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Abstract

Organic waste is a global challenge that affects environmental quality, especially in the agricultural sector. Coffee
grounds, as one of the organic wastes produced in large quantities, have the potential to be used as organic
tertilizer to improve soil quality and plant productivity. This research aims to analyze the nutritional content of
coffee grounds-based organic fertilizer, its effect on soil quality, and its impact on plant productivity. This
research uses descriptive qualitative methods by collecting data through observation, interviews and laboratory
analysis. The process of making fertilizer involves fermenting coffee grounds using additional organic materials
for 14-21 days. The research results showed that coffee grounds-based organic fertilizer contain nitrogen
(2.10%), phosphorus (0.45%), and potassium (0.68%), as well as high organic matter of 35.8%. Applying this
fertilizer increases soil pH from 5.2 to 6.8 and soil organic matter content from 12.5% to 27.6%. In addition, the
productivity of spinach plants increased significantly, with an increase in plant height, number of leaves, and
crop weight of up to 95.8% compared to the control. The conclusion of this research is that organic fertilizer
based on coffee grounds can significantly improve soil quality and crop yields, making it an environmentally

friendly alternative to replacing chemical fertilizers.

Keywords: Coffee Grounds, Organic Fertilizer, Soil Qnality, Plant Productivity

Introduction

The problem of organic waste is a global issue that
continues to increase along with the development of
the food industry and public consumption (Puger,
2018). According to the Food and Agticulture Orga-
nization (FAO), around 30% of the world's total food
production ends up as waste every year Daszkiewicz,
T. (2022). One of the most significant organic wastes
is coffee grounds, considering that global coffee
consumption reaches more than 10 million tons per
year (International Coffee Organization, 2021). Cof-
fee ground waste that is not utilized propetly can cau-
se environmental pollution, both in terms of piles of
organic waste and greenhouse gas emissions due to
anaerobic decomposition (Mugimuddin et al., 2023).
Therefore, an innovative approach in managing coffee

waste into value-added products is very important to
achieve environmental sustainability (Putra et al,
2024). The high amount of coffee grounds waste is
influenced by two main factors, namely the increase
in global coffee consumption and the low level of
reuse of this waste. The rapidly growing coffee
industry in major coffee producing and consuming
countries, such as Brazil, Indonesia and the United
States, produces millions of tons of coffee grounds
every year (Hervianaldy et al., 2017). Unfortunately,
most of this coffee grounds waste is still thrown away
or only slightly used as household compost (Lia,
2023). Lack of awareness and efficient processing
technology also become obstacles in utilizing this
waste.(Mulyawan et al., 2024). The accumulation of
coffee grounds waste has a significant impact on the
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environment and soil health. If not managed propetly,
this waste can pollute soil and water through a de-
composition process that produces dangerous com-
pounds such as methane and ammonia (Panjaitan,
2021). On the other hand, organic waste such as
coffee grounds actually contains important nutrients,
such as nitrogen, phosphorus, potassium and organic
materials which are useful for increasing soil fertility.
This opens up a great opportunity to use coffee
grounds as an environmentally friendly organic fertili-
zer that can replace chemical fertilizers.(Saing et al.,
2023). Coffee grounds have great potential as raw
material for making organic fertilizer. The nutritional
content of coffee grounds includes nitrogen (2%),
phosphorus (0.3%), potassium (0.6%), and organic
compounds such as lignin and cellulose. Apart from
that, coffee grounds also have the ability to improve
soil structure and increase the activity of microorga-
nisms that are beneficial to the soil. Using organic
fertilizer based on coffee grounds can reduce depen-
dence on chemical fertilizers, improve soil quality, and
support sustainable plant productivity. Research con-
ducted by (Winarti & Warsiyah, 2018) has examined
the use of coffee grounds and coconut dregs as raw
materials for organic fertilizer to increase the growth
of tomato plants. This research focuses on analyzing
the nutritional content of fertilizer, such as nitrogen
(N), phosphorus (P), and potassium (K), as well as
evaluating the effect of varying fertilizer doses on
plant height parameters. The results obtained show
that organic fertilizer with the optimal dose (150
grams of fertilizer on 1 kg of planting medium) has a
significant effect on increasing plant height. (Igbal et
al., 2018). The novelty of this research lies in the in-
depth exploration of the specific use of coffee
grounds waste, without mixing with other organic ma-
terials such as coconut dregs, to improve soil quality
and productivity of horticultural crops. This research
also develops a more comprehensive approach by
evaluating changes in soil physical and chemical pata-
meters, including pH, organic matter content, and soil
structure, which have not been the main focus in
previous research. In addition, this research uses
spinach plants as a test model, thereby expanding the
scope of application of coffee grounds-based organic
fertilizer to horticultural crops that are different from
tomatoes. Thus, this research contributes to the deve-
lopment of more focused coffee grounds waste mana-
gement technology, as well as providing an environ-
mentally friendly alternative solution to replace che-
mical fertilizers. It is hoped that the research results

80

will enrich the literature regarding the potential of
organic fertilizer based on coffee waste and increase
its application in sustainable agriculture. The novelty
of this research lies in the approach of using coffee
grounds waste as organic fertilizer to specifically
improve soil quality and plant productivity. This
research focuses on optimizing the formulation of
organic fertilizer based on coffee grounds and
evaluating its effectiveness on various soil parameters
and crop yields. This study also provides practical and
applicable solutions in overcoming otrganic waste
problems with an environmentally friendly approach.
(Rochmah et al., 2021). The urgency of this research
is based on the increasing need for organic fertilizer as
an alternative which are
expensive and have a negative impact on the envi-
ronment. In addition, effective coffee grounds waste
management solutions can reduce the amount of
organic waste and minimize environmental pollution.
This research is expected to make a significant con-
tribution in the fields of sustainable agriculture and
waste management. This research aims to utilize cof-
fee grounds waste as raw material for organic fertilizer
and test its effect on soil quality and plant pro-
ductivity. Specifically, this research will identify the
nutritional content of coffee grounds, formulate
organic fertilizer, and evaluate the effectiveness of
fertilizer on plant growth and improving soil quality.
The benefits of this research can be seen from two
aspects, namely theoretical and practical. Theote-
tically, this research will enrich references regarding
the use of organic waste as environmentally friendly
organic fertilizer. Practically, it is hoped that the
results of this research can be applied by farmers and
the agricultural industry as a solution to increasing
plant  productivity reducing
pollution due to coffee grounds waste. Apart from
that, this research can be a stepping stone in deve-
loping more
processing technology.

to chemical fertilizers

and environmental

innovative and sustainable waste

Materials and Methods

This research uses a descriptive qualitative research
method which aims to analyze and describe the pro-
cess of using coffee grounds waste as a basic ingre-
dient for making organic fertilizer and its effect on
soil quality and plant productivity. A qualitative ap-
proach was chosen because it allows researchers to
understand in depth the phenomenon of organic wa-
ste processing and its impacts in the field. This rese-
arch was carried out through several stages, namely
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data collection, data processing, and data analysis. The
first stage is data collection. Data was collected thro-
ugh direct observation, in-depth interviews, and litera-
ture studies related to the use of coffee grounds waste
and organic fertilizer. Observations were carried out
at the research location to see the process of proces-
sing coffee grounds waste into organic fertilizer, star-
ting from the drying stage, fermentation, to the final
fertilizer formulation. Interviews were conducted with
farmers, agricultural practitioners and agronomists to
obtain information about the practice of using organic
fertilizer to increase plant productivity and soil quali-
ty. In addition, literature from scientific journals and
related publications is used to support empirical data
obtained in the field. The second stage is the data
processing process. Coffee ground waste is collected
from the local coffee industry, then dried to reduce
the water content. After the drying process, the coffee
grounds are fermented using organic additives such as
EM4 (Effective Microorganisms 4) and other mixed
materials such as animal waste or sawdust. Fermen-
tation was carried out for 14-21 days under anaerobic
conditions. During this process, physical and chemical
changes in the coffee grounds are observed, including
temperature, pH, texture, and aroma. The third stage
is data analysis. Data analysis was carried out descrip-
tively through interpretation of the results of obser-
vations, interviews and literature studies. Evaluation
of coffee grounds-based organic fertilizer is carried
out by measuring fertilizer quality parameters such as
nitrogen (N), phosphorus (P), potassium (K), and
organic matter content using simple laboratory me-
thods. Next, organic fertilizer is applied to the expe-
rimental land planted with horticultural crops, such as
spinach or tomatoes. Observations of soil quality are
carried out by measuring parameters such as soil pH,
organic matter content, and soil texture before and
after fertilizer application. Plant productivity is
measured based on plant height, number of leaves,
and crop yield.

Data obtained from observations, interviews and
laboratory analysis were systematically compiled and

analyzed to draw conclusions regarding the
effectiveness of organic fertilizer based on coffee
grounds in improving soil quality and plant

productivity. The validity of the data in this research
was tested through triangulation techniques, namely a
comparison between the results of observations,
interviews and secondary data from relevant literature.
This technique is used to ensure the validity and
reliability of data obtained during research.
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Preparation of coffee grounds-based organic
fertilizer

Coffee grounds waste was collected from local coffee
processing industries and air-dried to reduce moisture
content. The dried coffee grounds were then mixed
with organic additives such as Effective Microor-
ganisms 4 (EM4) and supplementary organic materials
(e.g., animal manure, rice husks, or sawdust). The
mixture was fermented anaerobically for 14-21 days,
during which pH, temperature, and physical texture
changes were monitored.

Laboratory analysis of nutrient composition. The
chemical composition of the coffee grounds-based
organic fertilizer, including nitrogen (N), phosphorus
(P), potassium (K), pH, and organic matter content,
was analyzed using the following methodologies:
Total Nitrogen (N): analysis determined using the
Kjeldahl method, which involves acid digestion,
distillation, and titration to measure total nitrogen
content.

Phosphorus (P): analysis measured using spectropho-
tometry with the molybdate blue method, where
phosphorus reacts with ammonium molybdate and
ascorbic acid to produce a blue-colored complex.
Potassium (K): analysis quantified using flame photo-
metry, where potassium is atomized and excited in a
flame, and the emitted light intensity is measured.

Soil pH: measurement determined using a pH meter,
following the 1:2.5 soil-to-water ratio method.
Organic Matter Content: measured using the Walkley-
Black method, which involves wet oxidation of
organic matter with potassium dichromate and
sulfuric acid.

Application of organic fertilizer to soil and plants
The organic fertilizer was applied to experimental
plots planted with spinach (Spinacia oleracea). A rando-
mized block design (RBD) was used with two treat-
ment groups:

- Control group (no fertilizer)

- Treatment group (coffee grounds organic fertilizer)
Soil quality was assessed before and after the fertilizer
application by analyzing: soil pH, organic matter
content, soil texture

Plant productivity was number of leaves, plant fresh
weight (g)

With this method, it is hoped that research can pro-
vide a comprehensive and in-depth picture of the
potential of coffee grounds waste as an innovative
and sustainable solution in managing organic waste
and increasing agricultural productivity.
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Results

Nutrient content of organic fertilizer based on
coffee grounds

The results of laboratory analysis of the nutritional
content of organic fertilizer derived from coffee
grounds show that the fertilizer contains macro and
micro nutrients that are important for plants. Presents
the nutritional content obtained from organic coffee
grounds fertilizer. These results show that organic
coffee grounds fertilizer has adequate nitrogen,
phosphorus and potassium content, with a neutral pH
making it suitable for various types of horticultural
plants.

Table 1. Nutrient content of organic fertilizer based on coffee
grounds

Parameter Test Results Unit
Nitrogen (N) 2.10 %
Phosphorus (P) 0.45 %
Potassium (K) 0.68 %
pH 6.5 -
Organic Matter 35.8 %

Effect of coffee grounds organic fertilizer on soil
quality

The application of organic coffee grounds as fertilizer
provides a significant improvement in soil quality,
especially in terms of organic matter content. Before
treatment, the soil had a lower organic matter level.
However, after four weeks of treatment, there was a
notable improvement, as shown in Table 2. Before
treatment, the soil was classified as Sandy Loam,
which had a higher sand content and lower organic
matter. After the application of organic fertilizer, the
soil improved to Loam, which contains more organic
matter and finer particles. This transformation enhan-

Table 2. Changes in soil quality parameters before and after
[fertilizer application

Before After )
Parameter Unit
treatment treatment

Soil pH 5.2 6.8 -
Organic Matter 12.5 27.6 %
Sand 60 50 %
Silt 20 30 %
Clay 20 20 %
Soil Texture Class ~ Sandy Loam Loam -

ces soil properties such as water retention, aeration,
and fertility. Based on these tresults, the use of organic
coffee grounds as fertilizer has been proven to
increase soil organic matter levels and neutralize soil
pH, which positively affects land fertility.

Effect of coffee grounds organic fertilizer on
plant productivity

This research uses spinach plants as test plants. Para-
meters measured included plant height, number of
leaves, and weight of harvest after 4 weeks of treat-
ment. The research results are presented in Table 3.
Based on these results, the application of organic
fertilizer coffee grounds provides a
significant increase in plant productivity. Spinach that
was given coffee grounds fertilizer had better plant
height, number of leaves and crop weight than the
control.

based on

Table 3. Effect of coffee grounds organi fertilizer on spinach growth

Treatment
Control Coff.
Parameter (No (Coffee Unit
Fertilizer Grounds
¢ ct) Fertilizer)
Plant Height 15.4 25.6 cm
Number of Leaves 6 10 strands
Plant Wet Weight 120 235 gram

Discussion

Nutrient content of organic fertilizer based on
coffee grounds

This research revealed that coffee grounds waste
contains macro nutrients such as nitrogen (2.10%),
phosphorus (0.45%), and potassium (0.68%), as well
as high organic matter of 35.8%. This content is very
important for plant growth because nitrogen fun-
ctions as the main component in protein and chloro-
phyll synthesis, which encourages vegetative growth.
Phosphorus plays a key role in energy formation
through ATP, while potassium increases plant meta-
bolic efficiency and resistance to stress (Mussatto et
al., 2011). These results are in line with research by
Bomfim et al,, (2022), who stated that organic waste
such as coffee grounds contains essential nutrients
that have the potential to replace chemical fertilizers
in sustainable agriculture. The high organic matter in
coffee grounds also serves as a carbon source for soil
microorganisms, which is important for improving
soil structure and increasing water retention capacity
(Pande putu et al., 2019). In addition, the lignin and
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cellulose content in coffee grounds supports the for-
mation of humus, which provides long-term benefits
for soil health (Dewi et al.,, 2022). This ability makes
coffee grounds a raw material for organic fertilizer
which not only provides nutrients but also improves
the soil ecosystem. Previous research by (Winarti &
Warsiyah, 2018) showed that the application of orga-
nic fertilizer based on coffee grounds significantly in-
creased soil aggregation, which had a positive impact
on aeration and water absorption. Furthermore, the
neutral pH of coffee grounds organic fertilizer (6.5)
makes it suitable for use on various types of solil,
especially acid soil that requires acidity adjustment.
Chen et al. (2021) reported that organic fertilizer with
a neutral pH can optimize the activity of soil micro-
organisms, thereby accelerating the decomposition of
organic matter and the release of nutrients that can be
used by plants. Thus, coffee grounds not only fun-
ction as a source of nutrition but also as an environ-
mentally friendly soil amendment. Overall, these re-
sults support that coffee grounds waste has great
potential to be developed as an efficient organic ferti-
lizer, replacing chemical fertili-zers that are expensive
and have a negative impact on the environment. This
innovation can be a sustainable solution in managing
organic waste while increasing agricultural yields in a
more environmentally friendly way.

Effect of coffee grounds organic fertilizer on soil
quality

The results of this research show that the use of
organic fertilizer based on coffee grounds can
significantly improve soil quality. An increase in soil
pH from 5.2 (acid) to 6.8 (neutral) indicates the ability
of this fertilizer to neutralize soil acidity, an important
property that supports the growth of soil micro-
organisms and maximizes nutrient uptake by plants.
This is consistent with the study of De Sousa et al.
(2022), who stated that organic fertilizers rich in
organic matter, such as coffee grounds, can increase
the buffer capacity of the soil thereby preventing
extreme pH fluctuations that are often found in acidic
soils due to excessive use of chemical fertilizers. The
organic matter content in the soil increased from
12.5% to 27.6% after application of coffee grounds
fertilizer. This organic material not only functions as a
source of nutrients but also helps form humus, which
is important for increasing the soil's ability to hold
water and nutrients. According to Wang et al. (2018),
high organic matter increases the activity of soil mi-
croorganisms such as decomposing bacteria and my-
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corrhizal fungi, which accelerate the decomposition
of organic matter and the release of nutrients that can
be absorbed by plants. In this context, coffee grounds
function as a medium that supports soil biological
activity, strengthens soil aggregate structure, and
increases aeration (Siregar, 2023). In addition, the
change in soil texture from sandy to looser after
fertilizer application shows that organic fertilizer
based on coffee grounds is able to improve soil
structure. This increased structure supports water
infiltration, reduces the risk of erosion, and increases
the efficiency of water use by plants. The study of
Chen et al. (2021) also supports this finding, where
organic fertilizer is able to increase the aggregation of
soil particles, producing soil that is more stable and
friendly to the plant root system. With the ability to
increase pH, organic matter content, and soil texture,
coffee grounds-based organic fertilizer has proven to
be an efficient alternative for improving degraded or
marginal soil. These positive effects not only benefit
soil fertility but also support sustainable agricultural
efforts that reduce dependence on expensive and
environmentally damaging inputs.
conclusion, organic fertilizer based on coffee grounds
provides an innovative and practical solution in
agricultural land management to support food security
and environmental sustainability.

chemical In

Effect of coffee grounds organic fertilizer on
plant productivity

The use of organic fertilizer based on coffee grounds
showed significant results in increasing spinach plant
growth compared to controls. Plant height increased
66.2%, number of leaves increased 66.7%, and plant
fresh weight increased 95.8% after fertilizer appli-
cation. These results support previous research by
(Banu, 2020), who found that organic fertilizer from
coffee grounds waste was able to increase the effi-
ciency of plant nutrient absorption due to its high hu-
mus content. This humus accelerates the formation of
soil aggregates, so that plant roots can absorb nu-
trients more effectively. In a study by (Hartari et al,,
2024), liquid fertilizer based on coffee grounds pro-
vides an increase in coffee plant productivity of up to
80%. This positive effect is due to the high nitrogen
content, which plays an important role in the photo-
synthesis process. The results of this research streng-
then the hypothesis that coffee grounds are a poten-
tial resource for increasing crop yields in a sustainable
manner (Wulandari et al., 2023).
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Comparison with chemical fertilizers

The use of organic fertilizer based on coffee grounds

shows a number of advantages over chemical fertili-
zers, especially in terms of sustainability and environ-
mental impact. One of the main advantages is the
ability of organic fertilizer to increase the organic mat-
ter content of the soil naturally. While chemical ferti-
lizers generally provide nutrients in a direct form that
is quickly absorbed by plants, they often leave behind
residues that can cause soil degradation in the long
term. According to research by Wang et al. (2024),
continuous use of chemical fertilizers can result in a
decrease in soil fertility due to loss of organic matter
and a decrease in the population of beneficial soil
microorganisms. In contrast, coffee grounds-based
fertilizer not only provides macro nutrients such as
nitrogen, phosphorus and potassium, but also sup-
portts the sustainability of the soil ecosystem. The high
organic material content in coffee grounds fertilizer
helps form humus, which functions as a nutrient
buffer and increases the soil's capacity to store water
De Sousa et al., (2022). Apart from that, this organic
fertilizer has a neutralizing effect which helps balance
the pH of the soil, in contrast to chemical fertilizers
which often increase soil acidity due to inorganic
residues. In terms of efficiency, chemical fertilizers
provide faster results in increasing plant growth, but
this is often accompanied by the risk of environ-
mental damage such as water pollution due to ferti-
lizer run-off into water bodies. The study by Zhu et
al. (2021) noted that organic fertilizers, including
those based on coffee grounds waste, have a slower
and more sustainable release of nutrients, theteby
reducing the risk of environmental pollution. In addi-
tion, organic fertilizer can reduce farmers' dependence
on chemical fertilizers, which are more expensive and
often affected by global market fluctuations. (Anhar
et al, 2018). However, the weakness of coffee
grounds-based organic fertilizer is that the macro-
nutrient content is relatively lower than commercial
chemical fertilizers. To achieve equivalent results, or-
ganic fertilizer needs to be applied in larger quantities
or used regularly. Thus, the application of coffee
grounds fertilizer is most effective if used in an
integrated agricultural system, where the use of
chemical fertilizers is reduced gradually to support the
sustainability of agricultural land. (Fatur et al., 2024).
In conclusion, organic fertilizer based on coffee
grounds offers a more environmentally friendly alter-
native solution compared to chemical fertilizers, espe-
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cially in maintaining soil health and reducing negative

impacts on the environment. This research provides
evidence that the use of organic fertilizer can support
sustainable agricultural practices without sacrificing
crop yields, making it a viable option in the long term.

Conclusions

The results of this research show that using coffee
grounds waste as organic fertilizer not only helps ma-
nage organic waste, but also contributes to sustainable
agriculture. By reducing dependence on chemical fer-
tilizers, this technology can be an environmentally
friendly solution that supports the sustainability of the
agricultural ecosystem. Furthermore, this research
contributes to creating a circulatr economic approach,
where organic waste that was previously considered
valueless is now reused as a product that provides
economic and ecological benefits. This tesearch is
relevant for application in developing countries which
face the challenges of organic waste and the need for
efficient fertilizer.
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