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Abstract:

Vermicomposting harnesses detritivores earthworms to convert organic wastes into nutrient-rich
vermicast. While species selection and feedstock quality are well-studied drivers of vermicomposting
efficiency, the influence of underlying soil type on earthworm population dynamics during bin- or bed-based
systems is less consistently reported for small-scale operations. This study evaluated the population density
and growth of Eisenia fetida cultured in three commonly occurring soil types—sandy, loamy, and clayey—
when used as the structural fraction (bulking matrix) in vermicomposting beds. Over eight weeks,
standardized bins (n = 5 per soil type) were charged with a uniform feedstock mix (pre-composted cow dung:
shredded leaf litter: kitchen waste at 2:1:1), maintained at 60—70% moisture, and run under shaded ambient
conditions (24-30 °C). Population density, biomass, and cocoon counts were recorded biweekly; substrate
physico-chemical parameters (pH, EC, moisture, organic carbon, C:N) were tracked at start and end. Loamy
beds showed the highest mean population density (individuals kg™ substrate) and cocoon production,
followed by sandy and clayey beds. Clayey beds exhibited compaction, lower aeration, and transient ammonia
accumulation during early weeks. Results support the practical recommendation that a loamy matrix (or
sandy-loam blend with structural bulking) optimizes worm performance in low-tech vermicomposting. The
study provides a replicable methodology for undergraduate research and highlights moisture control and
porosity as key mediators of earthworm fitness.

Keywords: Vermicomposting, Eisenia fetida, earthworm density, soil texture, loam, cocoon production,
substrate aeration

Introduction:

Rapid urbanization and rising organic
waste generation challenge municipal solid waste
management. Vermicomposting—bioconversion
of organic residues through the joint action of
earthworms and microbes—offers a low-cost, low-
energy solution that yields stabilized vermicast
with agronomic benefits. Epigeic species such as
Eisenia fetida and Eudrilus eugeniae thrive in
organic-rich, aerated environments and are widely
used in household and community systems.

Earthworm performance in

vermicomposting depends on temperature,

moisture, pH, feedstock composition, stocking
density, and bed aeration. The latter is directly
affected by the physical characteristics of the bed
matrix. In many field and household contexts, the
organic feedstock is layered or mixed with locally
available soil, which provides buffering capacity
and structure. However, the texture and
compaction behavior of different soils (sandy vs.
loamy vs. clayey) can differentially influence pore
space, drainage, oxygen diffusion, and metabolite

movement (e.g., ammonia, organic acids), thereby
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impacting earthworm survival, reproduction, and
growth.

This paper investigates how soil type used
as a structural bulking matrix modifies earthworm
population density and cocoon production in short-
cycle vermicomposting. We focus on three
representative  textures—sandy, loamy, and

clayey—under controlled yet low-tech conditions.

Objective:

1. To compare earthworm population density
(individuals kg™! substrate) in sandy, loamy,
and clayey matrices during an eight-week
vermicomposting cycle.

2. To quantify differences in biomass gain
(gkg™) and cocoon production

(cocoons kg™).
3. To relate earthworm performance to
substrate physico-chemical changes (pH,

EC, moisture, organic carbon, C:N).

Hypotheses:

H1: Loamy matrix will support higher earthworm
density and reproduction than sandy or clayey
matrices due to balanced porosity and water-
holding capacity.

H2: Clayey matrix will limit population growth

due to compaction and lower oxygen availability

Materials and Methods:

Study Design:

Location: [City, State, Country]; shaded outdoor
corridor/lath house; ambient 24-30 °C.

Duration: 8 weeks (biweekly observations).
Experimental Setup: Completely randomized
design (CRD) with three treatments (soil type) and
five replicates per treatment (n = 15 bins).

Soil Types and Characterization:
Sandy soil: Collected from a well-drained site;

predominantly sand fraction (>70%).

Loamy soil: Mixture with balanced sand-silt-clay
(approx. 40—40-20%).

Clayey soil: High clay fraction (>40%); plastic
and cohesive.

Each soil type was air-dried, passed through a
4mm sieve, and characterized at baseline for
texture (hydrometer/pipette method), pH (1:2.5
soil-water), electrical conductivity—EC, moisture
content (%), bulk density (core method), organic
carbon (Walkley—Black), total nitrogen (Kjeldahl

or dry combustion where available). See Table 1.

Feedstock and Pre-processing:

Feedstock mix (by wet weight): Pre-composted
cow dung (2 parts) : shredded dry leaves (1 part) :
chopped kitchen waste (1 part).

Pre-composting: 7-10 days to reduce initial
heating and ammonia; turning every other day.
Earthworm Species and Stocking:

Species:  Eisenia  fetida (red  wigglers),
acclimatized for one week.

Initial stocking density: 50 juveniles + 50 adults
per bin (approx. 100 individuals), equivalent to
~1,000 individuals m2 scaled to bin surface area;
wet biomass ~35-40 g per bin.

Bin Design and Maintenance:

Bin dimensions: 30x25x25cm perforated
plastic crates with mesh-lined sides for aeration
and leachate control.

Matrix loading: 2.0kg soil matrix + 3.0kg
feedstock per bin; thoroughly mixed.

Moisture: Maintained at 60-70% using a hand
squeeze test and a moisture meter.

pH: Monitored and adjusted with finely crushed
eggshell/lime if <6.0; avoided >8.0.

Light: Indirect; beds covered with breathable jute
to suppress light and retain moisture.

Measurements:

Earthworm population density: Individuals kg™
substrate. Subsamples (200 g) were hand-sorted
for 10min each; individuals counted and
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categorized (juveniles/adults); scaled to per-kg
basis.

Biomass: Wet mass (g) after gently blotting;
calculated per kg substrate.

Reproduction: Cocoon counts in 200g
subsamples; scaled to cocoons kg™'.

Substrate parameters: pH, EC, moisture, organic
carbon, total N at week 0 and week 8; temperature

weekly.

Data Quality and Ethics:
e Randomized bin positions weekly to
minimize microclimate effects.
e Non-destructive subsampling and timely
return of organisms to beds.
e Proper hygiene and PPE during handling;

ethical care of invertebrates.

Statistical Analysis:

e Checked normality (Shapiro—-Wilk) and
homogeneity (Levene’s test).

e One-way ANOVA to test treatment effects
on density, biomass, cocoon counts at week
8; repeated-measures ANOVA for time x
treatment where applicable.

e Post-hoc Tukey HSD (a = 0.05). Data

presented as mean + SE.

Results:
Soil and Substrate Properties:

Table 1. Baseline properties (mean of

triplicates).

Property Sandy Loamy Clayey
Texture (USDA) Sand Loam Clay
Bulk density (g cm™) 1.35 1.30 1.20
Field capacity moisture (%) 12-18 22-28 30-36
pH (1:2.5) 72 7.0 6.8
EC (dSm™) 0.25 0.32 0.35
Organic C (%) 0.5 0.9 1.1

Loamy matrix balanced water-holding
with adequate pore continuity; clayey matrix
exhibited higher water retention but tended to
compact under moisture, reducing air-filled
porosity.

Earthworm Population Density and Biomass:
Table 2. Earthworm performance at week 8
(mean = SE; n=5).

Metric Sandy Loamy Clayey
Density (individuals kg™) 210+18 310+22 16514
Biomass (gkg™) 68£5 9%6+7 346
Cocoons (kg™) 42+6 T7+9 31=+5

ANOVA indicated a significant effect of
soil type on density (F2,12>10, p<0.01),
biomass (p<0.01), and cocoon production
(p<0.05). Tukey HSD
Loamy > Sandy > Clayey for density and

showed

biomass; loamy significantly exceeded clayey
for all endpoints.
Temporal Trends:

Population increased rapidly between
weeks 2—6 in loamy bins, stabilizing thereafter.
Sandy bins showed moderate growth with
occasional moisture dips after hot days; clayey
bins exhibited delayed growth and transient
early-week mortalities associated with low
aeration and localized anaerobiosis.

Substrate Stabilization:

Across treatments, pH converged to
neutral (6.8—7.4) by week 8. EC remained within
non-toxic ranges (<1.5dS m™). Organic carbon
decreased and total nitrogen proportionally
increased, reducing C:N from ~25-30:1 to 12—
16:1; loamy bins achieved the most consistent
stabilization.

Important: Values above are representative and
included as an example of expected trends.
Replace with your measured data if conducting

the experiment.
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Our findings support the hypothesis that
matrix texture mediates earthworm performance
via aeration—moisture trade-offs. Loam offered
balanced pore-size distribution, facilitating
oxygen diffusion while retaining sufficient
moisture to prevent desiccation. Sandy matrices
drained rapidly, creating moisture stress
episodes that curbed reproduction despite good
aeration. Conversely, clayey matrices retained
moisture but compacted, reducing air-filled
porosity and leading to short-lived anaerobic
pockets that depress survival and cocooning.

Enhanced cocoon production in loamy
beds correlates with stable microclimate and
substrate palatability. Consistent moisture at 60—
70% and neutral pH favored microbial
communities that pre-condition feedstock,
improving ingestibility for E. fetida. The
observed reduction in C:N and stabilization
indicators align with efficient vermicomposting

end-points.

Practical Implications:

e For household and campus systems,

blend clayey soils with coarse bulking

agents (shredded cardboard, cocopeat,

cured biochar at 5-10%) to relieve
compaction.

e In arid conditions, sandy matrices need
frequent light watering and shading;
adding vermibed liners and organic

increases

bulking water-holding

capacity.

e Maintain feedstock pre-composting to

minimize ammonia spikes, particularly

critical in low aeration matter.
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