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Abstract

Fosthiazate is widely used to control plant-parasitic nematodes in perennial orchards; however, its ecological
effects on non-target soil communities may depend on baseline soil conditions. This study evaluated the
short-term impacts of fosthiazate on soil nematode communities and soil physicochemical properties in two
guava (Psidium guajava L.) orchards with contrasting Meloidogyne enterolobii infestation histories.
Treatments included an untreated control, the recommended rate (2 kg a.i. ha™), and a high rate (3 kg a.i. ha™),
with sampling conducted before and 1.5- and 3-months after application. Fosthiazate induced
dose- and time-dependent changes in both orchards, but responses differed between infestation histories.
In the non-infested orchard, higher rates were associated with relatively stable ecological indices and
maintenance of higher trophic groups. In contrast, the infested orchard exhibited reduced enrichment and
structure indices together with greater temporal variability in nematode community composition, indicating
a comparatively simplified soil food web. Multivariate analyses revealed that community shifts were
associated primarily with soil organic matter, total nitrogen, and available phosphorus in the non-infested orchard,
whereas soil pH and physicochemical constraints were more strongly associated with community variation
in the infested orchard. These findings demonstrate that the ecological effects of fosthiazate vary according
to pre-existing soil conditions and nematode infestation history. Incorporating nematode-based ecological
indicators into nematicide management may support more sustainable and ecologically informed
pest management strategies in perennial orchard systems.
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1 Introduction properties, including high concentrations of vitamin
C, provitamin A, calcium, phosphorus, and

Guava (Psidium guajava L.), a member of the family
Myrtaceae, is a commercially valuable fruit crop
native to southern Mexico and Central America [1].
Due to its exceptional nutritional and medicinal
contributing significantly to household income and export
economies in many countries.

In Thailand, guava cultivation has expanded
rapidly over the past decades, particularly in Ratchaburi,
Nakhon Pathom, and Samut Sakhon provinces.
According to recent agricultural statistics, guava

antioxidants [2],[3], guava is now widely cultivated
across tropical and subtropical regions worldwide
[4]-[7]. Its fruits are consumed fresh or processed
into products such as juices, jams, and dried snacks,
production in Thailand reached approximately
7,000 tons in 2025, with an export value of approximately
6.15 million USD [7]. However, the intensification of
guava production has resulted in increasing reliance on
chemical fertilizers and pesticides to maintain yields and
suppress pests and diseases.

T. Korsrisakul et al., ““Context-dependent effects of fosthiazate on soil nematode communities and soil properties in guava orchards

with contrasting nematode infestation histories.”



Applied Science and Engineering Progress, Vol. 20, No. 2, 2027, 8241

Excessive and continuous agrochemical use
may adversely affect soil health by altering soil
physicochemical  properties and  disrupting
biological processes associated with longterm soil
fertility and ecological stability [8]-[10].

Soil health is broadly defined as the capacity of
soil to function as a living ecosystem that sustains plant
productivity, supports biodiversity, and regulates water
and nutrient cycles within a defined land use system
[11]. In recent years, increasing attention has been
given to biological indicators for evaluating soil health,
due to their sensitivity to environmental disturbances
and their ability to reflect changes in ecosystem
functioning [12]-[14]. Among these indicators,
nematodes occupy a central role in soil ecosystems due
to their high abundance, taxonomic diversity, and trophic
versatility. Free-living nematodes, such as Cephalobus
spp., contribute to important ecosystem functions
including microbial regulation, organic matter
decomposition, and nutrient cycling, whereas
plant-parasitic nematodes—particularly species of the
genus Meloidogyne—can cause significant economic
damage in fruit crops, including guava [15]-[18].
Therefore, the composition and trophic structure of
nematode communities provide valuable insight into soil
ecological conditions and environmental disturbance.

Fosthiazate, a broad-spectrum organo
phosphorus nematicide, is widely used for the
management of root-knot nematodes
(Meloidogyne spp.) and other plant-parasitic
nematodes in commercial fruit production systems
[19]-[21]. Compared with fumigant nematicides,
fosthiazate exhibits relatively rapid degradation in
soil, reducing the risk of long-term residue
accumulation and supporting its integration into
intensive cropping systems [22]. Despite its
effectiveness against target nematodes, fosthiazate
may also affect non-target soil organisms,
including free-living nematodes and other
beneficial components of the soil food web [23]-[26].
Such disturbances may alter nutrient cycling,
microbial interactions, and trophic structure,
thereby influencing overall soil ecosystem
functioning. Previous studies have demonstrated
that nematode community composition responds
rapidly to  environmental and chemical
disturbances, supporting their use as reliable
bioindicators of soil condition and ecological
resilience [27], [28]. However, limited information
is available regarding whether ecological responses
to nematicide application differ according to prior

nematode infestation history and baseline soil
condition in perennial orchard systems.

Therefore, this study aimed to evaluate the
effects of fosthiazate application on soil nematode
community structure, ecological indices, and soil
physicochemical properties in guava orchards with
contrasting histories of root-knot nematode
infestation. By comparing infested and
non-infested orchard systems under identical
application regimes, this study sought to determine
whether nematicide-induced ecological responses
are influenced by baseline soil conditions.
We hypothesized that fosthiazate would alter
nematode community composition and soil nutrient
dynamics, but that the magnitude and direction of
these responses would differ depending on prior
nematode infestation history and pre-existing soil
ecological conditions.

2 Materials and methods
2.1 Study sites and experimental design

The study was conducted in two commercial guava
orchards located in Sam Phran District, Nakhon
Pathom Province, Thailand. One orchard had no
documented history of root—knot nematode infestation
(non-infested orchard; NRKN). The second orchard
had a documented history of Meloidogyne enterolobii
infestation reported in 2012 (root-knot nematode-
infested orchard; RKN) [29]. The experiment followed
a randomized complete block design (RCBD) with
three replicate plots per orchard. Within each plot, three
guava trees were selected for soil sampling and
treatment application.

Fosthiazate (Nemathorin 10% GR), a granular
organophosphate nematicide, obtained from
Erawan Agricultural Chemicals Co., Ltd. and
Ishihara Sangyo Kaisha, Ltd., was applied at three
rates: 0 kg a.i. ha' (control), 2 kg a.i. ha'
(recommended rate; equivalent to 1.57 g plant™), and 3
kg a.i. ha! (high rates; equivalent to 2.35 g plant™).
The nematicide was evenly broadcast on the soil
surface within a 50-cm radius around each tree and
lightly incorporated into the soil.

Soil samples were collected before
application (0 months) and at 1.5 and 3 months
after application. These sampling intervals were
selected to capture short-term ecological responses
during the expected active period and early
degradation phase of fosthiazate in soil.
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2.2 Soil sampling and nematode extraction

At each sampling time, five soil subsamples were
collected from the rhizosphere zone (0-30 cm depth)
around each treated tree using a hand trowel and
composited into a single sample. Samples were
transported to the Nematology Laboratory, Faculty of
Agriculture, Kasetsart University, for analysis.
Nematodes were extracted from 300 g of fresh soil
using a modified Baermann funnel technique for 48 h
[30]. Extracted nematodes were heat-killed, fixed in hot
triethanolamine—formaldehyde (TAF) solution, and
processed into glycerin according to the Seinhorst
method [31]. Permanent slides were prepared for
morphological identification to the family level using a
stereomicroscope (Olympus SZ61, Japan) and a
compound microscope (Olympus CX33, Japan).

2.3 Nematode community analysis and ecological
indices

Nematodes were classified into trophic groups
including  bacterivores, fungivores, herbivores,
omnivores, and predators. Colonizer—persister (c—p)
values were assigned according to the classification
systems of Bongers [32], where c-p 1 represents
opportunistic colonizers and c-p 5 represents
disturbance-sensitive persister taxa.

Ecological indices, including Shannon diversity
index (H'), Simpson index, Maturity Index (MI),
Maturity Index 2—5 (MI2-5), Plant-parasitic Index (PPI),
Basal Index (BI), Channel Index (CI), Enrichment Index
(EI), and Structure Index (SI) were calculated using the
NINJA online software version 1 [33].

2.4  Soil physiochemical analysis

Soil samples collected at 0 and 3 months after application
were air-dried, sieved through a 2-mm mesh, and analyzed
to characterize soil physicochemical properties.
For each treatment, subsamples from biological replicates
were pooled into composite samples prior to analysis.
Soil pH was determined using a 1:1
soil-to-water ratio with a pH meter (LAQUA F-71,
Horiba, Japan). Electrical conductivity (EC) was
measured using an EC meter (FiveEasy, Mettler
Toledo, Switzerland). Organic matter (OM) was
determined using the Walkley and Black method [34],
whereas total nitrogen (N) was analyzed using the
Kjeldahl method [35]. Available phosphorus was
determined using the Bray II extraction method [36].

Exchangeable potassium (K), calcium (Ca),
and magnesium (Mg) were analyzed using atomic
absorption spectrophotometry following extraction
with 1 N NH4OAc (pH 7.0) [37]. Soil texture was
determined using the hydrometer method [38]. All soil
physicochemical analyses were conducted at the Soil
Science Laboratory, Faculty of Agriculture, Kasetsart
University, Kamphaeng Saen Campus.

2.5 Statistical analysis

Changes in nematode abundance and ecological
indices were expressed as delta values relative to
baseline measurements (0 months) and analyzed
using linear mixed models (LMMs). In all models,
treatment and sampling time were treated as fixed
factors, whereas block and replicate were included as
random effects. Significant differences among means
were determined using Tukey’s HSD test at p < 0.05.
Data normality and homogeneity of variance were
assessed using Shapiro-Wilk and Levene’s tests,
respectively.

Differences in nematode community
composition were evaluated using non-metric
multidimensional scaling (NMDS) based on
Bray—Curtis  dissimilarity and tested using
permutational multivariate analysis of variance
(PERMANOVA). Redundancy analysis (RDA) was
performed to examine relationships between
nematode communities and soil physicochemical
variables. All statistical analyses were conducted in
R version 4.3.1 using the vegan and ggplot2 packages.

3 Results and discussion

3.1 Nematodes community composition and trophic
Structure

Across all sampling times and treatments, 16 nematode
families were identified in the non—infested orchard
(NRKN), whereas 21 families were recorded in the
root-knot  nematode—infested orchard (RKN).
These nematodes were classified into five trophic
groups: herbivores, bacterivores, fungivores, omnivores,
and predators (Figure 1). Herbivorous nematodes were
represented mainly by Meloidogynidae,
Hoplolaimidae, Tylenchidae, and Pratylenchidae,
whereas bacterivores were dominated by Rhabditidae
and Cephalobidae. In the NRKN orchard, herbivorous
and omnivorous nematodes were dominant
throughout the sampling period (Figure 1 and 2).
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Figure 1: Relative abundance of nematode trophic groups in non-infested (NRKN) and root-knot nematode-infested (RKIN)
guava orchards at 0, 1.5, and 3 months after application. Treatments include control, 1.57 g plant”, and 2.35 g plant’.

Following fosthiazate application, moderate
fluctuations in trophic composition were observed across
treatments and sampling times. Bacterivorous nematodes
showed slight increases at 1.5 months after application,
whereas fungivorous, omnivorous, and predatory groups
remained relatively stable throughout the experiment.

At 3 months after application, herbivorous
nematodes remained one of the dominant trophic groups
in all treatments. Predator abundance increased under the
high-rate treatment, suggesting a delayed response of
higher trophic levels, while fungivores showed some
divergence between application rates over time.

In contrast, the RKN orchard showed greater
temporal variation in trophic composition following
fosthiazate application (Figure 1 and 2). Herbivorous
nematodes were dominant prior to treatment and
remained abundant throughout the study period,
although their relative abundance declined at 1.5
months after application under the high application
rate. Bacterivorous and fungivorous nematodes
fluctuated among treatments over time, whereas
omnivorous and predatory groups remained
consistently low across all sampling periods.

The contrasting trophic patterns observed
between orchards suggest that prior infestation history
and baseline ecological conditions may influence
nematode community responses following chemical
disturbance. The NRKN orchard maintained a
comparatively  balanced trophic = composition
throughout the study period, whereas the RKN
orchard remained dominated by lower trophic
groups. Similar shifts in trophic organization
following nematicide application have been
reported in previous studies of agriculturally
disturbed soils [23]-[26].
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Figure 2: Temporal changes in mean abundance of
nematode trophic  groups abundance in
non-infested (NRKN) and root-knot nematode—
infested (RKN) guava orchards following
fosthiazate application. Treatments include control,
1.57 gplant!, and 2.35 g plant!. Values represent
mean change from the baseline (0 months).
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3.2 Nematode diversity and ecological indices

Based on ecological indices (Figure 3) and faunal
profile analysis (Figure 4) following Ferris et al., [27],
the effects of fosthiazate on soil nematode
communities differed according to the initial
ecological condition of each orchard.

In the NRKN orchard, the nematode community
demonstrated a relatively high degree of ecological
stability following fosthiazate application.
The Shannon diversity index (H') remained relatively
stable across treatments, with only a transient increase
observed at 1.5 months under the high application rate.
This overall stability was further reflected by MI 2-5 and
SI values, which remained comparatively consistent
throughout the study period, indicating that the general
organization of the soil food web was largely
maintained. Faunal profile analysis positioned most
samples within the structured and moderately
enriched quadrants, corresponding to a relatively
mature and  functionally  regulated  system.
A temporary increase in EI at 1.5 months may reflect a
short-term  enrichment response associated with
increased microbial activity following disturbance.
However, this response was transient, and ecological
indices subsequently returned closer to baseline
conditions. These observations were consistent with

the relatively limited fluctuations observed in trophic
group composition, where no strong directional shifts
occurred among bacterivores, fungivores, omnivores, or
predators. Collectively, these patterns suggest that
fosthiazate induced primarily short-term functional
responses in the NRKN orchard without substantially
disrupting overall soil food web organization.
Compared with some conventional nematicides that
have been reported to cause broader reductions in soil
food web complexity and microbial activity [9], [39], the

ecological responses observed following
fosthiazate  application — appeared comparatively
moderate and strongly dependent on Dbaseline

soil condition. Previous studies have similarly reported
that fosthiazate mainly induces short-term shifts in

thizosphere biological communities rather than
persistent ecological disruption [40].
In contrast, the RKN orchard exhibited

greater temporal variability in ecological indices
following fosthiazate application. The H' fluctuated
more markedly over time, indicating shifts
in community composition after treatment. Changes in
MI2-5 and SI suggested moderate alterations in food
web structure during the early sampling period,
although higher trophic groups such as omnivores and
predators remained comparatively limited throughout
the experiment.
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Figure 4: Faunal profile analysis of nematode communities based on enrichment index and structure index
in non-infested (NRKN) and root-knot nematode—infested (RKN) guava orchards following fosthiazate
application. Treatments include control, 1.57 g plant!, and 2.35 g plant!. Quadrants represent functional
metabolic conditions of the soil food web: enriched/disturbed (upper left), structured/maturing (upper right),
degraded/depleted (lower left), and structured/matured (lower right).
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Changes in MI2-5 and SI suggested moderate
alterations in food web structure during the early
sampling period, although higher trophic groups such
as omnivores and predators remained comparatively
limited throughout the experiment. The PPI remained
relatively stable, indicating that plant-parasitic
nematodes continued to be present but did not solely
drive community-level changes.  Faunal profile
analysis revealed a temporal shift toward higher SI and
El values together with moderate fluctuations in trophic
groups, indicating short-term adjustments within the
soil food web. Nevertheless, the relatively low
abundance of higher trophic groups indicated that the
nematode community in the RKN orchard remained
less structured than that of the NRKN orchard
throughout the study period. This pattern may reflect
lower ecological buffering capacity in soils previously
affected by root-knot nematode infestation, where
simplified trophic organization can increase sensitivity
to chemical disturbance.

Overall, these findings indicate that
fosthiazate application was associated with distinct
ecological responses depending on baseline soil
condition and infestation history. The NRKN orchard
exhibited comparatively stable ecological
characteristics following disturbance, whereas the
RKN orchard showed greater temporal variability and
evidence of community reorganization following
treatment.

3.3 Soil physiochemical properties

Soil chemical properties differed between orchards
following fosthiazate application (Table 1).

In the NRKN orchard, which had previously
been managed wusing bioluminescent mushroom
applications, organic matter (OM), total nitrogen (N),
and available phosphorus (P) increased at 3 months after
application under the high application rate.
These increases may reflect enhanced nutrient turnover
and biomass decomposition following disturbance.
The relatively stable trophic structure observed in the
NRKN orchard suggests that pre-existing biologically
active soil conditions may have contributed to
maintaining nutrient dynamics following fosthiazate
application. In contrast, EC values decreased across
treatments over time, whereas soil pH and Ca remained
comparatively stable.

In the RKN orchard, OM, N, and P generally
declined over time across treatments, with more
pronounced reductions observed under the high
application rate. This pattern was consistent with the
findings of Chen et al, [9], who reported that
fosthiazate may influence nitrogen mineralization
processes associated with bacterivorous nematodes
and soil biological activity. Although EC and
K increased at 3 months after application, major
nutrient parameters generally decreased throughout
the study period.

Table 1: Soil physicochemical properties of non-infested (NRKN) and root-knot nematode—infested
(RKN) guava orchards at different fosthiazate application rates and sampling times.

Soil properties Control 1.57 g/plant 2.35 g/plant
0 3 0 3 0 3

NRKN orchard
pH 6.06 6.59 6.35 6.07 6.92 6.76
EC 4.45 2.93 3.42 291 2.81 0.78
oM 2.4 2.54 2.5 2.81 2.27 4.7
P 214 314 287 417 260 1914
K 753 777 769 641 1070 762
Ca 12599 4543 4596 4625 2598 5509
Mg 918 860 1360 806 1884 800
N 0.12 0.17 0.14 0.16 0.17 0.29

RKN orchard
pH 6.25 6.58 6.4 6.74 6.15 6.9
EC 1.11 0.96 1.27 0.63 1.36 3.28
OM 5.64 6.13 5.01 3.27 4.46 2.77
P 1391 1115 1736 1313 2486 654
K 804 642 1372 515 686 1071
Ca 5212 5520 4218 5392 5158 3893
Mg 1374 734 1693 877 1252 932
N 0.29 0.27 0.29 0.29 0.26 0.19
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Soil pH, Ca, and Mg exhibited relatively limited
variation among treatments. These responses suggest
reduced nutrient turnover potential and weaker
biological regulation within the simplified soil food
web observed in the RKN orchard.

Previous studies have shown that nematicides
can indirectly alter soil nutrient dynamics through
changes in microbial activity and decomposition
processes [9], [25], [39]. In the present study, the
contrasting nutrient responses observed between
orchards suggest that baseline soil condition
influenced the short-term  physicochemical
responses  following fosthiazate application.
Nevertheless, because the present study evaluated
short-term responses only, the observed changes
should be interpreted as transient physicochemical
responses rather than long-term improvements or
degradation of soil quality.

Overall, these contrasting responses indicate
that fosthiazate altered soil nutrient dynamics in a
context-dependent manner, with ecological
responses differing according to baseline soil
condition and infestation history.

3.4 Multivariate analysis of nematode community
Structure

Multivariate analyses using NMDS ordination and
RDA revealed distinct patterns of nematode
community organization associated with
environmental conditions in each orchard
(Figure 5). NMDS stress values were low and
comparable between orchards (NRKN = 0.155;
RKN = 0.157), indicating reliable ordination of
community structure.

In the NRKN orchard (Figure 5a), NMDS
ordination showed relatively clustered communities with
limited temporal displacement following fosthiazate
application. Several taxa, including Cephalobidae,
Rhabditidae, and Dorylaimidae, were significantly
associated with community structure
(p-value < 0.01). RDA further demonstrated that
community variation was strongly associated with
organic matter (OM), total nitrogen (N), available
phosphorus (P), and electrical conductivity (EC)
(p-value < 0.003) (Figure 5c), indicating close
relationships between nutrient-related variables and
nematode community composition.

The RKN orchard exhibited greater dispersion and
temporal variability in NMDS ordination patterns
(Figure 5b), suggesting stronger shifts in community
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Figure 5: Multivariate analyses of nematode communities
and soil physicochemical properties in non-infested
(NRKN) and root-knot nematode—infested (RKN) guava
orchards. Non-metric multidimensional scaling (NMDS)
ordinations illustrate community structures in (a) NRKN and
(b) RKN orchards. Redundancy analysis (RDA) biplots
showed the relationships between nematode communities
and soil physicochemical properties in (c) NRKN and (d)
RKN orchards. Treatments include control, 1.57 g plant”,
and 235 g plant'. Ellipses represent 95% confidence
intervals for each treatment group.
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organization following treatment. Key taxa
associated with community structure included
Meloidogynidae, Pratylenchidae, and Tripylidae
(p-value < 0.001). RDA analysis (Figure 5d) indicated
that community variation was associated primarily with
soil pH (p-value = 0.001), together with phosphorus (P)
and magnesium (Mg) (p-value < 0.005). Although OM
also showed a moderate association (p-value = 0.021),
the overall pattern suggested a stronger influence of
physicochemical constraints relative to
nutrient-associated gradients. These findings are
consistent with previous studies demonstrating that
nematode community structure is closely associated
with nutrient availability and biological processes in
relatively structured soils [41]-[43].

In the present study, this relationship was
reflected in the NRKN orchard, where community
variation was strongly associated with OM, N, and P.

T. Korsrisakul et al., ““Context-dependent effects of fosthiazate on soil nematode communities and soil properties in guava orchards

with contrasting nematode infestation histories.”



Applied Science and Engineering Progress, Vol. 20, No. 2, 2027, 8241

The relatively stable and nutrient-associated
structure observed in this orchard may also be
related to its previous management history,
including bioluminescent mushroom application,
which may have contributed to increase organic
inputs and biologically active soil conditions.

In contrast, soil pH has frequently been
identified as an important factor influencing soil
biota under disturbed or environmentally
constrained conditions [44], [45]. which was
consistent with the observed pattern in the RKN
orchard. Furthermore,  disturbance-associated
restructuring of soil food webs has been linked to
reduced trophic  complexity and  greater
physicochemical control  over  biological
communities [46]. Collectively, these multivariate
patterns support the interpretation that ecological
responses to fosthiazate differed according to
baseline soil condition and infestation history.

4 Conclusion

This study demonstrates that the effect of fosthiazate on
soil nematode communities and soil nutrient dynamics
were strongly context-dependent and influenced by
the initial ecological condition of each orchard.

In the NRKN orchard, which was
characterized by a relatively mature and structurally
stable soil food web, fosthiazate application induced
primarily short-term functional responses without
substantially altering overall community
organization.  Ecological  indices,  trophic
composition, and multivariate analyses indicated
relatively stable community structure together with
comparatively  balanced nutrient  dynamics
following treatment.

In contrast, the RKN orchard exhibited
greater temporal variability in nematode community
structure  and ecological indices following
fosthiazate application. This orchard remained
dominated by lower trophic groups and showed
declining trends in several nutrient parameters,
suggesting reduced ecological buffering capacity
under disturbance conditions. Multivariate analyses
further indicated stronger associations between
nematode community structure and physicochemical
constraints, particularly soil pH.

Overall, these findings highlight that ecological
responses to chemical disturbance are shaped by
pre-existing soil conditions, including nematode
infestation history and baseline food web structure.

The study emphasizes the importance of
considering initial soil ecological status when
evaluating the effects of nematicides and developing
sustainable soil management strategies in perennial
orchard systems.
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