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Intensive agriculture has caused significant declines in ground-dwelling arthropod

diversity and ecosystem services. Chemical and organic fertilizers alter arthropod

habitats, affecting arthropod community abundance and diversity. Fertilization

treatments differentially affect arthropod communities, and various soil physico-

chemical properties differentially affect various species in the arthropod community.

Studying arthropod diversity, community structure, and soil physico-chemical

properties under various fertilization treatments is crucial to understanding the

impact of agricultural activities. We used pitfall traps to catch ground-dwelling

arthropods four times a year, and analyzed arthropod abundance and biodiversity

indices under different fertilization treatments The study revealed that Lycosidae and

Araneidae were the dominant family in the study area. Notably, the application of

both chemical and organic fertilizers led to a decrease in ground-dwelling arthropod

diversity compared to unfertilized treatments. Furthermore, our analysis indicated

that the strongest environmental predictors of ground-dwelling arthropod

community variation varied depending on the fertilization method, and different

species were affected differently by soil physico-chemical properties. Specifically,

when no fertilizationwas applied, soil total potassium and available phosphoruswere

the strongest predictors of arthropod diversity. Conversely, organic matter became

the primary determinant when organic fertilizers were used alone. Interestingly,

when chemical and organic fertilizers were combined, soil total nitrogen, pH, and

available phosphorus were identified as the principal drivers. Additionally,

our findings highlighted that the dominant group of ground-dwelling arthropods

was particularly sensitive to changes in biomass, available nitrogen, and

available potassium.
KEYWORDS

agricultural landscape, fertilization treatment, ground-dwelling arthropods, species
diversity, functional groups
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1 Introduction

The intensification of agriculture is one of the key factors in the

decline of global biodiversity (Tscharntke et al., 2005; Bongaarts,

2019). In intensive agricultural production, there is often a high

dependence on pesticides, fertilizers and other chemicals, incurring

a high degree of environmental pollution risks in agricultural

landscapes. Overuse of synthetic pesticides can negatively impact

pollinators and other beneficial insects, resulting the reduction of

their biodiversity and associated ecosystem services such as

pollination and pest control (Janssen and van Rijn, 2021; Bian

et al., 2022a; Marja et al., 2022). In recent years, the mechanization

of agriculture and the overutilization of land resources have resulted

in the large-scale reduction or even disappearance of semi-natural

habitats in agricultural landscapes, and excessive dependence on

high-yield monocropping has greatly reduced the heterogeneity of

agricultural landscapes, therefore referred to as landscape

simplification (Gabriel and Tscharntke, 2007; Lu et al., 2019;

Nelson and Burchfield, 2021; Bian et al., 2022b; Marja et al.,

2022). As a result, the ecosystem function of agricultural

landscapes is damaged and the quality of ecosystem services are

reduced, which seriously threatens the sustainability of agricultural

production (Green et al., 2005; Lu et al., 2019).

Arthropods are the most diverse species in the animal kingdom

and have been a major success in invertebrate evolution. They are an

important component of ecosystems within terrestrial biomes

(Edgecombe and Legg, 2014) and have a close relationship with

human life. Arthropods are an important component of

agroecosystems and are widely distributed in agricultural landscapes.

Arthropod diversity shapes biotic communities in agroecosystems,

holding potential to both negatively or positively impact crop health

and yield (Knapp and Řezáč, 2017). Studies have shown that fertilizer

treatments have a strong impact on arthropod communities. Organic

fertilizer application often results in greater diversity of life stages of

arthropods and increased diversity of carrion-feeding communities

(Kong, 2018), while excessive application has been demonstrated to

prolong arthropod larval development and reduce adult numbers

(Boiteau et al., 2008). Synthetic fertilizer application has greater

variability in its effects on arthropods, with some studies suggesting

that soil organic matter and phosphorus content are themain drivers of

changes in these communities (Gu et al., 2011), while others suggest

that soil effective nitrogen and carbon to nitrogen ratios have a greater

impact (Evans and Sanderson, 2018). A study showed that organic

carbon and total nitrogen in paddy soils were the main drivers of

arthropod density (Cao et al., 2022). Numerous studies have shown

that the combined application of chemical and organic fertilizers

increases arthropod diversity and richness and provides greater

community stability in relation to the application of chemical

fertilizers alone (Wu et al., 2019; Zhang, 2019). In reality, the

mechanical and chemical perturbations of intensive agriculture have

pushed fertilizer application on farmland beyond the threshold for

positive effects on arthropods, negatively affecting the stability of

arthropod community structure (Bedano et al., 2005; Kong, 2018).

Some studies have also shown that fertilization treatments have no

significant effect on spider population size (Zhang, 2013). At present,

the changes in composition and diversity of ground-dwelling
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arthropod communities and the ecological mechanisms driving these

due to fertilization treatments are not clear (Garratt et al., 2011; Meyer

et al., 2019; Jacquot et al., 2019).

In this study, we aimed to investigate the effects of various

fertilization treatments on ground-dwelling arthropod community

structure and diversity in response to environmental changes. The

study provides vital data to incorporate into biodiversity conservation

decisions in agricultural landscapes and will help enhancing ecosystem

service quality in the Huang-Huai-Hai Plain region. It also helps

inform the sustainable development of agriculture.
2 Materials and methods

2.1 Site description

The Huang-Huai-Hai Plain is an important agricultural economic

zone and main grain producing area in China. The study area is

established at the Ecological Experimental Station of Henan University,

situated in Shuidao Township (114°18′12″E, 34°52′06″N), Kaifeng
City, Henan Province (Figure 1), which locates in a typical area of

the Huang-Huai-Hai Plain. The region has a warm-temperate

continental monsoon climate. The mean annual temperature is 14.4°

C. Precipitation is mostly concentrated in the summer, with a mean

annual precipitation of 668.3 mm. The mean annual number of

sunshine hours is 2107.8 h. The soil matrices and types in the study

area are mainly Yellow River silt and sandy loam. Because of its flat

terrain and four distinct seasons, this region is suitable for crop

cultivation, and the staple crops are wheat and corn.
2.2 Experimental setup

To compare different fertilizer treatments, we established 12

sample plots, each 3 m × 5 m in size and fenced with PVC boards.

There was a 0.5 m buffer strip between all plots with drainage

ditches to minimize waterlogging, fertilizer leaching, and lateral

transfer of fertilizer during extreme precipitation events. No crops

are planted around the sample plots.

The planting pattern was based on a winter wheat-summer

maize biannual crop rotation system, and the planting varieties

were referenced to the Fengqiu Agro-ecological Experimental

Station of the Chinese Academy of Sciences. The wheat variety

was Dwarf Resistance 58, and the maize variety was Zhengdan 958.

Fertilizer treatments were assigned in a randomized block design,

where four fertilizer treatments were selected, with three replicates for

each treatment. Fertilizer treatments were selected in consultation with

local agricultural technology instructors, and included compound

fertilizers with N:P:K of 15:15:15 and commercial organic fungal

fertilizers formed by fermentation of soybean meal and bran. The

four groups of fertilizer treatments were as follows: (1) No fertilizers

(CK), (2) application of chemical fertilizers only (NPK), (3) application

of organic fertilizers only (OM), and (4) combined application of

chemical fertilizers with organic fertilizers (OMNPK). In the NPK

and OMNPK treatments, the compound fertilizer was applied as a base

fertilizer at 750 kg/ha before sowing at the end of September in the
frontiersin.org
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wheat season, and was applied as a follow-up fertilizer at 750 kg/ha in

March of the following year. In the maize season, before sowing in early

June, compound fertilizer was applied as a base fertilizer at a rate of 750

kg/ha. In the OM and OMNPK treatments, organic fertilizer was

applied throughout the year totaling 3600 kg/ha (the conventional rate).
2.3 Sample collection

2.3.1 Ground-dwelling arthropod sampling
According to previous literature on biodiversity survey of

ground-dwelling arthropod in different regions (Fahrig et al.,

2015; Ng et al., 2018; Martin et al., 2020; Bian et al., 2022a, b), we

conducted surveys four times in 2022: 1) the wheat growing season

in March, 2) the wheat maturing season in May, 3) the maize

growing season in July, and 4) the maize maturing season in

September. These surveys were conducted using the pitfall trap

method. Traps were set up at three randomly selected sampling sites

in each sample plot, spaced at least 2 meters apart. Polypropylene

plastic cups with a diameter of 7.8 cm, bottom diameter of 6 cm,

and depth of 12.5 cm were buried in the soil. The mouth of the cups

was set flush with the surface and a rain shield containing saturated

saline and detergent was set 5 cm above them. The traps were left in

the field for 5 days and then retrieved. The macrofauna were sorted

out of traps in situ by hand after mixing the three samples from the

same plot. The collected arthropods were stored in 10 mL centrifuge

tubes with lids containing 95% alcohol, numbered, and transported

to the laboratory for species-level identification according to

taxonomic literature.

2.3.2 Soil samples
Soil samples were collected at the same time as the ground-

dwelling arthropods. Soil samples were collected from three

randomly selected sample points in each sample area, and after

removing surface debris, a 3.5 cm diameter soil auger was used to
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auger 0-10 cm and 10-20 cm of surface soil. The three 0-10 cm and

10-20 cm soil samples were mixed well and passed through a 2 mm

soil sieve. They were then brought back to the laboratory in sealed

bags. 100 g of each soil sample was taken to determine the moisture

content of the soil, and the remaining part of each soil sample was

placed in a cool and ventilated place to dry naturally and then sieved

for the determination of soil physico-chemical properties.
2.4 Data analysis

2.4.1 Indicators of ground-dwelling
arthropod diversity

Densities were calculated based on the number of ground-

dwelling arthropod individuals captured. Species with relative

densities above 10% were considered dominant family, those with

relative densities between 1% and 10% were considered common,

and those with relative densities less than 1% were considered rare.

Species diversity indices were computed using the Shannon-Wiener

Diversity Index, the Simpson Index of Dominance, the Margalef

Index of Richness, and Pielou’s evenness index (Simpson, 1995).

Diversity indices were calculated using Jaccard’s similarity index,

Sørensen’s index, and Simpson’s similarity index.

a species diversity index:

Shannon−Wiener diversity index (H 0)=o
S

i=1
PilnPi

Simpson0s diversity index (D)=1−o
S

i=1
P2
i

Pielou0s evenness index (E)=
H 0

lnN

Margalef  richness index (R)=
S−1
lnN
FIGURE 1

Overview map of the study area.
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S is the number of taxa of soil animals; N is the total number of

individuals of all species in the community; Pi is the proportion of

the number of individuals of Class i soil animals to the total number

of individuals.

b species diversity index:

Jaccard 0 s   index   (bj) =
a + b

a + b + c

So=rensen 0 s   index   (bs) =
a + b

a + b + 2c

Simpson similarity index(b  sim)=
min (a,b)

c+min (a,b)

a is the number of species unique to the first quadrat, b is the

number of species unique to the second quadrat, and c is the

number of species common to both quadrats.

2.4.2 Feeding habits of ground-
dwelling arthropods

The captured ground-dwelling arthropods were classified into four

groups by their feeding habits: predatory arthropods, herbivorous

arthropods, saprophytic arthropods, and omnivorous arthropods,

based on soil fauna feeding (Liu, 2019).

2.4.3 Statistical analyses
The statistical analysis methods used in this study included principal

coordinates analysis (pCoA), multivariate ANOVA, theMentel test, and

Pearson correlation analysis. Among them, pCoA was used to study the

differences in species composition of ground-dwelling arthropod

communities among different fertilizer treatments; Multivariate

ANOVA was used to study the effects of fertilizer and pesticide

interference mode, time, and their interaction on ground-dwelling

arthropod diversity indices and soil physico-chemical properties, and

the significance of the differences was tested by LSD Duncan and

Kruskal-Wallis rank-sum tests; and Mentel test was used. The key soil

physico-chemical properties affecting ground-dwelling arthropods were

screened out, and the relationship between species composition and

diversity index of ground-dwelling arthropods and soil physico-chemical

properties was investigated by Pearson correlation analysis. All

calculations were performed using R (Version 4.3.2, www.r-project.org).
3 Results

3.1 Species composition of ground-
dwelling arthropods in different
fertilizer treatments

A total of 523 ground-dwelling arthropods belonging to 9 orders and

34 families were captured in the CK sample. Among them, Lycosidae

(16.25%) and Linyphiidae (14.72%) were the dominant family.

According to their feeding habits, predatory arthropods accounted for

the highest proportion with 49.71%, followed by omnivorous arthropods

with 28.30%, saprophytic arthropods with 13.77%, and herbivorous

arthropods with the lowest proportion of 8.22%.
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A total of 312 ground-dwelling arthropods belonging to 8 orders

and 25 families were captured in the NPK sample. Among them,

Lycosidae (19.87%) was the dominant taxon. According to their

feeding habits, predatory arthropods accounted for 54.17%,

omnivorous arthropods 33.33%, herbivorous arthropods 6.41%, and

saprophytic arthropods had the lowest percentage of 6.09%.

A total of 475 ground-dwelling arthropods belonging to 8 orders

and 34 families were captured in the OM sample. Among them,

Lycosidae (15.79%) and Linyphiidae (14.11%) were the dominant

family. According to their diet, 47.37% were predatory arthropods,

28.84% were omnivorous arthropods, 14.74% were herbivorous

arthropods, and 9.05% were saprophytic arthropods.

A total of 1,672 ground-dwelling arthropods were captured in the

OMNPK quadrats, belonging to 10 orders and 41 families. Among

them, Lycosidae (16.93%), Araneidae (10.83%) and Carabidae (8.25%)

are the dominant family. According to their food habits, predatory

arthropods account for 49.88%, omnivorous arthropods account for

30.44%, saprophytic arthropods account for 10.29%, and herbivorous

arthropods account for 9.39% (Figure 2A).
3.2 Changes in ground-dwelling arthropod
abundance at different sampling times

Ground-dwelling arthropod abundance varied by sampling time:

Under the CK treatment, ground-dwelling arthropod abundance was

highest in July, followed by May, September, and March; under the

NPK treatment, ground-dwelling arthropod abundance was highest in

July, followed by March and May, and lowest in September; and under

the OM treatment, ground-dwelling arthropod abundance was also

highest in July, followed by May, March, and September; Under the

OMNPK application, ground-dwelling arthropod abundance was

highest in May, followed by March and July, and ground-dwelling

arthropod abundance was lowest in September.

Averaged across all four sampling periods, the largest functional

group of ground-dwelling arthropods was predatory arthropods,

followed by omnivorous arthropods, saprophytic arthropods, and

lastly, herbivorous arthropods. Across all sampling times, predatory

arthropods were the most common functional group, followed by

omnivores. In March and September, herbivorous arthropods were the

third most abundant, followed lastly by saprophytic arthropods;

however, in July, these two functional groups switch in dominance

rank, and in May, they were roughly comparable (Figure 2B).
3.3 Changes in ground-dwelling
arthropod diversity

3.3.1 Changes throughout the year
We calculated diversity indices of ground-dwelling arthropods for

the whole year under different fertilization treatments, and concluded

that the Shannon-Wiener diversity index was significantly higher under

the CK treatment than the NPK treatment, and the Shannon-Wiener

diversity index was significantly higher under the OMNPK treatment

than that of the OM treatment. The Simpson diversity index, the

Margalef richness index, and the number of species were significantly
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higher under CK and OM treatments than NPK treatment (Figure 3).

There was a significant effect of NPK treatment on the Shannon-Wiener

diversity index, Simpson diversity index, Margalef richness index, and

number of species family (p<0.01), while the effect of OM treatment and

OMNPK on the diversity indices of the ground ground-dwelling

arthropod community was not significant.

3.3.2 Changes at different sampling times
Calculation of ground-dwelling arthropod diversity indices from

four sampling sessions under different fertilizer treatments showed that

Shannon-Wiener diversity indices were significantly (p<0.05) higher in

March than in July and September under the CK and NPK treatments,

and significantly (p<0.05) higher in May than in September under the

OMNPK treatment. Simpson diversity index was significantly higher

(p< 0.05) in March and May than in September under CK treatment

and in March than in September under OMNPK treatment. Pielou

evenness index was significantly higher (p< 0.05) in May than in July

under NPK treatment. Margalef richness index was significantly higher

(p< 0.05) in March than in July and September under CK treatment

and in May than in September under OMNPK treatment. The number

of species family was significantly higher (p<0.05) in July than in

September under the OM treatment, and significantly higher (p<0.05)

in May than in September under the OMNPK treatment (Figure 4). In

conclusion, the ground-dwelling arthropod diversity index was

significantly higher in the wheat season than in the maize season.
4 Discussion

4.1 Effect of different fertilizer treatments
on soil physico-chemical properties

Multifactorial analysis of variance (ANOVA) of different fertilizer

treatments, soil physico-chemical properties and crop biomass showed

that there was a significant effect of NPK on soil total nitrogen, total
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potassium, and crop root biomass (p<0.05). There was also a highly

significant effect of NPK on soil pH, total phosphorus, total potassium,

plant-available phosphorus, total carbon, crop spike biomass and culm

biomass (p<0.01). There was a highly significant effect of OM on soil

total carbon (p<0.01) and significant effect (p<0.05) of OMNPK on soil

total carbon (Table 1).

The application of organic fertilizer can improve the physical

properties of soil, which is manifested in the promotion of plant

growth and the return of litter, as well as the enhancement of soil

aggregates stability and nutrient retention ability. Chemical

fertilizer can also increase nutrient levels in the soil. However,

when the application amount exceeds a certain threshold, it may

lead to soil acidification, salinization and other phenomena, which

can negatively influence plant growth and soil animal biodiversity.
4.2 Effects of soil physico-chemical
properties on ground-dwelling
arthropod diversity

The results of the correlation analysis between ground-dwelling

arthropod diversity and soil physico-chemical properties in CK

treatment (Figure 5) showed that Margalef richness index of all

species was negatively correlated with crop root biomass (p<0.01),

and Pielou evenness index was positively correlated with soil total

potassium (p<0.01). The Shannon-Wiener diversity index was

positively correlated with soil phosphorus, negatively correlated

with spike biomass, negatively correlated with crop culm biomass,

and negatively correlated with soil phosphorus. The Simpson

diversity index was positively correlated with soil phosphorus,

and negatively correlated with crop culm biomass and soil

phosphorus. Simpson’s diversity index was positively correlated

with soil total potassium and plant-available phosphorus.

Both Shannon-Wiener diversity index and Simpson diversity index

of predatory arthropods were significantly and positively correlated
FIGURE 2

Ground-dwelling arthropod species composition and its polytope variation. (A) ground-dwelling species composition throughout the year under
different fertilizer treatments (B) Changes in ground-dwelling arthropod number at different sampling times.
frontiersin.org

https://doi.org/10.3389/fevo.2025.1437742
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Bian et al. 10.3389/fevo.2025.1437742
FIGURE 3

Diversity indices of ground-dwelling arthropods under different fertilization treatments throughout the year.
FIGURE 4

Ground-dwelling arthropod diversity index under different sampling time and fertilization treatments. Letters indicate significant (p>0.05) differences
between groups. Capital letters A, B and C represent ANOVA results of different treatments in the same month, lowercase letters a and b represent
ANOVA results of different months under the same treatment.
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with soil total potassium. The Margalef richness index of herbivorous

arthropods was significantly negatively correlated with crop root

biomass, and the number of species groups was significantly

positively correlated with soil pH, and negatively correlated with

crop culm biomass (p<0.01), plant-available nitrogen, and plant-

available potassium. The Shannon-Wiener diversity index was

significantly negatively correlated with plant-available nitrogen, crop

root biomass, and spike biomass, and negatively correlated with total

phosphorus (p<0.01), plant-available potassium, and crop culm

biomass. Simpson’s diversity index was significantly negatively

correlated with total phosphorus, and significantly negatively

correlated with total nitrogen and crop root biomass. For

saprophytic arthropods, the number of species was significantly and

positively correlated with organic matter content. For omnivorous

arthropods, Margalef’s richness index was significantly negatively

correlated with total phosphorus, plant-available potassium, and crop

culm biomass. Pielou’s evenness index was significantly negatively

correlated with total phosphorus, plant-available potassium, and crop

culm biomass, and highly significant negatively correlated with plant-

available nitrogen; Shannon-Wiener’s and Simpson’s diversity indices

were negatively correlated with crop culm biomass and plant-available

potassium (p<0.01), and highly significant negatively correlated with

crop root biomass and plant-available potassium; and the number of

species was significantly correlated with organic matter content.

Shannon-Wiener diversity index and Simpson diversity index were

significantly negatively correlated with crop culm biomass and plant-

available potassium, and with crop spike biomass and plant-

available nitrogen.
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The results of correlation analysis between ground-dwelling

arthropod diversity and soil physico-chemical properties under OM

treatments showed (Figure 6) that Margalef richness index of all

species was positively correlated with soil organic matter (p<0.01)

and negatively correlated with soil total nitrogen (p<0.05).

Shannon-Wiener diversity index was negatively correlated with

soil total nitrogen (p<0.05) and positively correlated with soil

organic matter (p<0.01). Simpson Diversity index was positively

correlated with soil organic matter (p<0.01).

The Margalef richness index of predatory arthropods was

significantly negatively correlated with soil total phosphorus, the

Pielou evenness index was positively correlated with soil total

potassium (p<0.01), the Shannon-Wiener diversity index was

significantly positively correlated with soil total carbon and soil pH,

significantly negatively correlated with crop spike biomass, and

negatively correlated with crop culm biomass, root biomass, plant-

available nitrogen and plant-available potassium (p<0.01). Simpson’s

diversity index was positively correlated with plant-available

phosphorus and negatively correlated with plant-available potassium.

The Margalef richness index of herbivorous arthropods was positively

correlated with soil plant-available phosphorus. The Pielou evenness

index of saprophytic arthropods was significantly and positively

correlated with soil total potassium, and positively correlated with

plant-available phosphorus (p<0.01). The number of species and the

Shannon-Wiener diversity index were significantly and positively

correlated with crop root biomass, and positively correlated with crop

culm biomass and spike biomass, and soil plant-available nitrogen and

plant-available potassium (p<0.01), and highly and significantly and

negatively correlated with soil pH and total carbon. The Margalef

richness index of omnivorous arthropods was significantly positively

correlated with total carbon and soil pH, and negatively correlated with

crop root biomass, pole biomass, spike biomass, plant-available

nitrogen, plant-available potassium (p<0.01). The Pielou evenness

index was significantly positively correlated with total carbon and soil

pH, and positively correlated with soil total potassium (p<0.01), and the

Shannon-Wiener diversity index was significantly positively correlated

with total carbon, soil pH was significantly positively correlated with

crop root biomass, culm biomass, plant-available nitrogen, plant-

available potassium, and highly significant negative correlation with

crop spike biomass, and Simpson’s diversity index was positively

correlated with soil whole potassium, and positively correlated with

soil whole carbon and soil pH (p<0.01).

The correlation between ground-dwelling arthropod diversity and

soil physico-chemical properties were weak under the NPK treatment

(Figure 7). The number of predatory arthropod species was

significantly negatively correlated with soil plant-available potassium.

The number of herbivorous arthropod species was significantly

negatively correlated with total nitrogen and soil pH, and the

Shannon-Wiener diversity index was significantly negatively

correlated with soil pH. Due to the low number of saprophytic

arthropods collected under the fertilizer-only treatment, a correlation

analysis could not be conducted on this subgroup.

The results of correlation analysis between ground-dwelling

arthropod diversity and soil physico-chemical properties under the

OMNPK treatment showed (Figure 8) that Margalef richness index,

Pielou evenness index, Shannon-Wiener diversity index and
TABLE 1 Results of multifactorial analysis of variance (ANOVA) for
different fertilizer treatments, soil physico-chemical properties and
crop biomass.

Soil
properties

Treatment

NPK OM OMNPK

WC 0.842 0.842 0.336

pH 10.525** 0.468 0.036

TN 5.345* 3.517 0.380

AN 7.900 2.301 2.553

TP 15.573** 0.039 0.192

AP 51.074** 0.010 0.060

TK 13.384** 1.312 0.661

AK 4.305* 1.755 0.577

TC 9.044** 9.413** 4.393*

OM 0.071 0.760 0.509

BE 37.006** 0.018 0.049

BR 7.907* 0.077 0.623

BS 15.979** 0.026 0.000
*p<0.05.
**p<0.01.
WC, soil water content; pH, soil acidity; TN, soil total nitrogen; AN, soil plant-available
nitrogen; TP, soil total phosphorus; AP, soil plant-available phosphorus; TK, soil total
potassium; AK, soil plant-available potassium; TC, soil total carbon; OM, soil organic
matter; BE, crop spike biomass; BR, crop root biomass; BS, crop culm biomass.
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Simpson diversity index of all species were positively correlated

(p<0.01) with total soil nitrogen, in addition to the significant

positive correlation between Simpson diversity index. Soil pH was

also significantly positively correlated with ground-dwelling

arthropod diversity, and the number of species was significantly

positively correlated with total nitrogen and plant-available
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phosphorus, and significantly negatively correlated with crop

root biomass.

The Margalef richness index of predatory arthropods was

significantly negatively correlated with crop culm biomass and

negatively correlated with soil total phosphorus (p<0.01), the Pielou

evenness index was significantly positively correlated with total carbon,
FIGURE 6

Correlation analysis between ground-dwelling arthropod diversity and soil physico-chemical properties under organic fertilizer treatment. (A) All
communities (B) Predatory (C) Herbivorous (D) Saprophytic (E) Omnivorous.
FIGURE 5

Correlation analysis between ground-dwelling arthropod diversity and soil physico-chemical properties under no fertilizer treatment. (A) All
communities (B) Predatory (C) Herbivorous (D) Saprophytic (E) Omnivorous.
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positively correlated with total nitrogen and soil pH (p<0.01), and

significantly negatively correlated with plant-available potassium. The

number of species was significantly negatively correlated with total

phosphorus and crop root biomass. The Shannon-Wiener diversity

index was significantly positively correlated with total carbon, and was

negatively correlated with crop root biomass (p<0.01), and the Simpson
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diversity index was significantly positively correlated with total

nitrogen. The Wiener diversity index was significantly positively

correlated with total carbon and negatively correlated with crop root

biomass, and the Simpson diversity index was significantly positively

correlated with total nitrogen. The Margalef richness index of

herbivorous arthropods was significantly positively correlated with
FIGURE 7

Correlation analysis between ground-dwelling arthropod diversity and soil physico-chemical properties under fertilizer-only treatment. (A) All
communities (B) Predatory (C) Her-bivorous (D) Saprophytic (E) Omnivorous.
FIGURE 8

Correlation analysis between ground-dwelling arthropod diversity and soil physico-chemical properties under fertilizer and organic fertilizer co-application
treatment. (A) All communities (B) Predatory (C) Phytophagous (D) Saprophytic (E) Omnivorous.
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soil water content, total carbon and plant-available phosphorus,

significantly positively correlated with soil total potassium, and

significantly negatively correlated with crop root biomass and plant-

available nitrogen, while the Pielou evenness index was significantly

positively correlated with crop root biomass, as well as significantly

negatively correlated with soil plant-available phosphorus, and

significantly negatively correlated with soil water content, total

potassium, and total carbon. The number of species was negatively

correlated with crop root biomass. The Shannon-Wiener diversity

index and Simpson diversity index were positively correlated with soil

pH and crop spike biomass, and negatively correlated with plant-

available phosphorus, and negatively correlated with total potassium

and plant-available nitrogen. For saprophytic arthropods, the number

of species and crop spike biomass had a significant positive correlation,

while there was a highly significant negative correlation with soil pH, a

significant negative correlation with plant-available nitrogen and plant-

available potassium. There was also a significant positive correlation

between the Shannon-Wiener diversity index and soil pH, a highly

significant negative correlation with soil plant-available nitrogen, and a

significant negative correlation between the Simpson diversity index

and plant-available nitrogen. For omnivorous arthropods, the Margalef

richness index was significantly positively correlated with soil total

potassium, highly significant positively correlated with water content

and total carbon, and significantly negatively correlated with crop root

biomass, the number of species family was negatively correlated with

crop root biomass, positively correlated with soil total potassium, and

positively correlated with soil plant-available phosphorus (p<0.01), and

Shannon-Wiener diversity index was significantly negatively correlated

with total nitrogen and total carbon, and Simpson diversity index was

significantly negatively correlated with plant-available nitrogen. The

Shannon-Wiener diversity index was significantly positively correlated
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with total nitrogen and total carbon, significantly positively correlated

with plant-available phosphorus, and significantly negatively correlated

with crop root biomass, and the Simpson diversity index was

significantly positively correlated with total soil nitrogen.

The abundance of ground-dwelling arthropod is the lowest

under NPK treatment compared with other treatments, in

agreement with previous research (Wang et al., 2016; Huang

et al., 2023). The application of organic fertilizer has less impact

on soil animal diversity, and could even increase the diversity by

providing food sources and habitat coverage. However, the diversity

of predatory, saprophytic and omnivorous were not increased in

this study. This may be related to the application amount of organic

fertilizer. The growth of intermediate host plants is good under OM

treatment, and they provide space for phytophagous arthropod to

survive, so the abundance of the phytophagous is the highest.

Diversity of ground-dwelling arthropod under NPK treatment is

less affected by the environment. It is highly likely that the

application of NPK has a direct lethal effect on ground-dwelling

arthropod, therefore, the influence of environmental factors

was weakened.
4.3 Drivers of ground-dwelling arthropod
community structure

To identify the soil physico-chemical properties that influence

characteristics of the ground-dwelling arthropod community under

different fertilization treatments, we performed a Mantel test

correlation between the Bray-Curtis distance matrix for the

ground-dwelling arthropod community and the Euclidean

distance matrix for the soil physico-chemical parameters (Figure 9).
FIGURE 9

Correlation analysis between ground-dwelling arthropods and soil physico-chemical properties under different fertilization treatments.
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In the control plots, soil total potassium significantly (p<0.05)

affected the community composition of all species and highly

significantly (p<0.01) affected the community composition of

predatory arthropods, soil plant-available potassium significantly

(p<0.05) affected the community composition of herbivorous

arthropods, and crop spike biomass, root biomass, and culm biomass

all significantly (p<0.05) affected the community composition of

omnivorous arthropods (p<0.05). Community composition of

predatory arthropods was significantly (p<0.05) affected by soil total

potassium under OM treatment, and community composition of

saprophytic arthropods was significantly (p<0.05) affected by soil

plant-available nitrogen, total potassium, crop root biomass, culm

biomass, and spike biomass. Overall community composition was

significantly (p<0.05) affected by soil total phosphorus and soil total

potassium under NPK treatment, while predatory arthropods were

significantly (p<0.05) affected by soil total nitrogen and total

phosphorus content, and highly significantly (p<0.01) affected by soil

plant-available nitrogen and plant-available phosphorus content.

Under OMNPK treatment, overall community composition was

significantly (p<0.05) affected by soil pH, soil plant-available

phosphorus, plant-available potassium, and total carbon content, and

predatory arthropods were significantly affected by soil plant-available

phosphorus, plant-available potassium, and crop root biomass

(p<0.05); and highly significantly affected (p<0.01) by soil total

carbon. Herbivorous arthropods were significantly (p<0.05) affected

by soil total carbon, saprophytic arthropods were significantly (p<0.05)

affected by soil total nitrogen, and omnivorous arthropods were

significantly (p<0.05) affected by soil pH and plant-available

potassium content.
5 Conclusion

This study systematically analyzed the impacts of diverse

fertilization treatments on soil physico-chemical properties and

the abundance and diversity of ground-dwelling arthropods, and

subsequently delved into the relationships therein. The results

evidently demonstrate that 1) both organic and chemical

fertilizers are capable of significantly decreasing the abundance of

ground-dwelling arthropods. However, with respect to the diversity,

it was observed that when only organic fertilizer was applied, the

diversity of herbivorous arthropods reached the highest level. 2) By

comparing the results of the four surveys, it was found that the

community composition of ground-dwelling arthropods changed

significantly during the maize growing season in July. This was

manifested in the highest abundance and diversity of ground-

dwelling arthropods. 3) The responses of ground-dwelling

arthropods to soil physico-chemical properties vary under

different fertilization treatments. The diversity of ground-dwelling

arthropods exhibited a weak correlation with the soil physico-

chemical properties under the NPK treatment, yet a strong

correlation was observed under the OMNPK treatment.

The study still has some limitations. Firstly, the experiment in this

study was not replicated over multiple years. Although the data from a

single year could explicate the scientific issues of our concern, it is

essential to conduct amulti-year comparative study. Secondly, since the
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number of species of ground-dwelling arthropods that we collected is

large and the identification was rather difficult, only families were

identified in this study. If the species identification level could be

improved in future studies, it would be helpful to refine the functional

group of the ground-dwelling arthropods. Lastly, we only focused on

different fertilization treatments in this study. However, there are many

agricultural management practices that could impact ground-dwelling

arthropods, such as the application of pesticides. Fully considering

fertilization treatments, pesticide applications and other potential

disturbances in follow-up studies will help to better understand the

interaction mechanism between ground-dwelling arthropods and the

improvement of the food production environment.

Ground-dwelling arthropods are sensitive to the variations of the

surrounding environment in agricultural landscapes. The ground-

dwelling arthropods focused on in this study are predominantly

natural enemies. Against the backdrop of agricultural intensification

and the biodiversity crisis, it is imperative to reinforce their protection.

By appropriately applying fertilizers and creating a suitable living

environment to increase the abundance and biodiversity of predatory

arthropods in agricultural landscapes, the number of herbivorous

arthropods can be decreased through integrated pest management,

while simultaneously enhancing the stability of the ecological network.

This holds great significance for biodiversity conservation, the

provision of ecosystem services in agricultural landscapes, and the

integrated pest management of terrestrial ecosystems.
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