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Abstract. Hasibuan R, Cindowarni O, Lumbanraja J, Lumbanraja FR. 2022. Impact of soil fertilization on arthropod abundance and 
diversity on soybean agroecosystem. Biodiversitas 23: 1828-1835. Arthropods are biotic components that play an important role in the 
ecosystem. The field experiment consisting five fertilizer treatments: 100% NPK, 100% organic fertilizer, 100% NPK and 50% organic 
fertilizer, 50% NPK and 100% organic fertilizer, and no fertilizer was conducted to study the arthropod abundance and diversity in 

soybean agroecosystem. Pitfall traps were set up for collecting soil arthropods, while data for foliar arthropods were obtained by visual 
observation. During the study, the soybean agroecosystem was inhabited by 2756 arthropods that belong to 64 families. The results of 
arthropod community composition indicated that soil and foliar arthropods were most dominated by Coleoptera and Hemiptera. 
Predators were the most abundant in pitfall traps and herbivores with a visual inspection. Additionally, predators had the highest number 
of families. Soil fertilizer treatments had a significant impact on the abundance of foliar arthropods and soil arthropods. The highest 
numbers of foliar arthropods were found in soybean plants treated by inorganic fertilizer (NPK) either alone or in combination. 
However, soil arthropods were most abundant in soybean treated by organic fertilizer. The application of organic fertilizers to the 
soybean agroecosystem was able to increase the diversity of ground-dwelling arthropods and foliage-inhabiting arthropods across 

sampling periods. 
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INTRODUCTION 

Soybean is one of the most important cultivated crops 

worldwide. Soybean is primarily used for producing oil and 
protein for human and animal consumption (Asodina et al. 

2020; Da Silva et al. 2020; Harsono et al. 2021). In Indonesia, 

soybean is also considered a valuable crop (Lestari et al. 

2018) and has become the third major commodity after rice 

and maize (Hasan et al. 2015). One of the main factors that 

cause low soybean production is pest attack and damage. 

Several arthropod pests attack soybean starting from the 

early vegetative growth until the late reproductive stage 

(Greene et al. 2021; Thrash et al. 2021). For soybean growers, 

pesticides become the predominant pest management 

program in controlling soybean pests (Biondi et al. 2012; 
Hodgson et al. 2012; Karenina et al. 2019; Majidpour et al. 

2020). However, excessive use of pesticides generates 

many ecological problems, agricultural environment 

contamination, natural enemy destruction, and the appearance 

of pest resistance to pesticides (Biondi et al. 2012; Jia et al. 

2012; Gill and Garg 2014; Quarcoo et al. 2014). 

Arthropods are biotic components that have an 

important role in the ecosystem (Gonçalves and Pereira 

2012; Mattson 2012; Culliney 2013; Elie et al. 2018). The 

arthropod community in soybean fields is known to have 

different ecological roles, they include herbivorous pests, 

natural enemies (predators and parasitoids), and detrivores 

(Adams et al. 2017; Karenina et al. 2019; Anggraini et al. 
2020; Anggraini et al. 2021). These different groups can 

perform stability in the soybean field ecosystem by 

building a complex food web (Mattson 2012; Burgio et al. 

2015; Riggi and Bommarco 2019). Maintaining ecological 

stability is mandatory for the development of biological 

control. The use of natural enemies in biological control, 

such as predators and parasitoids, is one of the important 

pest management strategies in controlling the pest 

population (Hodgson et al. 2012; Dunbar et al. 2016; 

Adams et al. 2017; Redlich et al. 2019). The concept of 

agroecosystem management by maintaining a complex 
food web is expected to create a resilient agroecosystem 

that can prevent the explosion of pests so that it can result 

in sustainable pest management (Dominik et al. 2018; Elsa 

et al. 2019). On the other hand, arthropods are highly 

responsive to environmental changes, such as fertilizers, 

pesticides, weed management, cover crop, grazing 

management, pest management, prey availability, plant 

composition. Many publications have reported that these 

cultivation practices have been shown to have an impact on 

arthropod populations in an agroecosystem: grazing 

management systems on coleopteran dung beetles 
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(Magdoff and van Es 2021), mulches, and pest 

management on arboreal arthropod in chili pepper 

(Herlinda et al. 2021), weed management on arthropod 

communities (Bryant et al. 2013), plant composition on 

arthropod pest and predator abundance (Parry et al. 2015), 

insecticide on not-targeted arthropods (Hanif et al. 2020), 

tillage and chlorpyrifos on soil arthropods (Cardoza et al. 

2015), insecticides on the abundance of canopy arthropods 

(Prabawati et al. 2019). In addition, Culliney (2013) 

reported that soil nutrient has an impact on arthropod 
communities by enhancing arthropod growth, fecundity, 

survival, and density. Fertilizer is one of the essential 

components for agricultural crop production (Magdoff and 

van Es 2021). As a part of cultural control, soil fertilization 

management can have a significant effect on the 

physiological performance of crop plants to arthropods pest 

attack. Generally, arthropods biodiversity in a soybean 

ecosystem plays an important role in maintaining 

ecological stability in the soybean field ecosystem. Hence, 

the research to investigate the effect of soil fertilization on 

the abundance and diversity of arthropods in the soybean 
agroecosystem was conducted. 

MATERIALS AND METHODS 

The experimental site 

This research was conducted at the Integrated 

Agricultural Experimental Stations, the University of 

Lampung, Bandar Lampung, Indonesia, from June to 

November 2017. The experimental site is situated at 

5°22'11.38" S-105°14'25.96" E, at an altitude of 106 m 

above sea level. The plot area was 450 m2 (25 x 18 m) 

assigned into 15 experimental plots. The area for this 

research was prepared by plowing the field, then loosening 
and softening the soil, after that, the soil was leveled and 

shaped perpendicularly. Each plot size was 4 x 3 m with 

0.5 m spacing between plots. Anjasmoro, one of the 

commercial soybean varieties, was used in this experiment. 

According to Harsono et al. (2021), Anjasmoro is one of 

the soybean varieties that is broadly adaptive in all land 

conditions. The surface condition of each plot was marked 

by making a hole for the suitable plant to grow. Three 

seeds were placed in each hole, with 15 x 45 cm spacing. 

The five treatment descriptions and their application rates 

were: T0: no fertilization; T1 (100% NPK = 50 kg ha-1 

Urea + 80 kg ha-1 TSP + 150 kg ha-1 KCl); T2 (100% 
organic fertilizer = 10,000 kg ha-1 compost); T3 (100% 

NPK) + (50% organic fertilizer = 5000 kg ha-1 compost); D 

(100% organic fertilizer) + (50% NPK = 25 kg ha-1 Urea + 

40 kg ha-1 TSP + 75 kg ha-1 KCl). Each treatment was 

replicated three times. Therefore, the total number of 

experimental units was 15 assigned to each experimental 

plot prepared before. The layout of the soil treatments was 

arrayed in a randomized block design (RBD). In this study, 

organic fertilizer was compost, while NPK was a 

commercial chemical fertilizer. The organic and TSP 

fertilizer were applied one time after planting, but Urea and 
KCl were applied twice: 1 and 3 weeks after planting. Both 

organic and inorganic fertilizer spread above the soil 

surface near surrounding soybean plants according to each 

treatment description and its application rates. 

Arthropod sampling 

In this study, pitfall samplings were used to collect soil 

arthropods while direct visual observations to assess foliar 

arthropods. Adams et al. (2017) reported that soil arthropod 

was collected by using a pitfall trap, while foliar arthropod 

measurement was accomplished by visual inspection. A 

plastic cup with a diameter of 7 cm was used for preparing 

a pitfall trap. The plastic cups were dug into the soil with 
the lip even with the soil surface to ensure that there was no 

gap between the cup and the ground. Previously, the plastic 

cup was filled within a half volume of fluid, water mixed 

with 96% ethanol. A roof of the pitfall trap was set up by 

using mica plastic supported by four bamboos. This roof 

was necessary for preventing rainwater to enter the cup. 

From the middle rows of soybean plants, five soybean 

plants were selected randomly and labeled as sampled 

plants. Five pitfall traps were set up near the sample plants. 

The traps were installed in the evening and observed 24 

hours later. Sampling was conducted twice: at V3 (three 
nodes) and R3 (beginning pod) stages. Captured 

individuals using pitfall traps were put into glass vials 

containing 76% ethanol solution and labeled to avoid 

mistaken identification in the laboratory. 

Above-ground (foliar) arthropods were counted with 

visual observation and hand collection. The selected plants 

from each treatment plot were gently turned over, and 

soybean canopies were observed thoroughly for at least 5 

minutes for each sample. The numbers of arthropods on 

each sampled plant were counted quickly. The taxonomic 

identity of each arthropod was also recorded, however 
unknown species were placed in a 5-ml plastic tube 

individually for later identification. A magnifying glass 

was used to look for small arthropods. In a particular case, 

if a sample plant had an enormous number of arthropods 

(like aphids and another sap-feeding insect), ground cloth 

would be set up for scouting them. As previously 

explained, sampling of foliar arthropods was conducted 

twice: at V3 and R3 stages. 

All captured individuals using pitfall trap and hand 

collection were brought to the Arthropod Pests Laboratory, 

Faculty of Agriculture, Lampung University for arthropod 

identification. All collected arthropod individuals were 
identified at a family level. Arthropod identification was 

performed under a dissecting stereo-microscope. Data of 

arthropods were grouped based on their feeding guilds, 

comprised of herbivores, predators, parasitoids, detrivores, 

and arthropod order. In addition, the number of individuals 

of each tropic level from each sampled unit was recorded. 

Data analysis 

The abundance of arthropods was generated from the 

number of individuals in each treatment, while the diversity 

of arthropods was using the data of arthropods variety on 

family level. The number of individuals (the abundance) in 
each treatment was analyzed using Analysis of Variance, 

followed by the comparison of means with least significant 

difference (LSD) test (p<0.05) using the software SPSS 
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Statistics version 20.0. The number of families in each 

feeding guild was recorded and presented in the table. The 

relative abundance of arthropods on each feeding guild was 

calculated by dividing the number of individuals in the 

same feeding guild by total individual catches. The same 

method was done for relative abundance arthropods on 

each dominant order. The two relative abundances were 

presented in the form of a graphic. 

The arthropod diversity data were analyzed by using 

non-parameter statistics. Arthropod diversity was 
calculated by the Shannon-Wiener index (H') and Pielou 

evenness index (E) (Magurran 2004). The value of H' is 

given by: 
 

 
 

Where, Pi is the proportional number of individuals in 

ith species in total sample. 

The value E is given by,  
 

Where, H' is Shannon-Wiener index and S is the 

number of species. 

RESULTS AND DISCUSSION 

Arthropod community composition in soybean plots 

During the study, there were 2756 arthropod specimens 

(insects and spiders) collected from the soybean 

agroecosystem, of which 1654 were cached in a pitfall trap 

and 1102 arthropods by visual inspections. All arthropods 

in the samples were classified by trophic level, as 

herbivore, predator, parasitoid, and detrivore, and by order 

of arthropods presented in Figures 1 and 2. In general, the 

arthropod community composition in soybean plots was 

dominated by insects. This total individual was classified 

further into arthropod orders. The results showed that the 

dominant orders by the percentage of total specimens in 

pitfall traps were 31.6% Coleoptera, 26.5% Araneae, 9.2% 

Orthoptera, 7.2% Hemiptera, 6.5% Hymenoptera, 4.6% 

Lepidoptera. Meanwhile, the percentage of dominant order 

collected by visual observations were 22.2% Hemiptera, 

20.0% Coleoptera, 14.9% Lepidoptera, 9.2% Araneae, 
6.6% Homoptera, 5.5% Hymenoptera, 4.0% Orthoptera 

(Figure 1). This result indicated that different sampling 

methods assess different dominant arthropod orders. 

Homopteran insect pests only appeared in visual inspection 

sampling, which becomes the fifth dominant order of foliar 

arthropods. In the meantime, spiders (Araneae) were 

collected in two sampling methods. In pitfall trap sampling, 

Araneae was the second dominant arthropods (26.5%), but 

in visually inspected sampling was the fourth dominant 

order (9.2%). In general, most homopteran insects act as 

herbivorous arthropods, while spiders in the Araneae order 
act as predatory arthropods. Generally, the most dominant 

order of soybean arthropods found in pitfall trapping and 

visually inspection was Coleoptera (31.6%) and Hemiptera 

(22.2%). This result indicated that soil arthropods in the 

soybean agroecosystems were most dominated by 

Coleoptera, conversely, foliar arthropods were most 

dominated by Hemiptera. Anggraini et al. (2021) reported 

that the order of phytophagous insects found in the soybean 

canopy was Orthoptera, Hymenoptera, Coleoptera, 

Lepidoptera, and Hemiptera. On the other hand, the results 

of Adams et al. (2017) showed that the dominant orders of 
soil arthropods found in pitfall traps during the soybean 

growing season were Acari, Collembola, Hymenoptera, 

Coleoptera, Orthoptera, Diptera. 

 
 

 
 

 

 

Figure 1. Dominant arthropod orders sampled by pitfall trapping and visual inspections from soybean agroecosystem 
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All arthropods collected from the soybean agroecosystem 

during the study were further separated according to their 

feeding characteristics and tropic positions, in this case, it 

had been classified into four functional groups, herbivores 

(pests), predators, parasitoids, and detrivores. Overall 

results of the relative abundance showed that 36.29% 

soybean herbivores, 40.58% predators, 0.63% parasitoids, and 

22.50% detrivores were collected by pitfall trapping. 

Meanwhile, arthropods' relative abundance by visual 

observations was 48.78% soybean herbivores, 41.88% 
predators, 8.48% parasitoids, and 0.86% detrivores (Figure 

2). This result is in line with data presented in Figure 1, in 

which the most dominant order of soil arthropods was 

Coleoptera which mostly acts as predators and Hemiptera 

was, the most dominant order of foliar arthropods, which 

mostly act as herbivorous pests. These results indicated that 

the arthropod community composition in soybean agro-

ecosystem in pitfall trap was dominated by ground-dwelling 

arthropods with a functional group as predators, but in 

visual observation was foliage-inhabiting arthropods with 

feeding guild as herbivores. Meithasari et al. (2014) reported 
that Aphis sp. (Hemiptera), the uppermost abundance of 

insect pests of soybean plants and coccinellids (Coleoptera), 

were the most dominated predators of soybean crops. 

Different results were found by Anggraini et al. (2021), 

who reported that the most abundant phytophagous insect 

act as pests in soybean canopy was Lepidoptera, while in pitfall 

trap was hymenopteran ants that act as an entomophagous 

insect. Previously, Anggraini et al. (2020) reported that the 

species Odontoponera denticulata in hymenopteran order 

was found to be a dominant predator on soybean plants. 

Foliage and soil arthropods abundance 
In this study, the abundance of arthropods refers to the 

number of individual arthropods found at each particular 

plant sample. In general, the data in Table 1 indicated that 

the number of arthropods increased as the soybean plant 

grew from vegetative to reproductive stage. For instance, 

the mean number of foliar arthropods on soybean fertilized 

with the full dose of inorganic fertilizer (NPK), T1, was 

39.51 ± 12.23 individuals /5 plants at V3-stage increased to 

86.67 ± 21.67 individuals / 5 plants at R3-stage (Table 1). 

Similar results also appeared in all other treatments. This 

finding indicated that the growth of arthropod populations 

was closely associated with plant performance. At V3-stage 
(3rd trifoliate), soybean plants only have foliage, while at 

R3-stage (beginning pod), soybean plants already have new 

pods. This result demonstrated that the more diverse 

structure of the plant increased the habitat space for 

arthropods and became an important factor for contributing 

to higher arthropod colonization. During the study, we 

observed that foliar arthropods of soybean are mostly 

dominated by sap feeders and defoliating insect pests. Sap 

feeding insect pests predominantly belonged to the 

homopteran and hemipteran order, while defoliating insect 

pests were mostly lepidopteran and coleopteran insect pests. 
Based on direct visual observation, the most common insect 

pest that sucks the juice of soybean plants were aphids 

(Homoptera: Aphididae), bean bugs (Hemiptera: 

Alydidae), and green stink bug (Hemiptera: Pentatomidae). 

Meanwhile, the insect pest that consumed the soybean 

leaves was mostly cotton leafworm (Lepidoptera: 

Noctuidae). Besides insect pests, the soybean canopy is 

also inhabited by predators. The seven-spot ladybird 

(Coleoptera: Coccinellidae) was the most predominant 

predator that fed on other insects on soybean. 

This result indicated that chemical fertilizer (NPK) 

increased the abundance of the foliar arthropods in the 

soybean agroecosystem. This finding implies that fertilizer 

treatments can affect the physiology of crop plants that 
support arthropod colonization. Nitrogen is one of the 

important soil nutrients that have a significant effect on 

foliar insect arthropods. Plant with high nitrogen content 

was characterized by vigorous growth and succulence 

tissue, which is favourable for sucking insect pests to 

inhabit. According to Rhodes et al. (2019), the quantity of 

nitrogen in host plants is one of the important factors in the 

development and growth of insect herbivores, especially 

sap-feeding insects. The results of Hasibuan and 

Lumbanraja (2012) showed that soil fertility management 

had an impact on the sap-feeding aphid population on 
soybean plants. Other publications also reported that the 

nutritional value of the host plant could also influence other 

insects with different feeding guilds. The results of Pope et 

al. (2011) revealed that conventional fertilizer treatments 

affected the aphid parasitoid Diaeretiella rapae. 
 
 

 
 

Figure 2. Relative abundance of arthropods by each functional 

category (feeding guilds) in soybean agroecosystem 
 
 
Table 1. Mean number of individual foliar arthropods caught 
(Mean ± SE) at V3 and R3 stage of soybean 
 

Treatments 
Number of arthropods / 5 plants 

V3-Stage R3-Stage 

T0 20.55 ± 5.13 a 59.31 ± 19.45 a 
T1 39.51 ± 12.23 bc 86.67 ± 21.67 bc 
T2 26.40 ± 7.15 a 79.08 ± 19.69 b 
T3 41.00 ± 21.14 c 90.33 ± 29.74 c 
T4 31.67 ± 8.23 b 83.67 ± 27.71 b 
   

F Value 419.15 4.89 
Pr > F < 0.0001 0.0272 
LSD  2.3567 16.59 

Note: T0: no fertilizer; T1: 100% NPK; T2: 100% organic 
fertilizer; T3: 100% NPK + 50% organic fertilizer; T4: 100% 
organic fertilizer + 50% NPK; Same letters after means within the 
same column are the sign for non - significance difference based 

on LSD test, with significance level 5%. 
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The data in Table 2 indicated the number of soil 

arthropod in agroecosystem collected by pitfall trap 

sampling vary among treatment. If we compared this result 

with foliar arthropods, it is clear that the number of soil 

arthropods (Table 2) was higher than foliar arthropods 

(Table 1). This finding demonstrated that soil arthropods 

were more abundant compared to foliar arthropods in the 

soybean agroecosystem. Moreover, the result indicated that 

fertilizer treatment had a significant impact on the mean 

number (abundance) of soil arthropods at V3 stage (F4,8: 
648.63; P<0.0001) a R3 stage and (F4,8: 616.46; 

P<0.0001), respectively (Table 2). At the V3 stage, the 

highest number of soil arthropods was 85.14 ± 13.86 

individuals / 5 traps, and it was found on the soybean plant 

fertilized with a combination full dose of organic fertilizer 

with a half dose of NPK (T4). This number was 

significantly higher compared to other treatments except 

for the number of arthropods (77.14 ± 18.15 individuals / 5 

traps) soybean plants that had been organic fertilizer with 

full-dose treatment (T2). The same results also appeared at 

R3-stage, the highest number of ground-dwelling 
arthropods was 283.80 ± 35.52 individuals /5 traps, 

collected from the treatment T4 (combination 100% 

organic fertilizer and 50% NPK) followed by the treatment 

T2 (100% organic fertilizer) with the mean number of 

arthropods 269.36 ± 32.25 individuals / 5 traps. 

In this study, the organic fertilizer we used was 

compost. For soil-dwelling arthropods that act as a 

detrivore, organic matter can be used as a source of 

nutrients by breaking down the organic material. The most 

common detrivores collected during the study were 

springtails in the family of Cylistidae. In gaining the 
nutrients and energy, the springtails eat dead or decaying 

plants or animals in the soil. In the same habitat, soil 

predators get the energy by feeding other insects or mites in 

the soil. The presence of other animals such as springtails 

can be another alternative prey for the predators to supply 

their food. The most common predators we found on the 

ground in the soybean agroecosystem were ants in the 

Hymenoptera order. Based on this result, it can be inferred 

that applying a certain amount of organic fertilizer can 

promote soil arthropods colonization, which increases the 

abundance of soil arthropods in the soybean 

agroecosystem. Magdoff and van Es (2021) stated in their 
book that soils with high organic matter increase the 

abundance of ground-dwelling arthropods. Other 

publications reported that organic crop production 

increased the abundance of arthropods: carabids and other 

soil arthropods in a horticultural vegetable agroecosystem 

(Burgio et al. 2015) and soil arthropods in the olive grove 

ecosystem (Gonçalves and Pereira 2012). 

Foliar and soil arthropods diversity 

During the study, there were 64 families of arthropods 

that inhabited the soybean agroecosystem, of which there 

were 25 families of herbivores, 27 families of predators, 5 
families of parasitoids, and 7 families of detrivores (Table 

3). The data in Table 3 were generated by classifying all 

families during the study according to their feeding guilds 

to give general information about the variety of arthropod 

presence during the study. The data in Table 3 were further 

used to measure arthropod diversity in the soybean 

agroecosystem. Inhibiting by 64 families, it can be assumed 

that soybean agroecosystem had high biodiversity. Other 

results presented in Table 3 indicated that the highest 

number of arthropod families was predators, followed by 

herbivores. This result implies that predatory arthropods 

were the most diverse in the soybean agroecosystem. 

Anggraini et al. (2021) reported that there were 9 families 

found in a net trap of soybean canopy as phytophagous 
(pests) and entomophagous (predators) insects, and there 

were 6 families collected from pitfall traps in soybean 

cultivation. Moreover, Meithasari et al. (2014) reported that 

there were 4 dominant families of soybean pests found in 

soybean plantations, while the dominant predators were 3 

families. 

The diversity of arthropods in the soybean 

agroecosystem was calculated by using taxon-based 

methods, in our case, using families from the data 

presented in Table 3. Magurran (2004) in her book, stated 

that diversity measured by taxon-based methods is called 
taxonomic diversity. The two indices, diversity index Hʹ 

and evenness index E were calculated to measure the 

aspect of arthropod diversity in soybean agroecosystem and 

the results had been presented in Table 4 (foliar arthropod 

diversity) and Table 5 (soil arthropod diversity). The two 

Hʹ and E indices are complementary. Measuring diversity 

with only diversity index without evenness index is 

meaningless. The value of Hʹ gives the information on how 

diverse the species, in our study families, are in a given 

agroecosystem. The higher the index, the more diverse the 

species are in the habitat. In general, the value of Hʹ ranges 
from 0 to 5. However, in order to understand the meaning 

of a given value of H', the evenness index E (or 

equitability) also should be measured. Evenness index 

refers to the relative abundance of species in one habitat. 

The value of E ranges from 0 to 1. If the value of E is close 

to 1, this means all the species in that habitat are equally 

distributed. 

 

 
 
Table 2. Mean number of individual soil arthropods caught 
(Mean ± SE) at V3 and R3 stage of soybean 
 

Treatments 
Number of Arthropods / 5 Traps 

V3-Stage R3-Stage 

T0 27.27 ± 8.15 a 91.33 ± 27.45 a 
T1 37.51 ± 9.21 ab 117.04 ± 25.24 b 
T2 77.14 ± 18.15 c 269.36 ± 32.25 c 
T3 43.00 ± 18.73 b 179.50 ± 37.29 d 
T4 85.14 ± 13.86 c 283.80 ± 35.52 e 
   
F Value 648.63 616.46 

Pr > F < 0.0001 < 0.0001 
LSD  3.3943 12.463 

Note: T0: no fertilizer; T1: 100% NPK; T2: 100% organic 
fertilizer; T3: 100% NPK + 50% organic fertilizer; T4: 100% 
organic fertilizer + 50% NPK; Same letters after means within the 
same column are the sign for non - significance difference based 
on LSD test, with significance level 5%. 
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Table 3. The arthropods families separated into four guilds observed in a soybean agroecosystem 
 

Feeding guild Family (common name) Total 

Herbivore (pest) Aphididae (aphids), Agromyzidae (leaf-miner flies), Tephritidae (fruit flies), Lygaeidae (seed 
bugs), Plataspidae (bean plastaspids), Cydnidae (burrower bugs), Coreidae (coreid bugs), 
Pentatomidae (stink bugs), Alydidae (broad-headed bugs), Membracidae (treehoppers), 
Cicadellidae (leafhoppers), Delphacidae (planthoppers), Aleyrodidae (whiteflies), Coccoidea (scale 
insects), Pyralidae (snout moths), Noctuidae (armyworms), Erebidae (tiger moths, tussock moths), 

Carabidae (ground beetles), Anthicidae (ant-like beetles), Geometridae (geometrid moths), 
Chrysomelidae (leaf beetles), Cerambycidae (longhorn beetles), Gryllidae (true crickets), 
Acrididae (grasshoppers), Gryllotalpidae (mole crickets) 
 

25 

Predator Syrphidae (hoverflies), Asilidae (robber flies), Sphecidae (thread-waisted wasps), Apidae (digger 
bees), Vespidae (yellowjackets), Argidae (sawflies), Eurytomidae (eurytomid wasp), Formicidae 
(ants), Reduviidae (assassin bugs), Miridae (mirid bugs), Staphylinidae (rove beetles), Carabidae 
(ground beetles), Coccinellidae (ladybirds), Forficulidae (common earwigs ), Anisolabididae (ring-

legged earwigs), Tettigoniidae (katydids), Lycosidae (wolf spiders), Oxyopidae (lynx spiders), 
Tetragnathidae (long-jawed spiders) Linyphiidae (money spiders), Thomisidae (crab spiders), 
Salticidae (jumping spiders), Araneidae (orb-weaver spiders), Pisauridae (nursery web spiders), 
Clubionidae (sac spiders), Mantidae (praying mantis), Libelluidae (skimmers). 
 

27 

Parasitoid Braconidae (braconid wasps), Ichneumonidae (ichneumon wasps), Scelionidae (scelionid wasps), 
Tachinidae (tachinid flies), Eurytomidae (eurytomid wasp). 
 

5 

Detrivore Culicidae (mosquitoes), Scarabaeidae (scarab beetles), Isotomidae (smooth springtails), 
Spirobolidae (North American millipede), Cylistidae (cylistid isopod), Xystodesmidae 
(xystodesmid millipedes), Ectobiidae (wood cockroaches).  

7 

 
 

The value of the two indices for foliar arthropods was 

varied among all fertilizer treatments across all sampling 

periods (Table 4). In general, the value of H' in treated 

plants with various fertilizers was higher than that on check 

plants without fertilizer. At the V3 stage, the highest value 

of Hʹ for foliar arthropods was 3.30 and it was found on 

soybean plant fertilized with the combination of the full 

dose of organic fertilizer and half dose of NPK (T4), 
followed by H': 2.88 found on soybean plant fertilized with 

the full dose of organic fertilizer (T2) (Table 4). While the 

lowest value of Hʹ foliar arthropods was 2.55 assessed from 

soybean plants without fertilizer. The same results also 

appeared at the R3-stage, in which the highest Hʹ value, 

3.45 found on treatment T4 (100% organic fertilizer + 50% 

NPK) followed by treatment T2 (100% organic fertilizer), 

with H': 3.42. The lowest value of Hʹ at R3-stage was 2.50 

found on soybean plants without fertilizer (Table 4). 

Data in Table 4 also indicated that the value of 

evenness index E of foliar arthropods ranged from 0.47 to 

0.71 at two sampling periods. The value of E in treated 
plants with various fertilizers was higher than on check 

plants without fertilizer. At the V3 stage, the highest value 

of E was 0.69 found from the soybean plant fertilized with 

the combination of the full dose of organic fertilizer and 

half dose of NPK (T4), followed by E: 0.63 found on 

soybean plants fertilized with the full dose of organic 

fertilizer (T2). Meanwhile, the lowest value of E (0,58) was 

found on soybean plants without fertilizer (Table 4). The 

same results also appeared at the R3-stage, with the highest 

E value, 0.76 found on treatment T4 (100% organic 

fertilizer + 50% NPK) followed by treatment T2 (100% 
organic fertilizer), with E: 0.72. The lowest value of E for 

foliar arthropods was 0.53 found on soybean plants without 

fertilizer (Table 4).  

The results presented in Table 4 showed that the value 

of two indices, H' and E, at the R3 stage was higher 

compared to the V3 stage. This result indicated that the 

growth of soybean plants was related to the foliar arthropod 

diversity. The more diverse structure of the soybean plant 

at the R3-stage (beginning pod) provided more habitat 

space for arthropods to inhabit and became an important 

factor for contributing to the high arthropod diversity. In 

addition, the soybean fertilized with the combination of the 
full dose of organic fertilizer with a half dose of NPK 

resulted in a higher diversity index Hʹ and evenness index 

E of arthropods that inhabit the canopy soybean crops. 

These findings indicated that applying organic fertilizer to 

the crops gave a higher diversity of foliar arthropods in the 

soybean agroecosystem. These results were supported by 

Adams et al. (2017), who showed that the higher diversity 

indices of foliar soybean arthropods were found in organic 

farming systems. Bhatt et al. (2018) reported that the 

biodiversity of insect pests and their predators increased on 

organic okra agroecosystem. 

Data presented in Table 5 is the information of soil 
arthropods. The results demonstrated that the value of 

diversity index Hʹ ranged from 2.21 to 3.59 at two 

sampling periods. At the V3 stage, the highest value of Hʹ 

was 3.18 and it was found on soybean plant fertilized with 

the combination of the full dose of organic fertilizer with a 

half dose of NPK (T4) followed by H': 2.99 that it was 

found on soybean plant fertilized with the full dose of 

organic fertilizer (T2) (Table 5). While the lowest value of 

Hʹ soil arthropods was 2.21, and it was caught from 

soybean plants without fertilizer. The same results also 

appeared at R3-stage, the highest Hʹ value, 3.59, was found 
on treatment T4 (100% organic fertilizer + 50% NPK). 

However, the lowest value of diversity index Hʹ at R3-stage 

was 2.57 and it was found on soybean plants without 

fertilizer. 
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Table 4. The effect of soil treatment on the value of diversity H’ 
and evenness E of foliar arthropods at V3 and R3 stage soybean 

growth 
 

Plant 

stages 
Diversity 

indices 

Soil treatment 

T0 T1 T2 T3 T4 

V3 H` 2.55 2.84 2.88 2.76 3.30 

E 0.58 0.60 0.63 0.58 0.69 
       

R3 H` 2.50 3.23 3.42 2.94 3.45 

E 0.53 0.68 0.72 0.62 0.76 

Note: T0: no fertilizer; T1: 100% NPK; T2: 100% organic 
fertilizer; T3: 100% NPK + 50% organic fertilizer; T4: 100% 
organic fertilizer + 50% NPK 

 
 

 
Table 5. The effect of soil treatment on the value of diversity H’ 
and evenness E of soil arthropods at V3 and R3 stage soybean 
growth 
 

Plant 

stages 

Diversity 

indices 

Soil treatment 

T0 T1 T2 T3 T4 

V3 H` 2.21 2.66 2.99 2.56 3.18 

E 0.47 0.56 0.61 0.54 0.67 
       

R3 H` 2.57 3.23 3.42 2.94 3.59 

E 0.51 0.62 0.66 0.59 0.71 

Note: T0: no fertilizer; T1: 100% NPK; T2: 100% organic 
fertilizer; T3: 100% NPK + 50% organic fertilizer; T4: 100% 
organic fertilizer + 50% NPK  

 

 

 

On the other hand, the value of evenness index E of soil 

arthropods ranged from 0.51 to 0.71 at two sampling 

periods (Table 5). At the V3 stage, the highest value of E 

was 0.67, and it was found from the soybean plant 
fertilized with the combination of the full dose of organic 

fertilizer with a half dose of NPK (T4) followed by E: 0.61 

that it was found on soybean plants fertilized with the full 

dose of organic fertilizer (T2). However, the lowest 

evenness index value was 0.47, it was caught on soybean 

plants without fertilizer (Table 5). At the R3 stage, the 

highest value of E was 0.71 was found on treatment T4 

(100% organic fertilizer + 50% NPK). However, the lowest 

value of diversity index Hʹ at R3-stage was 0.51 and it was 

found on soybean plants without fertilizer (Table 5). 

Based on the value of two indices, H' and E, it was 
proved that applying the organic fertilizer to the soil 

increased the variety of soil arthropods. For soil-dwelling 

arthropods that act as a detrivore, organic matter has been 

used as a source of nutrients by eating dead or decaying 

plants or animals in the soil. In the same habitat, soil 

predators get the energy by feeding other insects or mites in 

the soil that mainly act as detrivores. The presence of other 

animals that act as detrivores can be another alternative 

prey for the predators to supply their food. The results of 

the existence of a wide variety of arthropods with different 

feeding guilds lead to the more complexity of a food web. 

It is an important factor in maintaining the ecological 
stability of the soybean agroecosystem. Other publications 

also reported that organic farming system increased the 

diversity of arthropods leading to ecological stability: 

higher diversity of soil arthropods in soybean organic 

farming systems organic (Adams et al. 2017), vegetable 

system on carabids and other soil arthropods (Burgio et al. 

2015); soil fauna in temperate forests (Elie et al. 2018), 

crop diversity through organic farming on natural enemies 

(Redlich et al. 2019), organic grazing management 

diversity of dung beetles (Wagner et al. 2021). 

In conclusion, during the study, there were a total of 

2756 arthropod specimens collected from the soybean 
agroecosystem, of which 1654 were cached in pitfall trap 

and 1102 arthropods by visual inspections. Based on 

arthropod's taxa, there were 64 families of arthropods 

inhabited the soybean agroecosystem during the study, of 

which there were 25 families of herbivores, 27 families 

predators, 5 families of parasitoids, and 7 families 

detrivores. Predatory arthropods were the most diverse in 

taxa on the family base in the soybean agroecosystem. The 

dominant arthropod order was Coleoptera sampled by 

pitfall trapping and Hemiptera sampled by visual 

inspections. The population of arthropods in each category 
of sampling increased as the soybean plant grew from 

vegetative to reproductive stage. Meanwhile, the number of 

arthropods was significantly affected by fertilizer 

treatments across sampling periods (V3 and R3 stage) 

collected by visual inspections and pitfall trapping. 

Application inorganic fertilizer NPK, either in single or in 

combination, in soybean crops significantly increased the 

abundance of the foliar arthropods. On the other hand, 

applying organic fertilizers (compost) significantly 

increased the soil arthropod population. The arthropod's 

taxa used for measuring diversity was family level. The 
value diversity index Hʹ and evenness index E for foliar 

and soil arthropods were higher at the R3 stage than that on 

at V3 stage. The highest diversity of foliage inhabiting 

arthropods and ground-dwelling arthropods was found in 

soybean agroecosystem fertilized with the combination of 

the full dose of organic fertilizer and half dose of NPK. 
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