Gurr et al., 2012). In addition, pesticide residues carried 

by wind or rainwater can contaminate refuge plants, thereby reducing the quality of nectar and pollen that are 

important for the survival of natural enemies. Biondi et al. (2012) showed that systemic pesticides such as 

neonicotinoids can even translocate to the flowers of refuge plants, resulting in the death of pollinating insects and 

natural enemies that visit the flowers. According to Liu et al. (2018), Marigold (Tagetes spp.) refugia emit certain 

volatile compounds that are known to repel or prevent pest attacks. These compounds, such as limonene and 

oxime, act as natural insect repellents, disrupting the host-seeking behaviour of pests such as S. Exigua. Refugia 



STUDY OF REFUGIA AND VARIETIES TO REDUCE THE INTENSITY  OF SPODOPTERA FRUGIPERDA AND 

INCREASE  PREDATORS OF SWEET CORN PESTS 

Namsen Sartonedi S Girsang et al 

Publish by Radja Publika 

               3589 

plants typically have striking colours and distinctive aromas. The decline in the population of T. erecta flowers will 

also affect the population of natural enemies found on Tagetes erecta flowers (Wardana et al., 2017). 

However, even though refuge plants do not grow well and make pest attacks easier, the intensity of corn borer 

attacks remains low. Despite the weaknesses in the function of refuge plants, this shows that there are other factors 

that may contribute to the low intensity of pest attacks, such as the presence of natural enemies of pests or 

environmental conditions that are not conducive to the reproduction of S. frugiferda pests and the success of pest 

attacks. In addition, corn borer pests may also have a more selective or preferential attack pattern towards certain 

plant varieties, which explains why attacks are not too intense even though there are gaps that allow attacks to 

occur. Overall, even though the refugia plants did not grow optimally, the presence of pests. 

 

2. Number of S. frugiferda Pest Predators 

Data on the number of S. frugiferda pest predators observed on refuge plants and varieties can be seen in 

Figure 1. Treatment using refuge plants, varieties, and the interaction between refuge plant treatment and varieties 

had no significant effect on the number of S. frugiperda pest predators.  

 
Figure 1. Natural Enemy Graph 2-6 MST 

Although there was no significant effect on the use of refuge plants, varieties, and the interaction between 

refuge plant treatments and varieties on the number of S. frugiperda pest predators, it can be seen that the refuge 

plant species Turnera subulata and the Advanta Madu 59 variety produced higher numbers of pest predators. This 

indicates that certain types of refuge plants and sweet corn varieties can attract more pest predators to approach the 

plants.Planting edge plants can encourage the conservation of natural enemies such as predators (Mahmud, 2006). 

According to Septariani et al. (2019), refugia are flowering plants that serve as microhabitats for natural enemies, 

both predators and parasitoids, with the aim of preserving natural enemies. According to Sunariah et al. (2016), 

long-jawed spiders are a species of the Tetragnathidae family that act as predators. Insects from the Formicidae 

family, known as ants, can live and thrive in habitats that are disturbed by human activity. Furthermore, the 

abundance of ants in corn habitats can be influenced by the availability of food and environmental conditions 

suitable for ant nesting (Adhi et al., 2018). Ants can act as predatory insects and decomposers in ecosystems. 

Predators/natural enemies that have the potential to be effective predators in controlling pest populations in 

the field are ladybirds (Coccinellidae). Coccinellidae predators are a family of the order Coleoptera. The 

Coccinellidae family consists of seven subfamilies, namely Epilachninae, Coccinellinae, Chilocorinae, 

Coccidulinae, Ortaliinae, Scymninae, and Sticholotidinae. Most members of these seven subfamilies are known as 

predators of small soft-bodied insects such as aphids, scale insects, and insect eggs, while others are known as 

predators of other insects (Amir, 2002). Based on observation data, the combination of treatments using Turnera 

subulata refugia and Advanta Madu 59 (B1V2) corn varieties showed the highest Coccinellidae sp population, 

namely 10 individuals, while no Coccinellidae sp were found in the control. In the control treatment, no 



STUDY OF REFUGIA AND VARIETIES TO REDUCE THE INTENSITY  OF SPODOPTERA FRUGIPERDA AND 

INCREASE  PREDATORS OF SWEET CORN PESTS 

Namsen Sartonedi S Girsang et al 

Publish by Radja Publika 

               3590 

Coccinellidae were found due to the absence of Turnera subulata and Tagetes erecta refugia as alternative habitats 

that support the survival of natural enemies (Gurr et al., 2017). 

 

CONCLUSION  

Turnera subulata and Advanta Madu 59 varieties of refuge plants resulted in lower S. frugiferda pest 

attacks and higher numbers of pest predators, although this was not statistically significant. The use of Turnera 

subulata and Advanta Madu 59 varieties as refugia is recommended in the hope that low S. frugiperda pest 

intensity and high numbers of pest predators will indirectly optimise sweet corn productivity. 
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