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Abstract. Trisnawati DW, Nurkomar I, Ananda LK, Buchori D. 2022. Agroecosystem complexity of Surjan and Lembaran as local 
farming systems effects on biodiversity of pest insects. Biodiversitas 23: 3619-3629. Farming systems can influence the diversity and 
abundance of insect pests. This study was conducted to determine the effect of Surjan and Lembaran farming systems on the diversity 
and abundance of insect pests in Kulon Progo, Yogyakarta. The field survey was conducted in three Surjan paddy fields and three 
Lembaran paddy fields in Panjatan Subdistrict, Kulon Progo Regency. The sampling of pests was collected using four kinds of traps, 
such as sweeping net, yellow sticky trap, pitfall trap, and yellow pan trap. The traps were set twice in the vegetative phase  and twice in 

the generative phase. The results showed that the abundance of pests in Surjan paddy fields was not different from that in Lembaran 
paddy fields. However, the number of pest species in Surjan paddy fields was higher than in Lembaran paddy fields. In addition, the 
structure and composition of pests in both farming systems were significantly different. Hemiptera was the most common insect in both 
farming systems, with dominant pest species of Nephotettix virescens and Nilaparvata lugens. 
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INTRODUCTION 

Paddy is the main food crop commodity in Indonesia 

which is commonly cultivated throughout the year and 

usually grown in a monoculture, an agricultural system that 

only cultivates one plant (Lakitan 1995). The balance of the 

paddy field ecosystem in monocultures is often unstable 

due to a lack of nutrients (Sakti et al. 2011), low plant 
diversity, causing an imbalance in the population between 

pests and their natural enemies such as predators, 

parasitoids, and pathogens. The development of pest 

populations in monoculture systems increases continuously 

because there are no limiting factors from nature such as 

natural enemies (Tjahjadi 2008). Therefore, a more 

complex agricultural system is needed to increase the 

diversity of organisms with diverse roles and functions in 

the paddy field ecosystem. Complex agroecosystems are 

considered to make the ecosystem more balanced and 

stable, because in complex ecosystems, the chances of 
survival and development of natural enemies are higher so 

that they can suppress pest attacks (Menalled et al. 1999).  

This monoculture paddy field called as Lembaran 

system by people in Kulonprogo, Yogyakarta. Moreover, 

there is a local farming system called the Surjan system 

where the paddy is planted in a polyculture system with 

other horticultural crops such as a vegetable plants. The 

term Surjan system is adapted from the morphology of the 

paddy fields, which, when viewed from above, look striped 

like Surjan, traditional Javanese clothes. The Surjan system 

consists of raised and sunken beds. The sunken beds (lower 

parts) are planted with paddy, while the raised beds 

(elevated parts) are planted with horticultural crops 

(Marwasta and Priyono 2007). This causes the ecosystem 

of Surjan paddy fields to be different from Lembaran 

(monoculture) paddy fields. 

The differences in the ecosystem of Surjan and 
Lembaran paddy fields may affect the diversity of insect 

pests as other components in the agroecosystem. This may 

occur because the composition of plants in Surjan paddy 

fields is more complex than in the Lembaran ecosystem, 

which only consists of paddy. Several studies reported that 

in complex agroecosystems, pest diversity was higher than 

in simple agroecosystems. Plećaš et al. (2014) said that pest 

diversity was found to be higher in complex ecosystems. 

Van Emden (1991) reported that increasing the diversity of 

agroecosystems can increase the diversity and abundance 

of pests. Similar results have also been reported by 
Yaherwandi et al. (2007) which stated that the diversity and 

abundance of pests were higher in paddy planted with 

secondary crops compared to rice grown in monoculture. It 

is also reported in other ecosystems by Ghazali et al. 

(2016) that pest diversity was higher in oil palm plantations 

planted in polyculture due to its more complex ecological 

characteristics (Harvey et al. 2006). Mamahit (2020) 

reported that the biodiversity of pest insect on pineapple 

plantation that applies a cultivation polyculture system is 

more varied than that in the cultivation monoculture 

system. Prastowo and Sukarno (2020) also reported that the 

biodiversity of pest insects in the shallot polyculture system 
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affected the population of pests and natural enemies as well 

as the level of diversity of pest insects. Complex 

agroecosystems are also reported to have a higher diversity 

of natural enemies than simple agroecosystems. For 

examples Syarief et al. (2017); Amala and 

Shivalingaswamy (2018); Thomine et al. (2020); 

Lisdayanti and Nurkomar (2022). 

In our previous study, the different configurations of 

Surjan and Lembaran paddy fields affect the biodiversity 

of detritivores, pollinators, and neutral insects (Herdiawan 
et al. 2021). This generates an interesting question about 

the diversity of pests in both farming systems and whether 

the configuration affects the abundance. Since the 

information on the diversity of pests in Surjan and 

Lembaran paddy fields is still limited, this study is aimed 

to study the diversity of insect pests in both systems. 

MATERIALS AND METHODS 

Study area 

The study was conducted in Panjatan Subdistrict (7  ْ  

38'42" - 7  ْ  59'3" S and 110  ْ  1'37" - 110  ْ  16'26" E) Kulon 

Progo Regency, Special Region of Yogyakarta (Figure 1). 
Three sites of Surjan (S1, S2, S3) and three sites of 

Lembaran (L1, L2, L3) paddy fields with a minimum area 

of 2000 m2 for each site were determined intentionally as 

sampling sites. Each site was divided into three different 

fields which were defined as the plot for replications. 

Hence, nine Surjan paddy fields and nine Lembaran paddy 

fields were used in this study. Lembaran paddy fields 

(Figure 2a) are planted in a monoculture system. 

Meanwhile, Surjan paddy fields are intercropped with other 

crops such as melons, spinach, shallots, bananas, cassava, 

corn, and chilies (Figure 2b). Pesticides such as Antracol, 
Regent, Trisula, Virtako, and Marshal were used in both 

paddy fields. In Surjan paddy fields, these pesticides were 

applied three times when the plant was 7, 30, and 50 days 

old. While the pesticides were applied weekly in Lembaran 

paddy fields. Weeds were controlled manually in Surjan 

paddy fields and controlled chemically using Ricestar 

herbicide in Lembaran paddy fields. 

Pest sampling 

The study was conducted in April-December 2019. 

Insect pests sampling was carried out four times, two times 

when the plant was in vegetative phase (two and four 

weeks old plant) and two times in generative phase (seven 

and nine weeks old plant) using four types of traps, i.e., 
sweeping net, yellow sticky trap (15 x 25 cm), pitfall trap 

(5 cm in diameter, 5 cm in height), and yellow pan trap (25 

x 14 cm) at five sample points which have been determined 

previously (Figure 3). These traps were selected as a 

common traps used, cheap, and easy to be installed in the 

field. The use of sweeping net was carried out by swinging 

the net ten times of double swing along the direction. 

Yellow sticky traps were installed diagonally in the 

opposite direction to the direction of sampling insect pests 

with sweeping nets. Meanwhile, the yellow pan traps were 

installed in the middle of the paddy fields. The pitfall traps 
were installed on the paddy fields to trap ground insects. 

The last three traps were set for 24 hours. All insect pest 

sampling activities were carried out in the morning. The 

captured pests were then taken to the Laboratory of Plant 

Protection, Universitas Muhammadiyah Yogyakarta for 

identification. 

Insect pest identification 

Identification was performed according to the 

morphological characteristics by grouping insects based on 

orders, families, and their role as pests and non-pest. The 

identification was then continued to the species level. Pest 
identification was carried out by referring to several books 

such as Borror et al. (1992), Shepard et al. (1987), 

Kalshoven (1981), and McGavin (2002). 

 
 

 

 
 
Figure 1. Research site in Kulonprogo, Yogyakarta, Indonesia  
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Figure 2. Paddy field in Kulonprogo, Yogyakarta, Indonesia. A. Lembaran and B. Surjan 
 
 

 
 
Figure 3. Insect pest sampling method 

 
 
 

Data analysis 

The data were tabulated into a pivot table using 

Microsoft Excel 2019. The difference in the number of 

species and abundance of pests between Surjan and 
Lembaran paddy fields were analyzed using paired t-test. 

Alpha diversity analysis was carried out to analyze the 

diversity of pests in both farming systems using the 

Shannon-Wiener index (H), Evenness index (E), and 

Simpson index (D). Meanwhile, beta diversity analysis was 

performed using the Bray-Curtis index. The Bray-Curtis 

index is displayed with non-metric multidimensional scaling 

(NMDS) ordinances to visually describe the differences 

between the structure and composition of pests in both 

farming systems. The analysis was carried out using R 

statistics software (R Core Team 2015) with a vegan package. 

RESULTS AND DISCUSSION 

The results showed that the number of pest species or 

species richness of pest was higher in Surjan paddy fields 

than in Lembaran paddy fields (Paired t-test, P<0.01) 

(Figure 4a). There were 78 and 67 pest species found in 

Surjan and Lembaran paddy fields, respectively. However, 

the abundance of pests in both farming systems was 

relatively the same (Paired t-test, P=0.937) (Figure 4b). 

This result contrasts with our previous study in which there 
was no difference in the species richness of detritivores, 

pollinators, and neutral insect species in the Surjan paddy 

field, but their abundance was higher in that field 

(Herdiawan et al. 2021).  

The presence of a higher number of pest species in 

Surjan paddy fields may be influenced by various types of 

plants grown. In Surjan paddy fields, paddy was planted 

with other crops such as melons, spinach, shallots, bananas, 

cassava, corn, and chilies, while in Lembaran field, paddy 

was planted solely. Environment, food availability, 

predators, competition, and tolerance range of a particular 
species are factors that affect insect diversity in an 

ecosystem (Indriani 2017). The life and development of 

pests are strongly influenced by the food quality and the 

amount of food available (Fitriana 2006). Analysis of 

biodiversity indices showed there was no difference in the 

biodiversity of pests in both systems. The evenness and the 

dominance of pest insect species between both types of 

farming systems were also relatively the same (Figure 5). 
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Figure 4. Species richness (A) and abundance (B) of pests in Surjan and Lembaran paddy fields 
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Figure 5. Biodiversity indices of pests in Surjan and Lembaran 
paddy fields 
 
 

In addition to the difference in the number of pest 

species in Surjan and Lembaran paddy fields, NMDS 

analysis showed that the structure and composition of pest 

species in both farming systems were significantly different 

(P = 0.1; RANOSIM 0.5926) (Figure 6). Bianchi et al. (2006) 

explained that the species composition tends to be high in 

polyculture farming. However, in an ecosystem, there are 

often differences in microclimate or environmental 

conditions that can have an impact on the composition of 

the insect composition in it (Plećaš et al. 2014). This is 

because insects follow or adapt to different environmental 
conditions. The structure and composition of insects in an 

ecosystem can be related to the richness and/or abundance 

of insect species in it. In this study, the species richness of 

pests found in both farming systems was different. 

Although the abundance of pests found did not differ, the 

structure and species composition found were also 

different. This result contrasted with Lizmah et al. (2018) 

who reported that the abundance, structure, and 

composition of Hymenoptera insects in complex 

landscapes are different from those in simple landscapes 

despite the same number of Hymenoptera insect species 

found. Nurkomar et al. (2021) also reported the same trend 

that, in the cassava ecosystem, the number of pest species 

found between study areas did not differ. However, the 

abundance, structure, and composition of the pests found in 

this study between the study areas were very different. 

Hemiptera was an order of insects found the most in 

both Surjan and Lembaran paddy fields (Figure 7). 

Hemiptera was the most abundant insect among other 

insect orders. Nurkomar et al. (2021) also reported that 
Hemiptera is the most common insect found in the cassava 

ecosystem. Nilapavarta lugens (Hemiptera: Delphacidae), 

Nephottetix virescens (Hemiptera: Cicadellidae), Aphis 

gossypii (Hemiptera: Aphididae), Cicadula sp., Recilia 

dorsalis (Hemiptera: Cicadellidae), and Sogatella furcifera 

(Hemiptera: Delphacidae) were species of Hemiptera most 

found in Surjan and Lembaran paddy fields (Figure 8). 

Nilapavarta lugens and S. furcifera are phytophagous 

cereal plants. Both are the main pests of paddy plants in 

Asia because they can cause severe damage (Widiarta et al. 

2006). These pests suck the sap of the plant stem. The 
abundances of N. lugens and S. furcifera were inversely 

related in the two paddy field systems. A higher number of 

N. lugens was found in Lembaran paddy fields, while S. 

furcifera was found more in Surjan paddy fields. 

Kalshoven (1981) said that there are strong indications that 

in some situations where N. lugens has been controlled by 

resistant plants or pesticide, S. furcifera has filled the 

ecological gap left by the destruction of other pest species. 

This might have happened in Surjan paddy fields because 

chemical control was applied in this field. Nilaparvata 

lugens was higher in Lembaran paddy fields may be 
because of the present more abundant paddy plant as a food 

source compared to Surjan paddy fields. Yao et al. (2012) 

said that intercropping of paddy with soybean and corn 

could decrease the population of N. lugens. This is what 

might cause a lower population of N. lugens in Surjan 

paddy fields because of the presence of other plants beside 

the paddy. 
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Figure 6. Non-metric multidimensional scaling (NMDS) of pest 
composition in Surjan (S) and Lembaran (L) paddy fields. The 
number shows the study areas 
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Figure 7. Insect order found in Lembaran and Surjan paddy fields 
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Figure 8. The abundance of Hemiptera species in Surjan and Lembaran paddy fields 
 
 

Nephottetix virescens (green planthopper) is also a 

major pest of paddy. This pest attacks the paddy plant 

directly by sucking plant fluids and indirectly acts as a 

tungrovirus vector. The interaction between green 

leafhoppers, tungrovirus, and paddy will cause tungro 

disease, which is the most important disease in paddy 

caused by viruses. This pest is the most important vector 

because of its highest transmission efficiency, early 

colonization, and faster population development 

(Chancellor et al. 1996). Meanwhile, A. gossypii is often 
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found on the leaves and stems of host plants. Aphis 

gossypii may have a mutualistic symbiosis with ants 

because their secretions can produce a liquid containing 

high sugar (honeydew), while the ants protect the tick from 

predators and help move places when food reserves are 

insufficient (Blackman and Eastop 2007). Cicadula sp. and 

R. dorsalis belong to Cicadellidae family. This pest family 

has wings covered with light dust from a waterproof wax 

material (brochosomes) and harms the plant by sucking the 

liquid in the plant's body. Some of these species are viral 
vectors for plants (Dietrich 2005).  

The results of this study conclude that planting paddy in 

a polyculture can increase the species richness of pests and 

can also reduce their abundance. In other words, planting 

paddy in polyculture is an effort in managing pest 

populations at a low population level. 
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