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knowledge test, a skill observation checklist, organoleptic and
pH-temperature measurements of the fertilizer, observations of
spinach growth up to 21 days after planting, and a
questionnaire, and were analyzed using descriptive statistics
and the normalized gain (N-gain) score. The mean knowledge
score increased from 53.75% to 87.75%, with an N-gain of 0.74
(high category), and the greatest gain was in fertilizer
production techniques. After training, 80% of respondents were
able to produce the fertilizer independently. The 14-day
fermentation produced a mature fertilizer that was blackish
brown, crumbly, free of pungent odor, and had a pH of 6.5-7.2.
Its application made the soil more friable and supported
spinach growth compared with the control, and 70% of
respondents intended to continue production. Participatory
training effectively improves farmers’ knowledge of manure
processing, and on-farm fermentation of mixed livestock
manure produces a mature organic fertilizer suitable for
spinach, supporting integrated crop-livestock farming.
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1. INTRODUCTION

The livestock and agricultural sectors are closely interlinked and play an
important role in supporting food security and the economy of rural
communities (Gustiani & Fahmi, 2022). In Sukanagalih Village, Rajapolah
District, Tasikmalaya Regency, poultry, sheep, and cattle farming have
developed considerably. However, these activities generate livestock manure
that has not been used optimally. The manure is generally discarded or simply
piled up around the pens, which causes unpleasant odors, increases fly
populations, and has the potential to pollute soil and water.

At the same time, the need for organic fertilizer is increasing, particularly
for horticultural crops such as spinach (Amaranthus sp.), which is widely
cultivated in the area. Continuous long-term use of chemical fertilizers is
known to reduce soil fertility, damage soil structure, and have negative effects
on the environment (Faradiba et al., 2023). Livestock manure contains organic
matter and plant nutrients such as nitrogen (N), phosphorus (P), and
potassium (K) (Indrayani et al., 2025), and through fermentation or composting
it can be converted into a valuable fertilizer that is safe for the environment
(Dewi et al., 2025). Its use can reduce pollution while increasing the economic
value of farm waste (Maghfuri, 2023).

Several studies have processed livestock waste into organic fertilizer at the
farmer-group level (Dewi et al., 2025; Indrayani et al., 2025; Mufida et al., 2025).
However, these reports tend to describe the implementation of activities, while
changes in farmers’ knowledge, the quality of the fertilizer they produce, and
the response of crops to that fertilizer are rarely measured together within one
study. In Sukanagalih Village, farmers’ knowledge and skills in manure
processing are still limited, and the quality of farmer-made fertilizer from
mixed poultry, sheep, and cattle manure has not been assessed. This study
therefore addressed three research questions: (1) to what extent does
participatory training improve farmers’ knowledge of manure processing; (2)
does on-farm fermentation of mixed livestock manure produce a mature
organic fertilizer; and (3) how does spinach respond to the application of this
fertilizer? Accordingly, the study aimed to measure knowledge improvement
using the normalized gain score, to evaluate the maturity characteristics of the
fertilizer, and to observe spinach growth after application. The novelty of this
study lies in its integrated assessment of the knowledge, product, and crop
dimensions of manure processing in a smallholder integrated crop-livestock
setting.

1191 | Page



International Conference on Economics, Technology,
Management, Accounting, Education, and Social Science
o Volume 01 Year 2025

2. LITERATURE REVIEW

Livestock manure is one of the most widely available organic resources in
rural areas. Bhunia et al. (2021) reviewed the agronomic efficiency of animal-
derived organic fertilizers and their effects on soil biology and fertility,
showing that manure-based fertilizers can serve both as a nutrient source and
as a soil conditioner. In Indonesia, livestock waste has been processed into
organic fertilizer to reduce planting costs (Indrayani et al.,, 2025) and into
bokashi to strengthen the independence of farmer groups (Mufida et al., 2025),
and various organic wastes have been converted into useful products to
support sustainable agriculture (Dewi et al., 2025).

The quality of organic fertilizer is largely determined by the processing
method. Fermentation with microbial activators accelerates the decomposition
of organic matter and produces a stable product. Nufus et al. (2025) studied
the fermentation process in producing a multinutrient fertilizer from organic
waste, while Ariny and Nisa (2024) reviewed compost quality parameters
obtained with different activators. Physical indicators such as color, odor,
texture, temperature, and pH are commonly used as practical indicators of
maturity, which makes them suitable for assessing fertilizer produced by
farmers who lack access to laboratory analysis.

The application of organic fertilizer affects both soil and plants. Organic
fertilizer has been reported to improve plant growth and soil quality (Zebua et
al., 2025), improve soil structure and stability (Mendrofa & Gulo, 2024), and
support soil microorganisms that play a role in soil health (Dohare et al., 2025).
The availability of macronutrients and organic carbon in agricultural soils is
closely related to soil chemical properties (Andira et al., 2022; Gobel et al.,
2025). The effectiveness of organic, inorganic, and biological fertilizers on
crop productivity has been compared (Lestari et al.,, 2024), and nutrient
management has been shown to affect mineral accumulation in spinach (Das
et al., 2025). Spinach growth also depends on environmental factors such as
light intensity (Saputri et al., 2025).

The adoption of a new farming technology depends on how well farmers
understand and practice it. Sustainable social innovation that involves
communities from planning to evaluation can strengthen ownership and
resilience (Jareh, 2025), and using waste as an input for other production
activities is in line with the zero waste concept (Yuliardani et al., 2024).
Learning gains from an intervention can be assessed with the normalized gain,
which expresses the actual improvement relative to the maximum possible
improvement and therefore allows groups with different initial scores to be
compared (Hake, 1998). Based on these studies, participatory training was
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expected to improve farmers’ knowledge, fermentation of mixed manure was
expected to produce a mature fertilizer, and its application was expected to
support spinach growth.

3. METHODS

Research design and location. This study used a quantitative descriptive
approach. Changes in knowledge were measured using a one-group pretest-
posttest pre-experimental design, fertilizer quality was evaluated through
observation and measurement, and the response of spinach was assessed by
comparing fertilized and unfertilized plots. The study was conducted in
Sukanagalih Village, Rajapolah District, Tasikmalaya Regency, West Java.

Population and sample. The population consisted of livestock keepers and
farmers who are members of the Megar Bebek Cihateup group. A total of 28
respondents were selected purposively based on their involvement in livestock
and/or crop farming and their willingness to take part in all stages of the
study.

Variables and instruments. The intervention was participatory training on
processing livestock manure into organic fertilizer, consisting of extension,
hands-on practice, and mentoring. The observed variables were (1) knowledge,
measured with a test covering four aspects (understanding of livestock
manure waste, fertilizer production techniques, benefits of organic fertilizer,
and environmental impacts of livestock waste) administered before and after
the training; (2) skill, assessed with an observation checklist of the fertilizer-
making procedure; (3) fertilizer characteristics, namely color, odor, and
texture assessed organoleptically, pH measured with a pH meter, and
temperature measured with a thermometer; (4) spinach growth, namely plant
height and number of leaves; and (5) respondents’ intention to continue
production, assessed with a questionnaire.

Fertilizer production. The materials were livestock manure from poultry,
sheep, and cattle, EM4 as an activator, rice bran, and water. The tools were
fermentation drums, shovels, tarpaulins, and temperature and pH meters. The
manure was collected and sorted, mixed with rice bran and the activator, and
moistened with water to a moisture content of approximately 60%. The
mixture was fermented for 14 days with periodic turning, and changes in color,
temperature, pH, and odor were recorded as indicators of maturity.

Spinach trial. The fertilizer was applied to spinach beds at a rate of
approximately 1-2 kg/m?, while control beds received no fertilizer. Plant
height and number of leaves were observed up to 21 days after planting (DAP),
together with the general condition of the plants and soil.
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Data analysis. The data were analyzed using descriptive statistics (means
and percentages). Knowledge improvement was expressed as the difference
between post-test and pre-test scores in percentage points and as the
normalized gain, g = (post-test — pre-test)/(100 - pre-test), categorized as high
(g = 0.70), medium (0.30 < g < 0.70), or low (g < 0.30) (Hake, 1998). Fertilizer
characteristics were compared with general standards for mature organic
fertilizer, and spinach growth was compared between the fertilized and
control treatments.

4. RESULTS AND DISCUSSION

Twenty-eight respondents completed all stages of the study. Their
knowledge scores before and after the training are presented in Table 1.

Table 1. Respondents’ Knowledge Scores before and after Training

Pre-test Post-test . N-gain

Knowledge aspect %) %) Gain (pp) (category)
Understanding of livestock 5o 36 34 0.71 (high)
manure waste
Fertilizer production :
techniques 48 88 40 0.77 (high)
Benefits of organic fertilizer 60 90 30 0.75 (high)
Environmental impacts of .
livestock waste 55 87 32 0.71 (high)
Mean 53.75 87.75 34.00 0.74 (high)

Note: pp = percentage points; N-gain category according to Hake (1998)

The mean knowledge score increased from 53.75% to 87.75%, a gain of 34
percentage points with an N-gain of 0.74, which falls in the high category. All
four aspects reached the high category. The largest absolute gain occurred in
fertilizer production techniques (40 percentage points; N-gain 0.77), which
also had the lowest pre-test score. In contrast, the benefits of organic fertilizer
had the highest pre-test score and the smallest absolute gain (30 percentage
points), but its N-gain (0.75) was still high. This pattern indicates that
respondents were already aware of the benefits of organic fertilizer before the
training, whereas their main knowledge gap was procedural, namely how to
produce the fertilizer. Hands-on practice in the participatory approach directly
addressed this gap, which is consistent with the finding that 80% of
respondents were able to produce the fertilizer independently after the
training.

The fermentation lasted 14 days, and its success was indicated by a change
in color to blackish brown, a crumbly texture, and the absence of a pungent
odor (Marpaung & Simangunsong, 2025). The characteristics of the fertilizer
produced are presented in Table 2.

1194 | Page



International Conference on Economics, Technology,
Management, Accounting, Education, and Social Science
o Volume 01 Year 2025

Table 2. Characteristics of the Organic Fertilizer Produced

Parameter Result General Standard
Color Blackish brown Dark brown
Odor Not pungent Odorless
Texture Crumbly Crumbly
pH 6.5-7.2 6-8
Final temperature ('C) 28-30 Close to ambient

The fertilizer was blackish brown, crumbly, free of pungent odor, and had
a neutral pH, and its final temperature had returned to near-ambient levels.
These characteristics indicate that fermentation proceeded well and that the
fertilizer had matured, consistent with general standards for organic fertilizer
suitable for horticultural crops. The optimal fermentation was supported by
the use of an activator and periodic turning. This result shows that a mixture
of poultry, sheep, and cattle manure can be processed by farmers into a mature
fertilizer with simple on-farm equipment.

The growth of spinach in the fertilized and control treatments at 21 DAP
is presented in Table 3.

Table 3. Spinach Growth at 21 Days after Planting

Parameter (21 DAP) Control Organic fertilizer
Plant height (cm) 12-18 18-25
Number of leaves 6-8 8-11

Note: DAP = days after planting

Spinach that received organic fertilizer showed higher plant height and
number of leaves than the control (Table 3), indicating that the manure-based
fertilizer was able to supply sufficient nutrients for spinach growth. Field
observations also showed that the fertilized soil had a looser structure than
the control soil, which supports root development so that water and nutrients
can be absorbed more effectively. These results are in line with reports that
organic fertilizer improves plant growth and soil quality (Zebua et al., 2025)
and that livestock manure, which is rich in organic matter, nitrogen,
phosphorus, and potassium, is beneficial for plants (Mufida et al., 2025).

The effectiveness of the fertilizer can be explained in terms of nutrient
availability and soil dynamics (Bhunia et al., 2021). Organic matter plays an
important role in increasing the cation exchange capacity (CEC) of the soil, so
that nutrients such as N, P, and K become more available and are less easily
leached (Andira et al.,, 2022; Gobel et al., 2025). This contributes to more
efficient nutrient uptake by spinach during the vegetative growth phase (Das
et al., 2025). The improvement in soil structure also increases aeration and the
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activity of soil microorganisms involved in the further decomposition of
organic matter (Dohare et al., 2025).

The fermentation process generates beneficial microorganisms such as
decomposer bacteria (Nufus et al., 2025). These microorganisms not only help
the fertilizer mature but also remain active after application, accelerating the
mineralization of organic matter into plant-available nutrients (Ariny & Nisa,
2024). Compared with inorganic fertilizers, organic fertilizer made from
livestock manure has the advantage of maintaining the balance of the soil
ecosystem (Lestari et al., 2024). Although plant responses to organic fertilizer
tend to be more gradual, its long-term effects are more sustainable (Mendrofa
& Gulo, 2024), which is important for horticultural crops such as spinach that
require fertile and stable soil conditions (Saputri et al., 2025).

From a farming-system perspective, the results demonstrate the
integration of livestock and crop production, in which livestock waste becomes
an input for crop production, in line with the zero waste concept (Yuliardani
et al., 2024). A total of 70% of respondents stated their intention to continue
fertilizer production independently. Active participation at every stage of the
study is likely to have strengthened respondents’ sense of ownership (Jareh,
2025). Respondents also identified two obstacles: the fermentation period,
which some considered too long, and variation in the quality of the manure,
which may affect fertilizer quality.

This study has several limitations. The one-group design without a control
group means that the knowledge gain cannot be attributed entirely to the
training. Knowledge scores were analyzed at the aspect level, so inferential
testing of individual scores was not performed. Fertilizer quality was assessed
using physical indicators without laboratory analysis of nutrient content, and
spinach growth was observed only up to 21 DAP. Future studies should use a
controlled design, analyze the N, P, K, and C-organic content of the fertilizer,
and conduct replicated field trials until harvest.

5. CONCLUSION

Participatory training effectively improved farmers’ knowledge of
processing livestock manure into organic fertilizer, with the greatest
improvement in procedural knowledge of fertilizer production, and enabled
most farmers to produce the fertilizer independently. On-farm fermentation
of mixed poultry, sheep, and cattle manure with a microbial activator
produced a mature organic fertilizer that met general quality standards, and
its application supported spinach growth and improved soil friability. These
findings indicate that farmer-produced manure-based fertilizer can link
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livestock and crop production in an environmentally friendly integrated
farming system. Further research should employ controlled designs,
laboratory nutrient analysis, and replicated field trials through to harvest to
strengthen the evidence on fertilizer quality and crop response.
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