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ABSTRACT

Aims: Intensification of cassava production through improved fertilizer management requires
understanding its impacts on agricultural biodiversity.

Study Design: A field experiment using a split-plot design with three replications.

Place and Duration of the Study: The study was conducted at two sites (Research Station and
farmer's field) from April 2021 to March 2022.

Methodology: The study compared eleven fertilizer treatments across two cassava varieties
(Lakan 1 and Golden Yellow). Soil-inhabiting insects and weed communities were assessed across
all treatments.

Results: Soil-inhabiting insects showed significantly higher populations in unfertilized control plots
compared to fertilized treatments, with predatory ground beetles (Carabidae) dominating both sites.
Shannon's diversity indices (1.58-1.62) indicated moderate insect diversity across sites, suggesting
simplified but functional communities. Weed assessments revealed distinct community structures
between sites, dominated by perennial grasses from the Poaceae family. While fertilizer treatments
significantly influenced soil insect abundance, weed community composition was more strongly
affected by site-specific conditions, as demonstrated through cluster analysis.

Conclusion: The study demonstrates that agricultural intensification through fertilizer application
may impact beneficial soil fauna while having limited effect on weed community structure. These
findings suggest the need for integrated, site-specific management approaches that balance
nutrient application with biodiversity conservation in cassava production systems.

Keywords: Agro-biodiversity; cassava production; fertilizer treatments; soil insects; weed

communities; Carabidae; species diversity; site-specific management.
1. INTRODUCTION have shown a potential to increase yields by 5.50
t/ha compared to traditional practices (Byju et al.,
2020). However, the risks of soil deterioration
and pests and diseases by intensification
necessitate integrated management considering
productivity and ecosystem health (Howeler et
2013; Fermont, 2019). Agricultural

The Cassava (Manihot esculenta Crantz) is a key
food security crop in tropical and subtropical
regions, serving as food and industrial
commodities in the Philippines (Ferraro et al.,
2016; Li et al., 2017). Its remarkable tolerance to  al.,

drought and poor soils makes it essential for
subsistence farming, while its versatility supports
various industries, including animal feed, starch
production, bioethanol, and food processing
(Howeler, 2010; Panghal et al., 2019). In the
Philippines, cassava cultivation accounts for
705,834 hectares across Northern Mindanao,
Cagayan Valley, Bicol Region, and ARMM
(Philippine Statistics Authority, 2018; National
Academy of Science and Technology, 2024),
with the Caraga Region contributing 2,789
hectares yielding 8.8 t/ha (Philippine Statistics
Authority, 2018). However, cassava productivity
faces challenges from declining soil fertility and
increasing production pressure.

Rising global demand has intensified the need
for improved cassava production through
enhanced fertilizer management practices. The
sustainable intensification employing ecosystem-
based approaches and improved fertilizer
application methods (Howeler et al., 2013), the
implementation of site-specific nutrient
management (SSNM), and customized fertilizers

biodiversity plays a crucial role in maintaining
ecosystem services within cropping systems.
Research has demonstrated that diversified
farming practices enhance services such as
pollination, pest control, nutrient cycling, and soil
fertility without compromising yield (Tamburini et
al., 2020). Particularly significant are soil-
inhabiting insects, especially Carabid beetles,
which provide biocontrol services through
complex spatial networks (De Heij & Willenborg,
2020). Similarly, weed communities contribute to
soil stability and habitat diversity through
microbiome interactions (Trognitz et al., 2016),
with emerging evidence suggesting that "neutral
weed communities" can enhance ecosystem
services without adversely impacting crop yield
(Esposito et al., 2023). However, fertilizer
applications modify the above-ground and below-
ground biological communities. Recent studies
have shown that nitrogen fertilization increases
plant biomass and reduces species richness and
soil prokaryotic diversity (Sun et al., 2024).
Different fertilizer types show varying effects:
mineral nitrogen and straw applications decrease
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bacterial alpha diversity, while manure
applications increase it (Dang et al., 2022).
However, significant knowledge gaps remain

regarding these effects in root crops like
cassava, which concern the simultaneous
response of beneficial insects and weed

communities to fertilizer management. Various
agricultural ecosystems require examination
under varied conditions, considering both
research station and farmer's field conditions.
Field margins have been shown to maintain
biodiversity and enhance crop pollination and
pest control services (Peters et al., 2022).
Agusan del Sur's cassava production systems,
influenced by agricultural practices and climate
resilience requirements (Varela et al.,, 2022),
provide an ideal setting for investigating these
relationships.

This study evaluates the impacts of fertilizer
treatments on agro-biodiversity within cassava
production systems in Trento, Agusan del Sur,
Philippines, examining the effects on soil insect
diversity, weed composition, and interactions
between fertilizer management and cassava
varieties. It characterizes soil-inhabiting insect
communities and weed flora responses across
fertilizer regimes. It explores relationships
between fertilizer applications and beneficial soil
fauna, particularly ground beetles as soil health
indicators, to understand fertilizer effects on
biodiversity and cassava productivity.

2. MATERIALS AND METHODS

2.1 Study Sites and Experimental Design

The study was conducted from April 2021 to
March 2022 at two sites in Trento, Agusan del
Sur, Philippines: the DA-Caraga Research
Station and the Barangay Cuevas experimental
site. The area experiences a Type Il climate with
no distinct dry season but with pronounced
rainfall from December to January. Each
experimental site utilized an area of 4,300 m2,
The experiment was laid out in a Split-plot design
arranged in a Randomized Complete Block
Design (RCBD) with three replications. The main
plot factor was fertilizer treatment, while cassava
variety was the sub-plot factor. Each plot
measured 6m x 6m to accommodate 36 plants
with 1Im x 1m spacing.

The experiment consisted of eleven fertilizer
treatments:

1. T1 (Ctrl) - Unfertilized control (0-0-0)
2. T2 (NPK) - Full NPK (200-100-350 kg N,
P,O;, K,0 ha™?)

3. T3 (PK) - N omission plot (0-100-350 kg N,
P,O., K,0 ha™t)

4. T4 (NK) - P omission plot (200-0-350 kg N,
P,O., K,0 ha™t)

5. T5 (NP) - K omission plot (200-100-0 kg N,
P,O;, K,0 ha™)

6. T6 (SSNM) - Site-specific nutrient
management

7. T7 (NFR) - National fertilizer
recommendation (56-56-560 kg N, P,Osq,
K,O ha™)

8. T8 (FFP) - Farmers' fertilizer practice

9. T9 (NPK Adjusted N) - Modified N rate

(100-100-350 kg N, P,Og, K,O ha™)

10. T10 (NPK Adjusted P) - Modified P rate
(200-50-350 kg N, P,Og, K,O ha™)

11. T11 (NPK Adjusted K) - Modified K rate
(200-100-175 kg N, P,O4, K,O ha™)

2.2 Land Preparation and Planting

Before planting, the experimental area was
thoroughly prepared by deep plowing and
harrowing three times using a tractor to achieve
proper soil tilth and enhance root penetration.
Soil samples were collected from each site in a
Z-pattern to establish baseline soil properties,
including soil pH, total nitrogen (N), organic
matter (%OM), available phosphorus (P), and
exchangeable potassium (K) (Adajar & Taer,
2021). Mature cassava stem cuttings of two
varieties (Lakan 1 and Golden Yellow) were
obtained from DA-Caraga, Trento Research and
Experiment Station. High-quality stem cuttings
with five nodes were selected and cut to
uniform lengths. Planting was done upright at a
spacing of 1 m between hills and 1 m
between rows, accommodating 36 plants within
each 6m x 6m plot. The planting materials were
sourced from disease-free, 8-10-month-old
mother plants to ensure good establishment and
vigor.

2.3 Fertilizer Treatment Application

Fertilizer applications were carried out following
specific timing and splitting schedules for
different nutrients. The nitrogen source was Urea
(46% N), applied in three equal splits: 30% at
planting, 35% at 2.5 months after planting (MAP),
and the remaining 35% at 5 MAP. Phosphorus,
sourced from Solophos (18% P,0O;), was applied
entirely as a basal application at planting. Using
Muriate of Potash (60% K,O) as the source,
potassium was applied in three splits following
the same schedule as nitrogen (30:35:35 ratio at
0, 2.5, and 5 MAP).
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Fertilizers were incorporated into the soil during
the final harrowing operation for basal
applications. Split applications were done
through band placement 10-15 cm away from the
plant base and covered with soil to minimize
nutrient losses. Hilling-up was performed after
the first fertilizer application, covering the
fertilizer by hilling the soil to about 8-10 cm
depth.

The specific fertilizer rates for each treatment
were as follows:

Treatment 2 (NPK) received the full
recommended rate of 200-100-350 kg N, P,Oq,
K,O ha™t. Treatment 3 (PK) received 0-100-350
kg N, P,Og, K,O ha™, while Treatment 4 (NK)
received 200-0-350 kg N, P,0O., K,O ha™, and
Treatment 5 (NP) received 200-100-0 kg N,
P,0s, K,O hat. Treatment 6 (SSNM) rates were
computer-generated based on site-specific
conditions. Treatment 7 (NFR) followed the
national recommendation of 56-56-560 kg N,
P,0O;, K,O ha™. Treatment 8 (FFP) rates varied
by site: Site 1 Research Station received 40-60-
30 kg N, P,O¢, K,O ha™, while Brgy. Cuevas
received 60-30-7 kg N, P,0, K, 0O ha™
Treatments 9, 10, and 11 received adjusted rates
of either N (100-100-350), P (200-50-350), or K
(200-100-175) kg N, P,05, K,0 haw,
respectively.

2.4 Crop Management

Off-barring was conducted one month after
planting by plowing between the furrows to
control weeds and improve soil aeration. Regular
pest and disease incidence monitoring was
carried out 60 days after planting until harvest,
with observations conducted twice monthly.
Weed management was performed through hand
weeding and under-brushing to prevent weed
competition and eliminate potential pests and
disease hosts. The trial was maintained under
rainfed conditions throughout the growing period.
These management practices were uniformly
implemented across all treatments to ensure that
observed differences could be attributed to the
fertilizer treatments rather than variations in
cultural practices.

2.5 Biodiversity Assessments
2.5.1 Soil-inhabiting insect sampling

Soil-inhabiting insects were sampled using pitfall
traps installed one week before harvest.
Seventy-two traps were systematically arranged

within each plot following a grid pattern (Fig. 1).
The traps consisted of 1.5 L transparent plastic
bottles measuring 5 inches in diameter and 6
inches in height. Each trap was filled with 250 mL
of 75% ethyl alcohol as a preservation medium.
Trapped insects were collected and carefully
sorted into taxonomic groups. All specimens
were preserved in 75% ethyl alcohol for
subsequent identification. Using standard
taxonomic keys, insects were identified at the
family level, and population counts were
recorded for each species or family group
identified.

2.5.2 Weed assessment

Weed diversity assessment was conducted using
a quadrat sampling (Fig. 2). Three 0.5m?
quadrats were randomly placed within each plot,
resulting in 198 quadrats across all treatments.
Within each quadrat, all weed species were
identified and counted individually. The weeds
were classified according to their growth form
(annual or perennial), plant type (grass, sedge,
or broadleaf), and family classification. For each
species identified, parameters including species
composition, individual counts per species,
frequency of occurrence, and relative frequency
were measured and recorded.

cover

IS cm

6 inches depth

Fig. 1. Pitfall traps

6 meters

6 meters
05m

0.5m

v

Fig. 2. Weed species collection quadrat
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2.5.3 Data analysis

The biodiversity data were analyzed using
multiple statistical approaches to assess the
effects of mineral nutrient applications
comprehensively. Biodiversity indices, including
the Shannon-Wiener diversity index (H'), species
evenness, species richness, and relative
abundance, were calculated to quantify the
diversity patterns across treatments. Multivariate
analysis was performed using PAST:
Paleontological Statistics Software (version 4.02)
to generate dendrograms, which visualized the
similarities in species composition among
different treatments through classical cluster
analysis. For weed species assessment, the
relative frequency was calculated using the
formula: Relative Frequency = (Frequency of a
species + Total frequency of all species) x 100.
This provided a standardized measure of weed
species occurrence across the experimental
plots. All statistical analyses were performed at a
5% significance level to ensure a robust
interpretation of the results.

3. RESULTS AND DISCUSSION

3.1 Diversity and Abundance of Soil-
inhabiting Insects

The assessment of soil-inhabiting insects at the
two study sites revealed distinct patterns in
species composition and abundance (Table 1).
At Site 1 (Research Station), 183 individuals
across seven species and five families were
collected. Lasius niger (Formicidae) was the
most abundant, with 76 individuals, followed by
Pterostichus sp. (Carabidae) with 46 individuals
and Pterostichus melanarius (Carabidae) with 29
individuals.  Smaller  populations included
Archispirostreptus  gigas (12  individuals),
Melanoplus sp. (10), Vespula vulgaris (9), and
Callidula sp. (1). At Site 2 (Brgy. Cuevas), 164
individuals across eight species were recorded,
with Carabidae as the dominant family.
Pterostichus sp. led with 70 individuals, followed
by Ophionea nigrofasciata (44), Pterostichus
melanarius (15), and Calleida decora (18).
Smaller populations included Gryllotalpa africana
(8), Dialytes sp. and Conococephalus
longepennis (4 each), and Melanoplus sp. (1).
Insect abundance varied significantly across
fertilizer treatments and crop varieties (Fig. 3).
Control plots (unfertilized) consistently supported
higher insect populations than fertilized plots for
both varieties. In the Lakan 1 variety, control
plots averaged 30 insects per plot, while NPK-

treated plots averaged 15. A similar trend was
seen in the Golden Yellow variety, with control
plots averaging 28 insects and NPK-treated plots
around 14. Diversity metrics differed between
sites (Fig. 4). Site 1 exhibited Shannon's diversity
index of 1.58, evenness of 0.81, and species
richness of 7. In contrast, Site 2 showed
Shannon's index of 1.62, evenness of 0.78, and
species richness of 8, indicating moderate
diversity with relatively even species distribution
at both sites.

The prominence of Carabidae (ground beetles) in
the study sites supports previous research on
their role in agricultural ecosystems. Carabid
beetles are widespread in agricultural fields
globally and serve as natural pest controllers
through predatory behavior and diverse feeding
habits (Fei et al., 2023). Their population density
in these environments is shaped by various
environmental factors, including soil properties,
microclimatic  conditions, and management
practices (Gaspari¢ et al.,, 2017). Typically, a
single agricultural site can host 40-60 carabid
species, with cropping sequences and pest
management methods further influencing these
populations (Goulet, 2023). The specific
dominance of Pterostichus species reflects their
adaptability to agricultural landscapes, as they
effectively colonize field centers and edges
across various cropping systems (Rose & Dively,
2014). Studies suggest that sustainable farming
practices can increase carabid activity density
compared to conventional methods, though their
populations remain sensitive to insecticide
applications (lvankovi¢ Tatalovi¢ et al., 2020). In
cassava fields, the abundance of -carabids
indicates their potential contribution to biological
pest control, as ground beetles are known to
reduce pest populations in  agricultural
landscapes (Viric et al., 2022).

The inverse relationship between fertilizer
application and insect abundance highlights the
impact of fertilizers on insect populations in
agricultural plots. Reduced insect populations in
fertilized plots may result from several factors.
Increased nutrient availability leads to a denser
crop canopy, which alters soil surface
microhabitat  conditions such as light,
temperature, and humidity, thereby discouraging
insect species adapted to open areas. Queiroz &
Ribas, (2016) found that such canopy
modifications create microclimatic differences
that negatively affect certain insect species.
These findings align with Brygadyrenko,
(2016), who demonstrated that denser canopy

109



Atalo et al.; Int. J. Plant Soil Sci., vol. 37, no. 5, pp. 105-119, 2025; Article no.lJPSS.134896

conditions significantly reduce litter-
dwelling macrofauna abundance and alter
community structure. Additionally, changes in soil
chemistry due to fertilizer application may affect
habitat preference of soil-dwelling insects. van
Klink et al.,, (2015) established that fertilizer-
induced changes in soil chemistry directly
influence habitat selection by soil-dwelling

insects, while Chen et al., (2022) showed that
altered soil properties, such as pH and humidity,
affect insect microhabitat preferences and
survival rates. These studies collectively suggest
that fertilizer application indirectly affects insect
populations by modifying both the physical
structure and chemical properties of their
habitats.

Table 1. Taxonomic classification and relative abundance of soil-inhabiting insects collected
from two cassava production sites in Trento, Agusan del Sur, Philippines

Inhabiting Insect Species Family Phylum No. of individuals
per taxon
Site 1 (Research Station)
Pterostichus melanarius Carabidae Arthropoda 29
Pterostichus sp. Carabidae Arthropoda 46
Melanoplus sp. Acrididae Insecta 10
Archispirostreptus gigas Spirostrepridae Arthropoda 12
Callidula sp. Callidulilae Arthropoda 1
Lasius niger Formicidae Arthropoda 76
Vespula vulgaris Vespidae Arthropoda 9
Abundance 183
Site 2 (Brgy. Cuevas)
Pterostichus sp. Carabidae Arthropoda 70
Ophionea nigrofasciata Carabidae Arthropoda 44
Pterostichus melanarius Carabidae Arthropoda 15
Calleida decora Carabidae Arthropoda 18
Melanoplus sp. Acrididae Insecta 1
Dialytes sp. Scarabaeidae Arthropoda 4
Gryllotalpa Africana Gryllotalpidae Arthropoda 8
Conococephalus longepennis  Tettigoniidae Arthropoda 4
Abundance 164
35

30

MNo. of Insects
[t [ M ]
= (%] = (9]

L

SSNM NPK* NPK** NPK***

M Lakanl & Golden Yellow

Fig. 3. Mean soil insect abundance across fertilizer treatments for two cassava varieties (Lakan
1 and Golden Yellow) at research station and farmer's field sites in Trento, Agusan del Sur,
Philippines
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Fig. 4. Comparison of soil insect diversity indices (Shannon's diversity index, evenness, and
species richness) between research station and farmer's field sites in cassava production
systems at Trento, Agusan del Sur, Philippines

The moderate diversity indices at both sites
indicate stable insect communities. Despite lower
total insect abundance, site 2's slightly higher
Shannon's index (1.62 vs. 1.58) suggests a more
even species distribution. This variation likely
stems from differences in management
approaches: research stations typically follow
standardized practices for  experimental
consistency, creating uniform conditions that may
favor certain species, while farmers' fields often
maintain more diverse microhabitats through
varied practices such as crop rotation, mixed
planting, or less uniform planting density. These
differences in management intensity and variety
create distinct microhabitats supporting different
insect communities, even if overall abundance
varies.

The presence of both predatory (Carabidae) and
herbivorous (Gryllotalpidae, Acrididae) insects
suggests a functional food web within the
cassava system. However, lower diversity
indices than natural ecosystems indicate that
agricultural  practices impact soil insect
community structure. While natural ecosystems
support diverse insect populations through
habitat heterogeneity, managed agricultural fields
present more uniform environments with frequent
disturbances, reducing available niches and
limiting insect survival. Sadej et al., (2012) found
that soil management and fertilization
significantly influence ground beetle
assemblages, showing higher diversity in soils
with increased organic carbon and nitrogen

content. Alyokhin et al., (2020) suggested that
soil management history more consistently
affects insect behavior than immediate fertilizer
use, highlighting the long-term effects of
agricultural practices on insect communities. Zhu
et al.,, (2016) further demonstrated that each
beetle species has specific requirements for soil
type, moisture, pH, and light exposure, making
these insects sensitive to habitat modifications
and changes in environmental quality.

The observed differences in insect abundance
and diversity between the two cassava varieties,
Lakan 1 and Golden Yellow, suggest that crop
genotype may influence soil insect communities,
potentially through variations in root exudates or
canopy structure. Plants release organic
compounds through their roots, known as
exudates, which vary across crop varieties and
can affect soil chemistry and microbial
communities, thereby influencing soil-dwelling
insects. Specific exudates can attract or repel
certain insect species, altering the composition of
the soil insect community around each variety.
Research indicates that root exudates play a role
in regulating soil fungal community composition
and diversity, with plants maintaining resident
soil fungal populations while influencing
nonresident populations (zZhu et al., 2016).
Certain plant genes, such as ABC transporters,
significantly impact root exudation profiles, which
in turn shape soil microbial communities (Sasse
et al, 2018). Additionally, different plant
accessions within the same species, such as

111



Atalo et al.; Int. J. Plant Soil Sci., vol. 37, no. 5, pp. 105-119, 2025; Article no.lJPSS.134896

Arabidopsis  thaliana, selectively influence
rhizobacterial communities through variations in
root exudation (Sagar & Sarwar, 2018). This
interaction between crop variety and soil fauna
warrants further investigation to support the
development of more sustainable cassava
production systems.
3.2Weed Species and
Distribution

Composition

At two study sites, eight distinct species
representing four plant families were identified
(Table 2). The Poaceae (grass family) dominated
the weed community with five species, while
Asteraceae, Cyperaceae, and Fabaceae were
represented by one species each. The identified
species exhibited diverse growth forms: three
perennial grasses (Cynodon dactylon L.,
Panicum maximum, and Imperata cylindrica),
one perennial sedge (Cyperus rotundus), one
perennial forb (Mimosa pudica L.), one annual
forb (Ageratum conyzoides L.), and two annual
grasses (Eleusine indica L. and Dactyloctenium
aegyptium L.). At Site 1 (Research Station),
Cynodon dactylon L. was the most frequent
species with a relative frequency of 17.378,

followed by Panicum maximum and
Dactyloctenium aegyptium L. at 14.399 each
(Table 3). The dominance of these grasses
suggests adaptation to the management
practices at the research station. In contrast, at
Site 2 (Brgy. Cuevas), Imperata cylindrica had
the highest relative frequency (16.337), followed
by Cynodon dactylon L. (14.134) and Eleusine
indica L. (13.895). Dendrogram analysis of weed
communities under different fertilizer treatments
at both sites showed no clear differentiation in
community composition across treatments (Figs.
5 & 6). This indicates that site-specific conditions
and existing seed banks influenced weed
species composition more than nutrient
management.

The predominance of Poaceae in the weed
communities aligns with previous findings by
Sagar & Sarwar, (2018), who documented grass
species from this family to be highly dominant in
agricultural settings, particularly genera like
Digitaria, Panicum, and Echinochloa. Schreiber
et al., (2018) similarly found that Poaceae
consistently presented the largest number of
species across diverse agricultural management
systems.

Table 2. Growth form and family classification of weed species identified in cassava
production systems at Trento, Agusan del Sur, Philippines

Weed Species

Growth Form

Family Name

Ageratum conyzoides L.
Mimosa pudica L.

Cynodon dactylon L.
Eleusine indica L.

Panicum maximum

Imperata cylindrica

Cyperus rotundus
Dactyloctenium aegyptium L.

Annual Forb
Perennial Forb
Perennial Grass
Annual Grass
Perennial Grass
Perennial Grass
Perennial Sedge
Annual Grass

Asteraceae
Fabaceae
Poaceae
Poaceae
Poaceae
Poaceae
Cyperaceae
Poaceae

Table 3. Frequency distribution and relative frequency of weed species in cassava production
systems at research station and farmer's field sites in Trento, Agusan del Sur, Philippines

Species Site 1 (Research Station) Site 2 (Brgy. Cuevas)
Frequency Relative Frequency Relative
Frequency Freguency
Ageratum conyzoides L. 96 9.533 141 13.437
Mimosa pudica L. 103 10.228 93 8.836
Cynodon dactylon L. 175 17.378 148 14.134
Eleusine indica L. 127 12.612 146 13.895
Panicum maximum 145 14.399 137 13.048
Imperata cylindrica 129 12.810 171 16.337
Cyperus rotundus 87 8.640 104 9.959
Dactyloctenium aegyptium L. 145 14.399 109 10.369
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Fig. 5. Hierarchical cluster analysis dendrogram showing weed community similarity patterns across fertilizer treatments at the research station
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Fig. 6. Hierarchical cluster analysis dendrogram showing weed community similarity patterns across fertilizer treatments at the farmer's field site
in Brgy. Cuevas, Trento, Agusan del Sur, Philippines
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The identified weed community, comprising both
annual and perennial species, presents distinct
management challenges. Annual weeds, as
demonstrated by Schwartz-Lazaro & Copes,
(2019), contribute significantly to the soil seed
bank through their single-season life cycle and
prolific seed production. Travilos et al., (2020)
showed that these annuals, particularly spring-
emerging species, respond distinctively to
management timing. The high representation of
perennial species (five of eight identified species)
in our study sites indicates the establishment of
persistent populations through their dual
reproductive strategy - vegetative reproduction
via belowground buds and sexual reproduction
through seeds (Ott & Hartnett, 2011). This
reproductive flexibility, particularly evident in
species like C. dactylon and I. cylindrica, enables
stable population maintenance under various
environmental conditions and management
practices. These established weed communities,
through soil conditioning effects, can modify soil
conditions that influence subsequent vegetation
dynamics (Espeland, 2013), aligning with Petit et
al., (2011) findings on species-specific
interactions in agroecosystems.

The dominance of different grass species at each
site (C. dactylon at Site 1 and I. cylindrica at Site
2) underscores the impact of local management
practices and environmental conditions on weed
community structure. This finding aligns with
Cordeau et al., (2017), who reported that site-
specific conditions account for 75.5% of the
explained variation in  weed community
composition, while management practices
explain 18.3%. Gibson et al., (2013) similarly
found that weed communities correlate most
strongly with geographic location and secondarily
with management practices. The higher relative
frequency of C. dactylon at the research station
reflects its adaptation to intensive management
practices and regular disturbance, as supported
by Travlos et al., (2020) and Jung et al., (2019),
who found that such conditions favor species
with rapid establishment capabilities while
limiting competition from less adaptable species.

Annual and perennial species across sites
indicate a complex weed community structure,
presenting varied management challenges.
Annual weeds complete their life cycle in a single
growing season, producing large quantities of
seeds that rapidly replenish their populations.

Schwartz-Lazaro & Copes, (2019) demonstrated
that annual weeds contribute significantly to the

soil seed bank, requiring management strategies
that prevent seed production and deplete existing
seed reserves. Management timing is critical, as
Travlos et al., (2020) showed that spring-
emerging annual weeds respond differently to
timing than later-emerging species, with early-
emerging spring annuals being particularly
sensitive to soil disturbance timing. In contrast,
perennial species, especially the grass species
identified in this study, use dual reproductive
strategies: significant seed production and
vegetative propagation (e.g., rhizomes or
stolons). Perennial grasses maintain populations
through a combination of vegetative reproduction
via belowground buds and seed production, as
documented by Ott & Hartnett, (2011), who found
that perennial grasses produce a large reserve of
dormant buds, with flowering tillers generating
more and larger buds than vegetative tillers. This
reproductive flexibility enhances their persistence
in agricultural systems, complicating
management. Mahé et al., (2021) further
emphasized that effective management of
persistent weed populations requires
understanding both above-ground vegetation
and the soil seed bank, as the seed bank acts as
a reservoir for future weed infestations.

The lack of clear differentiation in weed
communities across fertilizer treatments, as
shown in the dendrograms, suggests that short-
term nutrient management has less influence on
weed community composition than other factors.
Cordeau et al., (2017) demonstrated that timing
of management practices, particularly tillage,
explains approximately 50% of weed community
variability at local scales, with weather conditions
playing crucial roles in community assembly. The
established seed bank serves as a persistent
source of weed propagules influencing current
populations (Mahé et al., 2021), while historical
land use creates lasting effects through soil
property modifications and plant-soil feedbacks
(Jung et al.,, 2019; Espeland, 2013). The
consistent occurrence of C. rotundus across all
treatments demonstrates its adaptability to
various nutrient conditions, while the relatively
even distribution of A. conyzoides and E. indica

across sites, despite different management
intensities, indicates their broad ecological
adaptability. However, their lower relative

frequencies compared to perennial grasses
suggests current management practices may be
more effective in controlling annual species.

The presence of C. rotundus (nutgrass) across
all treatments indicates its adaptability to various
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nutrient conditions, confirming its status as a
problematic weed in tropical agricultural systems.
Similarly, the consistent occurrence of M. pudica
suggests its tolerance to various management
practices, though at lower frequencies compared
to grass species. The relatively even distribution
of certain species like A. conyzoides and E.
indica  across  sites, despite  different
management intensities, indicates their broad
ecological adaptability. However, their lower
relative frequencies compared to perennial
grasses suggests that the current management
practices may be more effective in controlling
annual species.

4. CONCLUSION

This study demonstrates distinct patterns in how
fertiizer management practices affect agro-
biodiversity components in cassava production
systems. Soil insect communities showed higher
abundance in unfertilized plots, with beneficial
predatory insects (particularly carabidae)
dominating both study sites, suggesting that
intensive fertilizer application may impact natural
pest control services. The moderate diversity
indices observed indicate that while these
agricultural systems maintain functional insect
communities, they represent simplified versions
of natural ecosystems. Weed community
structure proved more responsive to site-specific
conditions than fertilizer treatments, with
perennial grasses dominating both sites but
showing distinct species dominance patterns
between research station and farmer's field
conditions. This suggests that effective weed
management strategies should prioritize local
conditions and historical management practices
over universal fertilizer-based approaches.
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