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Abstract:
Purpose: Without a proper treatment, pigeon dropping waste (PDW) in the urban environment is a sanitary
risk for the population because of nasty and irritating odors, a very high content of ammonium, and the
presence of pathogens. This study deals with the recycling of PDW from a dovecote, situated in a public city
plaza, to achieve its stabilization and eliminate sanitary risks.
Method: Composting of PDW with other locally available lignocellulosic residues (sawdust and chipped tree
pruning) and vermicomposting employing Eisenia fetida earthworms was applied. Two designs were selected
for the vermicomposting stage: (1) Sectorized, with a zone with earthworms and another zone of composted
PDW with gradual incorporation to the first one and, (2) Integrated, consisting of the composted PDW, with E.
fetida in the entire solid.
Results: The composting allowed a partial stabilization of the original mix of PDW, given its highly elevated
initial content of ammonium (8693 mg/kg). The combined processes almost eliminated the ammonium present
(> 99% reduction) and the action of earthworms shortened the maturation time. Organic matter and electrical
conductivity of the solids had important reductions. The treatment affected the resulting characteristics of the
solids obtained but the germination index was above 80% in both cases.
Conclusions: Both designs allowed the obtention of two mature, non-phytotoxic vermicomposts. The
sectorized vermicompost had better properties and had the advantage of being obtained with fewer initial
number of earthworms.
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1. Introduction

Urban pigeons are commonly present in almost every city
in the world. They have found a satisfactory habitat spe-
cially in great metropolises: buildings for the construction
of their nests, food, lack of predators and warmer temper-
atures in comparison to rural zones have led to the growth
of their population. Among the problems associated with
the coexistence with these birds are those of sanitary type
(pigeons are known as bearers of parasites and infectious
diseases), air, water and food contamination and structural
damage in buildings due to the corrosivity of their deposi-
tions. In recreational sites, generation and accumulation of

pigeon dropping waste (PDW), mainly composed of feces
and some feathers and food, can intensify the likelihood
of occurrence of sanitary problems and their management
must be carried out.
“El Palomar” (the dovecote), a place of traditional family
recreation built in 1940, stands on one of the main plazas
in Santa Fe city (Argentina). Nowadays, an approximate
population of 1,200 pigeons nests in this dovecote. The
cleaning and general maintenance of this building is the
responsibility of the local government, and the ultimate dis-
position of these wastes without treatment is a problem to
address.
Problems associated with the PDW can be mitigated by
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stabilizing the organic matter, the content of ammonium
and reducing pathogenic agents (mainly fecal coliforms
and Salmonella sp.). These indicators are the most fre-
quently recommended worldwide to confirm stability of
a treated substrate (Leconte et al., 2009). As for other
organic wastes, composting and vermicomposting repre-
sent low cost alternatives, economically and energetically.
Both processes allow the removal of toxic substances and
the stabilization of organic wastes, generating solid prod-
ucts which can be used in agriculture for plant growth or
applied as soil amendment, depending on their quality (Ma-
harjan et al., 2023). Composting involves the biochemical
microbiological degradation of organic wastes while, in ver-
micomposting, a synergistic action is stablished between
microorganisms and earthworms. The mechanical disin-
tegration and enzymatic degradation of the solid wastes
by the earthworms, their mobility within the substrate, the
excretion of mucus and the production of bio-aggregates,
all of this favors the aeration and the enrichment of the
product with nutrients like phosphorus and nitrogen, which
ultimately become available for the degrading microorgan-
isms (Yuvaraj et al., 2021).
Specifically, PDW usually presents extreme elevated lev-
els of ammonium, hindering their handling and treatment.
Although composting/vermicomposting of birds’ wastes
have been reported, it has been mostly focused on poultry.
Leconte et al. (2009) co-composted rice hulls and/or saw-
dust with poultry litter and found an increase in N-NH+

4
content during the first three months and a rapid decrease af-
terwards, with higher rates of nitrification using sawdust in
the mixture. Pizarro et al. (2019) compared raw poultry litter
and composted one as lettuce (Lactuca sativa L.) safer fertil-
izer. In a study of combined composting-vermicomposting
of poultry litter, rice hulls and/or eucalyptus sawdust, the
authors found that the addition of the earthworms action en-
hanced the quality of the final product (Masin et al., 2020);
this conclusion has also been obtained by other authors
(Niedzialkoski et al., 2021; Srivastava et al., 2023). In the
case of PDW, information is extremely scarce. A charac-
terization of this waste was presented by Villa-Serrano et
al. (2010) in terms of organic matter, C/N ratio, P and K con-
tents and micronutrients, and presented as a soil fertilizer
without further treatment. Only Singh et al. (2019) reported
co-vermicomposting with cow manure and the action of

Eisenia fetida [Savigny, 1826] for the stabilization of this
waste. They compared mixtures at different ratios of both
wastes and the nutrients (N, P, K, Ca, OM, etc.) changes in
the vermicomposts obtained, although neither ammonium
nor pathogens’ presence was surveyed.
Within this context, and with the aim of solving a particular
contamination problem for the inhabitants of the city, this
work explores the outcome of composting-vermicomposting
PDW from a public dovecote combined with local organic
materials. Two types of constructions were designed for the
vermicomposting stage, a traditional integrated one and a
sectorized one, for the gradual incorporation of composted
PDW. As a result, the aim is to obtain a sanitized bioproduct
with potentiality to be used as soil amendment for ornamen-
tal plants’ growth.

2. Materials and methods

Analytical reagents, waste materials and earthworms
All reagents used for the different chemical determinations
were of analytical grade. All experiments were carried
out at INTEC (Instituto de Desarrollo Tecnológico para la
Industria Quı́mica) facilities, located within CCT (Centro
Cientı́fico Tecnológico) Santa Fe property (31°38′6.33′′S,
60°40′13.25′′O). PDW came from “El Palomar” located
in Colón Plaza (31°64′68.07′′S, 60°70′39.25′′O) in Santa
Fe city, Argentina; it was kindly provided by the local
government. Eucalyptus sp. sawdust (ES) was obtained
from a sawmill nearby (31°04′4.5′′S, 60°05′47.0′′O).
Finally, the chipped tree pruning (CTP: mixture of leaves,
foliage and small twigs) was collected from CCT Santa
Fe landscape area, from where the soil was also extracted.
Adult clitellated earthworms of E. fetida, employed for
the vermicomposting stage, were obtained from INTEC
terrestrial oligochaetes bioterium.

Composting and vermicomposting stages
The experimental procedure proposed was a consecutive
two-stage process: first, the composting of the aforemen-
tioned wastes, followed by a vermicomposting stage. The
initial moisture of PDW was 40%, while the other two
wastes were dry. PDW, ES and CTP were mixed in a
7:2:1 ratio (Fig. 1) and then composted. ES and CTP were

Figure 1. Original waste materials to compost: Pigeon dropping waste (PDW), Eucalyptus sawdust (ES) and chipped tree pruning (CTP).
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selected given their OM-rich nature and high C/N ratios
(e.g. C/N ratio for ES is 131.8). This makes them suitable
for mixing with N-rich residues like PDW which presents
extremely high content of ammonium. Additionally,
CTP contributes to structural support which improves the
substrate aeration; and the hygroscopic behavior of both
woody materials helps retaining the moisture content of
the mixture. They also help reduce the rapid release of
nutrients and minimize the pathogen content of PDW.
The composting stage was set in 105 days. It was carried
out during the winter-spring season, within a plastic
cylindrical vessel (120 L) located outdoors but protected
from rainfall and inclement weather. Moisture was kept at
60−70% by manual watering with a pump pressure sprayer
and controlled with a hygrometer (TFA). The mixture was
turned with a shovel once a week to aerate and homogenate.
Temperature was measured in four places within the top
10 cm of the composted substrate’ profile and the average
value was calculated. The resulting composted material was
labelled as PDW-C. Samples were periodically withdrawn
for physicochemical and biological characterization.
After the first composting stage, two alternative treatments
were designed to compare the vermicomposting of
PDW-C. In order to favor the growth of earthworms in the
vermicomposting designated area, PDW-C was combined
with soil at a proportion 60% PDW-C + 40% soil (S). E.
fetida earthworms were introduced only in PDW-C+S
areas. Each of the two treatments (T1 and T2) were
confined in rectangular prism containers (1 × 0.40 × 0.50
m) and subjected to the same outdoor conditions as in the
composting stage. The treatments were designed as follows:
T1 (Sectorized treatment) (28 kg): 30% PDW-C+S +
70% PDW-C (these proportions indicate that the PDW-C+S
mix was set within the first 30 cm long of the container and
the rest 70% was filled with PDW-C). Weekly, a portion
of PDW-C was incorporated to the earthworms’ zone in
T1, and this continued until the earthworms distributed all
along the container. T2 (Integrated treatment) (28 kg):
100% PDW-C+S (the complete container was filled with
only PDW-C+S).
In every treatment, in PDW-C+S areas, an amount of 900
(T1) and 1500 (T2) clitellated adult E. fetida earthworms
(mean initial biomass 0.36±0.12 g/ind in wet weight) were
inoculated. Containers were covered with a dark plastic
net to provide shadow, minimize the loss of moisture and,
given the outdoor location, to protect from the intrusion
of other animals. The moisture level was maintained
at 60 − 70% the same way as the previous composting
stage. The vermicomposting stage lasted 78 days and
the vermicomposts obtained were labelled as VC1 (from
T1) and VC2 (from T2). The biological parameters of
E. fetida were studied in each treatment, according to
ISO 11268-2 (2023). Earthworm biomass (grams per
individual) was surveyed at the beginning and end of this
stage, and reproductive activity was also investigated at
the end of the vermicomposting, determining reproductive
status (number of clitellated individuals) and cocoon and
juvenile production.

Physicochemical characterization and pathogens survey
At the beginning and end of every stage, several physico-
chemical parameters were surveyed. Electrical conductivity
(EC) and pH were measured in a 1:10 water suspension
of the dried materials (HACH®HQd multiparameter).
Organic matter (OM) was obtained by calcination at 550 °C
of the dried samples for 2 h. Water soluble carbon (WSC)
was quantified by colorimetric method, after wet digestion
of a portion of the 1:10 extract (Tognetti et al., 2005). The
content of ammonium (N-NH+

4 ) was measured periodically
throughout both processes by the indophenol-blue method
(Laos et al., 2002) with a commercial kit (Wiener®). Total
organic nitrogen (TNKjeldahl) was quantified by the Kjeldahl
digestion-distillation method (Bremner, 1960). Extractable
phosphorus (P) was determined by the molybdenum blue
method (Murphy and Riley, 1962) on a 0.5 M NaHCO3
(pH 8.4) extract (Tognetti et al., 2005). Potassium (K) was
measured by flame atomic absorption spectroscopy on a 1
M ammonium acetate pH 7 extract (Dionisi et al., 2020).
The presence of pathogens (fecal coliforms, Salmonella
sp. and viable helminth ova) was investigated in PDW, its
initial mixture, PWD-C and the two final vermicomposts,
following the methods in (USEPA, 2003).

Phytotoxicity analysis
Germination bioassays were carried out on both obtained
vermicomposts. The bioassay followed USEPA protocol
(USEPA, 1996) after an aqueous extraction of the samples.
The extracts were obtained by agitating 4 g of sample with
40 mL of distilled water for 1 h, followed by 1 h to settle, at
room temperature. Pure extract (100%) and two different
dilutions were evaluated (25 and 50%). Twenty L. sativa, L.
seeds were sown over germination paper that was placed at
the bottom of a Petri dish embedded with 4 mL of each of
the three solutions. Five replicates per treatment were run
and a distilled water control was added. After five days of
incubation at 24 °C, in the dark, the number of germinated
seeds were counted and the length of their roots measured.
A Germination Index (GI) was calculated as:

GI(%) =

[(
Gs

Gc

)
×
(

RL
RLC

)]
×100 (1)

where Gs and Gc are the amount of germinated seeds in
each treatment and in the control, and RL and RLC are the
average root length in each treatment and in the control,
respectively.

Statistical analysis
Physicochemical and earthworm biological parameters, as
well as GI, are expressed as mean values ± standard devia-
tion (SD) when corresponding. One-way ANOVA was used
to analyze the significant differences (with 95% confidence,
p = 0.05) between treatments (PDW-C, VC1, VC2) and
physicochemical parameters, and the differences between
means were compared post hoc using Tukey’s test. The
significant difference between earthworm biomass during
vermicomposting was analyzed using t-test for independent
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Figure 2. Temperature variation during the composting stage.
Error bars correspond to SD.

samples at 95% confidence level. The software used was
IBM SPSS Statistics version 25.

3. Results and discussion

Temperature profile during composting
During the composting of the PDW mixture, its temperature
was registered and the profile is depicted in Fig. 2. This
process was characterized by a prolonged mesophilic stage
(10− 45 °C). The microorganisms developed during this
stage have the potential to act in the aerobic oxidation of
the organic matter and the biodegradation of both labile and
resilient organic compounds, and the nitrification process,
depending the type of microorganisms present (Onwosi et
al., 2017; Nobili et al., 2022). The lack of a thermophilic
phase requires longer composting times to achieve stabiliza-
tion.

Physicochemical characterization and ammonium pro-
file
The main physicochemical characteristics of PDW, its initial
mixture and the products of composting and vermicompost-

ing in T1 and T2 are displayed in Table 1. First, it can be
observed that the presence of the earthworms accelerated the
organic matter decomposition. During the composting stage,
OM was only reduced by 17%, while during vermicompost-
ing, this reduction reached 55.2% in VC1 and 88.9% in
VC2 (p < 0.001), in comparison to the previous stage. This
significant reduction can be related directly to the use of this
matter by the earthworms as a source of energy (Singh et al.,
2019). Giving these values, VC2 would be considered as a
substrate of lesser quality, according to national regulations
(SCyMA and SENASA, 2019) as well as international stan-
dards (AFNOR, 2005), which recommend OM ≥ 20% for
compost and organic amendments, while VC1 is, in addi-
tion, fairly closed to the value endorsed by the BOE (BOE,
2013) for vermicomposts as organic amendments (OM >
30%). Even though during composting WSC decreased 42%
in relation to PDW, suitable low concentrations were only
accomplished after the vermicomposting stage, with both
T1 and T2 (p < 0.001), with WSC concentrations below
10 g/kg that confirm stability of the products (SCyMA and
SENASA, 2019). CO2 production rate limits, established
by the former national guideline (< 120 mg CO2 kg−1 h−1)
and international standards (< 2 mg CO2 gOM−1 day−1)
(CCQC, 2001), were achieved at the end of the composting
stage. It is worth mentioning that the composting process
produces CO2 and water vapor as the main by-products.
However, aerobic decomposition avoids the production of
methane (CH4), a potent greenhouse gas. When organic
material is left to decompose naturally in the absence of ad-
equate oxygen, it often undergoes anaerobic decomposition,
such as in landfills. The lack of oxygen leads to the growth
of anaerobic microorganisms producing CO2 and CH4 as
by-products. Without composting, organic material emits
both gases, with methane being a much more harmful green-
house gas (Thomson et al., 2022). A recent study highlights
that composting processes, particularly when optimized,
can effectively reduce CO2 emissions (Woods et al., 2024).
During the composting of the PDW mixture, pH increased
up to 9.2 and then decreased to 7.9 at the beginning of the

Table 1. Physicochemical characteristics of PDW, its mixture at the beginning and end of composting and the two vermicomposts (VC1 and VC2).

PDW
Initial mixture of

PDW
PDW-C VC1 VC2

OM (%) 69.2(4.8) 76.1(2.7) 62.9(4.1) 28.2(1.2) 7.0(1.5)

WSC (g C/kg) 28.9(3.5) 25.9(6.3) 17.0(0.1) 5.7(0.2) 2.1(0.1)

NH+
4 -N (mg/kg) 8693(276) 7127(786) 4616(144) 29(2) 16(1)

pH 7.5(0.1) 7.4(0.1) 7.9(0.1) 7.3(0.1) 7.1(0.1)

EC (dS/m) 4.55(0.08) 2.14(0.03) 2.88(0.04) 1.39(0.05) 0.49(0.04)

CO2 production rate (mg CO2 kg−1 h−1) 348.2(66.3) 287.9(33.9) 34.4(5.2) 29.7(2.8) 5.7(1.7)

Extractable P (g/kg) – – – 2.60(0.18) 0.91(0.12)

K (g/kg) – – – 5.97(0.08) 3.26(0.10)

TNKjeldahl (g N/kg) – – – 7.4(0.1) 3.1(0.1)

C/N – – – 21.1 12.4

Standard deviation values are reported between parentheses.
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vermicomposting stage (Fig. S1 in Supplementary mate-
rial). The same trend was observed by other authors when
composting chicken manure and sawdust, who related this
variation to microbial nitrification, OM decomposition and
CO2 production (Gao et al., 2010). During this second pro-
cess, pH values tended to neutrality, with small variations;
this is usually related to the formation of humic compounds
which possess buffering properties and stabilize the pH in
optimum values (Villar et al., 2017). Earthworms’ action is
also responsible for this buffering effect on the vermicom-
posted substrates through the transformation of the organic
wastes by the microorganisms within their guts and also
through their intestinal secretions (Nobili et al., 2024; Singh
et al., 2019). In the same way, the electrical conductivity
of PDW was drastically reduced by 47%, only by mixing it
with ES and CTP (Table 1). The composted residue PDW-C
exhibited a value slightly higher, near below the maximum
limit recommended for the safe application of these sub-
strates in soil (< 3 dS/m) (Villar et al., 2017). This increase
can be attributed to the degradation of organic matter and the
release of soluble salts (Sharma et al., 2022). At the end of
vermicomposting, EC showed another significant decrease,
especially for VC2 (p < 0.001), remaining within the ac-
ceptable range for the growth of sensitive plants. Reduction
of EC during vermicomposting has also been obtained by
other authors and related to the decrease of soluble ions
by leaching, immobilization by microorganisms and earth-
worms or by precipitation as insoluble salts (Domı́nguez
et al., 2018; Masin et al., 2020). Conversely, the pigeon
dropping-cow manure vermicomposts obtained by Singh
et al. (2019) increased EC, clearly influenced by the ma-
nure, as observed from the increasing proportion in their
mixtures. This shows the importance of the initial mixture
in the products obtained.
The main nutrients present in the two vermicomposts are
also reported in Table 1. Extractable P was almost three
times higher in VC1. This value was higher than total P
obtained by vermicomposting pigeon dropping and manure
(Singh et al., 2019). It was also in the same order as ex-
tractable P obtained for other composts from poultry manure
combined with rice hulls and sawdust (Leconte et al., 2009).
A similar content of K was reported for other vermicom-
posts obtained from poultry litter (Masin et al., 2020) and
other organic wastes (Tognetti et al., 2005). However, it
was one order of magnitude lower than that from the vermi-
compost of pigeon dropping and manure obtained by Singh
et al. (2019). In this sense, it has been reported that the
amount of cattle dung incorporated into the mixture has ma-
jor influence on the content of K present in the final product
(Yuvaraj et al., 2021); hence, a more adequate comparison
should exclude this waste. Nitrogen content (TNKjeldahl) in
VC2 was similar to that of the vermicomposts obtained from
pigeon and manure (Singh et al., 2019), while VC1 content
was slightly higher. C/N ratio of both vermicomposts com-
plies with the California Compost Quality Council (CCQC)
maturity index standards (C/N < 25) (CCQC, 2001) and
national reglamentations (C/N ≤ 20− 30) (SCyMA and
SENASA, 2019).
Another beneficial contribution of vermicomposting was the

marked reduction in the content of ammonium at the end
of the processes. Birds’ droppings, and especially pigeon’s
ones, contain high quantities of NH+

4 , and possess a very
distinctive strong odor. Variations of this compound during
the composting stage are displayed in Fig. 3 (a). The mixing
of PDW with the other two wastes caused an attenuation
of 17% in its content. The amount of NH+

4 during the first
two months of composting was such that it doubled the ini-
tial already high concentration. This peak at the beginning
of the composting process has also been reported by other
authors (Leconte et al., 2009; Gao et al., 2010; Gong et
al., 2018). Initial increase in ammonium concentration can
be explained by the decomposition of nitrogen-containing
organic matter during ammonification (Gao et al., 2022).
Moreover, both temperature and pH affect nitrification pro-
cesses and NH+

4 -NH3 equilibrium (Song et al., 2021). Due
to the absence of a thermophilic phase, temperature might
not have been enough to promote a strong volatilization of
NH+

4 into NH3; consequently, the conversion progressed
slowly. Besides, the increase of ammonia content has been
directly related to the increase of pH, which was also ob-
served in this case (Fig. S1 in Supplementary material)
and may denote the reduction of ammonium. As pH alters
the NH+

4 oxidation and NH3 volatilization, this high NH+
4

content may also engender a toxic effect on nitrifying mi-
croorganisms, reducing the efficiency of the nitrification
process (Manu et al., 2021). As a result of composting
PDW mixture, a 35% reduction was achieved in relation
to its initial values. As it remained too high according to
regulations to be considered a mature compost (< 400 mg
N-NH+

4 kg−1) (Bernal et al., 2009; SCyMA and SENASA,

Figure 3. Ammonium content in PDW and evolution during its (a) com-
posting stage and (b) the two vermicomposting treatments and composting
zone in T1.
Error bars correspond to SD.
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2019), the vermicomposting stage was evidently necessary.
Fig. 3 (b) shows the parallel monitoring of both vermicom-
post treatments T1 and T2, and the composting zone in T1,
before being incorporated into the earthworms’ zone. Dur-
ing this stage, a very significant decrease of more than 99%
(p < 0.001) was accomplished, when compared to the orig-
inal PDW; therefore, the greatest reduction was recorded
during vermicomposting, which suggests a high degree of
mineralization. After 46 days, all the compost was inte-
grated and a separate measurement for the compost zone
in T1 was not possible. According to the CCQC maturity
index standards (CCQC, 2001), both vermicomposts are
considered as very mature regarding the N-NH+

4 content
(< 75 mg/kg).

Earthworms biomass and population changes

Mean E. fetida biomass changes are shown in Fig. 4. At the
end of the vermicomposting stage, a significant variation
was observed among treatments. Mean biomass increased
25% in T1 while decreased 17% in T2, in comparison to
initial biomass, but only the latter was statistically signifi-
cant (p < 0.05). The increase in T1 was probably due to the
quality of the substrate and a better utilization of the organic
carbon present in it, affecting the weight of the earthworms
(Sharma and Garg, 2017a, 2017b). According to Jayakumar
et al. (2022) and Nagannawar et al. (2021), the abundance
and quality of easily metabolizable nutrients and the micro-
bial composition in the substrate and associated enzymes,
which help breaking down complex organic matter, affect
the vital activities of the earthworms. This was reflected
on the population in T1, with 96% of the individuals clitel-
lated, while in T2 only 6% of the population presented
clitellum, at the end of the assay (78 days of vermicompost-
ing). Likewise, reproductive activity was more active in
T1; 85% of the total cocoons and 76% of the total juveniles
were registered in this substrate. Another notorious effect
in population dynamics in T1 was the fast processing and
integration of PDW-C to the PDW-C+S mixture, given a
visually homogeneous substrate, with the absence of odors
and a fine structure. The excavation, ingestion, trituration,
digestion and excretion actions of the earthworms not only
stimulate, accelerate and diversify the aerobic microbial
activity, but also generate higher porosity in the solid which
benefits the hydraulic conductivity of the substrate where
they reside (Gutiérrez et al., 2023; Ma et al., 2024).

Figure 4. E. fetida biomass weight variation during the vermicomposting
stage in T1 and T2 treatments.
Significant differences between treatments (p < 0.05) are designated by
different lowercase letters. Error bars correspond to SD.

Pathogens’ survey

Table 2 presents the pathogen’ count during the assay. At the
end of the composting stage, pathogenic microorganisms
were reduced more than 90% in comparison to the original
PDW and 82.5% when compared to the initial mixture. The
presence of coliforms and Salmonella sp. was still detected
after 105 days of composting; this could be related to the
absence of a marked thermophilic phase, given that during
composting, the temperature remained in the mesophilic
range (≤ 45 °C) and the ambient temperature were low
(< 15 °C) coincident with the first week of composting.
No viable helminth ova were detected. Only after vermi-
composting PDW-C, the limits established by both national
and international regulations (USEPA, 1993; SCyMA and
SENASA, 2019) were accomplished by both VC1 and VC2.
According to Swati and Hait (2018), plausible mechanisms
for elimination of pathogens in organic waste subject to
vermi-stabilization may be associated with intestinal activi-
ties of earthworms, such as mechanical grinding, enzymatic
systems and excretion of coelomic fluids with antibacterial
substances; the authors also highlight that the deposition
of casts in soil greatly affects microbial communities and
favors those that outcompete pathogens.

Phytotoxicity tests

At the end of the vermicomposting stage, phytotoxicity of
VC1 and VC2 substrates were assayed. Seeds germina-

Table 2. Pathogens present in PDW, its mixture at the beginning and end of composting and the two vermicomposts (VC1 and VC2).

PDW
Initial mixture of

PDW
PDW-C VC1 VC2

Fecal coliforms (MPN 100 mL−1) 16000 9000 1400 500 300

Salmonella sp. (CFU mL−1) 1620 720 120 ND 20

Viable helminth ova (< 1 viable ovum 4 g−1dw) ND ND ND – –

MPN: Most Probable Number. CFU: Colony Formation Units. ND: Not Detected. dw: dry weight.
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Figure 5. Germination index (GI) of VC1 and VC2 extracts (100%) and
at two different dilutions (25 and 50%). Values above the full black line
denote non-phytotoxicity and above the dotted line indicate also a mature
vermicompost. Error bars correspond to SD.

tion and root length are two of the simplest environmental
biomonitoring indicators for phytotoxicity evaluation (Lyu
et al., 2018), as the germinated seed reflects the effect of
contaminants present at the first material exchange interface
between the developing plant and the environment (Oliveira
et al., 2018). The relation of these two parameters, deter-
mined by the GI, establishes that values ≥ 60% indicate
non-phytotoxic substrates (Zucconi et al., 1985), while val-
ues ≥ 80% indicate mature substrates as well as absence of
phytotoxicity (Sharma et al., 2022). Fig. 5 illustrates these
results. With both dilutions at 25 and 50% and also with
the undiluted (100%) extracts of VC1 and VC2 obtained
from both treatments, non-phytotoxicity and maturity, of
either final substrate, were accomplished; therefore, they
are safe to apply to soil. These good GI values suggest
the presence of some beneficial phytochemicals as well as
growth-promoting substances which provide nutrition con-
tent for the seeds and have no detrimental effect (Boruah and
Deka, 2023). Moreover, the very low ammonium content of
VC1 and VC2 could have helped in the non-phytotoxicity
of the vermicomposts. As suggested by Nobili et al. (2024),
who investigated the stabilization of sludge from a wastew-
ater treatment plant and compared the products obtained
with and without the incorporation of E. fetida, high NH+

4
content inhibits germination and root elongation.

4. Conclusion
The PDW-C characteristics were auspicious for the growth
and reproduction of E. fetida earthworms, despites the
extremely elevated content of ammonium at the beginning
of the composting stage. This initial stage was crucial for
addressing the recalcitrant nature of the residues’ mixture,
thereby facilitating the subsequent introduction of the
earthworms. Regarding the vermicomposts obtained, the
sectorized treatment produced a bioproduct (VC1) with
improved physicochemical characteristics, obtained with
fewer initial numbers of E. fetida individuals and the
scale of the experimental design and the off-laboratory
outdoor location, allowed a more realistic evaluation of the
processes’ viability to provide a productive use to pigeon
wastes. Although the composting stage was long, it could

be shortened by the use of larger volumes of waste. This
would allow better conservation of the heat generated, thus
achieving a well-defined thermophilic stage. The combined
composting-vermicomposting process applied to PDW
emerges as a successful, sustainable and viable alternative
for safe recycling of a complex waste and the production of
a pathogen limits complied and non-phytotoxic bioproduct
which can be used as amendment for ornamental plants
for the same recreational plaza or as a resource for the
city’ landscaping. This work reinforces the positive
collaboration to provide a simple solution to an existing
problem of local waste management. Also, it presents an
economic alternative for disposing of the waste from the
growing populations of this species in cities that generate
worldwide concern.
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