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ABSTRACT

The transition to sustainable agriculture necessitates identifying fertilization strategies that are both
ecologically sound and economically viable for farmers. This study provides a comprehensive evaluation of
sweet pepper (Capsicum annuum L. 'Sultan F1') performance under various organic fertilization regimes
compared to conventional inorganic fertilization and a no-fertilizer control. The experiment, conducted under
the climatic stress of an El Nifio season in Maguindanao, Philippines, was laid out in a Randomized Complete
Block Design with ten treatments, including Korean Natural Farming (KNF) concoctions, vermicompost-based
applications, and their combinations. Results demonstrated that all organic treatments significantly improved
plant growth, yield, and postharvest quality over the control. The combination of KNF and vermi-based
fertilizers produced the highest marketable yield (9,700 kg/ha), nearly meeting industry standards and
suggesting that integrated organic systems can effectively bridge the yield gap. Critically, all organic
treatments significantly enhanced postharvest performance, extending storage life and reducing weight loss by
up to 16% compared to the inorganic treatment. From an economic standpoint, the KNF-only treatment,
utilizing low-cost, on-farm inputs, yielded an exceptional Return on Investment (ROI) of 192%, far surpassing
the inorganic fertilizer treatment (113%) and all other organic combinations. This highlights a crucial
distinction between maximizing yield and maximizing profitability. These findings provide robust empirical
evidence that low-cost organic systems like KNF are not only agronomically effective, particularly in
enhancing postharvest quality, but also represent a highly profitable and accessible pathway for smallholder
farmers to achieve sustainable and resilient crop production.

Keywords: Capsicum annuum, organic fertilizer, Korean Natural Farming (KNF), vermicompost, postharvest
quality, economic viability, sustainable agriculture

INTRODUCTION

Sweet pepper (Capsicum annuum L.), a member of the Solanaceae family, is a globally significant vegetable
crop valued for its culinary versatility and rich nutritional profile, containing high levels of vitamins A, C, and
E, as well as over 30 different carotenoids (Bosland et al., 2012; Akbar et al., 2022; Muscolo et al., 2022).
Global production of chillies and peppers reached over 36 million tons in 2021, with market projections
indicating a continued upward trend in demand through 2025 (FAO, 2021; Hakim et al., 2021). Despite its
global importance, production is often hampered by regional deficits and agronomic challenges.

In the Philippines, particularly in the southern region of Mindanao, a significant gap exists between supply and
demand. A 2012 report highlighted a weekly shortage of 73 metric tons for sweet and bell peppers, with the
former Autonomous Region in Muslim Mindanao (ARMM) contributing only 4% of the regional supply, the
lowest of all region. This underscores a critical need for research and extension programs focused on
enhancing production, adaptability, and postharvest handling within the region. a municipality within this
region, has suitable climatic conditions for vegetable cultivation but records an average sweet pepper yield of
only 3.22 tons per hectare, far below the national industry standard of 10 to 15 tons per hectare. This
production gap is exacerbated by challenges farmers face in adopting effective fertilization practices and
managing pests and diseases, which hinder both the volume and quality of the produce.
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In response to the environmental and health concerns associated with conventional agriculture, which relies
heavily on synthetic chemical inputs, organic farming has emerged as a promising alternative (Clark &Tilman,
2017; Schrama et al., 2018). Organic agriculture is a holistic production management system that promotes and
enhances agro-ecosystem health, including biodiversity, biological cycles, and soil biological activity (Zuccaro
et al., 2024). It is founded on the principles of minimizing external inputs, avoiding synthetic fertilizers and
pesticides, and fostering ecological balance to achieve sustainable production (Clark & Tilman, 2017; Zuccaro
et al., 2024). For high-value crops like sweet pepper, which are often listed among produce with high pesticide
residues when grown conventionally, organic methods offer a pathway to producing safer, healthier food.

However, a primary challenge for farmers considering a transition to organic methods is the ability to achieve
yields, product quality, and financial returns that are comparable to those of conventional systems (Catalan,
2019). This concern is particularly acute for smallholder farmers in developing countries, who require
production systems that are not only sustainable but also economically viable and resilient to climate-related
stressors (UNCTAD, 2006; Badgley et al., 2007). This study was conceptualized to address this challenge
directly by evaluating various organic fertilization strategies to identify those that can enhance sweet pepper
productivity and profitability for farmers in the southern Philippines.

Recent research has significantly advanced the understanding of organic fertilization's impact on Capsicum
species, focusing on soil health, nutrient delivery, crop performance, and product quality.

Vermicompost, an organic amendment produced through the digestion of organic waste by earthworms, has
been consistently shown to be a potent fertilizer for sweet pepper. Recent studies confirm that its application
enhances soil structure, nutrient availability, and microbial activity, leading to significant improvements in
plant growth parameters such as height, leaf area, and biomass (Zaki et al., 2023; Alaboz & Ortas, 2024; Al-
Ali et al., 2023; Yadav et al., 2024). The co-application of vermicompost with biochar has demonstrated
synergistic effects, further improving agro-physiological properties, enhancing the nutritional quality of fruits,
and notably reducing fruit nitrate concentrations, a key indicator of food safety (Al-Ali et al., 2023; Lacomino
et al., 2020).

The frontier of organic fertilization is increasingly focused on the use of biostimulants and microbial
inoculants. These products, which include beneficial microorganisms known as Plant Growth Promoting
Microorganisms (PGPMs), seaweed extracts, and other biological preparations, enhance nutrient use
efficiency, tolerance to abiotic stress, and overall crop quality (Reis et al., 2024; Baker et al., 2020; Celiktopuz
et al., 2020; Jiménez-Arias et al., 2021; Lau et al., 2022). For instance, a recent study demonstrated that
Carrageenan Plant Growth Promoter (CPGP), a foliar biostimulant, significantly accelerated maturation and
increased the number and weight of fruits in pepper (Hakim et al., 2021). Similarly, foliar application of
organic acids and other biological treatments has been shown to be an effective method for rapid nutrient
delivery, bypassing soil-related nutrient lock-up and boosting plant development and resistance to stress
(Muscolo et al., 2022). These findings underscore a shift towards precision nutrient management in organic
systems, where targeted biological inputs complement soil-building practices.

Korean Natural Farming (KNF) is a holistic agricultural system that emphasizes the use of on-farm, low-cost
inputs derived from natural materials. Its core practices involve the cultivation and application of indigenous
microorganisms (IMOs) to enhance soil life and the use of fermented plant extracts—such as Fermented Plant
Juice (FPJ) and Fermented Fruit Juice (FFJ)—as foliar feeds and biostimulants (Cho, n.d.). The philosophy of
KNF aligns with regenerative agriculture, aiming to create a self-sustaining, closed-loop system that minimizes
external inputs and builds soil health (Fukuoka, 2009).

Despite strong anecdotal support from practitioners and a growing global community, KNF remains
scientifically under-validated (Garden Myths, n.d.). A review of literature from 2020-2024 reveals a significant
scarcity of rigorous, peer-reviewed studies that quantitatively assess the agronomic, postharvest, and economic
performance of KNF compared to other organic and conventional systems (KNF Hawaii, n.d.; Wang et al.,
n.d.; Lee, n.d.; ECHO Community, n.d.). While the theoretical underpinnings of its components are sound—
research confirms that fermented plant extracts are rich sources of bioactive compounds with antioxidant and
antimicrobial properties (Various authors, 2024; Wang et al., 2024)—there is a clear evidence gap regarding
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the performance of the KNF system as a whole in controlled field experiments. This lack of scientific
validation presents a barrier to its wider adoption and integration into mainstream agricultural
recommendations.

The persistent sweet pepper supply deficit in the southern Philippines, coupled with the global imperative for
sustainable agricultural practices, creates a strong impetus for research into effective and accessible organic
production systems. This study addresses this need by providing a comprehensive, multi-faceted evaluation of
various organic fertilization strategies, including established methods like vermicomposting and the promising
but under-researched KNF system.

Presenting robust empirical data on agronomic performance, postharvest quality, and, most critically,
economic profitability, this research aims to fill the identified scientific evidence gap surrounding KNF. It
provides a valuable case study conducted under the real-world stress of an El Nifio season, testing the
resilience and efficacy of these organic systems. Therefore, the objectives of this study were:

1. To determine the effects of different organic fertilizers—including KNF, vermicompost, and their
combinations—on the growth, yield, and postharvest performance of sweet pepper.

2. To compare the performance of these organic treatments against each other and against conventional
inorganic fertilization and a no-fertilizer control.

3. To evaluate the financial profitability and return on investment of each fertilization regime, thereby
assessing their economic viability for smallholder farmers.

METHODS

The field experiment was conducted at Maguindanao, Philippines (7° 01°34.76” N, 124° 09°55.87” E), at an
elevation of 447.14 meters above sea level. The study period coincided with a mid-season El Nifio event,
characterized by low rainfall (average 0.355 mm daily) and high average daily temperatures (29.9 °C), creating
conditions of significant abiotic stress for the crop.

The experiment was laid out in a Randomized Complete Block Design (RCBD) with four replications (Figure
1). The study consisted of ten distinct fertilizer treatments, detailed in Table 1, which included a no-fertilizer
control, a conventional inorganic fertilizer regime, and eight different organic fertilization strategies based on
Korean Natural Farming (KNF), vermicompost, and their various combinations. Each experimental plot
measured 1 x 5 m, with ten sample plants per treatment used for data collection.

Figure 1 — Randomized Complete Block Design with Four Replications Used in the Study.
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Table 1. Description of Experimental Treatments Applied to Sweet Pepper (Capsicum annuum L.)

Treatment|Description Basal Application|Foliar/Side-Dress  Application (Rate and

Code (Rate) Frequency)

T1 Control None None

T2 Inorganic Fertilizers 5 g/m2 Complete/5 g/m? Urea (46-0-0) side-dressed once at 20 DAT
(14-14-14)

T3 KNF Organic Fertilizers|None 20 mL/L of FPJ, FFJ, FAA, LABS, and IMO

applied as a foliar spray every 14 days
T4 Vermi-based  Organic|2 kg/m2500-1000 mL Vermitea / 16 L water applied as a
Fertilizers Vermicompost foliar spray every 14 days
TS5 Combined KNF +|2 kg/m220 mL/L of FPJ, FFJ, FAA, LABS, and IMO +
Vermi-based Vermicompost Vermitea applied as a foliar spray every 14 days

T6 Vermicompost + IMO |2 kg/m220 mL/L IMO applied as a foliar spray every 14
Vermicompost days

T7 Vermicompost + LABS |2 kg/m220 mL/L LABS applied as a foliar spray every 14
Vermicompost days

T8 Vermicompost + FAA |2 kg/m220 mL/L FAA applied as a foliar spray every 14
Vermicompost days

T9 Vermicompost + FFJ |2 kg/m2(20 mL/L FFJ applied as a foliar spray every 14 days
Vermicompost

T10 Vermicompost + FPJ |2 kg/m2[20 mL/L FPJ applied as a foliar spray every 14 days
Vermicompost

Note: DAT = Days After Transplanting; KNF = Korean Natural Farming; IMO = Indigenous

Microorganisms; LABS = Lactic Acid Bacteria Serum; FAA = Fish Amino Acid; FFJ = Fermented

Fruit Juice; FPJ = Fermented Plant Juice.

Preparation and Application of Fertilizer Treatments

Prior to the experiment, the field was conditioned by planting mung bean (Vigna radiata L.) as a green manure
crop, which was plowed back into the soil to enhance microbiological homogeneity and fertility. The organic
inputs were prepared according to standard KNF protocols. Fermented Plant Juice (FPJ) was made from water
spinach (Ipomoea aquatica) and kakawate leaves (Gliricidia sepium); Fermented Fruit Juice (FFJ) from
papaya (Carica papaya); Fish Amino Acid (FAA) from raw fish; Lactic Acid Bacteria Serum (LABS) from
rice wash and milk; and Indigenous Microorganisms (IMO) were cultured from local forest soil using cooked
rice as a substrate. Vermicompost and vermitea were sourced from a local producer. All treatments were
applied according to the rates and frequencies specified in Table 1.

Crop Management and Data Collection Protocols

Healthy, hardened seedlings of sweet pepper 'Sultan F1' were transplanted at 30-35 days old, with a planting
distance of 50 x 50 cm. Standard cultural management practices, including manual weeding and irrigation,
were uniformly applied across all treatments. Irrigation was scheduled based on soil moisture monitoring. For
pest management in the organic treatments, Oriental Herb Nutrient (OHN), a KNF preparation, was used as a
repellent.

Data on growth and yield parameters were collected from the ten sample plants per plot. Growth parameters
included plant height (cm), number of leaves, specific leaf area (cm?), and plant canopy area (cm?2). Leaf and
canopy area were measured non-destructively using the Easy Leaf Area mobile application (Easlon & Bloom,
2014). Reproductive parameters included days to first flowering and days to first fruit ripening. Yield
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parameters, collected over four harvestings up to 80 days after transplanting (DAT), included the number of
fruits per plant, average fruit weight (g), and marketable and non-marketable yield (kg/ha).

Postharvest Quality and Economic Assessment

For postharvest analysis, ten fruits of uniform size and maturity (mature green to breaker stage) were harvested
from each treatment. The fruits were washed, air-dried, and stored at ambient room temperature (approx. 24
°C) for evaluation. Postharvest quality was assessed daily by monitoring: 1) Visual Quality Rating (VQR) on a
scale of 1 (non-edible) to 9 (excellent, field-fresh); 2) Visual Color Rating (VCR) to track ripening
progression; 3) cumulative percentage weight loss, calculated from daily weight measurements; and 4) storage
life, defined as the number of days until the fruit reached the limit of edibility (VQR < 3).

A cost and return analysis was conducted to evaluate the economic viability of each treatment. All production
expenses, including materials and labor, were recorded. The projected gross income was calculated based on
the marketable yield and a standard farmgate price. From these figures, the net income and the Return on
Investment (ROI) were computed for each treatment on a per-hectare basis. All collected data were subjected
to Analysis of Variance (ANOVA), and treatment means were compared using Tukey’s Honest Significant
Difference (HSD) test at a 5% level of significance.

RESULTS

Influence of Organic Fertilizers on Vegetative and Reproductive Growth

The application of different organic and inorganic fertilizers had a significant effect on the growth parameters
of sweet pepper (Table 2). Plant height was greatest in treatments T3 (KNF), T4 (Vermi-based), and T2
(Inorganic), which were statistically comparable to each other and significantly taller than all other treatments.
The control plants (T1) were the shortest. In terms of leaf production, T2 (Inorganic) produced the highest
number of leaves (92.5), which was significantly more than all organic treatments. Among the organic
treatments, T3 (KNF), T4 (Vermi-based), and several vermicompost combinations (T8, T9, T10) performed
well, producing between 82 and 85 leaves per plant.

The number of days to first flowering was earliest in T3 (KNF) and T6 (Vermi+IMQ), which flowered at
approximately 21 days, similar to the control (T1) and significantly earlier than the inorganic treatment (T2) at
23 days. Conversely, fruit ripening was delayed in the highest-performing treatments. Fruits from T2
(Inorganic), T3 (KNF), and T4 (Vermi-based) took the longest to ripen (59-60 days), whereas fruits from the
control and treatments with lower nutrient inputs like T9 (Vermi+FFJ) and T10 (Vermi+FPJ) ripened earliest
at around 53 days.

Comparative Analysis of Yield and Fruit Characteristics

Yield and its components were significantly influenced by the fertilization regimes (Table 2). The highest
marketable yield was recorded in T5 (Combined KNF + Vermi-based) at 9,700 kg/ha. While this was the top-
performing treatment, the yields of T4 (Vermi-based) at 5,942 kg/ha and T3 (KNF) at 5,639 kg/ha were also
substantial, though statistically lower than T5. The inorganic treatment (T2) produced a marketable yield of
4,651 kg/ha, which was comparable to several of the vermicompost-combination treatments but significantly
lower than the top three organic strategies.

Average fruit weight was maximized in the primary organic treatments, with T5, T4, and T3 producing the
heaviest fruits (39-40 g), significantly heavier than those from the inorganic treatment (32.2 g) and the control
(22.1 g). A critical indicator of fruit quality and crop health, the proportion of non-marketable fruits, revealed a
distinct advantage for organic methods. The T2 (Inorganic) treatment produced the highest amount of non-
marketable yield. In contrast, the T3 (KNF) treatment produced the lowest percentage of non-marketable
fruits, indicating better overall plant health and fruit quality under this regime.
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Table 2. Summary of Effects on Sweet Pepper Growth and Yield Parameters

Treatment Plant Height|Marketable Yield|Avg. Fruit Weight| Non-Marketable
(cm) (kg/ha) (9) Fruits (%)

T1 - Control 299a 2,772 a 22.1a 29.4d

T2 - Inorganic 52.7¢€ 4,651 c 32.2¢C 34.6e

T3 - KNF 53.8¢e 5,639d 39.1d 13.3a

T4 - Vermi-based 53.2e 5,942d 39.4d 16.4 b

T5 - Combined KNF+Vermi |46.6 d 9,700 e 40.0d 13.0a

T6 - Vermi+IMO 43.0 bc 4,227 ¢ 32.0c 22.0¢

T7 - Vermi+LABS 41.7b 3,755 b 32.2¢ 30.0d

T8 - Vermi+FAA 415D 4,683 c 32.8¢c 25.5d

T9 - Vermi+FFJ 441 ¢ 3,825b 30.6 b 26.3d

T10 - Vermi+FPJ 43.6 C 3,806 b 32.3¢ 26.4d

Means in the same column followed by the same letter are not significantly different at p<0.05 by Tukey's

HSD. Non-marketable fruit percentage calculated from marketable and non-marketable yield data.

Postharvest Performance and Shelf-Life

The postharvest evaluation revealed significant advantages for all organic treatments over the inorganic control
(Table 3). The storage life of fruits from the inorganic treatment (T2) was the shortest, reaching the limit of
edibility (VQR < 3) in just 7 days. In stark contrast, fruits from all organic treatments exhibited significantly
longer shelf-life. Notably, fruits from T3 (KNF) and T1 (Control) remained edible for up to 16 days, more than
doubling the storage period of the inorganic fruits.

This extended shelf-life was strongly correlated with reduced water loss during storage. Fruits from the T2
(Inorganic) treatment suffered the highest cumulative weight loss, losing 33.6% of their initial weight. All
organic treatments demonstrated superior water retention. The lowest weight loss was observed in T5
(Combined KNF+Vermi) and T3 (KNF), both at approximately 17%, followed closely by T7 (Vermi+LAS) at
18%. The other organic treatments all maintained weight loss between 20-23%, which was still significantly
better than the inorganic treatment. In terms of color development, there were no significant differences among
treatments; all harvested fruits progressed from mature green to fully ripe red within approximately 6 days of
storage.

Table 3. Summary of Effects on Sweet Pepper Postharvest Quality

Treatment Storage Life (days until VQR < 3) |Total Weight Loss (%)
T1 - Control 16d 27.0d

T2 — Inorganic 7e 33.6e

T3 - KNF 16d 17.0a

T4 - Vermi-based 13 ¢ 22.0 bc

T5 - Combined KNF+Vermi |13 ¢ 17.0a

T6 - Vermi+IMO 13¢c 20.0 abc

T7 - Vermi+LABS 13 ¢ 18.0 ab

T8 - Vermi+FAA 13 ¢ 23.0 cd

T9 - Vermi+FFJ 13 ¢ 21.0 abc

T10 - Vermi+FPJ 13 ¢ 22.0 bc

Means in the same column followed by the same letter are not significantly different at p<0.05 by
Tukey's HSD. Storage life estimated from VQR data.

Economic Performance and Return on Investment

The cost and return analysis translated the agronomic results into a clear assessment of economic viability for
farmers (Table 4). The analysis revealed a dramatic divergence between yield performance and profitability.
While T5 (Combined KNF+Vermi) generated the highest gross income due to its superior yield, its high
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production expenses (Php 157,060/ha), driven by the cost of both vermicompost and KNF inputs, resulted in a
strong but not leading ROI of 147%.

The most striking economic result was from T3 (KNF). Despite having a moderate yield, its extremely low
production cost (Php 77,300/ha), which was the lowest among all fertilized treatments, led to an outstanding
ROI of 192%. This performance significantly outstripped that of the T2 (Inorganic) treatment, which had an
ROI of 113%. The high cost of commercially produced vermicompost was a major financial constraint,
leading to low or even negative ROIs for treatments that relied heavily on it without a corresponding high
yield, such as T7 (Vermi+LAS) and T10 (Vermi+FPJ).

Table 4. Cost and Return Analysis of Sweet Pepper Production per Hectare

Treatment Total Expenses/Gross Income|Net IncomeReturn on Investment
(Php) (Php) (Php) (ROI, %)

T1 - Control 84,400 110,872 26,472 31

T2 - Inorganic 87,200 186,031 98,831 113

T3 - KNF 77,300 225,564 148,264 192

T4 - Vermi-based 153,580 237,682 84,102 55

T5 - Combined KNF+Vermi |157,060 388,000 230,940 147

T6 - Vermi+IMO 153,340 169,060 15,720 10

T7 - Vermi+LABS 153,880 150,199 (3,681) -2

T8 - Vermi+FAA 153,880 187,323 33,443 22

T9 - Vermi+FFJ 153,760 153,001 (759) 0

T10 - Vermi+FPJ 153,340 152,237 (1,103) -1

All values are in Philippine Pesos (Php) and calculated on a per-hectare basis. Farmgate price was assumed at

Php 40/Kkg.

Organic Amendments and Plant Growth: Corroboration and Contrasts with Recent Findings

The findings that vermicompost-based treatments (T4-T10) significantly improved plant growth parameters
compared to the unfertilized control align strongly with a large body of contemporary research. Recent studies
consistently demonstrate that vermicompost enhances the growth, yield, and quality of sweet pepper by
improving soil physicochemical properties, increasing nutrient availability (N, P, K), and stimulating
beneficial microbial communities (Zaki et al., 2023; Alaboz & Ortas, 2024; Al-Ali et al., 2023; Yadav et al.,
2024). The observed increases in plant height and fruit weight in the vermicompost treatments can be
attributed to the slow release of essential nutrients and the presence of plant growth-promoting substances like
humic acids, which are known to be abundant in high-quality vermicompost (Al-Ali et al., 2023).

The observation that the inorganic fertilizer treatment (T2) produced the highest number of leaves and the
largest canopy area is also consistent with established plant physiology . The rapid availability of synthetic
nitrogen promotes vigorous vegetative growth. However, this study, along with others, suggests that this
accelerated biomass accumulation does not necessarily translate into superior yield quality or resilience. For
instance, excessive nitrogen application has been linked to increased plant susceptibility to pests and diseases
and can negatively impact the concentration of secondary metabolites responsible for flavor and health benefits
(Akbar et al., 2022; Muscolo et al., 2022). This trade-off is evident in the higher incidence of non-marketable
fruits and poor postharvest performance of the inorganic treatment in this study.

Bridging the Yield Gap: The Efficacy of KNF and Vermicompost Combinations

A central debate in organic agriculture is its ability to match the yields of conventional systems. This study
offers compelling evidence that integrated organic approaches can effectively bridge this yield gap. The
combined KNF and vermi-based treatment (T5) produced the highest marketable yield (9,700 kg/ha), a figure
that approaches the lower end of the industry standard (10,000 kg/ha) and significantly surpassed the yield of
the conventional treatment (4,651 kg/ha).
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This superior performance likely stems from a synergistic interaction between the two organic components.
Vermicompost provides a stable, long-term foundation of soil health, improving soil structure, water retention,
and a slow-release nutrient pool (Al-Ali et al., 2023). This foundation is then supplemented by the KNF inputs,
which act as potent biostimulants. The foliar application of fermented juices (FPJ, FFJ) and microbial
inoculants (IMO, LABS) provides a rapid infusion of readily available nutrients, enzymes, and beneficial
microorganisms directly to the plant at critical growth stages (Muscolo et al., 2022; Reis et al., 2024; Muscolo
et al., 2022). This dual strategy of building soil health from the ground up while providing targeted, plant-
available nutrition via foliar feeds represents a sophisticated organic management system that mirrors the
principles of modern biostimulant research (Hakim et al., 2021; Reis et al., 2024). The success of this
combined approach under the drought and heat stress of El Nifio further suggests that the enhanced soil
organic matter from vermicompost improved the plants' water-use efficiency and overall resilience.

Enhancing Postharvest Longevity and Quality through Organic Practices

One of the most significant findings of this study is the dramatic improvement in postharvest quality and shelf-
life of organically grown sweet peppers. Fruits from all organic treatments demonstrated significantly lower
weight loss and lasted substantially longer in storage than those from the inorganic treatment. This is not
merely a side effect but a key performance indicator of a healthier, more resilient plant system.

Recent postharvest science provides a clear mechanism for these observations. Organic farming practices,
which foster complex soil-plant-microbe interactions, often lead to the production of fruits with higher
concentrations of secondary metabolites, such as phenolics and antioxidants (Muscolo et al., 2022;
Mouratiadou et al., 2024). These compounds not only contribute to the nutritional value but also play a crucial
role in the plant's natural defense system against pathogens and environmental stress, which translates to better
post-storage resilience (Various authors, 2024). Furthermore, balanced, slow-release nutrition from organic
sources tends to promote the development of stronger cell walls and dermal systems, making the fruit less
susceptible to physiological water loss and microbial decay (Zaki et al., 2023; Mahmoud et al., 2020; Zaidi et
al., 2024; Arah et al., 2015). The lower incidence of non-marketable fruits in the field for the KNF treatment
(T3) provides in-season evidence of this enhanced plant health, which logically extends to the postharvest
phase. The poor storage performance of the inorganically grown peppers, conversely, can be attributed to
rapid, forced growth leading to weaker cellular structures that are more prone to rapid deterioration.

Enhancing Postharvest Longevity and Quality through Organic Practices

One of the most significant findings of this study is the dramatic improvement in postharvest quality and shelf-
life of organically grown sweet peppers. Fruits from all organic treatments demonstrated significantly lower
weight loss and lasted substantially longer in storage than those from the inorganic treatment. This is not
merely a side effect but a key performance indicator of a healthier, more resilient plant system.

Recent postharvest science provides a clear mechanism for these observations. Organic farming practices,
which foster complex soil-plant-microbe interactions, often lead to the production of fruits with higher
concentrations of secondary metabolites, such as phenolics and antioxidants. These compounds not only
contribute to the nutritional value but also play a crucial role in the plant's natural defense system against
pathogens and environmental stress, which translates to better post-storage resilience. Furthermore, balanced,
slow-release nutrition from organic sources tends to promote the development of stronger cell walls and
dermal systems, making the fruit less susceptible to physiological water loss and microbial decay. The lower
incidence of non-marketable fruits in the field for the KNF treatment (T3) provides in-season evidence of this
enhanced plant health, which logically extends to the postharvest phase. The poor storage performance of the
inorganically grown peppers, conversely, can be attributed to rapid, forced growth leading to weaker cellular
structures that are more prone to rapid deterioration.

This extended shelf-life is not just an agronomic curiosity; it translates directly into significant market
advantages and economic benefits, particularly for smallholder farmers. Postharvest losses for perishable crops
like sweet pepper can be as high as 40% globally, with the economic burden often falling on farmers through
reduced prices and on consumers through increased costs. By extending the freshness of the produce, the
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organic methods demonstrated in this study directly combat these losses. A longer shelf-life enables farmers to
access more distant markets, reduces the risk of shipment rejections, and allows for more flexibility in storage
and distribution, which can lead to better and more stable pricing. For smallholders, reducing postharvest loss
Is a direct path to increased income, improved food security for their families and communities, and greater
overall economic resilience. The World Bank estimates that even a 1% reduction in postharvest losses can
yield tens of millions of dollars in economic gains, a significant portion of which benefits smallholder farmers
directly. Therefore, the enhanced postharvest quality observed in the organic treatments represents a critical,
tangible benefit that enhances the market viability and profitability of sustainable farming practices.

The Economic Case for Low-Cost Organic Systems - Validating the Profitability of KNF for
Smallholders

The economic analysis presents arguably the most impactful conclusion of this study, highlighting a critical
distinction between maximizing yield and maximizing profit. The standout result is the 192% Return on
Investment (ROI) for the KNF-only treatment (T3), a figure that dramatically surpasses the inorganic treatment
(113%) and even the highest-yielding organic treatment (T5 at 147%) .

This directly addresses a major barrier to organic adoption for smallholders in developing countries: the high
cost of certified organic inputs and the perception of increased labor (UNCTAD, 2006; The Organic Center,
2020; Grovermann, 2023). Recent economic analyses of organic farming in the Philippines confirm its general
profitability, largely driven by price premiums, but also acknowledge the challenges of input costs (Javier &
Sison, 2023; INNSPUB, 2023). This study provides a powerful case study of a solution. The remarkable
profitability of the KNF system is driven by its reliance on inputs that are produced on-farm using locally
available, often free, materials (e.g., forest soil, plant trimmings, rice wash) . This drastically reduces cash
outlay, making the system highly accessible to resource-limited farmers.

The trade-off between the highest-yielding treatment (T5) and the most profitable (T3) is instructive. The
addition of purchased vermicompost to the KNF system in T5 nearly doubled the production expenses (from
Php 77,300 to Php 157,060 per hectare) for a yield increase that, while substantial, did not provide a
proportional increase in net income . For a smallholder farmer, managing input costs and financial risk is often
a higher priority than achieving maximum absolute yield. This study demonstrates that a well-managed, low-
cost organic system like KNF can provide a more economically rational and resilient path to profitability.

LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

While the findings of this study are robust within its experimental context, certain limitations must be
acknowledged. The data were collected from a single cropping season at a single location, and the performance
of these systems could vary under different climatic conditions, soil types, and pest pressures.

Therefore, these results lay the groundwork for critical future research. There is a pressing need for:

1. Long-term studies - Multi-season, multi-location trials are needed to validate the residual effects of
these organic treatments on soil health, nutrient cycling, and long-term productivity.

2. Scientific validation of KNF inputs - The mechanisms behind KNF's success remain a "black box."
Research should focus on the microbiological characterization of IMO cultures and the chemical and
nutritional analysis of fermented extracts like FPJ and FAA to move from anecdotal practice to
scientific understanding.

3. Expanded economic analysis - The exceptional ROI of KNF found in this study should be replicated
across different crops and regions to confirm its broad applicability as an economic model for
smallholder organic agriculture.

4. Integrated pest and disease management - Future studies should investigate the specific plant
defense mechanisms that may be induced by KNF applications, which could explain the observed
reduction in non-marketable fruits.

This study provides compelling evidence that organic fertilization strategies can significantly enhance the
agronomic performance, postharvest quality, and economic profitability of sweet pepper production, even
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under challenging climatic conditions. The findings demonstrate that integrated organic systems, such as the
combination of Korean Natural Farming and vermicompost, are capable of achieving high yields that can
bridge the gap with conventional industry standards.

More importantly, the research highlights that a focus on low-cost, on-farm inputs is the key to unlocking the
economic potential of organic agriculture for smallholder farmers. The Korean Natural Farming (KNF)
system, with its exceptional 192% Return on Investment, stands out as a highly accessible and profitable
model. It proves that maximizing profitability does not always require maximizing yield, but rather optimizing
the balance between production costs and outputs. The superior postharvest life and quality of all organically
grown fruits further add to their market value and reduce post-production losses.

Ultimately, this research validates the hypothesis that organic agriculture, particularly through systems like
KNF, offers a viable and empowering pathway for farmers in regions like the Philippines. It moves beyond a
simple comparison of organic versus conventional, offering a nuanced analysis of different organic strategies
and providing a clear, data-driven recommendation for a practice that is simultaneously sustainable, resilient,
and profoundly profitable. These findings should inform agricultural policy and extension services to promote
the adoption of such low-cost, high-return organic systems, thereby supporting the livelihoods of smallholder
farmers and advancing the goal of a more sustainable food future.

REFERENCES

1. Abdalla, M. M. (2013). The potential of Moringa oleifera extract as a biostimulant in enhancing the
growth, biochemical and hormonal contents in rocket (Eruca vesicaria subsp. sativa) plants.
International Journal of Plant Physiology and Biochemistry, 5(3), 42-49.

Abeles, F. B., Morgan, P. W., & Saltveit Jr., M. E. (2012). Ethylene in plant biology. Academic press.

3. Agaton, C. B., & Guno, C. S. (2024). Promoting sustainable agriculture using solar irrigation for small-
scale farmers in the Philippines. United Nations Department of Economic and Social Affairs.

4. Akbar, A., Tariq, U., Pan, K., et al. (2022). Potassium application improves growth, yield, and quality
of chili genotypes. Journal of Xi'an Shiyou University, Natural Science Edition, 20(6), 236-251.

5. Akoto, O., Addo, D., Baidoo, E., Agyapong, E. A., Apau, J., & Fei-Baffoe, B. (2015). Heavy metal
accumulation in untreated wastewater-irrigated soil and lettuce (Lactuca sativa). Environmental Earth
Sciences, 74(7), 6193-6198.

6. Alaboz, P., & Ortas, I. (2024). Effect of organic and inorganic fertilizers on pepper yield under
greenhouse conditions. In 23rd International Scientific Conference Engineering for Rural
Development.

7. Al-Ali, Z. N., Al-Shammari, A. S., Shah, S. H., et al. (2023). Integration of biochar with vermicompost
and compost improves agro-physiological properties and nutritional quality of greenhouse sweet
pepper. Plants, 14(11), 2603.

8. Al-Hetar, A. M., Al-Magqtari, Q. A., & Mohammed, A. E.-G. A. (2024). Efficacy of fermented plant
extracts in agriculture: A scientific review. Frontiers in Pharmacology, 15, 1438947.

9. Amed El Hadad, H. (2006). Key to holistic gardening.

10. Anarna, J. (2012). Performance assessment of Bio-N (Azospirilium lifoferum) to Bitter Gourd,
Tomato, Eggplant, and Lettuce. UPLB-BIOTECH Journal.

11. Antonious, G. F., Turley, E. T., & Hill, R. R. (2014). Antioxidant contents of bell pepper and melon
fruits grown in soil amended with recycled waste. Journal of Environmental Science and Health, Part
B, 49(5), 361-365.

12. Arah, 1. K., Amaglo, H., Kumah, P., & Ofori, H. (2015). Pre- and post-harvest practices to increase
shelf-life of chili pepper (Capsicum spp.): A review. Journal of Postharvest Technology, 3(4), 103-112.

13. Aspelin, A. L. (1999). Pesticide industry sales and usage 1994 and 1995 market estimates. US EPA.

14. Badgley, C., Moghtader, J., Quintero, E., et al. (2007). Organic agriculture and the global food supply.
Renewable Agriculture and Food Systems, 22(2), 86-108.

15. Baker, B. P., Benbrook, C. M., Groth, E., & Benbrook, K. L. (2002). Pesticides residues in
conventional, integrated pest management (IPM)-grown and organic foods: insights from three U.S
data sets. Food Additives & Contaminants, 19(5), 427-446.

no

Page 1357 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VII July 2025

. Baker, S. B., Graber, L. K., & Schipanski, M. E. (2020). Biopesticides in sustainable agriculture: A

review of their role and impact. Frontiers in Sustainable Food Systems, 4, 102.

17. Batella Memorial Institute. (1999). Background report on fertilizer use, contaminants and regulations.
U.S. Environmental Protection Agency.

18. Bautista-Bafos, S., Hernandez-Lauzardo, A. N., Velazquez-Del Valle, M. G., et al. (2006). Chitosan as
a potential natural compound to control pre and postharvest diseases of horticultural commodities. Crop
Protection, 25(2), 108-118.

19. Beavington, F. (1975). Heavy metal contamination of vegetables and soils in domestic gardens around
a smelting complex. Environmental Pollution, 9(3), 211-217.

20. Beckles, D. M. (2012). Factors affecting the postharvest soluble solids and sugar content of tomato
(Solanum lycopersicum L.) fruit. Postharvest Biology and Technology, 63(1), 129-140.

21. Begum, M. (2018). Seaweed extracts in agriculture: A review. Journal of Plant Nutrition, 41(15), 1939-
1953.

22. Bell, P. R. (2013). Increasing phosphorus efficiency: An investigation of phosphorus uptake
mechanisms in the rhizosphere of wheat.

23. B-Fresh. (2023). Benefits of extended shelf life of fresh fruits and vegetables in food processing
industry. Retrieved June 22, 2025, from https://b-fresh.rs/en/benefits-of-extended-shelf-life-of-fresh-
fruits-and-vegetables-in-food-processing-industry/

24. Blouin, M., Hodson, M. E., Delgado, E. A., et al. (2013). A review of earthworm impact on soil
function and ecosystem services. European Journal of Soil Science, 64(2), 161-182.

25. Boeing, H., Bechthold, A., Bub, A., et al. (2012). Critical review: vegetables and fruit in the prevention
of chronic diseases. European Journal of Nutrition, 51(6), 637-663.

26. Bojovi¢, B., & Markovi¢, A. (2009). Correlation between nitrogen and chlorophyll content in wheat
(Triticum aestivum L.). Kragujevac Journal of Science, 31, 69-74.

27. Bosland, P. W., Votava, E. J., & Votava, E. M. (2012). Peppers: Vegetable and spice capsicums (Vol.
22). CABI.

28. Bottemiller, H. (2013). Food Safety News.

29. Boume, D., & Prescott, J. A. (2002). A comparison of the nutritional value, sensory qualities, and food
safety of organically and conventionally produced foods. Critical Reviews in Food Science and
Nutrition, 42(1), 1-34.

30. Bouraoui, F., & Grizzetti, B. (2014). Modelling mitigation options to reduce diffuse nitrogen water
pollution from agriculture. Science of the Total Environment, 468-469, 1267-1277.

31. Carandang, G. A. (2012). Indigenous microorganisms: Grow your own. Smashwords.

32. Cardinale, B. J., Duffy, J. E., Gonzalez, A., et al. (2012). Biodiversity loss and its impact on humanity.
Nature, 486(7401), 59-67.

33. Carvajal-Munioz, J. S., & Carmona-Garcia, C. E. (2012). Benefits and limitations of biofertilization in
agricultural practices. Livestock Research for Rural Development, 24(3).

34. Casper, B. B., Forseth, I. N., Kempenich, H., Seltzer, S., & Xavier, K. (2001). Drought prolongs leaf
life span in the herbaceous desert perennial Cryptantha flava. Functional Ecology, 15(6), 740-747.

35. Catalan, L. B. (2019). Local sweet pepper farmer discussion about pepper farming in the locality.

36. Cho, H. K. (n.d.). Korean Natural Farming. As cited in various KNF resources.

37. Clark, M., & Tilman, D. (2017). Comparative analysis of environmental impacts of agricultural
production systems, agricultural input efficiency, and food choice. Environmental Research Letters,
12(6), 064016.

38. Crowder, D. W., & Reganold, J. P. (2015). Financial competitiveness of organic agriculture on a global
scale. Proceedings of the National Academy of Sciences, 112(24), 7611-7616.

39. D'Annolfo, R., Gemmill-Herren, B., Graeub, B., & Garibaldi, L. A. (2017). A review of the socio-
economic performance of agroecology. Agroecology and Sustainable Food Systems, 41(8), 924-944.
40. Davis, D. R., Epp, M. D., & Riordan, H. D. (2004). Changes in USDA food composition data for 43

garden crops, 1950 to 1999. Journal of the American College of Nutrition, 23(6), 669-682.

41. de Vries, F. T., & Bardgett, R. D. (2012). Plant-microbial linkages and ecosystem nitrogen retention:
lessons for sustainable agriculture. Frontiers in Ecology and the Environment, 10(8), 425-432.

42. Dorais, M., & Alsanius, B. (2015). Advances and trends in organic fruit and vegetable farming
research. Horticultural Reviews, 43, 185-263.

Page 1358 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VII July 2025

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

. DuPonte, M. W., & Fischer, D. (2012). The natural farming concept: A new economical waste

management system for small family swine farms in Hawai‘i. University of Hawai‘i, College of
Tropical Agriculture and Human Resources.

. Easlon, H. M., & Bloom, A. J. (2014). Easy Leaf Area: A simple, rapid, and non-destructive means to

estimate leaf area. Applications in Plant Sciences, 2(7), 1400033.

ECHO Community. (n.d.). Korean Natural Farming. ECHOcommunity.org. Retrieved May 15, 2025,
from https://www.echocommunity.org/resources/f4f71fcbh-52e5-41d4-906¢-62a235a2d35¢
El-Bassiony, A. M., Fawzy, Z. F., ElI-Samad, E. A., & Riad, G. S. (2010). Growth, yield and fruit
quality of sweet pepper plants (Capsicum annuum L.) as affected by potassium fertilization. Journal of
American Science, 6(12), 722-729.

Elhariri, E., EI-Bendary, N., Hussein, A. M., Hassanien, A. E., & Badr, A. (2014). Bell pepper ripeness
classification based on support vector machine. In 2014 International Conference on Engineering and
Technology (ICET) (pp. 1-6). IEEE.

Englander, A. C., Douds Jr, D. D., & Mallory, E. B. (2015). On-farm produced microbial soil inoculant
effects on bread wheat (Triticum aestivum) production. Biological Agriculture & Horticulture, 32(1),
1-13.

Evans, S. E., Byrne, K. M., Lauenroth, W. K., & Burke, I. C. (2011). Defining the limit to resistance in
a drought-tolerant grassland: long-term severe drought significantly reduces the dominant species and
increases ruderals. Journal of Ecology, 99(6), 1500-1507.

FAO. (2021). FAOSTAT. Food and Agriculture Organization of the United Nations.

Flemming, G. A., & Parle, P. J. (1977). A spectrographic method for the determination of some heavy
metals and boron in plant ash. Irish Journal of Agricultural Research, 16(1), 49-55.

Follett, R. F., Gupta, S. C., & Hunt, P. G. (1987). Conservation practices: Relation to the management
of plant nutrients for crop production. In Soil fertility and organic matter as critical components of
production systems (pp. 19-51). Soil Science Society of America.

Fukuoka, M. (2009). The one-straw revolution: An introduction to natural farming. New York Review
of Books.

Gabriel, D., Sait, S. M., Kunin, W. E., & Benton, T. G. (2013). Food production vs. biodiversity:
comparing organic and conventional agriculture. Journal of Applied Ecology, 50(2), 355-364.

Galeotti, F., Barile, E., Curir, P., Dolci, M., & Lanzotti, V. (2008). Flavonoids from carnation
(Dianthus caryophyllus) and their antifungal activity. Phytochemistry Letters, 1(1), 44-48.

Gerpacio, R. V., Labios, J. D., Labios, R. V., & Diangkinay, E. I. (2004). Maize in the Philippines:
Production systems, constraints, and research priorities. CIMMYT.

Giampieri, F., Tulipani, S., Alvarez-Suarez, J. M., Quiles, J. L., Mezzetti, B., & Battino, M. (2012).
The strawberry: composition, nutritional quality, and impact on human health. Nutrition, 28(1), 9-19.
Gopinathan, R., & Prakash, M. (2014). Effect of vermicompost enriched with bio-fertilizers on the
productivity of tomato (Lycopersicum esculentum mill.). International Journal of Current Microbiology
and Applied Sciences, 3(9), 1238-1245.

Grovermann, C. (2023, July 20). Opportunities for organic farming research in Southeast Asia.
Research Institute of Organic Agriculture (FiBL). Retrieved July 22, 2025, from
https://www.fibl.org/en/info-centre/news/organic-farming-research-in-southeast-asia

Gupta, N., Khan, D. K., & Santra, S. C. (2012). Heavy metal accumulation in vegetables grown in a
long-term wastewater-irrigated agricultural land of tropical India. Environmental Monitoring and
Assessment, 184(11), 6673-6682.

Hakim, S., et al. (2021). Rhizosphere engineering with plant growth-promoting microorganisms for
sustainable agriculture. Frontiers in Sustainable Food Systems, 5, 664879.

Harmanescu, M., Alda, L. M., Bordean, D. M., Gogoasa, I., & Gergen, I. (2011). Heavy metals health
risk assessment for population via consumption of vegetables grown in old mining area; a case study:
Banat County, Romania. Chemistry Central Journal, 5, 64.

Higa, T., & Parr, J. F. (1994). Beneficial and effective microorganisms for a sustainable agriculture and
environment. International Nature Farming Research Center.

Hu, J., Wu, F., Wu, S., Cao, Z,, Lin, X., & Wong, M. H. (2013). Bioaccessibility, dietary exposure and
human risk assessment of heavy metals from market vegetables in Hong Kong revealed with an in vitro
gastrointestinal model. Chemosphere, 91(4), 455-461.

Page 1359

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VII July 2025

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

.ideas42.  (n.d.).  Minimizing  post-harvest loss.  Retrieved July 2, 2025, from

https://www.ideas42.org/project/minimizing-post-harvest-loss/

. Igbal, A., He, L., Khan, A,, et al. (2017). Potassium fertilization in chili peppers: A review. Journal of

Plant Nutrition, 40(10), 1471-1482.

Javier, J. D., & Sison, M. P. M. (2023). Economic benefits of organic vegetable production among
selected organic farms in Bukidnon. Agricultural Social Economic Journal, 23(3), 273-279.
Javanmardi, J., & Ghorbani, E. (2012). Effects of chicken manure and vermicompost teas on herb
yield, secondary metabolites and antioxidant activity of lemon basil (Ocimum x citriodorum Vis.).
Advances in Horticultural Science, 26(3/4), 151-157.

Jayanta, S. (2013). Vermicomposting as an environment friendly bio-fertilizer. Research Journal of
Chemistry and Environment, 17(10), 1-5.

Joshi, A. (2012). The pros and cons of organic foods. EzineArticles.

Juneja, A., Ceballos, R. M., & Murthy, G. S. (2013). Effects of environmental factors and nutrient
availability on the biochemical composition of algae for biofuels production: A review. Energies, 6(9),
4607-4638.

Kannan, S. (2010). Foliar fertilization for sustainable crop production. In Genetic engineering,
biofertilisation, soil quality and organic farming (pp. 371-402). Springer.

Kansara, P., Mehra, D., & Sharma, M. (2023). Organic farming for sustainable agriculture and its
impact on socio-economic status of farmers. Acta Botanica, 1(1), 1-10.

Keller, M., Arnink, K. J., & Hrazdina, G. (1998). Interaction of nitrogen availability during bloom and
light intensity during veraison. . Effects on grapevine growth, fruit development, and ripening.
American Journal of Enology and Viticulture, 49(3), 333-340.

Khan, S., Khalil, S. K., Arjmand, H. S., et al. (2014). Integrated use of organic and inorganic fertilizers
in wheat and their residual effect on subsequent mung bean. International Journal of Farming and
Allied Sciences, 3(8), 845-850.

Kitinoja, L., Saran, S., Roy, S. K., & Kader, A. A. (2011). Postharvest technology for developing
countries: Challenges and opportunities in research, outreach and advocacy. Journal of the Science of
Food and Agriculture, 91(4), 597-603.

Klein, B. P., & Perry, A. K. (1982). Ascorbic acid and vitamin A activity in selected vegetables from
different geographical areas of the United States. Journal of Food Science, 47(3), 941-945.

Koh, E., Charoenprasert, S., & Mitchell, A. E. (2012). Effect of organic and conventional cropping
systems on ascorbic acid, vitamin C, flavonoids, nitrate, and oxalate in 27 varieties of spinach
(Spinacia oleracea L.). Journal of Agricultural and Food Chemistry, 60(12), 3144-3150.

Konvalina, P. (Ed.). (2014). Vulnerability of agriculture, water and fisheries to climate change -
towards sustainable strategy. IntechOpen.

Lacomino, C., et al. (2020). Co-application of biochar and compost on soil properties and crop
productivity: A meta-analysis. Science of the Total Environment, 715, 136932.

Lazcano, C., & Dominguez, J. (2011). The use of vermicompost in sustainable agriculture: impact on
plant growth and soil fertility. In Soil nutrients (pp. 1-23). Nova Science Publishers.

Lee, C. H. (n.d.). Korean Natural Farming: LAB. Christine H. Lee. Retrieved July 2, 2025, from
https://christinehlee.com/korean-natural-farming-lab/

Liu, X,, Song, Q., Tang, Y., et al. (2013). Human health risk assessment of heavy metals in soil—
vegetable system: A multi-medium analysis. Science of the Total Environment, 463-464, 530-540.

Lu, X., Mao, Q., Gilliam, F. S., Luo, Y., & Mo, J. (2014). Nitrogen deposition contributes to soil
acidification in tropical ecosystems. Global Change Biology, 20(12), 3790-3801.

Mahmoud, G. A. E., et al. (2020). Foliar application of moringa leaf extract improves quality and
storability of plum fruits. Journal of Plant Production, 11(12), 1251-1257.

Malézieux, E. (2012). Designing cropping systems from nature. Agronomy for Sustainable
Development, 32(1), 15-29.

Marron, N., Dreyer, E., Boudouresque, E., et al. (2003). Impact of successive drought and re-watering
cycles on growth and specific leaf area of two Populus canadensis (Moench) clones, “Dorskamp” and
“Luisa_Avanzo”. Tree Physiology, 23(18), 1225-1235.

Marschner, H. (2012). Marschner's mineral nutrition of higher plants (3rd ed.). Academic Press.

Page 1360

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VII July 2025

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

. Masterpack Group. (2024, May 27). How shelf life extension with MAP enhances market reach and

innovation. Retrieved July 2, 2025, from https://blog.masterpackgroup.com/how-shelf-life-extension-
with-map-enhances-market-reach-and-innovation

. Mathivanan, S., Chidambaram, A. L., Sundaramoorthy, P. A., & Kalaikandhan, R. (2012). Effect of

vermicompost on germination and biochemical constituents of groundnut (Arachis hypogaea L.)
seedling. International Journal of Research in Biological Sciences, 2(2), 54-59.

Mclaughlin, M. J., Parker, D. R., & Clarke, J. M. (1999). Metals and micronutrients: Food safety
issues. In Food safety and quality as affected by animal production systems (pp. 60-143).
Meenakumari, T., & Shekhar, M. (2012). Biotechnological solid waste management by
vermicomposting. Journal of Environmental Biology, 1(1).

Mindanao Vegetable Industry Roadmap Technical Working Group. (2012). Mindanao Vegetable
Industry Roadmap.

Mondal, T., Datta, J. K., & Mondal, N. K. (2015). Chemical fertilizer in conjunction with biofertilizer
and vermicompost induced changes in morpho-physiological and bio-chemical traits of mustard crop.
Journal of the Saudi Society of Agricultural Sciences, 16(3), 238-245.

Mouratiadou, 1., Wezel, A., et al. (2024). The socio-economic performance of agroecology: A review.
Agroecology Europe.

Mukherjee, A., Speh, D., Dyck, E., & Diez-Gonzalez, F. (2004). Pre-harvest evaluation of coliforms,
Escherichia coli, Salmonella, and Escherichia coli O157:H7 in organic and conventional produce
grown by Minnesota farmers. Journal of Food Protection, 67(5), 894-900.

Muscolo, A., et al. (2022). Organic fertilization in sweet pepper: Effects on yield and nutritional
quality. Agronomy, 12(5), 1123.

Narkhede, S. D., Attarde, S. B., & Ingle, S. T. (2011). Study on effect of vermicompost on growth and
yield of chilli pepper. Journal of Applied Sciences in Environmental Sanitation, 6(3), 327-332.

Nelson, R. M. P., et al. (2019). Profile of organic farmers in the Philippines: Their knowledge,
attitudes, and practices. Journal of Nature Studies, 18(2), 26-43.

O'Connell, S., et al. (2020). A comparison of 13 sweet pepper varieties under an organic
farming system. HortTechnology, 30(1), 69-75.

101. Ok, J., Watanabe, H., Cho, J., An, N., & Lee, B. (2014). Standardization of IMO preparation for
Korean Natural Farming. Korean Journal of Environmental Agriculture, 33(2), 134-137.

102. Osman, K. T. (2013). Plant nutrients and soil fertility management. In Soils: Principles, properties and
management (pp. 129-159). Springer.

103. Paddock, C. (2007). Organic food is more nutritious say EU researchers. Medical News Today.

104. Pavlis, R. (n.d.). Korean Natural Farming (KNF) - What is it? Does it work? Garden Myths. Retrieved
June 22, 2025, from https://www.gardenmyths.com/korean-natural-farming-knf/

105. PCAARRD. (2008). Industry Status Report: Sweet Pepper. Philippine Council for Agriculture, Aquatic
and Natural Resources Research and Development.

106. Petit, A. N., Fontaine, F., Vatsa, P., Clément, C., & Vaillant-Gaveau, N. (2012). Fungicide impacts on
photosynthesis in crop plants. Photosynthesis Research, 111(3), 315-326.

107. Postharvest Education Foundation. (n.d.). Resource waste and the benefits of reducing. Retrieved July
2, 2025, from https://www.postharvest.com/food-loss-and-waste/resource-waste-and-the-benefits-of-
reducing

108. Power, S. A., Ashmore, M. R., Cousins, D. A., & Sheppard, L. J. (1998). Effects of nitrogen addition
on the stress sensitivity of Calluna vulgaris. New Phytologist, 138(4), 663-673.

109. Pussemier, L., Larondelle, Y., Van Peteghem, C., & Huyghebaert, A. (2006). Chemical safety of
conventionally and organically produced foodstuffs: A tentative comparison under Belgian conditions.
Food Control, 17(1), 14-21.

110. PureKNF Foundation. (n.d.). Korean Natural Farming. Natural Farming Hawaii. Retrieved June 25,
2025, from https://naturalfarminghawaii.net/

111. Rebecca, R. (2010). Organic or not organic. Serendip Studio.

112. Reuss, J., Dooley, H. L., & Griffis, W. (1976). Plant uptake of cadmium from phosphate fertilizer. U.S.
Environmental Protection Agency.

Page 1361

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VII July 2025

% $
¢ RSIS ~

113. Saha, N., & Zaman, M. R. (2013). Evaluation of possible health risks of heavy metals by consumption
of foodstuffs available in the central market of Rajshahi City, Bangladesh. Environmental Monitoring
and Assessment, 185(5), 3867-3878.

114. Schader, C., et al. (2012). The role of organic agriculture in mitigating climate change: A review.
Mitigation and Adaptation Strategies for Global Change, 17(1), 1-27.

115. Schrama, M., et al. (2018). Key challenges for sustainable agriculture. Frontiers in Sustainable Food
Systems, 2, 77.

116. Schwarz, M. (2012). Soilless culture management. Springer.

117. Schwartz, S. B., & Jones, M. (n.d.). Reducing food loss and waste by improving smallholder storage.
Global Food for Thought. Retrieved May 11, 2025, from https://globalaffairs.org/commentary-and-
analysis/blogs/reducing-food-loss-and-waste-improving-smallholder-storage

118. Selvakumar, G., et al. (2021). Comparative analysis of chemical and organic fertilization on sweet
pepper. Journal of Plant Nutrition, 44(8), 1120-1131.

119. Seufert, V., Ramankutty, N., & Foley, J. A. (2012). Comparing the yields of organic and conventional
agriculture. Nature, 485(7397), 229-232.

120. Siavoshi, M., Dastan, S., & Yadi, R. (2014). Effect of organic fertilizers on organic constituents and
enzymes in rice. Advances in Environmental Biology, 8(17), 521-530.

121. Singh, U. M., Sareen, P., Sengar, R. S., & Kumar, A. (2013). Plant ionomics: a newer approach to
study mineral transport and its regulation. Acta Physiologiae Plantarum, 35(9), 2641-2653.

122. SomaSekhar, M., Sai Gopal, D. V. R., & Rohini Reddy, K. (2013). Application of indigenous
microorganisms (IMOs) on poultry floor (soil) and analysis of minerals in the poultry IMOs treated
soil. Recent Research in Science and Technology, 5(1), 12-15.

123. Suh, J. (2014). Towards sustainable agricultural stewardship: Evolution and future directions of the
permaculture concept. Environmental Values, 23(1), 75-98.

124. Sun, C., Liu, J., Wang, Y., Sun, L., & Yu, H. (2013). Multivariate and geostatistical analyses of the
spatial distribution and sources of heavy metals in agricultural soil in Dehui, Northeast China.
Chemosphere, 92(5), 517-523.

125. Talavera-Bianchi, M., Chambers, D. H., Chambers, E., Adhikari, K., & Carey, E. E. E. (2011). Sensory
and chemical properties of organically and conventionally grown pac choi (Brassica rapa var. Mei Qing
Choi) change little during 18 days of refrigerated storage. LWT-Food Science and Technology, 44(6),
1538-1545.

126. Tan, K. H. (2014). Humic matter in soil and the environment: Principles and controversies. CRC Press.

127. Terry, D. L. (1999). Consumption of fertilizer and plant nutrients (1960-1995). University of Kentucky.

128. Tesfaendrias, M. T., McDonald, M. R., & Warland, J. (2013). Long-term yield of horticultural crops in
Wisconsin in relation to seasonal climate in comparison with Southern Ontario, Canada. HortScience,
48(7), 863-8609.

129. The Organic Center. (2020). Organic is more profitable than conventional in Northern Philippines.
Retrieved June 15, 2025, from https://www.organic-center.org/research/organic-more-profitable-
conventional-northern-philippines

130. Theunissen, J., Ndakidemi, P. A., & Laubscher, C. P. (2010). Potential of vermicompost produced from
plant waste on the growth and nutrient status in vegetable production. International Journal of the
Physical Sciences, 5(13), 1964-1973.

131. Tilman, D., & Clark, M. (2015). Food, agriculture & the environment: Can we feed the world & save
the earth? Daedalus, 144(4), 8-23.

132. Truong, H. D., & Wang, C. H. (2015). Effects of different combination of vermicompost on growth,
yield, and fruit quality of two tomato varieties under greenhouse conditions. Journal of Agricultural
Science, 7(11), 216.

133. UNCTAD. (2006). Organic agriculture and food security in Africa. United Nations Conference on
Trade and Development.

134. Varghese, S. M., & Prabha, M. L. (2014). Biochemical characterization of vermiwash and its effect on
growth of Capsicum frutescens. Malaya Journal of Biosciences, 1(2), 86-91.

135. Veneklaas, E. J., Lambers, H., Bragg, J., et al. (2012). Opportunities for improving phosphorus-use
efficiency in crop plants. New Phytologist, 195(2), 306-320.

Page 1362 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume X Issue VII July 2025

136. Wall, D. H., Bardgett, R. D., Behan-Pelletier, D., et al. (2013). Soil ecology and ecosystem services.
Oxford University Press.

137. Wang, Y., Tu, C., Cheng, L., et al. (2011). Long-term impact of farming practices on soil organic
carbon and nitrogen pools and microbial biomass and activity. Soil and Tillage Research, 117, 8-16.

138. Wheeler, S. A. (2008). What influences agricultural professionals' views towards organic agriculture?
Ecological Economics, 65(1), 145-154.

139. Wigge, P. A. (2011). FT, a mobile flowering signal. Current Biology, 21(9), R344-R348.

140. Winqvist, C., Ahnstrom, J., & Bengtsson, J. (2012). Effects of organic farming on biodiversity and
ecosystem services: taking landscape complexity into account. Annals of the New York Academy of
Sciences, 1249(1), 191-203.

141. Woese, K., Lange, D., Boess, C., & Bogl, K. W. (1997). A comparison of organically and
conventionally grown foods - results of a review of the relevant literature. Journal of the Science of
Food and Agriculture, 74(3), 281-293.

142. Worthington, V. (2001). Nutritional quality of organic versus conventional fruits, vegetables, and
grains. The Journal of Alternative and Complementary Medicine, 7(2), 161-173.

143. Xu, J., & Thornton, I. (1985). Arsenic in garden soils and vegetable crops in Cornwall, England:
Implications for human health. Environmental Geochemistry and Health, 7(4), 131-133.

144. Xue, Z.J., Liu, C,, Liu, U., & Yan, L. (2012). Health risk assessment of heavy metals for edible parts
of vegetables grown in sewage-irrigated soils in suburbs of Baoding City, China. Environmental
Monitoring and Assessment, 184(6), 3503-3513.

145. Yadav, R. K., et al. (2024). A study on the effect of different growing media and integrated nutrient
management on growth and yield of Bell pepper (Capsicum frutescens L.) var. Indra under naturally
ventilated polyhouse condition. The Asian Journal of Soil Science, 7(5S), 35-39.

146. Zaki, M. F., et al. (2023). Recent advances in postharvest technologies of bell pepper: A review.
Heliyon, 9(4), e15135.

147. Zaidi, N. A. H. M., et al. (2024). Pre- and post-harvest application of moringa leaf extract on the
quality of green chili (Capsicum annuum L.). International Journal of Food Science & Technology,
59(8), 5345-5354.

148. Zhao, X., Chambers, E., Matta, Z., Loughin, T. M., & Carey, E. E. (2007). Consumer sensory analysis
of organically and conventionally grown vegetables. Journal of Food Science, 72(2), S132-S138.

149. Zuccaro, A., et al. (2024). The role of organic farming in achieving agricultural sustainability:
Environmental and socio-economic impacts. Acta Botanica, 2(1), 1-12.

Page 1363 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

	Sweet Pepper (Capsicum annuum L) Under Organic Nutrient Management - A Comparative Study of Agronomic and Economic Outcomes
	Marlon M. Garrigues and Richel B. Garrigues
	North Eastern Mindanao State University
	Received: 15 July 2025; Accepted: 22 July 2025; Published: 19 August 2025

	ABSTRACT
	METHODS
	Preparation and Application of Fertilizer Treatments
	Postharvest Performance and Shelf-Life
	Economic Performance and Return on Investment
	Organic Amendments and Plant Growth: Corroboration and Contrasts with Recent Findings
	REFERENCES


