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Abstract:
Purpose: Urban farming is experiencing rapid growth and is believed to be a potential solution to future
sustainable food production needs. In tropical regions, highly nutritious legumes are a common crop in urban
farming. However, most production still highly depends on synthetic fertilizers and manure with high carbon
footprints. One possible solution to this issue is the application of fertilizer. This study aimed to find an
alternative to synthetic fertilizer for legumes grown in containers in urban farming setups.
Method: In this study, several fertilizers were applied to the long bean (Vigna sinensis L.) grown in a container
at an urban farming setup. The fertilizers used included synthetic fertilizer, manure, vermicompost, insect
frass (produced by black soldier fly larvae fed on municipal wastes), and a combination of vermicompost and
insect frass. The parameters observed were the long bean’s growth, productivity, and yield quality.
Results: The application of insect frass improves the growth medium chemical, physical, and biological
characteristics. However, applying vermicompost produced better growth, productivity, and yield quality than
insect frass. Combining vermicompost and insect frass with a ratio 1:1 produced higher plant (281 cm), more
average pod numbers per plant (17.33), and the highest average yield per plant (273.13 gram).
Conclusion: Providing vermicompost and insect frass originating from municipal waste could replace
synthetic fertilizer and manure to improve the sustainability of urban farming. Combining both materials
could produce a synergetic effect, further enhancing the growth and yield of long beans.
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1. Introduction

The growing population in the cities raises significant sus-
tainability concerns regarding food security. Traditional
methods of supplying food from agricultural and rural areas
can increase carbon footprint. Concerns about the high car-
bon footprint’s potential negative impact on climate change
and sustainability drive the development of alternative food
systems. Urban farming emerges as a standard approach
aimed at reducing the carbon footprint while providing a
healthy food source for the local population.
However, a study by Hawes et al. (2023) showed that the
carbon footprint of urban farming could be higher than that
of conventional agriculture, primarily due to high input out-
side the system. Manure and synthetic chemical fertilizers

are primary inputs from outside the urban farming system.
To reduce the carbon footprint, it is necessary to apply fertil-
izers that could be produced by urban farming, like fertilizer
originating from municipal wastes. There are two promis-
ing approaches to producing high-quality organic fertilizer
from municipal wastes: vermicomposting, which produces
vermicompost, and insect farming, which produces insect
frass.
Vermicomposting, although mainly applied to upcycling
manure, has excellent potency to valorized urban organic
waste management Sim and Wu (2010), Singh et al. (2011),
Alshehrei and Ameen (2021), and Khalid et al. (2023),
which could be carried out indoors and outdoors (Enebe
and Erasmus, 2023). Vermicompost is the final product of

https://doi.org/10.57647/ijrowa-szpn-4w15
https://orcid.org/0000-0003-2261-9405
https://orcid.org/0009-0005-0819-8466
https://orcid.org/0000-0003-3734-2656
https://orcid.org/0000-0002-5063-7099
mailto:ramadhaniputra@itb.ac.id
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0


2/11 IJROWA14 (2025)-142520 Putra et al.

decomposition and stabilization of organic wastes by ver-
micomposting (Ramnarain et al., 2019; Xie et al., 2023).
Vermicompost has been considered a cost-effective fertilizer
as part of a more sustainable agriculture system Schroder
et al. (2021), Ducasse et al. (2022), and Katiyar et al. (2023)
with better quality than classical composting (Tognetti et al.,
2005). This material is known to be rich in plant nutrients
as growth-promoting substances Krishnamoorthy and Va-
jranabhaiah (1986), Canellas et al. (2002), and Pattnaik and
Reddy (2010) while improving the physical condition of
the growth medium (Hanc and Dreslova, 2016). However,
there are some concerns about the effectiveness of the appli-
cation of the vermicomposting method for municipal waste
management, such as (1) limitation on the types of waste
that could be decomposed by earthworm as most studies
only applied food wastes, green wastes, or paper individu-
ally Wani et al. (2013), Hanc and Pliva (2013), Soobhany
et al. (2015), and Birutha et al. (2020) with few studies on
mix wastes Hrebeckova et al. (2019) and EJAB (2020), (2)
slow rate of decomposition, and (3) complexity of process
to maintain earthworm lifecycle (Hanc et al., 2017; Lohri
et al., 2017). Thus, the production cost of vermicompost is
considered higher, and its application as a primary fertilizer
for urban farming could be limited.
Another approach is applying valorization of organic wastes
by insect larvae, which was developed as an option for or-
ganic fraction of municipal wastes (OFMW) treatment with
the possibility of implementing a circular economy (Girotto
and Cossu, 2019; Mak et al., 2020). One of the best insects
for this purpose is the black soldier fly (BSF) (Hermetia illu-
cens). Black soldier fly larvae can consume varied types of
organic wastes, have high consumption and decomposition
rates, produce biomass that is high in protein, lipid, en-
ergy, and amino acid that fulfill the requirement for animal
feed and are easy to maintain, and have low maintenance
expenses (Joly and Nikiema, 2019; Singh and KKumari,
2019). This characteristic made BSFL highly applicable
to the management of OFMW, especially in developing
countries and regions (Salam et al., 2021). Valorization
of organic wastes produces a waste product called insect
frass, consisting of the dead part of the insect, exoskele-
tons, remaining food material, and feces. This material
contains varied plant nutrients with high potential as fertil-
izer or organic soil amendment (Barragan-Fonseca et al.,
2022; Garttling and Schulz, 2022). The weight of the frass
produced could exceed 33% of the original substrate, de-
pending on the substrate type (Basri et al., 2022). Thus,
this product is relatively easy to produce in large numbers,
which could reduce the price. However, the effectiveness of
applying insect frass to crops varies from a negative impact
on growth to improving productivity.
In this study, the frass was tested on the long bean (Vigna
sinensis), which, to our knowledge, is a legume that has
never been studied before. The hypothesis tested was that
combining vermicompost and insect frass will benefit both
soil and plant-examined characteristics. This study could
be considered an initial step towards a wider-scale study of
the integration of OFMW management and urban farming,
especially in developing and early-developed regions.

2. Materials and methods

Study site
The study was conducted at a community urban farming
area in the Eastern part of Bandung City, West Java, In-
donesia. The location is on the geographic coordinates of
0655′ 25S and 10742′ 13E and is at 684 m above sea level.
The study area had a daily temperature of 23.1− 30.4 ºC
(average 25.6 ºC) and humidity between 60 to 80%, which
is suitable for the optimum growth of long beans group
(Rinaldi et al., 2023).

Fertilizer preparation
This study applied four types of fertilizers: vermicompost,
insect frass of black soldier fly (Hermetia illucens), goat
manure, and commercial synthetic fertilizer, and separated
into eight study groups. Vermicompost originated from a
local commercial worm farm. Insect frass was produced by
the bioconversion process of food waste by black soldier
fly larvae conducted by local waste management facilities.
Goat manure and synthetic fertilizer were purchased from a
local farm shop.
The study groups of this study were:
(1) P1 – control negative group (only soil without applica-
tion of fertilizer)
(2) P2 – soil with the application of vermicompost
(3) P3 – soil with the application of insect frass
(4) P4 – soil with the application of a combination of vermi-
compost and insect frass (1:1)
(5) P5 – soil with the application of a combination of vermi-
compost and insect frass (3:1)
(6) P6 – soil with the application of a combination of vermi-
compost and insect frass (1:3)
(7) P7 – control positive group (soil with application of
synthetic fertilizer)
(8) P8 – soil with application of goat manure
The total growth medium of each group was 30 kg. Each
study group was replicated three times. The reference of
fertilizer doses based on the previous study, such as
a. The maximum application of vermicompost was 900
grams per container (Dermawan, 2020).
b. The maximum application of insect frass was 330 grams
per container (Muhadat, 2021).
c. The maximum application of goat manure was 750 grams
per container (Su’ud and Habiba, 2022).
d. The maximum application of synthetic fertilizer was 6.67
grams per container (Hasnelly and Subagiono, 2019).
The dose of fertilizer is shown in Table 1.

Long bean cultivation
Organic fertilizers were mixed evenly with the alluvial soil
that dominated the study area’s soil. About 30 kg of the
mixture was moved into a planting container (60 cm × 50
cm × 50 cm) and kept under plastic cover for seven days.
On the other hand, the application of synthetic fertilizer
During this process, the field capacity of the growth medium
was calculated as a reference for irrigation. After a week,
two long bean seeds were planted inside each container, and
the containers were arranged randomly (Fig. 1).
Plants were watered twice a day, and weed control was
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Table 1. Fertilizer doses of study groups.

Study Group Fertilizer regime Fertilizer content Dose (gram per container)

P1 No fertilizer -

P2 Vermicompost 900

P3 Insect frass 330

P4 Mixing of vermicompost and insect frass (1:1)
Vermicompost

Insect frass
450
165

P5 Mixing of vermicompost and insect frass (3:1)
Vermicompost

Insect frass
675
82.5

P6 Vermicompost 225

Insect frass 247.5

P7 Synthetic fertilizer 6.67

P8 Goat manure 750 gram

conducted manually. Pest control was using physical and
natural pest management. The climbing rod was installed
three weeks after planting. The first harvest was performed
56−60 days after planting and conducted weekly for three
weeks.

Observed variables

The observed variables were (1) growth medium condition,
(2) growth performance, and (3) harvest quantity and quality
(Table 2).

Soil samples

Soil samples were taken from soil kept under clear plastic
for 7 days and at the first harvest. All the soil originated
from the container for plant growth. The samples were
collected by soil ring sampler at a 0−30 cm depth. About
5 samples were collected randomly from each study group.
The soil was kept in an airtight plastic container (Lockand-
Lock). The Soil sample was the subject of analysis on soil
physical, chemical, and biological characteristics.

Bulk density
The gravimetric method measured the soil samples as the
soil was kept in the oven at 105 ºC for 24 hours. The weight
of the dried soil was measured by analytical balance to the
nearest milligram and used the calculated bulk density by
formula (Table 2)

Bulk density =
soil dry weight−weight of soil sampler

volume of soil sampler

Soil porosity
Soil samples were the subject of soil density measured by
the density bottle method (ASTM Designation D 854-06,
2007; IS:2720-Part 3/sec 1, 1980; BS: 1377-Part 2, 1990).
From each growth medium, three samples were used, and
the data on soil density was used to calculate soil porosity
by formula (Table 2)

Soil porosity = 1− Bulk density
Soil density

C-organic
C-organic of soil samples was determined by Walkley and
Black method (Network, 2019). In this method, 0.5 gram

Figure 1. (A) Container prior to planting of long beans, (B) Container with long beans ready to be harvested, (C) Arrangement of container position with
different fertilizer regimes.
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Table 2. Summary of observed variables and data collection method.

Variables Method

Growth medium condition

Bulk density (soil dry weight−weight of ring sampler)
volume of ring sampler

Porosity 1- Bulk density
Soil density

Numbers of soil microbes Total Plate Count (TPC) by spread method on NA medium

C-organic Walkley and Black method

N-total Kjedahl method

P2O5 Olsen Method

K2O5 Measured by AAS

Growth performance

Plant height (cm) Measured by tape measurement

Number of leaves All mature leaves were counted

Flower numbers Total numbers of flowers produced by plant

Harvested products

Number of pods Number of marketable fruits

Pods weight (g) Weight of marketable fruits

Pods length (cm) Length of marketable fruits

soil sample was dissolved with a mixture of 5 mL K2Cr2O7
and 10 mL H2SO4, heated by hotplate, and then cooled at
room temperature. After the solution had cooled, the solu-
tion was mixed with 5 mL H3PO4 and 50 mL distilled water.
The final solution was then titrated with 0.5 M FeSO4, using
a burette, until the color changed into a clear green. The
C-organic of soil was calculated as the difference between
the volume of the FeSO4 solution used for the soil sample
and that of the soil sample without (blank).

Total nitrogen, phosphorous, and potassium content
Growth mediums were subject to the test on the availability
of significant plant nutrients (nitrogen, phosphorous, and
potassium). The total nitrogen of soil samples was measured
by Kjedhal method FAO (2021a), while soil available phos-
phorous was measured by Olsen method FAO (2021b), and
potassium was measured using Atomic Absorption Spec-
trophotometer (400 Perkin Elmer).

Microbial density
The soil samples were collected in sterilized sample vials,
labeled based on the fertilizer regime, and then transferred
to the laboratory for microbial analysis. The density of soil
microorganisms was determined by dilution spread plate
technique with nutrient agar (NA) and Potato Dextrose Agar
(PDA) as the chosen media for bacteria and fungi growth
(Akande and Adekayode, 2019).

Plant height
Plant height was defined as the distance between the plant’s
tip (highest point) and the ground surface (Jamil and Koois-
tra, 2022). The height was manually measured to the nearest

mm by a 3 m measuring tape. All plants of all fertilizer
regimes were subjected to plant height measurements.

Number of leaves

The number of leaves was calculated to determine the effect
of the fertilizer on growth. All matured, and healthy leaves
were calculated from all plants of all fertilizer regimes.

Flower numbers

Total flowers were counted from the first flowering period
until all flowers were dehiscence. All plants, in total 48
plants, were subjected to this activity.

Yield quality

Yield quality was determined by the number of total mar-
ketable pods (unbroken pods) and the weight and length of
individual pods. The data was shown as average on pod
numbers, pod weight, and pod length. All pods produced by
each plant were compiled, and digital scales measured the
average yield per plant to the nearest mg (Matrix-TD030).

Statistical analysis

All data were subject to the Normality test at the confidence
level of 95%. ANOVA tested the normal data set at the con-
fidence level of 95% to detect the significance of differences
among data sets. Significant results were further tested by
LSD test. The Pearson correlation test tested the correlation
between variables. All statistical analyses were conducted
using IBM SPSS Statistica Data Editor and Microsoft Excel.
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3. Result and discussion

Growth medium: Chemical condition

Fertilizer P6 had the highest N, P2O5, and K2O5, followed
by P5. This result shows the complementary effect of mix-
ing either vermicompost or insect frass, which is not bal-
anced (one part is higher than the other). Both vermicom-
post and insect frass have been known as organic fertilizers
rich in nitrogen, phosphorous, and potassium (Rekha et
al., 2018; Beesigamukama et al., 2022; Gebremikael et al.,
2020; Antoniadis et al., 2023). This study showed insect
frass had higher nitrogen, phosphate, and potassium content
than vermicompost. Further, blending both materials signif-
icantly improved the content.
The highest C-organic content was recorded from goat ma-
nure, followed by the vermicompost group, which related
higher organic content resulting from a slower decompo-
sition process (Birutha et al., 2020). High C-organic in
vermicompost could be associated with the source of the
material, which was cow manure (Muktamar et al., 2022).
Among organic-based fertilizers applied in this study, insect
frass had the lowest C-organic related to the source of the
decomposed material from food waste, which is low in fiber.
On the other hand, the highest C/N ratio was recorded from
the control group, while the lowest was from P5 and P6.
Combining vermicompost and insect frass reduced the C/N
ratio of growth medium compared to the application of only
vermicompost or insect frass (from an average of 8 to 5),
which could be a result of additional nitrogen and activation
of mineralization by bacteria (Watson et al., 2021).

Growth medium: Physical condition

The highest porosity at the first harvest was recorded in
the P4 (application of vermicompost and insect frass 1:1)
group, while the lowest was in the control group. All groups
showed improved porosity at harvest except for the P8
group. In general, the application of organic fertilizer im-
proved soil porosity, which is similar to previous study (Xu
and Mou, 2016).
Another soil physical variable recorded in this study was
bulk density. In general, most groups experienced declining

bulk density. Only P2 and P8 showed increasing bulk den-
sity. The highest bulk density was recorded in the control
group (0.63 gr/cm3 at the beginning and 0.608 0.63 gr/cm3

at first harvest), while the lowest in the P4 group at the
start of the study (0.45 gr/cm3) and P6 group at first harvest
(0.432 gr/cm3). On the other hand, the P5 group showed the
highest drop in bulk density (Table 3). The growth medium
of all groups was considered fertile as the bulk density was
below 1.0 g/cm3 (Li et al., 2019).
Soil bulk density is related to water, air, and space avail-
ability, as this variable is used to assess soil compactness.
This variable is related to the soil moisture, soil porosity,
and hydraulic conductivity Sequeira et al. (2014) and Ilek
et al. (2017) in which the factors that influenced soil quality
and productivity (Lestariningsih and Hairiah, 2013; Xu et
al., 2016; Yang et al., 2016). Studies showed that vermicom-
posting is a coarse material that increases available space
for air and water in the soil (Ibrahim et al., 2015; Singh
et al., 2017). This study showed the impact of insect frass
on decreasing soil bulk density, which was hardly reported
in previous studies. In this study, combined vermicompost
and insect frass significantly reduced the soil bulk density,
showing the complementary effect of both materials. In-
creasing bulk density of P2 (only vermicompost) and P8
groups, although non-significant, could be related to the loss
of porosity from particle runoff, slow degradation of goat
manure, and irregular dry and wet periods of the soil. How-
ever, further studies are necessary to determine the cause of
the increasing bulk density of organic fertilizer-treated soil.

Growth medium: Biological condition

The microbial population inside the soil influences plant
growth productivity and plant health. Diverse and abun-
dant microbial life may improve the nutrient availability for
plants and act as a protector from pests and diseases. At the
beginning of this study, the highest microbial density was
recorded in the P3 group, while the lowest was in the control
group. At the first harvest, the highest microbial density
was recorded in the P5 group and the lowest in the P8 group.
In general, only P3 and P8 showed a decrease in microbial
density (Table 3). Studies showed the improvement of soil

Table 3. Chemical, physical, and biological properties of growth medium.

Fertilizer

Chemical Physical Biological

N total P2O5 K2O5 C-Organik C/N Porosity Bulk Density Microbial density

(gram) (gram) (gram) (gram) (%) (gram/cm3) (×106 CFU/mL)

7 days first harvest 7 days first harvest 7 days first harvest

P1 69 54 10.2 600 8.696 76.22 ± 1.4a 77.05 ± 1.3a 0.630 ± 0.04 a 0.608 ± 0.04a 0.17 1.48

P2 86.37 64.71 20.19 713.04 8.256 80.31 ± 3.0a 80.12 ± 2.1a 0.522 ± 0.08b 0.527 ± 0.06b 0.30 2.19

P3 93.366 65.271 30.882 683.226 7.318 81.22 ± 1.2a 82.36 ± 1.2a 0.498 ± 0.03c 0.468 ± 0.03c 4.08 2.28

P4 81.183 59.636 20.541 698.133 8.599 83.04 ± 1.1a 83.12 ± 1.6a 0.450 ± 0.03d 0.447 ± 0.04 d 0.63 10.13

P5 127.643 77.119 50.948 705.587 5.528 81.18 ± 0.6a 82.45 ± 1.1a 0.499 ± 0.02c 0.465 ± 0.03c 1.29 11.4

P6 137.232 80.217 61.464 690.68 5.033 82.69 ± 1.3a 83.69 ± 1.4a 0.459 ± 0.04d 0.432 ± 0.04e 2.13 5.08

P7 70.001 55.001 11.201 600 8.571 80.05 ± 4.8a 80.97 ± 4.1a 0.529 ± 0.13b 0.504 ± 0.11 f 0.38 0.77

P8 112.866 68.946 40.782 849.45 7.526 79.74 ± 3.4 a 79.44 ± 3.4a 0.537 ± 0.09e 0.545 ± 0.09g 0.82 0.39

The different letters showed significant data at P < 0.05.
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microbial density after soil amendment with vermicompost
Lv et al. (2020) and insect frass (Gebremikael et al., 2020;
Watson et al., 2021; Barragan-Fonseca et al., 2022; Zande
et al., 2024). This study further showed the complementary
effect of combining vermicompost with insect frass on the
microbial density of the growth medium.

Plant height and number of leaves
Long beans showed different growth performances in re-
sponse to fertilizer regimes. The effect of the fertilizer
regime on plant height was significantly found in group P4
(vermicompost: insect frass (1:1)) and P5 (vermicompost:
insect frass (3:1)). On the other hand, application of goat
manure as fertilizer basically did not improve the nutritional
condition of growth medium for leaves production as the
number of leaves produced in group 8 was relatively sim-
ilar with group 1 in which no additional fertilizer applied
(Table 4).

Table 4. Growth performance of long bean under different fertilizer
applications.

Fertilizer Final plant height (cm) Number of leaves

P1 145.3± 42.395a 51.3 ± 11.015a

P2 251.7 ± 42.771b 97.3 ± 26.652b

P3 237.3 ± 16.506a 71.0 ± 26.963b

P4 281.0 ± 32.512b 96.3 ± 32.716b

P5 277.3 ± 71.038b 97.7 ± 4.041b

P6 202.7 ± 34.776a 81.0 ± 15.100b

P7 224.3 ± 33.232a 66.3 ± 16.000b

P8 221.0 ± 41.581a 57.7 ± 4.933a

The different letters showed significant data at P < 0.05.

The growth pattern of height and leaf numbers showed sim-
ilarity among all fertilizers, indicating nutrients are always
available in the growth medium (Fig. 2).
The number of leaves showed a strong positive correlation
between plant height and the number of leaves (Fig. 3). This
result indicated a similarity in the nutrient requirement for
plant height and the number of leaves.
Plant height and leaf production depend on nitrogen avail-
ability as the primary nutrient for tissue development. This
study showed that vermicompost and the combination of ver-

micompost and insect frass produced a significantly higher
plant than other synthetic fertilizers. Based on the chemical
analysis, the amount of nitrogen in organic fertilizer is also
higher than that of synthetic chemical fertilizer, which may
explain the result.
This result is quite different from other studies, which
showed a lower effect of vermicompost than synthetic fertil-
izer applied in the field condition. However, soil fertilized
by vermicompost had higher nitrogen (Yururdurmaz, 2022).
It seems that differences in the planting method influenced
the effect of vermicompost on the height of varied crops,
including legumes, as other studies on pot experiments
showed similar results (Kashem et al., 2015; Sadeghipour,
2017). The differences could be related to the mineral-
ization process, which is crucial for nutrient supply from
organic fertilizer. A closed system like a pot provides a pro-
tected area that allows microbial growth and may improve
the speed of the mineralization process.
On the other hand, although the amount of nitrogen in goat
manure was higher, the impact on plant height was low, pos-
sibly due to the nitrogen not being available to be absorbed
by plants. This condition could be related to the charac-
teristics of goat manure inhibiting the rapid mineralization
process due to high fiber content (Dalias and Christou, 2020;
Zhu et al., 2020). This study also showed that plants fertil-
ized with insect frass with the highest nitrogen, phosphorus,
and potassium (P6) had relatively short leaves. The negative
impact on the application of high insect frass application
rates, especially from black soldier fly, was also reported
on maize Alattar et al. (2016) and spinach (Kawasaki et al.,
2020).
Gebremikael et al. (2020) showed that most of the black
soldier fly frass’s nitrogen was immobilized, preventing
plants’ direct absorption. Even though phosphorous has a
beneficial effect on the nitrogen fixation process by legumes
Rotaru and Sinclair (2009) and Cabeza et al. (2014), like
long bean, excessive amount of phosphorous may trigger
oxidative stress, disturb nutrient balance, and alter the inter-
action between N-fixation bacteria and legume (Khan et al.,
2017). On the other hand, excessive potassium may de-
crease energy efficiency for tissue production Abdel-Wahab
(1985) and inhibit magnesium intake, reducing the num-
ber of chlorophyll that could stunt plant growth Trankner
et al. (2018). However, further studies are needed to test
this hypothesis.

Figure 2. The pattern of plant height and number of leaf growth.
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Figure 3. Correlation of the number of leaves and plant height.

Flower numbers and harvested product
The effect of the fertilizer regime on flower production was
more varied as the application of goat manure significantly
produced the lowest number of flowers, while the applica-
tion of only vermicompost and synthetic fertilizer produced
considerably more flowers (Fig. 4).
Phosphorus is the primary nutrient for flower production
(Khan et al., 2023). Interestingly, plants that received the
most phosphorous did not produce the highest flowers. It
seems there was a problem with phosphorous acquisition by
long beans during cultivation. Since the study was conduct-
ing a closed system in the pot, which removed the impact
of environmental factors such as leaching, the possible ex-
planation was the acquisition of excess phosphorous to be
immobilized by microbes (Zhang et al., 2018). A high C:P
ratio (shown in group P4) could enhance phosphorous im-
mobilization by microbes (Kouno et al., 2002). Another
possible explanation is that applying insect frass, the com-
bination of vermicompost and insect frass, and goat manure
changes the soil characteristics, making discontinued ir-
rigation trigger phosphorous immobilization by bacteria
(Yevdokimov et al., 2016). However, further studies are
needed to test this hypothesis.
Harvest was conducted three times, and the pod produc-
tion at P1 and P8 was delayed one week after other groups
(data not shown). The highest number of pods per plant
was recorded from P2 and P4; however, the pod production
was highly varied; thus, no differences were detected among
samples. The control group produced the lightest pod, while

Figure 4. Number of flowers per plant at different fertilizer regimes.

the heaviest pod was recorded in P8. Groups P1, P2, and
P3 produced a significantly shorter long bean than others,
albeit the length was still acceptable for the local market.
Among groups, the average yield per plant of P2, P4, and
P8 was significantly higher than other groups, with the P4
group producing the highest yield. In contrast, the lowest
yield was recorded in the P6 group (Table 5).
This study showed the benefit of vermicompost in improv-
ing the quality and yield of long beans, as reported by
previous studies (Gunawan et al., 2022). Further, the effect
was superior to other fertilizers, including insect frass. In-
sect frass with more nutrient content showed less impact on
productivity, which could be related to the immobilization
of the nutrient. This condition seems to be overturned when
insect frass is combined with vermicompost. It appears that
high mineralization, especially nitrogen, of vermicompost
provides necessary nutrients for early growth, and a high
phosphorous and potassium supply from insect frass im-
proves the condition of the generative stage of long beans.
The benefit of combination supports the suggestion of Ge-
bremikael et al. (2020) to overcome the negative effect of N
mineralization on insect frass.
Another explanation for the low effect of insect frass on
productivity was the low stability of the material. This
study used relatively fresh insect frass, which reported
stunted growth and negatively affected productivity Song
et al. (2021), while aged insect frass showed significant im-
provement in the growth and productivity of the crop (Korir
et al., 2021). Vermicompost is known as a material that can

Table 5. Long bean harvest yield and quality under different fertilizer applications.

Fertilizer Average pod numbers per plant Average pod weight (gram) Average pod length (cm) Average yield per plant (gram)

P1 7.33 ± 4.04a 21.27 ± 2.56a 59.43 ± 3.53a 75.50 ± 23.18a

P2 17.0 ± 9.17ab 32.82 ± 2.84ab 68.41 ± 4.66a 237.83 ± 192.4b

P3 13.0 ± 7.21ab 31.01 ± 5.76ab 67.75 ± 8.67abc 146.68 ± 97.77a

P4 17.33 ± 4.04ab 33.09 ± 2.21b 70.01 ± 7.75bc 273.13 ± 211.79b

P5 14.67 ± 2.89ab 30.43 ± 7.17b 69.43 ± 10.29c 140.11 ± 40.83a

P6 9.67a ± 7.23a 31.21 ± 2.81b 70.59 ± 9.33c 88.73 ± 58.30a

P7 11.67a ± 4.58b 27.93 ± 8.28b 71.92 ± 11.97c 96.56 ± 34.44a

P8 9.17a ± 3.06b 37.60 ± 12.80b 73.27 ± 10.39c 182.48 ± 100.96b

Different letters indicated significant data on the significance level of 95%
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accelerate the stabilization of varied organic matters Fred-
erickson et al. (1997), Kaviraj (2003), Tanuja et al. (2019),
and Askari et al. (2020), which may improve the quality of
insect frass through stabilization (Lopes et al., 2022).

Implication of the study
This study showed the promising application of vermicom-
post and insect frass as fertilizer for urban farming, espe-
cially for urban agriculture, that applies planting inside pots
and other containers. Vermicompost and insect frass could
be produced solely from municipal wastes, which is benefi-
cial for urban areas that lack a source of high-fiber organic
material that is usually used to produce compost. Further,
this study also showed the possibility of integrating urban
farming into local waste management programs by apply-
ing earthworms and insects as decomposers, which may
reduce the carbon footprint of urban agriculture (Hawes et
al., 2023). Moreover, both vermicomposting and insect bio-
conversion processes produce less greenhouse gases than
composting (Ermolaev et al., 2019; Yasmin et al., 2022;
Rossi et al., 2024). On the other hand, this procedure al-
lows the development of more environmentally friendly and
emission-less urban farming.

4. Conclusion
This study showed that vermicompost and insect frass
could be applied as alternatives to synthetic fertilizers to
improve the sustainability of the farming system. Further,
it could also replace manure, which usually has a high
carbon footprint. In general, soil that received insect frass
(originated from black soldier fly larvae) had more nitrogen,
phosphorous, potassium, higher porosity, lower bulk
density, and higher microbial density. However, growth
performance, productivity, and yield quality were lower
than plants that received only vermicompost, indicating the
instability of the material as organic fertilizer. Combining
both materials improved the growth and productivity,
especially at 1:1 (weight/weight), which indicated the
synergy between vermicompost and insect frass.
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