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ABSTRACT

Soil biota is very diverse and contributes widely to ecosystem services that are important in
the sustainable function of natural and managed ecosystems. Knowing the condition of the
soil food web through the communities that inhabit it is necessary to assess the productivity
of the soil. Nematode communities in the soil food web can be used as indicators because
of their high abundance, and they inhabit various trophic levels, and participate in several
important processes in the soil. The soil food web condition from three locations (Agrl,
Agr2, Agr3) through the nematode functional index was evaluated using the maturity index
(MI), the maturity index 2-5 (MI-25), the plant-parasitic index (PPI), the channel index
(CI), the enrichment index (EI), the structure index (SI), and the basal index (BI). Nematode
diversity was evaluated using Simpson’s index of diversity, dominance, and evenness. The
MI and MI2-5 scores indicated that Agr3 (3.81) had an undisturbed food web, while Agr2
(2.88 and 3.0) and Agrl (2.5 and 2.51) were in a moderate condition with minor disturbances.
Fauna profile analysis using SI and EI shows that Agr3 and Agrl had an undisturbed soil
food web, and Agr2 was in enriched conditions. CI results found that Agrl and Agr3 had

a fungal decomposition pathway while Agr2

had a bacterial decomposition pathway.
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INTRODUCTION

Soil is the foundation of terrestrial
ecosystems, where the majority of the
ecosystem services humans need come from.
These ecosystem services are inherently
dependent on soil health and the diversity
of soil food web biota. They play a role
in nutrient cycling, mineralization, and
decomposition. The agricultural practice
affects the soil food web structure and
services providing by the soil (de Vries et
al., 2013). Banana is one of the leading fruit
commodities in West Java and contributes
about 15.5% of national production
(Statistics Indonesia [BPS], 2019). In West
Java, Cianjur Regency is the largest banana
producer with 1.12 million tons in the last
five years (BPS, 2019). It is important
to regularly evaluate soil food webs for
sustainable crop yields and soil health
(Kibblewhite et al., 2008).

Nematodes can be used as indicators
of the soil food web because they meet
several conditions as a good indicator:
large abundance, varying trophic levels,
and diverse life strategies (Brussaard et
al., 2004). Nematodes also have several
advantages as indicators: nematodes have
a short generation period that allows them
to respond quickly to food availability and
environmental disturbance (Bongers, 1990;
Wasilewska, 1989). Nematodes trophic
levels are also useful for determining
ecosystem function, and they are easily
identified and low in cost (Neher et al.,
1995). The nematode community structure
index also reflects the process of soil
succession (Neher & Campbell, 1994) and

can be used as a bioindicator in monitoring
the condition of agricultural soils (Bongers
& Ferris, 1999; Wasilewska, 1989; V. R.
Ferris & Ferris, 1974).

To assess soil food webs through the
nematode community several indexes
developed using the colonizer-persister
scale (c-p scale), such as the maturity index
(MI) for free-living nematodes and the
plant-parasitic index (PPI) for herbivorous
nematodes (Bongers, 1990). The nematode
community can be used to analyze food
web conditions and describe ecosystem
succession levels based on groups of
nematode feeding habits. Nematode
communities were accessed using an
ecosystem functional index consisting of
enrichment index (EI), basal index (BI),
channel index (CI), and structural index
(SD) (H. Ferris et al., 2001). Nematodes have
the potential as bioindicators for assessing
disturbance from banana system practices
and evaluating soil health.

Research on nematodes to evaluate soil
and environmental health in Indonesia is still
limited. Nematode studies in Indonesia focus
on plant-parasitic nematodes (Budiman et
al., 2020; Djiwanti, 2019; Handayani et al.,
2020; Kurniawati et al., 2020; Lisnawita et
al., 2012; Mirsam et al., 2020; Mutala’liah
etal., 2018), parasites in vertebrates (Ahmad
& Tiffarent, 2020; Baihaqi et al., 2019;
Khoirani et al., 2020; Sakaguchi et al.,
2019), and nematode ecology (Krashevska
et al., 2019). Therefore, this research needs
to be carried out considering the great
benefits and advantages of nematodes as
bioindicators and the limited research on
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nematode ecology in Indonesia. This study
aimed to evaluate banana soil food webs
using nematode communities.

MATERIALS AND METHODS
Experimental Design

The experimental design in this study is
quantitative observation. The nematode
functional index was used to analyze
community data taken from three locations
(Agrl, Agr2, and Agr3). The results of the
analysis were described according to the
interpretation of each index and did not use
any statistical analysis.

Site Description

Soil sampling was in Mekargalih Village,
Cianjur Regency, West Java, Indonesia
because it is the largest banana producer
in West Java (BPS, 2019). Three banana
systems were used for soil sampling with
all location coordinates recorded using the

Table 1

Soil physicochemical properties of all locations

Global Positioning System (GPS) from
Google Maps and converted to sexagesimal
using Microsoft Excel. Agr2 (6°41°37” S,
107°12°5” E) is the largest banana system
with 481 m?, the second largest is Agr3
(6°41°317 S, 107°12°9” E) with 433 m?, and
the smallest is Agrl (6°41°34” S, 107°12°6”
E) with 412 m?. Soils from all locations
have similar physicochemical properties:
high humidity, clay type, dark brown color,
acidic, moderate-to-high soil organic carbon
(SOC), and high cation exchange capacity
(CEC) (Table 1).

Banana plants at each location had
different ages; two months in Agrl, 15
months in Agr2, and 14 months in Agr3. At
the beginning of planting, soil preparation
was given, such as manure application, lime
application, fungicide, and ridge tillage with
soil hoeing. Agrl and Agr2 had no other
vegetation besides banana plants, while
Agr3 was full of weeds.

Moisture  Sand Silt Clay Texture Color pH SOC CEC
(%) (%) (%) (%) H0) (%) (cmol(+)/

kg)

Agrl 78 7 26 67 Clay Dark 5.57 1.50 33.98
brown

Agr2 70 6 40 54 Silty Dark 5.48 2.45 33.98
clay brown

Agr3 70 5 27 68 Clay Dark 5.57 1.77 38.02
brown

Note. SOC = Soil organic carbon; CEC = Cation exchange capacity
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Soil Sampling and Nematodes
Identification. A total of 3 composite
samples were taken in January 2020 from
3 locations (Agrl, Agr2, and Agr3). Each
composite sample consisted of 10 sub-
samples taken using a zig-zag pattern along
the transect (Coyne et al., 2014). There were
10 sub-samples taken because the land area
is less than 500 m? (Celleti & Potter, 2016).
Sub-samples were taken at 15-20 cm depths
(Hooper et al., 2005) using soil augers
(4 cm diameter) (Van Bezooijen, 2006)
and stirred to become composite samples
(Hooper et al., 2005). Samples were placed
in labeled plastic bags and transported to the
laboratory in a cooler box. Nematodes were
isolated from 100 g of soil using a modified
Baermann funnel method (Van Bezooijen,
2006). Nematodes were transferred to the
top of the slide using a micropipette and
observed using high magnification under
a microscope (Nikon ECLIPSE E100LED
MV R).

Nematodes were identified based on
morphological characteristics (e.g. stoma
shape, feeding apparatus, pharyngeal
shape, genital branch, and tail shape)
down to the family level using several
keys for nematode identification. Order
of Rhabditida: Andrassy (1983); Nguyen
(2006, 2009); Scholze and Sudhaus (2011).
Order of Dorylaimida: Jairajpuri and Ahmad
(1992); Penia-Santiago (2006, 2014a);
Vinciguerra (2006). Order of Mononchida:
Pefia-Santiago (2014b); Zulini and Peneva
(2006). Order of Tylenchida: Siddiqi (2000);
Subbotin (2014).

Nematodes Community Analyses

Nematodes were identified to the family
level because they have the same anatomical
and physiological attributes and feeding
habits that are useful for fauna analysis (H.
Ferris et al., 2001). The diversity index of
the nematode community at each location
was calculated using Simpson’s index
of diversity, dominance, and evenness.
Simpson (1949) gives a formula for
dominance and diversity index as:

1n. -1
7\.:2 nz[nz ] [1]

N[N -1]
D=1-x [2]

Pielou (1969) provide a formula for the
evenness index derived from Simpson’s
dominance as:

n v.f
E= _l Ji
,Z::‘ N [3]

where A is Simpson’s dominance, D is
Simpson’s diversity, n; is the number
of individuals in family i, N is the total
individuals in the community, and S is
the number of families in the community.
Interpretation refers to the guidelines for
interpreting the Simpson diversity index
scores by Guajardo (2015) (Table 2).

The nematode family is classified into
functional groups and colonizer-persister
scales (c-p). Colonizer-persister (c-p) is a
scale assigned from 1-5 to the nematode
family based on r and K characteristics (H.
Ferris et al., 2001). The characteristics of the
r are tolerant to disturbance, as decomposers,
high metabolic activity, high fecundity, and
a short life cycle. K group is sensitive and
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Table 2

Guidelines for interpreting Simpson diversity index scores

Simpson score Interpretation

0.0 Absence of diversity (homogeneity)

0.01-04 A low degree of diversity/heterogeneity

0.41 -0.60 A moderate degree of diversity/heterogeneity

0.61 —0.80 A moderately high degree of diversity/heterogeneity
0.81 -0.99 A high degree of diversity/heterogeneity

1.0 Absolute (perfect) diversity/heterogeneity

tends to be in undisturbed conditions, large
nematodes, long life cycle, low fecundity,
and consists of carnivores and omnivores
(Bongers, 1990; H. Ferris & Bongers, 2006;
H. Ferris et al., 2001).

The weighted average of nematode
communities was calculated using the
c-p scale for each family or the so-called
maturity index (MI) and plant parasite index
(PPI) (H. Ferris et al., 2001). MI scores
varied from 1 in the highly enriched state
to 5 in the undisturbed condition. H. Ferris
et al. (2001) provide a general formula for
calculating the index in MI families as:

XI= Zn: b fl [4]
o N

where XI is the index of interest (MI
for free-living and PPI for plant-parasitic
nematode), v; is the colonizer-persister (c-p)
value assigned to taxon 7, and f; is the number
of nematodes in each of the ftaxa that meet
the criteria of the index. Interpretation of M1
values based on the classification is given by
Moreno et al. (2011).

Analysis of soil food webs has been
measured based on the presence and

abundance of nematode functional groups
(feeding habits or trophic level). The
determination of the functional groups
refers to the description by Yeates et al.
(1993), based on the principle that the
presence and abundance of functional
groups in an ecosystem is a consequence
of environmental change (H. Ferris et al.,
2001). H. Ferris et al. (2001) then classified
the food web into 3 conditions: b (basal), e
(enriched), and s (structured), and in their
application they are expressed as the value
of the fauna component (b, ¢, and s). b is
the value of the basal group (Ba, and Fu,) in
the community, and it can be calculated as:

b= (Ba,t Fu,) - W, [5]

Ba, is a group of bacterivore c-p2 and
Fu, is a group of c-p2 fungivore nematodes.
e is the value of the opportunist nematode
group (Ba, and Fu,) in the community, so it
can be expressed in:

e=(Ba;- W)) + (Fu,+ W) (6]

Ba, is the number of individuals of
the bacterivore c-pl group and Fu, is the
number of individuals of the fungivore
c-p2 group. s is the value of all functional
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groups present in the community, and it can
be calculated as:

§= (Ban : Wn) + (Fun ’ Wn) + (Can : Wn)
+(Om, - W,) [7]

In s, all the c-p of bacterivores (Ba,),
all the c-p of fungivores (Fu,), all the c-p of
carnivore (Ca,), and all the c-p of omnivore
(Ca,) in the community were counted. W,
is the weight or constant of the functional
group W at c-p n, H. Ferris et al. (2001)
assigned weights as follows: 3.2 for W;
0.8 for W,; 1.8 for W3; 3.2 for W,; 5 for W
(Figure 1).

Based on the food web classification, H.
Ferris et al. (2001) formulated the ecosystem
functional index. This index consists of the

index (CI). SI provides information on
the complexity of nematode interactions
between levels in the food web. SI can be
stated in:

S

Sl = -100 [8]

s+b

Since all nematode functional groups
in the community were included in the
calculation, the SI values can be used as
an indicator of a good soil food web (scale
0 degraded - 100 highly structured). EI
provides information regarding the activities
of opportunist groups (Ba, and Fu,) that
react to the availability of food sources in
the soil, so that it can be expressed in:

structure index (SI), the enrichment index EI= o Jer b -100 [9]
(EI), the basal index (BI), and the channel
Enriched
Quadrant A Quadrant B
/ e
Quadrant D Quadrant ©

Basal
Fu (0.8)

Structure index

Cas (0.8) I Omy (3.2) / Oms (5.0) /
Ba: (0.8) Cas (1.8) / Cas (3.2) / Cas (5.0)
/ Fus (1.8) / Fus (3.2) / Fus (5.0) /
Bas (1.8) / Bas (3.2) Bas (5.0) /

Figure 1. Fauna profile analysis of soil food webs. Divide the food web conditions into 4 quadrants and 3
criterias. It also shows the weight of each c-p of the nematode functional group (H. Ferris et al., 2001)
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The EI value can be used to evaluate
the availability of resources in the food
web. A high EI can indicate that the soil is
being enriched (e.g. manure application, the
addition of plant litter, or natural disaster).
The EI value is on a scale of 0-100 where
0 indicates a depleted resource and is 100
heavy enrichment. Bl is an indicator of the
level of disturbance in the soil food web, so
that it can be expressed in:

b

——-100
e+s+b

BI = [10]

On a scale of 0-100 on BI, a value of 0
indicates a highly degraded soil food web
and a value of 100 indicates an undisturbed
soil food web. CI is calculated as the
proportion of fungal-feeding nematodes
compared to enrichment-opportunistic
bacterial-feeders nematodes. It provides
information regarding the decomposer
pathway in the soil food web and can be
expressed in:

Fu, -W,
Ba, ‘W, + Fu, -W,

Cl= -100  [11]

If the CI value <50 that indicates the
soil food web has a bacterial decomposition
pathway, if the CI value >50 indicates that
the soil food web has a fungal decomposition
pathway, and the CI value of 50 indicates
that the soil food web has a balanced
decomposition pathway, where Ba, Fu, Ca,
and Om are the abundance of bacterivorous,
fungivorous, carnivorous, and omnivorous
nematodes; n is the c-p value for the
nematode families; W is the weight of each

c-p of functional group: c-p1 3.2; c-p2 0.8;
c-p3 1.8; c-p4 3.2; c-p5 5 (Figure 1).

Its use to interpret food web conditions,
the ecosystem functional index is not
only used as a single standing index.
Berkelmans et al. (2003) combined SI and
BI to describe the effects of agricultural
land management on soil food webs through
nematode communities. Then H. Ferris
et al. (2001) developed a fauna profile
analysis based on a combination of SI and
EI, which was transformed into a Cartesian
diagram and divided into four quadrants and
three conditions (Figure 1). Each quadrant
represents different food web conditions.

RESULTS AND DISCUSSION

Diversity of the Nematode Families

Fifteen families of nematodes were identified
and classified into their functional groups
(Table 3): five bacterivores, one fungivore,
four herbivores, three omnivores, and two
carnivores. From the diversity index, the
communities in Agrl have high diversity,
while Agr2 and Agr3 in moderate. Richness
(Hill’s Hy) and evenness (Jost, 2010) affect
the diversity index value. Agrl has the
highest diversity because it is richer and
has a more even distribution of abundance.
Two families dominate the Agr2 community
(Hoplolaimidae and Meloidogynidae)
and three families dominate the Agr3
(Hoplolaimidae, Heteroderidae, and
Meloidogynidae). The low dominance
index value indicates that there are no taxa
that dominate the abundance and on the even
distribution in a community.
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Table 3

Abundance of nematode functional groups in each location

Family c-p Abundance Functional groups
Agrl Agr2 Agr3

Rhabditidae 1 1 1 - Bacterivorous
Cephalobidae 2 50 5 1 Bacterivorous
Rhabditonematidae 2 9 - 1 Bacterivorous
Ostellidae 2 - - Bacterivorous
Aphelenchidae 3 14 3 1 Fungivorous
Teratocephalidae 3 2 - - Bacterivorous
Hoplolaimidae 3 26 33 52 Herbivorous
Meloidogynidae 3 16 26 13 Herbivorous
Pratylenchidae 3 - 5 4 Herbivorous
Heteroderidae 3 - 7 12 Herbivorous
Dorylaimidae 4 9 1 Omnivorous
Nordiidae 4 12 5 9 Omnivorous
Qudsinematidae 4 2 1 - Omnivorous
Mononchidae 4 - 1 Carnivorous
Aporcelaimidae 5 - - 2 Carnivorous

Note. c-p = Colonizer-persister

High-dimensional ecological data are
summarized using a diversity index for
easy understanding and comparison (Daly
et al., 2018). The summary may also result
in missing some important information from
the community. Agrl has a good diversity
index value, but the function of the taxa
present is unknown. Therefore, a functional
index is needed to describe each taxa
function that is present in the community.

Soil Food Web Condition

All locations are categorized as semi-
conventional with manure, lime, and
fungicides applications, using ridge tillage,

472

no crop rotation, and monoculture. The
abundance and diversity of nematodes in
semi-conventional farming are smaller
than in organic agriculture and natural
ecosystems. Besides that, the families
present were not much different. Apart from
being limited by environmental conditions
and soil physicochemical properties,
nematode communities are also greatly
influenced by the plants growing on the soil
(Freckman & Caswell, 1985).

Manure application increases the
abundance and richness of soil nematodes
(X. Liu et al., 2020). Manure increased the
abundance of nematodes in Agrl by 36.46%
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compared to Agr2 and 28.67% against Agr3.
The abundance of the opportunist group
decreased from day 21 (Ettema & Bongers,
1993) to 77 (Sholeha et al., 2017) days
after manure application due to reduced
resources. The meta-analysis conducted
by T. Liu et al. (2016) stated that manure
increased nematode abundance by 37%.

Ridge tillage is part of conventional
tillage (CT) and affects soil nematode
communities (Okada & Harada, 2007).
This study shows that Agrl (CT) has a
higher diversity index, evenness index, PPI,
and PPI/MI compared to no-tillage (NT)
Agr2 and Agr3. CT decreases MI, MI2-5,
SI, and increases PPI. The abundance of
bacterivores (44.06%) was higher and lower
herbivores (29.37%) in Agrl compared
to Agr2 (6.81% and 81.61%) and Agr3
(1.96% and 79.41%). Research from Lenz
and Eisenbeis (2000) also shows similar
results. Agricultural practices such as CT
cause changes in soil physical properties
that affect the soil nematode community
structure (Wardle, 1995).

This study showed the highest
abundance of c-p2 Cephalobidae (Agrl
34.9%) followed by the lowest EI coming
from soil treated with fungicides (Agrl).
Fungicide treatment was also associated
with a decrease in predatory (omnivores
and carnivores) and the low abundance of
the bacterivore group (Ortiz et al., 2016;
Yardim & Edwards, 1998). Predators on
Agrl (16.78%) were lower than Agr3
(17.65%) but higher than Agr2 (9.19%).
The c-p2 abundance of Cephalobidae is
hypothesized more affected by enrichment

than the fungicide treatment. The nematode
community had already recovered from the
fungicide due to the small amount applied
in the early of the plantation. Fungicides
have less impact on the soil community than
insecticides and herbicides (Foissner, 1997)
and enrichment in the soil is a disturbance
that can cause retrogression in the nematode
succession process (Neher, 1999).

The lime treatment has no effect on
the soil nematode community (Varga et al.,
2019) because nematodes are more affected
by soil pH. Damage caused by herbivorous
nematodes has increased in monoculture
agriculture (Quénéhervé et al., 2011). Crop
rotation can improve soil quality, such as
soil community structure, organic matter,
and moisture (Ponge et al., 2013). A long-
term crop rotation on banana farming
was able to increase MI, SI, EI, diversity
index, and led to a highly structured food
web reported by Zhong et al. (2015). The
fallow effect is also needed to restore the
nematode community structure and reduce
the herbivorous nematode population
(Masse et al., 2002; Wang et al., 2004).

Vegetation type (Cesarz et al., 2013)
and soil properties determine the shape of
nematode communities as they respond to
changes in the environment (Nielsen et al.,
2014). Bacterivore and fungivore groups are
low in soil with acidic conditions. However,
the higher abundance of Agrl resulted from
manure application. Research by Renco
et al. (2020) also got the same result. The
abundance of the bacterivore, fungivore, and
herbivore groups has a positive correlation
with soil moisture. Omnivore and carnivore
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abundance has a negative correlation with
soil moisture (Nielsen et al., 2014; Treonis et
al., 2019). The abundance of the bacterivore
and fungivore groups in Agrl was higher
than Agr2 and Agr3 (Table 3). Meanwhile,
the lowest herbivore abundance in Agrl was
due to single vegetation (banana).

Soil organic matter (SOM) content
correlated positively with the bacterivore
and fungivore groups due to microbial
activity (Treonis et al., 2019). Otherwise,
Barros et al. (2017) reported that SOM
negatively correlated with herbivore groups.
However, Agrl had the highest abundance
of bacterivore and fungivore groups. Agr2
and Agr3 with higher SOM content had
a very low richness of bacterivores and
fungivores. Sandy soil textures are preferred
for nematodes and have a greater abundance
than clay soils. Larger pores in sand texture
are easier for aeration and the spatial
distribution of the nematodes (Kim et
al., 2017). The c-p scale assessment was
applied to the identified nematode families.
Based on the criteria of r and K (H. Ferris
etal., 2001), c-p1-2 nematodes are sensitive
to enrichment and the most resistant to
environmental disturbances. Meanwhile,
the sensitive group to environmental
disturbances and changes belongs to c-p4-
5 nematodes (Bongers & Bongers, 1998).
This concept makes it possible to determine
the disturbance level and the ecosystem
succession rate using MI. Increasing MI
value indicates succession and decreasing
MI value indicates retrogression.

In measuring ecosystem disturbance,
Korthals et al. (1996) modified the MI by
leaving the c-pl nematode from the MI

calculation (which can cause bias) known
as MI2-5. The PPI is used to measure the
average weight of family frequencies based
on the c-p scale for herbivorous or plant-
parasitic nematodes. PPI is compared with
the MI value which is called the PPI/MI
ratio. Enrichment in the soil can cause the
ratio value to decrease due to decreasing
MI value and vice versa (Bongers &
Korthals, 1995). The evaluation of well-
controlled herbivore nematode populations
by carnivorous and omnivorous nematodes
is suggested to use the PPI/MI score.

Result of the MI (Table 4), Agr3 has
a high MI score with succession already
at the structured level. The structured
level had a higher abundance of the c-p4-
5 group (17.65%) than the c-p1-2 group
(2.94%). Agr2 has a good MI score with
succession at the mature level. The good
level succession has an abundance of the
c-p4-5 group (9.09%) relatively balanced
than the c-p1-2 group (10.23%). Agrl has
a moderate MI score and succession also
at moderate levels. For moderate or lower
succession level (disturbed and degraded),
the community composition is dominated by
the c-p1-2 group (51.75%) than the c-p4-5
group (16.78%).

In interpreting the MI score, the cause
of the decrease in the MI needs to be known
for a more comprehensive understanding.
Approximately five-six weeks before the
soil sample taken from Agrl manure is
applied. Less than a week after manure
application, the abundance of opportunist
groups (Bal and Fu2) (Bongers & Bongers,
1998) increased due to high soil microbial
activity. After three weeks, basal groups
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Table 4

Diversity and ecological functional index

Agrl Agr2 Agr3
Diversity index 0.81 0.76 0.70
Dominance index 0.19 0.24 0.30
Evenness index 0.45 0.38 0.31
Hill’s H, 12 11 11
Maturity index 2.5 2.88 3.81
Maturity index 2-5 2.51 3 3.81
Plant-parasitic index 3 3 2.95
PPI/MI 1.2 1.04 0.77
Structure index 70.95 84.62 96.36
Enrichment index 23.32 52.24 42.86
Channel index 77.78 42.86 100
Basal index 26.69 13.17 3.54

(Ba2 and Fu2) such as Cephalobidae
(Bongers et al., 1991) replace the population
of opportunist groups due to decreased
resources of the manure (Ettema & Bongers,
1993). Thus, the abundance of Cephalobidae
on Agrl was not due to disturbances in
the soil food web but a succession process
after manure application. The presence of
c-p4-5 nematode on Agrl also indicates
that the fungicide was applied in low
doses. According to Briar et al. (2012),
the omnivore and carnivore c-p4-5 groups
did not appear in chemically treated soils
before disturbance levels could be reduced
or eliminated.

Basal groups (c-p2 Cephalobidae) can
survive in disturbed conditions because
they can enter the anhydrobiosis stage and
dauer larvae if environmental conditions are
not favorable. The life cycle resume once

the conditions are favorable (McSorley,
2003). MI2-5 is used to measure the level
of disturbance based on the c-p scale of
families present in the community. From the
MI2-5 score, Agrl and Agr2 are soil food
webs with minor disturbances and Agr3 with
stable conditions.

The PPI/MI shows that Agr3 has a
score of <1 (Table 4), while Agrl and Agr2
have a score >1. Based on their role in
the ecosystem, the presence of herbivores
provides a different interpretation from
free-living. A single herbivore individual
remains a threat to plant health and crop
yields. However, eliminating herbivorous
groups is impossible. Thus, the PPI/MI score
can be used to assess the risk of herbivore
groups towards agriculture. If the score is
<1, the herbivore population is under control
and if the score is >1, it is necessary to
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take precautions to reduce the herbivorous
nematode population.

Agrl and Agr3 have a fungal pathway,
and Agr2 has a bacterial pathway but is close
to balance. The fungal pathway shows two
things: the soil litter is dominated by lignin
and cellulose; slow decomposition pathway
(Frouz et al., 2013); succession is moving
from an early stage as it changes from
a bacterial pathway to a fungal pathway
(Wardle et al., 1995). The bacterial pathway
also shows two things: the litter in the soil is
dominated by a matter of C: N ratio below
30:1; fast decomposition pathway; and
shows that the food web is still at an early
stage of succession (Frouz et al., 2013).

Berkelmans et al. (2003) used SI and BI
to examine the impact of the agroecosystem
on nematode communities. In this study
(Figure 2), Agr3 has an excellent soil food
web condition with ST 96.36% and BI
3.54%. Agr2 has a good food web condition
with SI 84.62% and BI 13.17%. Agrl has
moderate soil food web conditions with
SI 70.95% and BI 26.69%. Agr3 has the
most complex and undisturbed food web
conditions shown in its high SI score.
The presence of families of nematodes
with various tropic levels influenced this
score: bacterivore Cephalobidae, fungivore
Aphelenchidae, carnivore Mononchidae,
and omnivore Aporcelaimidae. From the
Bl score, this study shows that Agr3 has the
best and undisturbed food web, followed
by Agr2, and Agrl. BI is influenced by
the abundance of c-p2 nematodes in the
community and is most abundant in Agrl
(Cephalobidae).

The enrichment index (EI) is an
indicator of resource availability on the food
web. Enrichment conditions in the soil food
web can occur due to additional external
resources, disturbance, environmental shifts,
and the death of organisms (Odum, 1985).
H. Ferris and Bongers (2006) also concluded
that the addition of any suitable material
as a substrate for bacteria and soil fungi
would trigger an increase in the number of
c-pl nematodes and some c-p2 nematodes.
Agr2 has the highest resources (EI 52.24)
and is classified as enriched soil (EI >50)
(H. Ferris et al., 2001) while Agr3 (42.86)
and Agrl (23.32) have moderate resources
(EI <50). The abandoned agricultural land
can substantially increase soil C and N
storage (Compton & Boone 2000), due
to an increase in plant diversity (Lange et
al., 2015). Resources on Agr2 and Agr3
come from the litter of various growing
plants (grass, shrubs, and banana leaves).
Meanwhile, in Agrl the resources only
depend on manure because there are only
banana plants.

Analysis of the fauna profile (Figure
3) shows that Agrl and Agr3 belong to
the C quadrant and Agr2 belongs to the B
quadrant. Based on H. Ferris et al. (2001) for
the interpretation of fauna profiles, quadrant
C is a food web with the following criteria:
undisturbed food web, moderate enrichment,
fungal decomposition pathways, moderate
to high C:N ratio content, and structured.
Quadrant B has the following criteria:
low disturbance, obtaining N enrichment,
balanced decomposition pathway, low
content of C:N ratio, and maturity.
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CONCLUSION

In this work, the agricultural practices
applied to the soil form nematode
communities. Tillage and manure increase
the group of opportunists and decrease
the group of omnivores and carnivores.
Soil moisture influences the abundance of
bacteria and fungivores. Agr3 has a very
complex interaction between trophic, the
lowest disturbance level, and structured
level succession. Agr2 has complex trophic
interactions, low disturbance level, and a
mature level succession. Agrl has moderate
interactions between trophic, the highest
disturbance level among other locations,
and a moderate level succession.
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