
 

 
169 – ICISSS UMG 

 

DIVERGENCE BETWEEN NUTRIENT ENRICHMENT AND 

AGRONOMIC RESPONSE OF MELON UNDER PUMAKKAL-

ACTIVATED COTAYAM COMPOST 

 
*Hening Widowati1, Agus Sutanto2, Tago Alam3, Beny Saputra4,  

Mia Cholvistaria5
, Eva Lathifah6 

 

*hening@ummetro.ac.id 1/*hwummetro@gmail.com1 , sutanto11@gmail.com2, tagokld@gmail.com3,  

benysaputra@ummetro.ac.id4 , miacholvis89@gmail.com5 
, evalathifah24@gmail.com

6 

 

*Universitas Muhammadiyah Metro, Lampung,  Indonesia1, 2, 4, 5, 6;  

Sekolah Menengah Kejuruan Negeri SPP Lampung3 
 

  

A B S T R A CT 

The development of microbially activated organic fertilizer is an important 

strategy for improving horticultural productivity while utilizing locally available 

organic waste. This study aimed to analyze the divergence between compost 

nutrient enrichment and the agronomic response of melon (Cucumis melo L.) to 

Cotayam compost fermented with different Pumakkal isolate formulations. 

Cotayam compost was prepared from cocopeat, shrimp-pond sediment, and 

chicken manure, and fermented under six treatments: P0 without isolates; P1 with 

three isolates; P2 with six isolates; P3 with nine isolates; P4 with twelve isolates; 

and P5 with fifteen Pumakkal isolates. The experiment employed a completely 

randomized design with six replications. The observed parameters included 

moisture content, total N, P₂O₅, K₂O, plant height, stem diameter, branch number, 

flowering time, fruit weight, and fruit sweetness. The results showed that 

increasing the number of Pumakkal isolates enriched compost nutrient content, 

with the highest values recorded in P5: 2.462% total N, 1.870% P₂O₅, and 2.237% 

K₂O. However, the most favorable agronomic response was observed in P3 rather than P5. P3 produced the highest 

plant height of 167.10 cm, the largest stem diameter of 12.83 mm, the earliest flowering at 13.67 days, the highest 

fruit weight of 1093.17 g, and high fruit sweetness of 15.40 °Brix. These findings indicate that the effectiveness of 

Pumakkal-activated Cotayam compost is not determined solely by the highest nutrient concentration but is likely 

related to how compost-derived nutrients meet crop physiological demands during growth and fruit development. 

Therefore, the nine-isolate formulation represents the most promising treatment for supporting melon production using 

locally sourced Cotayam compost. 

 

INTRODUCTION 

Melon (Cucumis melo L.) is a high-value horticultural crop whose productivity and fruit 

quality are strongly influenced by nutrient management during both vegetative and generative 

growth. This crop requires a balanced nutrient supply to support canopy formation, root 
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development, flowering, fruit enlargement, and the accumulation of soluble solids that determine 

harvest quality. In intensive cultivation practices, these nutrient requirements are commonly 

fulfilled through synthetic fertilizers because they are readily available and relatively easy to apply. 

However, long-term dependence on mineral fertilizers has increasingly been criticized because it 

may lead to soil degradation, declining soil functional quality, and water pollution when intensive 

fertilizer inputs are not balanced with sufficient organic matter restoration (Latini et al., 2021). 

Therefore, developing fertilization systems that maintain productivity while improving soil quality 

is essential for sustainable melon cultivation. 

One widely developed approach is the use of compost and organic amendments as part of 

circular nutrient management. Composting converts biodegradable residues into soil amendments 

rich in organic matter, reducing dependence on synthetic fertilizers. This strategy is not only 

related to nutrient supply but also to the restoration of soil structure, improvement of soil organic 

matter, and strengthening of soil biological activity. (Manea et al., 2024; Paradelo et al., 2023). In 

addition, using organic waste through composting can reduce environmental burdens associated 

with waste disposal, including potential emissions from unmanaged biodegradable materials. 

(Bruni et al., 2020; Kaushik et al., 2025). Thus, locally sourced compost is a strategic alternative 

fertilizer input in intensive horticultural systems, including melon cultivation. 

Nevertheless, the use of compost as a nutrient source for crops presents specific agronomic 

challenges. Unlike synthetic fertilizers, which generally have more uniform nutrient composition 

and faster nutrient availability, organic fertilizers have more variable nutrient contents, and their 

nutrient release depends on microbial decomposition, compost maturity, environmental 

conditions, and the characteristics of the raw materials. In melon, which requires timely nutrient 

supply during rapid vegetative growth and fruit formation, a mismatch between nutrient release 

and plant demand may limit compost effectiveness. (Hari et al., 2024; Rashmi et al., 2023). 

Furthermore, compost that is not fully mature or improperly applied organic inputs may cause 

growth inhibition, nutrient immobilization, or physiological stress in plants. (Bhunia et al., 2021) 

. Therefore, compost quality should be assessed not only by total nutrient content but also by its 

capacity to support agronomic responses in crops. 

A general solution to this problem is to improve compost quality through appropriate 

feedstock selection, controlled composting processes, and enhanced microbial activity during 

fermentation. Agricultural residues, livestock wastes, and aquaculture wastes can be processed 

into organic fertilizers through aerobic composting, co-composting, vermicomposting, and other 

biological stabilization technologies. These processes allow nutrients and organic carbon to be 

returned to the soil while reducing linear waste-disposal pathways. (Bhunia et al., 2021; Nenciu et 

al., 2022; Paradelo et al., 2023). However, composting systems based on heterogeneous wastes 

still require quality control, particularly with respect to feedstock balance, product maturity, 
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contaminant risks, and consistency of agronomic effectiveness. (Baldantoni et al., 2021; 

Venkatesham et al., 2025). 

In the context of local resources, the combination of cocopeat, shrimp-pond sediment, and 

chicken manure has potential to serve as the raw-material basis for Cotayam compost. Cocopeat 

plays an important role as an organic material that supports the physical properties of growing 

media, particularly water retention, aeration, and media structure. Shrimp-pond sediment 

represents an aquaculture-derived waste that can be reintegrated into production systems through 

composting, in line with the concept of aquaculture–horticulture integration based on waste 

utilization (Nenciu et al., 2022). Meanwhile, chicken manure is a livestock-derived organic waste 

that can contribute organic carbon and nitrogen when properly processed (Bhunia et al., 2021). 

The integration of these three materials reflects a locally grounded approach to transforming 

plantation, aquaculture, and livestock residues into organic fertilizer for melon cultivation. 

The effectiveness of Cotayam compost depends strongly on decomposition and nutrient 

transformation during fermentation. Composting is a biological process driven by microbial 

community activity through bio-oxidation, mineralization, humification, and stabilization of 

organic materials. (Durga et al., 2023). In this process, microbial bioactivators or inoculants can 

be used to improve the efficiency of organic matter decomposition and the quality of the resulting 

compost. (Manea et al., 2024; Venkatesham et al., 2025). Indigenous bacterial consortia are 

particularly relevant because they may be more adaptive to the characteristics of specific local 

waste matrices. However, the effectiveness of microbial inoculation is not universal, as it is 

influenced by feedstock composition, microbial interactions, resident microbiomes, and 

environmental conditions during composting and after application to crops. (Aguilar‐Paredes et 

al., 2023; Ibáñez et al., 2023). 

Previous studies have shown that compost and microbial bioactivators can improve the 

quality of organic material, enhance soil biological functions, and support crop productivity. 

Compost may also provide additional agronomic benefits beyond direct nutrient supply, such as 

improving soil structure, supplying humified organic matter, increasing microbial activity, and 

potentially supporting soil conditions that are more suppressive to certain pathogens. (Corato, 

2020; Palese et al., 2021; Pilla et al., 2023). However, important gaps remain in understanding the 

relationship among microbial activation level, compost nutrient enrichment, and crop agronomic 

response. Many assessments of compost quality still treat nutrient content as the primary indicator, 

whereas crop response may be shaped by nutrient-release timing, microbial activity balance, and 

plant physiological demand at specific growth stages. Moreover, microbial inoculant dosage or 

level is rarely evaluated in an integrated manner within heterogeneous compost matrices and 

realistic horticultural conditions. (Castiglione et al., 2021; Lau et al., 2022). 

Based on these gaps, this study examined Cotayam compost, made from cocopeat, shrimp-

pond sediment, and chicken manure, and fermented with Pumakkal, an indigenous bacterial 
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bioactivator derived from pineapple liquid waste. This study tested two assumptions: first, that 

different Pumakkal isolate formulations produce distinct nutrient profiles in Cotayam compost; 

second, that the highest compost nutrient content does not necessarily yield the best melon 

agronomic performance. The novelty of this study lies in its emphasis on the divergence between 

compost nutrient enrichment and crop response, thereby evaluating organic fertilizer effectiveness 

not only by nutrient concentration but also by plant growth, yield, and fruit quality. The conceptual 

framework of this study is presented in Figure 1. 

 
Figure 1. Conceptual framework of nutrient enrichment divergence and agronomic 

response in melon under Pumakkal-activated Cotayam compost. 

 

METHODOLOGY 

Research design and experimental site 

This study used a single-factor experimental design to evaluate the effects of different 

Pumakkal isolate formulations on the nutrient characteristics of Cotayam compost and the 

agronomic response of melon (Cucumis melo L.). The experiment was conducted in Wai Lubuk 

Village, Kalianda District, South Lampung, Indonesia. The site was relevant because coconut 

residues, shrimp-pond sediment, and poultry waste are locally available and can be used as raw 

materials for compost-based fertilizer. 

This study used a completely randomized design with one treatment factor, namely the 

number of Pumakkal isolates used to activate Cotayam compost. The design was selected because 

the experiment used polybag units under relatively uniform cultivation conditions. Six treatments 

were tested: P0 without Pumakkal isolates; P1 with 3 isolates; P2 with 6 isolates; P3 with 9 isolates; 
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P4 with 12 isolates; and P5 with 15 isolates. Each treatment was replicated six times, resulting in 

36 experimental units. Each unit consisted of one melon plant grown in a polybag. 

Table 1. Treatment structure of Pumakkal-activated Cotayam compost. 

Treatment 

code 

Number of 

Pumakkal 

isolates 

Description 

P0 0 isolates Cotayam compost without Pumakkal activation 

P1 3 isolates Cotayam compost activated with three Pumakkal isolates 

P2 6 isolates Cotayam compost activated with six Pumakkal isolates 

P3 9 isolates Cotayam compost activated with nine Pumakkal isolates 

P4 12 isolates Cotayam compost activated with twelve Pumakkal isolates 

P5 15 isolates Cotayam compost activated with fifteen Pumakkal isolates 

 

Preparation of Cotayam compost and Pumakkal activation 

Cotayam compost was prepared from cocopeat, shrimp-pond sediment, and chicken manure. 

The composting process was carried out using labeled fermentation sacks as containers for aerobic 

composting. The three organic materials were manually mixed with a hoe until physically 

homogeneous, and each composting unit was assigned to one of the six Pumakkal activation 

treatments. P0 was prepared without Pumakkal isolates, while P1, P2, P3, P4, and P5 were 

activated with 3, 6, 9, 12, and 15 Pumakkal isolates, respectively. Pumakkal, an indigenous 

bacterial bioactivator derived from pineapple liquid waste, was applied according to the assigned 

treatment formulation. 

The compost mixture in each treatment was sealed in fermentation sacks and aerobically 

fermented for 1.5 months. During fermentation, the compost was periodically turned and mixed to 

maintain aeration and uniformity of the material. The composting process was monitored through 

practical maturity indicators, including temperature, pH, odor, color, moisture condition, and 

texture. Compost was considered ready for application when it had a brown to dark color, crumbly 

structure, no offensive odor, was not water-soluble, and had a temperature close to ambient 

conditions. These criteria were used as practical indicators of compost maturity before the compost 

was applied to melon cultivation. 

Compost maturity was assessed using practical indicators, including temperature, pH, odor, 

color, moisture condition, texture, and decomposition status. Compost was considered ready for 

application when it had a brown to dark color, crumbly structure, no offensive odor, was not water-

soluble, and had a temperature close to ambient conditions. These indicators were used as practical 

maturity criteria before the compost was applied to melon cultivation. (Kurniati et al., 2022; 

Marsono et al., 2023; Zhang et al., 2020). 

Laboratory analysis of compost characteristics 
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After the fermentation period, compost samples from each treatment were collected for 

laboratory analysis. The analyzed parameters were moisture content, total nitrogen, total P₂O₅, and 

total K₂O. These parameters were selected because they represent the main macronutrient 

indicators of compost quality and are directly related to plant growth, flowering, fruit development, 

and fruit quality. The compost analysis was conducted to compare nutrient enrichment among the 

six Pumakkal isolate formulations. 

The compost nutrient data were interpreted as compositional indicators of fertilizer quality. 

Moisture content was reported as a percentage, while total nitrogen, total P₂O₅, and total K₂O were 

reported as percentages to facilitate comparison among treatments. The resulting nutrient profiles 

were then used to examine whether increasing the number of Pumakkal isolates improved compost 

nutrient enrichment and whether the nutrient-enrichment pattern corresponded to melon 

agronomic performance. Because the compost nutrient analysis was used to characterize the 

chemical composition of each treatment, the moisture content, total N, P₂O₅, and K₂O values were 

interpreted descriptively and were not subjected to inferential statistical testing. 

Melon cultivation and agronomic observation 

Melon cultivation was conducted using the melon variety Inthanon (Cucumis melo L.). The 

cultivation units consisted of 40 × 40 cm polybags filled with a humus-soil-Cotayam compost 

mixture at a 40:60 ratio. The experiment used 36 polybags, corresponding to six treatments and 

six replications, with one melon plant grown in each polybag. 

Before planting, melon seeds were soaked in lukewarm water for 4 hours to stimulate 

germination, then incubated for 24 hours until radicles emerged. The germinated seeds were 

transferred into seedling trays and maintained for 6 days. Uniform seedlings were then transplanted 

into polybags containing the assigned Cotayam compost treatment and humus soil mixture. 

All plants were maintained under similar cultivation practices to reduce non-treatment 

variation. Plant maintenance included weeding, watering twice daily in the morning and afternoon, 

stem training, manual pollination, and fruit selection. Fertilization was carried out using Cotayam 

compost in accordance with the assigned treatment. The compost was applied at a rate of 100 g 

per plant by soaking it in water and applying the solution to the polybag. Fertilization was 

conducted in two stages: once every 5 days during the vegetative phase and once every 2 days 

during the generative phase. 

Vegetative growth was measured weekly from 1 to 5 weeks after transplanting. The observed 

vegetative parameters were plant height, stem diameter, and branch number. Plant height was 

measured from the base of the stem to the highest growing point. Stem diameter was measured 

near the lower stem region. The branch number was recorded by counting the visible branches on 

each plant. Generative and yield parameters included flowering time, fruit weight, and fruit 

sweetness. Flowering time was recorded as the number of days until the first flower appeared. 

Fruit weight was measured at harvest, while fruit sweetness was determined as soluble solids using 
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a Brix meter. Harvest was conducted 70 days after transplanting, when fruit maturity was indicated 

by a yellowish skin color, a distinct fruit aroma, and visible net formation on the fruit surface. 

 

Statistical analysis and interpretation framework 

Compost nutrient data were analyzed descriptively to compare enrichment in total nitrogen, 

P₂O₅, and K₂O across treatments. Agronomic data were analyzed using one-way analysis of 

variance because the experiment involved one treatment factor with six levels. ANOVA is 

commonly used in compost-quality and crop-response experiments to test treatment effects on 

measured variables (Dini & Afriani, 2022; Gallet et al., 2022; Wardani, 2023). Normality and 

homogeneity of variance were examined before ANOVA. 

When ANOVA showed significant treatment effects, Duncan’s Multiple Range Test was 

applied at the 5% significance level. Duncan-based mean separation is commonly used in compost 

and bioinoculant fertility experiments to compare treatment means after significant ANOVA 

results (Youssef et al., 2023). The interpretation focused on comparing two response domains: 

compost nutrient enrichment and melon agronomic performance. This comparison was used to 

determine whether the treatment with the highest nutrient concentration also produced the best 

crop response, or whether an intermediate Pumakkal formulation provided a more effective 

balance between nutrient mineralization, microbial activity, nutrient-release synchronization, and 

plant demand. 

To support the visual comparison between compost nutrient enrichment and overall crop 

performance, a descriptive normalized agronomic response index was calculated. The index was 

derived from five main agronomic variables: final plant height, final stem diameter, flowering 

time, fruit weight, and fruit sweetness. Plant height, stem diameter, fruit weight, and fruit 

sweetness were normalized in a positive direction because higher values were considered 

favorable. Flowering time was reverse-normalized because earlier flowering was considered 

favorable. Each variable was given equal weight, and the composite value was rescaled to a 0–100 

index. This index was used only as a descriptive integrative visualization and was not used as a 

substitute for ANOVA or Duncan’s mean separation of individual agronomic traits. 

To clarify the experimental sequence, a methodological workflow was developed to connect 

the preparation of local organic residues, Pumakkal activation treatments, compost nutrient 

analysis, melon cultivation, agronomic observation, and statistical interpretation. This workflow 

illustrates how the study was structured to compare nutrient enrichment in Cotayam compost with 

the agronomic response of melon across different Pumakkal isolate formulations (Figure 2). 
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Figure 2. Methodological workflow for evaluating Pumakkal-activated Cotayam compost 

in melon cultivation. 

 

RESULTS AND DISCUSSION 

Nutrient enrichment of Pumakkal-activated Cotayam compost 

The nutrient composition of Cotayam compost showed a clear descriptive enrichment pattern 

across the Pumakkal isolate formulations. Moisture content remained relatively stable among 

treatments, ranging from 9.60% in P3 to 10.08% in P1. This narrow range indicates that the main 

difference among compost treatments was not moisture variation, but the composition of total N, 

P₂O₅, and K₂O. Total N increased from 0.648% in P0 to 2.462% in P5. A similar pattern was 

observed for P₂O₅, which increased from 0.962% in P0 to 1.870% in P5, and K₂O, which increased 

from 1.089% in P0 to 2.237% in P5. Therefore, the fifteen-isolate formulation produced the highest 

measured nutrient content among the compost treatments. 

Table 2. Descriptive moisture content and macronutrient composition of Cotayam compost 

under different Pumakkal formulations. 

Treatment 

Number of 

Pumakkal 

isolates 

Moisture content (%) Total N (%) P₂O₅ (%) K₂O (%) 

P0 0 10.03 0.648 0.962 1.089 

P1 3 10.08 1.258 1.131 1.303 

P2 6 9.77 1.698 1.364 1.597 

P3 9 9.60 2.098 1.572 1.860 
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P4 12 9.68 2.275 1.728 2.058 

P5 15 9.77 2.462 1.870 2.237 

The increasing values of total N, P₂O₅, and K₂O suggest that higher Pumakkal isolate 

formulations were associated with greater nutrient enrichment in compost. This pattern is 

consistent with studies showing that microbial inoculants can support organic matter 

decomposition, nutrient transformation, and improvements in compost quality, although the 

magnitude of the effect depends on the feedstock matrix and inoculant strategy. (Matiz-Villamil 

et al., 2023; Roy et al., 2022; Vurukonda et al., 2024). In the present study, however, the compost 

nutrient data were used as compositional indicators and interpreted descriptively because no 

inferential statistical test was applied to the compost nutrient values. Therefore, the finding should 

be stated as an enrichment pattern rather than as a statistically tested treatment effect (Figure 3). 

 
Figure 3. Nutrient enrichment pattern of Pumakkal-activated Cotayam compost. The figure 

illustrates the increasing trends in total N, P₂O₅, and K₂O from P0 to P5, with the highest nutrient 

concentrations observed in P5. 

The enrichment pattern may reflect the contribution of microbial functional diversity to the 

decomposition of heterogeneous organic substrates. Cotayam compost combines cocopeat, 

shrimp-pond sediment, and chicken manure, each contributing distinct organic fractions and 

nutrient pools. Compost microbiome studies emphasize that compost nutrient properties are 

shaped by feedstock composition, microbial community structure, and microbial functions during 

organic matter decomposition. (Aguilar‐Paredes et al., 2023). Microbial consortia may also 

contribute complementary functions, including lignocellulose degradation, proteolysis, phosphate 

solubilization, and potassium mobilization. (Nester & Saeid, 2022). Thus, the observed nutrient 

pattern supports the possibility that Pumakkal activation contributed to nutrient transformation 
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during fermentation, but this interpretation should be treated as explanatory rather than 

confirmatory. 

The descriptive nutrient enrichment in P5 is important because it establishes the chemical 

contrast required to evaluate the study's central hypothesis. P5 produced the highest measured 

compost nutrient content, yet the strongest agronomic response in melon occurred under P3. This 

contrast shows that compost nutrient concentration alone was not sufficient to explain crop 

performance. Compost nutrient content represents the chemical composition of the fertilizer 

product. In contrast, crop response also depends on nutrient availability, release timing, root uptake, 

microbial interactions in the growth medium, and plant physiological demand. 

 

Vegetative response of melon to Pumakkal-activated Cotayam compost 

Melon vegetative growth responded differently to nutrient enrichment from compost. Final 

plant height was highest in P3, reaching 167.10 cm, followed by P2 at 162.18 cm and P4 at 160.50 

cm. P5, despite having the highest compost nutrient concentrations, produced a lower final plant 

height of 152.08 cm. Stem diameter showed a similar pattern, with the highest value recorded in 

P3 at 12.83 mm, followed by P2 at 11.22 mm and P5 at 11.02 mm. Branch number showed a 

slightly different trend: P4 produced the highest, with 29.00 branches, while P3 remained high at 

28.17 branches. These results indicate that P3 produced the most consistent vegetative response, 

particularly for plant height and stem diameter, while P4 was numerically superior only for branch 

number. 

Table 3. Vegetative response of melon under different Pumakkal-activated Cotayam 

compost treatments. 

Treatment Number of 

Pumakkal isolates 

Final plant 

height (cm) 

Final stem 

diameter (mm) 

Final branch 

number 

P0 0 150.98 10.63 24.17 

P1 3 160.40 10.88 25.83 

P2 6 162.18 11.22 26.00 

P3 9 167.10 12.83 28.17 

P4 12 160.50 10.67 29.00 

P5 15 152.08 11.02 26.00 

The superiority of P3 in plant height and stem diameter suggests that the nine-isolate 

formulation provided a more favorable balance between nutrient release and vegetative demand. 

Melon growth depends strongly on the availability of macronutrients, especially nitrogen for leaf 

and shoot development, phosphorus for root growth and physiological regulation, and potassium 

for structural growth and nutrient transport. General agronomic evidence supports that N promotes 

vegetative development, P supports root and reproductive development, and K contributes to stem 

development, transport processes, and overall plant vigor. (Belbase & Bc, 2020). In melon systems, 
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compost-based substrates and organic amendments have been shown to influence shoot length, 

leaf number, and stem diameter, although responses vary depending on compost type, substrate 

properties, and nutrient management. (Aydi et al., 2023; Intana et al., 2023; Raksun et al., 2023). 

ANOVA confirmed that the treatment effect was significant for plant height (F = 2.610; p = 

0.045), stem diameter (F = 13.383; p < 0.001), and branch number (F = 3.545; p = 0.012), 

indicating that the observed vegetative differences among treatments were statistically supported. 

 

Figure 4. Vegetative response of melon to Pumakkal-activated Cotayam compost. The figure 

shows that P3 produced the highest plant height and stem diameter, while P4 produced the highest 

branch number, and P3 remained within the high-response group. 

 (Diatta et al., 2023; Silva et al., 2024).  

The vegetative response observed in P3 may be associated more with a favorable relationship 

between nutrient availability and vegetative demand than with maximum nutrient concentration 

alone. Organic amendments release nutrients through microbial mineralization, and this process 

may support early and mid-stage vegetative development when nutrient release is synchronized 

with plant demand (Diatta et al., 2023; Silva et al., 2024). However, because nutrient-use 

efficiency and mineralization rate were not directly measured, this explanation should be 

interpreted as a plausible agronomic interpretation based on the observed growth pattern (Al-

Tawarah et al., 2024; Zondo et al., 2025). The lower plant height in P5, despite its higher compost 

NPK content, suggests that maximum nutrient enrichment did not translate into maximum 

vegetative growth. The generative responses were also statistically affected by treatment, with 

significant differences observed for flowering time (F = 5.004; p = 0.020) and fruit weight (F = 

5.614; p = 0.001). 

This non-parallel response may also reflect the influence of the compost matrix and root-

zone balance. Cocopeat contributes to water retention and aeration, while shrimp-pond sediment 

and chicken manure contribute nutrient pools that require stabilization and mineralization. A 

treatment with very high microbial complexity may enhance nutrient concentration in the compost, 
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but plant response also depends on nutrient form, microbial competition, root-zone conditions, and 

the timing of nutrient availability. Therefore, the P3 formulation appeared to provide a more 

favorable agronomic response than the lower- or higher-isolate formulations, although the 

biological mechanisms underlying this response were not directly measured. 

 

Generative response, fruit weight, and fruit sweetness 

The generative response further confirmed that the best melon performance did not occur 

under the highest nutrient-content compost. Flowering time was earliest in P3, with first flowering 

recorded at 13.67 days. P4 followed at 15.83 days, while P1 flowered at 16.50 days, P2 at 17.00 

days, P5 at 17.33 days, and P0 at 17.67 days. Fruit weight also reached its highest value in P3, 

with an average of 1093.17 g. P2 produced the second-highest fruit weight at 963.33 g, followed 

by P0 at 930.00 g. In contrast, P5 produced only 897.50 g, which was close to P1 and P4. Fruit 

sweetness, measured as °Brix, was highest in both P3 and P5 at 15.40 °Brix. Therefore, P3 

combined early flowering, highest fruit weight, and high fruit sweetness, making it the most 

agronomically favorable formulation among the treatments. 

Table 4. Generative response and fruit quality of melon under different Pumakkal-activated 

Cotayam compost treatments. 

Treatment Number of Pumakkal 

isolates 

Flowering time 

(days) 

Fruit weight 

(g) 

Fruit sweetness 

(°Brix) 

P0 0 17.67 930.00 14.00 

P1 3 16.50 898.33 15.10 

P2 6 17.00 963.33 14.70 

P3 9 13.67 1093.17 15.40 

P4 12 15.83 896.67 15.10 

P5 15 17.33 897.50 15.40 

The earlier flowering in P3 suggests that the nine-isolate formulation may have supported a 

more favorable transition from vegetative to generative development. Flowering in melon is 

responsive to nutrient regime, fertilizer level, and organic nutrient management. Previous studies 

have reported that organic fertilizer and mineral NPK factors can significantly influence flowering 

age in melon (Muhamad, 2023), while integrated nutrient management combining organic 

manures and biofertilizer inputs can affect days to first male and female flowers in muskmelon 

(Akram et al., 2024). In cucurbit crops, microbial communities combined with bio-organic 

fertilizer may also accelerate reproductive onset, as shown by earlier flowering in cucumber under 

a compound microbial community and bio-organic fertilizer treatment (Qin et al., 2020). These 

studies support the interpretation that microbial activation and organic nutrient management can 

influence flowering phenology, especially when nutrient supply is synchronized with 

developmental demand. 
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The highest fruit weight in P3 may reflect better coordination between vegetative structure 

and generative sink development. A plant with greater height and stem diameter can support 

stronger photosynthetic capacity, assimilate transport, and resource allocation to fruit growth. The 

role of phosphorus and potassium is particularly relevant during flowering and fruit development. 

Phosphorus supports root function, energy transfer, and reproductive processes, while potassium 

is involved in sugar transport, osmotic regulation, and fruit quality formation. Studies on melon 

and cucurbit crops indicate that fruit development under organic fertilization depends not only on 

total compost nutrients, but also on plant-available nutrient supply shaped by mineralization, 

rhizosphere microbial activity, and synchronization with reproductive-stage demand (Hidalgo et 

al., 2022; Rastogi et al., 2020). The P3 formulation likely provided a more favorable agronomic 

condition for the transition from vegetative growth to fruit development than P5. However, 

because nutrient-release rate, root-zone nutrient availability, and microbial activity were not 

directly measured, this explanation remains inferential and should be interpreted in relation to the 

observed flowering time, fruit weight, and fruit sweetness data. 

Fruit sweetness showed a different pattern from fruit weight because P3 and P5 both reached 

15.40 °Brix. This indicates that P5 may still have contributed positively to soluble solids 

accumulation, possibly through its higher K₂O content. Potassium is widely recognized as a key 

nutrient for sugar transport and soluble solid accumulation in melon and other cucurbits, although 

its effect can vary with production conditions and interacting stresses (Vurukonda et al., 2024; Xu 

et al., 2023). The equal sweetness in P3 and P5 suggests that high nutrient enrichment may support 

certain quality traits, but it did not improve fruit weight or flowering time. Therefore, P3 was 

agronomically stronger because it combined high sweetness with earlier flowering and heavier 

fruit. 

 

Divergence between compost nutrient enrichment and melon agronomic performance 

The central finding of this study is the divergence between compost nutrient enrichment and 

melon agronomic performance. P5 produced the highest measured nutrient content in Cotayam 

compost, with total N of 2.462%, P₂O₅ of 1.870%, and K₂O of 2.237%. However, P3 produced the 

most favorable agronomic response, including the highest plant height, largest stem diameter, 

earliest flowering, highest fruit weight, and high fruit sweetness. To visualize this divergence, 

compost nutrient enrichment was compared with a normalized agronomic response index derived 

from the main growth, flowering, yield, and fruit-quality variables. This comparison showed that 

compost nutrient concentration and crop response followed non-parallel trajectories, indicating 

that higher nutrient concentration in compost did not necessarily result in superior melon 

performance. 
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Figure 5. Divergence between nutrient enrichment and normalized agronomic response in 

melon under Pumakkal-activated Cotayam compost. Panel A shows the descriptive nutrient 

enrichment pattern of Cotayam compost based on total N, P₂O₅, and K₂O. Panel B shows the 

normalized agronomic response index derived from final plant height, final stem diameter, 

flowering time, fruit weight, and fruit sweetness. The figure highlights that P5 produced the 

highest measured compost nutrient enrichment, whereas P3 produced the highest integrated 

agronomic response. 

The divergence shown in Figure 5 should be interpreted as a descriptive integration of the 

measured agronomic traits rather than as a separate inferential test. This pattern is consistent with 

the broader literature showing that higher compost nutrient concentration does not always lead to 

better crop performance. Compost effects are mediated by nutrient availability, compost maturity, 

microbial activity, root-zone conditions, and nutrient-use efficiency (Ahmed et al., 2023; Ayed et 

al., 2022). Nutrient concentration is a useful indicator of compost chemical quality, but plants 

respond to nutrients that are available, synchronized with demand, and effectively absorbed. 

Reviews of compost nutrient release indicate that compost may undergo mineralization, 

immobilization, and slow release, meaning that total nutrient content is not equivalent to 

immediate plant availability (Orden et al., 2022). Thus, the highest NPK concentration in P5 may 

represent the greatest chemical enrichment, while P3 may represent the best agronomic balance. 

The divergence may also be explained by nutrient-use efficiency and diminishing returns. 

Field evidence shows that agronomic efficiency can decline as nutrient supply increases, even 

when microbial inoculation improves nutrient efficiency (Herrera et al., 2024). Integrated nutrient 

management studies similarly show that strong crop performance can be achieved through 

improved nutrient cycling and soil enzyme activity without requiring the highest fertilizer input 

(Al-Suhaibani et al., 2020; He et al., 2024). In the present study, the P3 formulation may have 

supplied nutrients at a level and release pattern more compatible with melon physiological demand, 



 

 
183 – ICISSS UMG 

 

while P5 may have exceeded the point at which additional nutrient enrichment provided 

proportional growth or yield benefits. 

Nutrient synchrony provides another explanation for the observed pattern. Organic 

amendments release nutrients through microbial processes, and crop response improves when 

nutrient availability matches plant demand at critical growth stages. Studies on compost–fertilizer 

interactions identify nutrient synchrony, priming effects, and balanced nutrient ratios as key 

mechanisms explaining yield benefits from combined or biologically mediated nutrient systems 

(Brempong et al., 2022; Essel et al., 2021). At the conceptual level, nutrient synchrony refers to 

the coordination between soluble nutrient supply generated by soil biota and changing plant 

nutrient demand (Fontaine et al., 2023). In this study, P3 may have created a better temporal match 

between mineralization and melon demand during vegetative expansion, flowering, and fruit 

filling, whereas P5 may have maximized nutrient concentration without optimizing the timing or 

efficiency of nutrient uptake. 

The proposed explanation of nutrient synchrony should be treated as an interpretive 

framework rather than direct mechanistic evidence. This study did not measure mineral N, 

available P, exchangeable K, salinity, electrical conductivity, microbial biomass, enzyme activity, 

or microbial community composition in the root zone. Therefore, the divergence between P5 

nutrient enrichment and P3 agronomic performance cannot be attributed to a single confirmed 

mechanism. It more cautiously indicates that total compost nutrient concentration alone was 

insufficient to predict melon performance under the conditions of this experiment. 

A further possible explanation is that higher microbial-isolate complexity may introduce 

biological or chemical trade-offs under certain conditions. However, this study did not directly test 

such trade-offs. Therefore, the lower agronomic response in P5 relative to P3 should not be 

interpreted as direct evidence of microbial competition, salinity stress, or nutrient immobilization, 

but as an indication that the highest isolate formulation did not provide the most favorable crop 

response. Evidence from lettuce grown on compost-amended soils showed that a microbial soil 

conditioner improved N uptake and yield at half and recommended rates but suppressed yield at 

twice the recommended rate, demonstrating that excessive bioactivation can reduce performance 

(Nartey et al., 2021). Similarly, non-linear yield responses can occur when higher input intensity 

introduces counteracting stresses, reduces efficiency, or disrupts nutrient balance (Mehboob et al., 

2021; Yang et al., 2021). Although this study did not directly measure salinity, microbial 

competition, or nutrient immobilization, the lower agronomic performance of P5 relative to P3 

suggests that “more isolates” should not be assumed to mean “better crop response.” The results 

are therefore best described as a divergence or non-parallel response pattern rather than a formally 

modeled non-linear curve. 

 

Statistical evidence and agronomic implications of the P3 formulation 
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The statistical analysis confirmed that Pumakkal-activated Cotayam compost significantly 

affected the main vegetative and generative parameters of melon. One-way ANOVA showed 

significant treatment effects on final plant height, stem diameter, branch number, flowering time, 

and fruit weight. The treatment effect on plant height was significant at p < 0.05, while stronger 

statistical effects were observed for stem diameter, branch number, flowering time, and fruit 

weight. These results support the interpretation that differences among Pumakkal isolate 

formulations were not only numerical but also statistically meaningful for key melon agronomic 

traits. 

Table 5. Statistical summary of treatment effects on melon agronomic parameters. 

Parameter F-value p-value Duncan-based 

dominant 

response 

Statistical interpretation 

Final plant 

height 

2.610 0.045 P3 Significant treatment effect; P3 

had the highest mean and 

differed from the lowest-

response treatments 

Final stem 

diameter 

13.383 <0.001 P3 Significant treatment effect; P3 

formed the superior response 

group 

Final branch 

number 

3.545 0.012 P4/P3 Significant treatment effect; P4 

had the highest mean, while P3 

remained in the high-response 

group 

Flowering 

time 

5.004 0.020 P3 Significant treatment effect; P3 

flowered earliest and was 

separated from the other 

treatments 

Fruit weight 5.614 0.001 P3 Significant treatment effect; P3 

produced the highest average 

fruit weight 

Fruit 

sweetness 

Not tested 

by 

ANOVA 

Descriptive P3/P5 P3 and P5 showed the highest 

observed °Brix value 

 

The Duncan test clarified the agronomic position of the P3 formulation. P3 showed the 

strongest response for final plant height, stem diameter, flowering time, and fruit weight, whereas 

P4 produced the highest branch number and P3 shared the highest fruit sweetness value with P5. 

Therefore, P3 should not be described as the best treatment for every individual parameter, but as 

the most agronomically favorable formulation based on its combined performance across the main 

growth, flowering, yield, and quality indicators. This interpretation is important because different 
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agronomic traits may respond differently to the same fertilizer treatment, and treatment evaluation 

should consider integrated crop performance rather than a single maximum trait value (Olivoto et 

al., 2022). 

The practical implication is that an intermediate Pumakkal formulation may be more 

effective than the highest-isolate formulation for melon production. The nine-isolate formulation 

appears to provide a better balance between compost nutrient enrichment and crop demand, while 

the fifteen-isolate formulation maximized nutrient concentration without producing the strongest 

agronomic response. This interpretation is consistent with evidence that microbial inoculants can 

improve nutrient cycling, nutrient availability, and fertilizer-use efficiency, but their agronomic 

effectiveness remains dependent on microbial compatibility, substrate characteristics, and crop 

response context (Dagoudo et al., 2024; He et al., 2024; Sharma et al., 2022; Waqas et al., 2025). 

These findings indicate that Cotayam compost formulation should be optimized based on 

agronomic effectiveness rather than nutrient enrichment alone, supporting the use of locally 

sourced organic wastes as circular nutrient resources for sustainable horticultural production 

(Fontaine et al., 2023; Tadesse et al., 2021; Telila & Shifera, 2025).  

 

CONCLUSION 

This study showed that different Pumakkal isolate formulations produced distinct patterns 

in Cotayam compost nutrient composition and melon agronomic performance. Increasing the 

number of isolates was associated with higher measured compost nutrient content, with the highest 

total N, P₂O₅, and K₂O recorded in the fifteen-isolate formulation. However, the most favorable 

melon response was achieved with the nine-isolate formulation, indicating that the best agronomic 

performance was not determined by the highest nutrient concentration alone. 

The main finding of this study is the divergence between compost nutrient enrichment and 

crop response. The nine-isolate formulation may have provided a more suitable relationship 

between compost nutrient availability and melon physiological demand, although the underlying 

mechanisms require further confirmation through direct measurements of nutrient-release 

dynamics, microbial activity, and root-zone conditions. This finding emphasizes that microbially 

activated compost should be evaluated not only by its chemical nutrient content, but also by its 

capacity to support crop performance. 

This study contributes to the development of locally sourced organic fertilizers by 

demonstrating the potential of Cotayam compost, produced from cocopeat, shrimp-pond sediment, 

and chicken manure, as a circular nutrient resource for melon cultivation. It also provides evidence 

that indigenous microbial bioactivators such as Pumakkal can improve the agronomic value of 

heterogeneous organic wastes when applied at an appropriate formulation level. Further studies 

should validate the nine-isolate formulation under broader field conditions, different growing 
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seasons, and more diverse soil environments, while also examining nutrient-release dynamics, 

microbial community structure, salinity, and root-zone nutrient availability. 

 

REFERENCES 

 
Aguilar‐Paredes, A., Valdés, G., Araneda, N., Valdebenito, E., Hansen, F., & Nuti, M. (2023). 

Microbial Community in the Composting Process and Its Positive Impact on the Soil 
Biota in Sustainable Agriculture. Agronomy, 13(2), 542. 
https://doi.org/10.3390/agronomy13020542 

Ahmed, T., Noman, M., Qi, Y., Shahid, M., Hussain, S., Masood, H. A., Xu, L., Ali, H. M., 
Negm, S., El‐kott, A. F., Yao, Y., Qi, X., & Li, B. (2023). Fertilization of Microbial 
Composts: A Technology for Improving Stress Resilience in Plants. Plants, 12(20), 3550. 
https://doi.org/10.3390/plants12203550 

Akram, V., Bahadur, V., & Choudhary, S. K. (2024). Influence of Organic Manure and Inorganic 
Fertilizers on Growth,  Yield and Quality of Muskmelon  (Cucumis Melo L.). Journal of 
Advances in Biology & Biotechnology, 27(8), 588–595. 
https://doi.org/10.9734/jabb/2024/v27i81173 

Al-Suhaibani, N., Selim, M., Alderfasi, A. A., & El-Hendawy, S. (2020). Comparative 
Performance of Integrated Nutrient Management Between Composted Agricultural 
Wastes, Chemical Fertilizers, and Biofertilizers in Improving Soil Quantitative and 
Qualitative Properties and Crop Yields Under Arid Conditions. Agronomy, 10(10), 1503. 
https://doi.org/10.3390/agronomy10101503 

Al-Tawarah, B., Alasasfa, M. A., & Mahadeen, A. Y. (2024). Efficacy of Compost and 
Vermicompost on Growth, Yield and Nutrients Content of Common Beans Crop 
(Phaseolus Vulgaris L.). Journal of Ecological Engineering, 25(2), 215–226. 
https://doi.org/10.12911/22998993/176862 

Aydi, S., Rahmani, R., Bouaziz, F., Souchard, J. P., Merah, O., & Abdelly, C. (2023). Date-Palm 
Compost as a Soilless Substrate Improves Plant Growth, Photosynthesis, Yield, and 
Phytochemical Quality of Greenhouse Melon (Cucumis melo L.). Agronomy, 13(1), 212. 
https://doi.org/10.3390/agronomy13010212 

Ayed, F., Abdallah, R. A. B., Boussadia, O., Jabnoun‐Khiareddine, H., & Daami‐Remadi, M. 
(2022). Potential of Composted Agricultural Wastes To Control Stem Rot and to Promote 
Growth In Tomato. Polish Journal of Environmental Studies, 31(3), 2007–2018. 
https://doi.org/10.15244/pjoes/142508 

Baldantoni, D., Bellino, A., Cicatelli, A., & Castiglione, S. (2021). Influence of the Choice of 
Cultivar and Soil Fertilization on PTE Concentrations in Lactuca Sativa L. In the 
Framework of the Regenerative Agriculture Revolution. Land, 10(10), 1053. 
https://doi.org/10.3390/land10101053 

Belbase, P., & Bc, L. (2020). Effects of Different Fertilizers on Yield and  Vitamin C Content of 
Cauliflower  (Brassica Oleracea Var. Botrytis)  ̶  a Review. Asian Journal of Agricultural 
and Horticultural Research, 37–46. https://doi.org/10.9734/ajahr/2020/v6i430083 

Bhunia, S., Bhowmik, A., Mallick, R., & Mukherjee, J. (2021). Agronomic Efficiency of 
Animal-Derived Organic Fertilizers and Their Effects on Biology and Fertility of Soil: A 
Review. Agronomy, 11(5), 823. https://doi.org/10.3390/agronomy11050823 



 

 
187 – ICISSS UMG 

 

Brempong, M. B., Opoku, A., Ewusi-Mensah, N., & Abaidoo, R. C. (2022). Mechanism(s) 
Underlying Interactions Between Cattle Manure and Mineral Fertilizer in a Maize Field 
Soil in Ghana. Agricultural and Food Science Journal of Ghana, 14(1), 1354–1374. 
https://doi.org/10.4314/afsjg.v14i1.3 

Bruni, C., Akyol, Ç., Cipolletta, G., Eusebi, A. L., Caniani, D., Masi, S., Colón, J., & Fatone, F. 
(2020). Decentralized Community Composting: Past, Present and Future Aspects of Italy. 
Sustainability, 12(8), 3319. https://doi.org/10.3390/su12083319 

Castiglione, A. M., Mannino, G., Contartese, V., Bertea, C. M., & Ertani, A. (2021). Microbial 
Biostimulants as Response to Modern Agriculture Needs: Composition, Role and 
Application of These Innovative Products. Plants, 10(8), 1533. 
https://doi.org/10.3390/plants10081533 

Corato, U. D. (2020). Soil Microbiota Manipulation and Its Role in Suppressing Soil-Borne Plant 
Pathogens in Organic Farming Systems Under the Light of Microbiome-Assisted 
Strategies. Chemical and Biological Technologies in Agriculture, 7(1). 
https://doi.org/10.1186/s40538-020-00183-7 

Dagoudo, B. A., Ssekyewa, C., & Tovignan, S. (2024). Organic Fertilizers and Biopesticides: 
Eco-Innovations, Circular Economy, and Agribusiness Developed by Organic Farmers in 
Uganda. https://doi.org/10.5772/intechopen.1005854 

Diatta, A. A., Bassène, C., Manga, A., Abaye, O., Thomason, W. E., Battaglia, M. L., Babür, E., 
Uslu, Ö. S., Min, D., Seleiman, M. F., Jose F. Da Cunha Leme Filho, & Mbow, C. 
(2023). Integrated Use of Organic Amendments Increased Mungbean ( Vigna Radiata 
(L.) Wilczek) Yield and Its Components Compared to Inorganic Fertilizers. Urban 
Agriculture & Regional Food Systems, 8(1). https://doi.org/10.1002/uar2.20048 

Dini, I. R., & Afriani, E. (2022). The Effect of Lignocellulolytic Bacteria Consortium on 
Composting Empty Oil Palm Fruit Bunches. International Journal of Science and 
Research Archive, 7(1), 220–228. https://doi.org/10.30574/ijsra.2022.7.1.0130 

Durga, M., Krishnaveni, N., & Dhanakumar, S. (2023). Microbial-Assisted Solid Waste 
Management-a Circular Economy Approach. Pollution Research, 42(04), 514–523. 
https://doi.org/10.53550/pr.2023.v42i04.019 

Essel, B., Abaidoo, R. C., Opoku, A., & Ewusi‐Mensah, N. (2021). Mechanisms Underlying 
Nutrient Interaction of Compost and Mineral Fertilizer Application in Maize (Zea Mays 
L.) Cropping System in Ghana. Frontiers in Soil Science, 1. 
https://doi.org/10.3389/fsoil.2021.630851 

Fontaine, S., Abbadie, L., Aubert, M., Barot, S., Bloor, J., Derrien, D., Duchêne, O., Gross, N., 
Henneron, L., Roux, X. L., Loeuille, N., Michel, J., Recous, S., Wipf, D., & Alvarez, G. 
(2023). Plant–soil Synchrony in Nutrient Cycles: Learning From Ecosystems to Design 
Sustainable Agrosystems. Global Change Biology, 30(1). 
https://doi.org/10.1111/gcb.17034 

Gallet, D. d. S., Marco Iony dos Santos Fernandes, Nascimento, L. G. d., Cunha, B. A. d., Airão, 
A. L. C., Assis, G. A. d., Ribeiro, G. M., Dias, W. P., Caixeta, L. G., & Maria Olivia 
Queroz Silva Soares. (2022). Vegetative, Productive, and Nutritional Parameters of 
Coffee Plants as a Function of Management Systems in Minas Gerais. Research Society 
and Development, 11(12), e539111234741. https://doi.org/10.33448/rsd-v11i12.34741 



 

 
188 – ICISSS UMG 

 

Hari, S. S., Mohan, G., Saha, T., Reddy, D. P., Afroz, S., Ajay, A., Lall, P., & Jaswal, A. (2024). 
Bio-Stimulants in Vermicomposting: A Closer Look. Jaz. 
https://doi.org/10.53555/jaz.v45i1.2534 

He, S., Zhang, Y., Yang, X., Li, Q., Li, C., & Yao, T. (2024). Effects of Microbial Inoculants 
Combined With Chemical Fertilizer on Growth and Soil Nutrient Dynamics of Timothy 
(Phleum Pratense L.). Agronomy, 14(5), 1016. 
https://doi.org/10.3390/agronomy14051016 

Herrera, W. F. B., Marcillo-Paguay, C. A., Rojas‐Tapias, D. F., & Estrada-Bonilla, G. A. (2024). 
Effect of Mineral Fertilization and Microbial Inoculation on Cabbage Yield and 
Nutrition: A Field Experiment. Agronomy, 14(1), 210. 
https://doi.org/10.3390/agronomy14010210 

Hidalgo, D., Corona, F., & Martín-Marroquín, J. M. (2022). Manure Biostabilization by 
Effective Microorganisms as a Way to Improve Its Agronomic Value. Biomass 
Conversion and Biorefinery, 12(10), 4649–4664. https://doi.org/10.1007/s13399-022-
02428-x 

Ibáñez, A., Garrido-Chamorro, S., Vasco-Cárdenas, M. F., & Barreiro, C. (2023). From Lab to 
Field: Biofertilizers in the 21st Century. Horticulturae, 9(12), 1306. 
https://doi.org/10.3390/horticulturae9121306 

Intana, W., Khomphet, T., Srichai, N., Bundit, N., & Islam, S. S. (2023). Application of Azolla 
Spp. As a Growing Medium Component for Melon Grown in a Soilless Culture System. 
Applied Sciences, 13(18), 10288. https://doi.org/10.3390/app131810288 

Kaushik, R., Morya, S., Bashir, O., Bhadha, J. H., & Kasankala, L. M. (2025). Valorization of 
Fruit Waste Through Reutilization Approach: A Comprehensive Review. Efood, 6(4). 
https://doi.org/10.1002/efd2.70073 

Kurniati, K., Mulawarman, A., & Putri, D. A. (2022). Variations of Time for Composting Market 
Organic Waste  Using Aerobic Microorganisms. Agro Bali Agricultural Journal, 5(2), 
376–383. https://doi.org/10.37637/ab.v5i2.921 

Latini, A., Giagnacovo, G., Campiotti, C. A., Bibbiani, C., & Mariani, S. (2021). A Narrative 
Review of the Facts and Perspectives on Agricultural Fertilization in Europe, With a 
Focus on Italy. Horticulturae, 7(6), 158. https://doi.org/10.3390/horticulturae7060158 

Lau, S.-E., Teo, W. F. A., Teoh, E. Y., & Tan, B. C. (2022). Microbiome Engineering and Plant 
Biostimulants for Sustainable Crop Improvement and Mitigation of Biotic and Abiotic 
Stresses. Discover Food, 2(1). https://doi.org/10.1007/s44187-022-00009-5 

Manea, E. E., Bumbac, C., Dinu, L., Bumbac, M., & Nicolescu, C. M. (2024). Composting as a 
Sustainable Solution for Organic Solid Waste Management: Current Practices and 
Potential Improvements. Sustainability, 16(15), 6329. 
https://doi.org/10.3390/su16156329 

Marsono, M. R., Zahra, N. L., & Sofiyah, E. S. (2023). Utilization of Sludge From the 
Communal Wastewater Treatment Plant (WWTP) in the Asrama Dinas Lingkungan 
Hidup (DLH) Jagakarsa of South Jakarta City as Basic Material for Organic Fertilizer. 
Journal of Sustainable Infrastructure, 2(2). https://doi.org/10.61078/jsi.v2i2.22 

Matiz-Villamil, A., Méndez-Carranza, K. J., Pascagaza-Pulido, A. F., Rendón-Rendón, T., 
Noriega-Noriega, J., & Pulido-Villamarín, A. (2023). Trends in the Management of 
Organic Swine Farm Waste by Composting: A Systematic Review. Heliyon, 9(8), 
e18208. https://doi.org/10.1016/j.heliyon.2023.e18208 



 

 
189 – ICISSS UMG 

 

Mehboob, N., Hussain, M., Minhas, W. A., Yasir, T. A., Naveed, M., Farooq, S., Alfarraj, S., & 
Zuan, A. T. K. (2021). Soil-Applied Boron Combined With Boron-Tolerant Bacteria 
(Bacillus Sp. MN54) Improve Root Proliferation and Nodulation, Yield and Agronomic 
Grain Biofortification of Chickpea (Cicer Arietinum L.). Sustainability, 13(17), 9811. 
https://doi.org/10.3390/su13179811 

Muhamad, F. (2023). The Effect of Fertilizer Use on Organic Melon Plants Quality. Indonesian 
Journal of Multidisciplinary Science, 3(2), 132–138. 
https://doi.org/10.55324/ijoms.v3i2.714 

Nartey, E. K., Darko, D. A., & Sulemana, N. (2021). Integrated Bioplant and Groundnut Husk 
Biochar Compost Application on Yield of Lettuce in a Rhodic Kandiustalf. Frontiers in 
Sustainable Food Systems, 5. https://doi.org/10.3389/fsufs.2021.676776 

Nenciu, F., Voicea, I., Cocârță, D. M., Vlăduţ, V., Matache, M., & Arsenoaia, V.-N. (2022). 
“Zero-Waste” Food Production System Supporting the Synergic Interaction Between 
Aquaculture and Horticulture. Sustainability, 14(20), 13396. 
https://doi.org/10.3390/su142013396 

Nester, J. M. K., & Saeid, A. (2022). An Insight Into Microbial Inoculants for Bioconversion of 
Waste Biomass Into Sustainable “Bio-Organic” Fertilizers: A Bibliometric Analysis and 
Systematic Literature Review. International Journal of Molecular Sciences, 23(21), 
13049. https://doi.org/10.3390/ijms232113049 

Olivoto, T., Diel, M. I., Schmidt, D., & Lúcio, A. D. (2022). MGIDI: A Powerful Tool to 
Analyze Plant Multivariate Data. Plant Methods, 18(1). https://doi.org/10.1186/s13007-
022-00952-5 

Orden, L., Iocoli, G. A., Bustamante, M. A., Moral, R., & Rodríguez, R. A. (2022). Nutrient 
Release Dynamics in Argentinean Pampean Soils Amended With Composts Under 
Laboratory Conditions. Agronomy, 12(4), 795. 
https://doi.org/10.3390/agronomy12040795 

Palese, A. M., Pane, C., Villecco, D., Zaccardelli, M., Altieri, G., & Celano, G. (2021). Effects 
of Organic Additives on Chemical, Microbiological and Plant Pathogen Suppressive 
Properties of Aerated Municipal Waste Compost Teas. Applied Sciences, 11(16), 7402. 
https://doi.org/10.3390/app11167402 

Paradelo, R., Navarro-Pedreño, J., Glaser, B., Grobelak, A., Kowalska, A., & Singh, B. R. 
(2023). Potential and Constraints of Use of Organic Amendments From Agricultural 
Residues for Improvement of Soil Properties. Sustainability, 16(1), 158. 
https://doi.org/10.3390/su16010158 

Pilla, N., Tranchida‐Lombardo, V., Gabrielli, P., Aguzzi, A., Caputo, M., Lucarini, M., Durazzo, 
A., & Zaccardelli, M. (2023). Effect of Compost Tea in Horticulture. Horticulturae, 9(9), 
984. https://doi.org/10.3390/horticulturae9090984 

Qin, L., Zhong, Z., Wang, D., Hu, H., Li, D., Gao, Y., & ShouZheng, W. (2020). Allelopathic 
Control Effect of Complex Formulation of Compound Microbial Community and Bio-
Organic Fertilizer  on Cucumber Fusarium Wilt. Revista De Chimie, 71(4), 646–659. 
https://doi.org/10.37358/rc.20.4.8104 

Raksun, A., Ilhamdi, Moh. L., Merta, I. W., Mertha, I. G., & Wirajagat, G. C. (2023). Analysis 
of Melon Growth Due to Application of Silver Black Plastic Mulch and Cow Manure 
Compost. Jurnal Penelitian Pendidikan Ipa, 9(11), 10180–10185. 
https://doi.org/10.29303/jppipa.v9i11.5001 



 

 
190 – ICISSS UMG 

 

Rashmi, I., Kumawat, A., Munawery, A., Karthika, K. S., Sharma, G., & Pal, R. (2023). Soil 
Amendments: An Ecofriendly Approach for Soil Health Improvement and Sustainable 
Oilseed Production. https://doi.org/10.5772/intechopen.106606 

Rastogi, M., Nandal, M., & Khosla, B. (2020). Microbes as Vital Additives for Solid Waste 
Composting. Heliyon, 6(2), e03343. https://doi.org/10.1016/j.heliyon.2020.e03343 

Roy, D., Gunri, S. K., Neogi, S., Ali, O., Sharma, J., Bhadu, A., & Singh, B. (2022). Effect of 
Microbes in Enhancing the Composting Process: A Review. International Journal of 
Plant & Soil Science, 630–641. https://doi.org/10.9734/ijpss/2022/v34i232469 

Sharma, T., Arya, V. M., Sharma, V., Sharma, J., Gulshan, T., Bera, A., & Laskar, Y. A. (2022). 
Integrated Nutrient Management: A Long-Term Approach Towards Sustainability. 
International Journal of Plant & Soil Science, 433–446. 
https://doi.org/10.9734/ijpss/2022/v34i2031171 

Silva, T. S. d., Carvalho, I. R., Loro, M. V., Pradebon, L. C., Almeida, H. C. d., & Uhde, L. T. 
(2024). Effects of Alternative Fertilization on Common Bean Crops Regarding 
Productivity and Nutritional Levels. Bioscience Journal, 40, e40019. 
https://doi.org/10.14393/bj-v40n0a2024-63214 

Tadesse, S. T., Oenema, O., Beek, C. v., & Ocho, F. L. (2021). Exploring the Recycling of 
Manure From Urban Livestock Farms: A Case Study in Ethiopia. Frontiers of 
Agricultural Science and Engineering, 8(1), 159. https://doi.org/10.15302/j-fase-2020375 

Telila, Z., & Shifera, Y. (2025). Harnessing Eisenia Fetida for the Vermconversion of 
Biodegradable Wastes in Dambi Dollo Town, Ethiopia. Scientific Reports, 15(1). 
https://doi.org/10.1038/s41598-025-28044-z 

Venkatesham, G., Matli, C. S., Tumma, B. N., & Ramavathu, L. N. (2025). Volatile Solids as a 
Reliable Indicator for Compost Quality: A Simplified Approach to Compost Certification 
for Indian Local Bodies. Environmental Quality Management, 35(2). 
https://doi.org/10.1002/tqem.70205 

Vurukonda, S. S. K. P., Fotopoulos, V., & Saeid, A. (2024). Production of a Rich Fertilizer Base 
for Plants From Waste Organic Residues by Microbial Formulation Technology. 
Microorganisms, 12(3), 541. https://doi.org/10.3390/microorganisms12030541 

Waqas, M., Singh, B. K., Yaning, C., & Geilfus, C. (2025). Harnessing Bacterial Potential to 
Reduce Nitrous Oxide Emissions From Agricultural Soils. Journal of Sustainable 
Agriculture and Environment, 4(1). https://doi.org/10.1002/sae2.70051 

Wardani, K. (2023). The Quantity Effect of  Earthworms (Lumbricus Rubellus)  and Urea on the 
NPK Quality of Coffee Husk Waste Compost. Journal of Soilscape and Agriculture, 
1(2), 83–104. https://doi.org/10.19184/jsa.v1i2.212 

Xu, P., Shu, L., Li, Y., Zhou, S., Zhang, G., Wu, Y., & Yang, Z. (2023). Pretreatment and 
Composting Technology of Agricultural Organic Waste for Sustainable Agricultural 
Development. Heliyon, 9(5), e16311. https://doi.org/10.1016/j.heliyon.2023.e16311 

Yang, J.-W., Luyima, D., Park, S., Kim, S., & Oh, T. (2021). Mixing Sodium-Chloride-Rich 
Food Waste Compost With Livestock Manure Composts Enhanced the Agronomic 
Performance of Leaf Lettuce. Sustainability, 13(23), 13223. 
https://doi.org/10.3390/su132313223 

Youssef, S. M., Shaaban, A., Abdelkhalik, A., Ahmed R. Abd El Tawwab, Abd-Alhalim, L. R., 
Rabee, L. A., Alwutayd, K. M., Ahmed, R. M. M., Alwutayd, R., & Hemida, K. A. 
(2023). Compost and Phosphorus/Potassium-Solubilizing Fungus Effectively Boosted 



 

 
191 – ICISSS UMG 

 

Quinoa’s Physio-Biochemical Traits, Nutrient Acquisition, Soil Microbial Community, 
and Yield and Quality in Normal and Calcareous Soils. Plants, 12(17), 3071. 
https://doi.org/10.3390/plants12173071 

Zhang, J., Ying, Y., Yao, X., Huang, W., & Tao, X. (2020). Degradations of Tannin and Saponin 
and Changes in Nutrition During Co-Composting of Shell and Seed Cake of Camellia 
Oleifera Abel. Bioresources, 15(2), 2721–2734. 
https://doi.org/10.15376/biores.15.2.2721-2734 

Zondo, N., Ntuli, N. R., Mavengahama, S., & Jaarsveld, C. M. V. (2025). Improving Growth and 
Yield of Cucurbita Argyrosperma With Goat Manure. Frontiers in Plant Science, 16. 
https://doi.org/10.3389/fpls.2025.1658365 



 

 
192 – ICISSS UMG 

 

 


