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Abstract. Nitrogen deficiency remains a major constraint to organic rice
productivity in Inceptisols. This study introduces a novel liquid organic
fertiliser (LOF) derived from fermented Moringa oleifera leaves and golden
snails (Pomacea canaliculata) to enhance nitrogen uptake and improve crop
performance. A greenhouse experiment was conducted using a completely
randomised design with two factors: LOF formulation (100% moringa,
100% snail, and a 50:50 mix) and LOF concentration (0, 20, 40, 60, and 80
mL/L), applied weekly over a 16-week period. Results revealed a significant
interaction between formulation and concentration on nitrogen uptake. The
highest uptake, 161.2% above control, was achieved with 100% moringa
LOF at 60 mL/L, which also enhanced grain yield and quality. Meanwhile,
the combined formula (50% moringa + 50% snail) promoted soil health,
indicated by the highest population of non-symbiotic nitrogen-fixing
bacteria. These findings highlight the potential of moringa- and snail-based
LOFs as sustainable, locally sourced alternatives to chemical fertilizers,
particularly for nutrient-poor soils. Future research should evaluate their
field-scale performance and long-term effects on soil microbial dynamics.
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1 Introduction

In tropical regions, Inceptisols dominate agricultural landscapes, covering approximately
23.6% of the land area. Despite their prevalence, these soils are inherently low in fertility,
characterised by an acidic pH and limited macronutrients, including organic carbon, nitrogen
(N), phosphorus (P), and potassium (K). Nitrogen, a vital macronutrient for plant growth and
metabolism. is often deficient in Inceptisols, necessitating external inputs to sustain rice
(Oryza sativa L.) productivity.

Rice requires approximately 20-50 kg of nitrogen per tonne of grain, yet Inceptisols
rarely meet this demand. Nitrogen sources include fertilization, biological fixation by
nitrogen-fixing bacteria (NFB), and natural cycling. . Uptake is influenced by soil and plant
factors.

Organic farming provides a sustainable alternative to chemical fertilisation, promoting
soil health and nutrient cycling while minimising ecological harm [6,7]. Liquid organic
fertilisers (LOF) are particularly promising due to their rapid nutrient availability,
biostimulant effects, and compatibility with irrigation systems [8, 9]. Among potential LOF
sources, Moringa oleifera leaves and Pomacea canaliculata (golden snails) are locally
abundant and rich in nitrogenous compounds, making them promising candidates for
biofertilizer production. Their use is also permitted under Indonesian agricultural regulations.

Anaerobic fermentation enhances the LOF nutrient profiles by converting organic matter
into plant-available forms, thereby increasing total nitrogen while minimising contamination
and emissions. While previous studies have examined LOF from moringa or golden snails
separately, no research has systematically evaluated their combined formulation and
application rates in Inceptisols. This gap hampers the development of site-specific, locally
sourced organic fertilization strategies for tropical rice systems. This study investigates the
effects of LOF formulations and concentrations derived from moringa and golden snails on
nitrogen uptake and rice yield in Inceptisols, aiming to inform sustainable nutrient
management for organic rice cultivation.

2 Materials and Methods

2.1 Study site and experimental duration

This study was conducted in a greenhouse at the Pest and Plant Disease Observation
Laboratory in Sukoharjo, Central Java, Indonesia (7° 34’ 47" S; 110° 52' 18" E; altitude 99
m above sea level). The area has an average monthly rainfall of 137 mm and an air
temperature range of 23 °C to 34°C. The planting medium was Inceptisols collected from
Mojogedang, Karanganyar. These soils are typical of tropical regions and are generally
characterised by low fertility, acidic pH levels, and low organic matter content. Cow manure
was applied at a rate equivalent to 2.5 tons/ha seven days before planting. Organic
amendments like this are commonly used in Inceptisol-based organic systems to improve
baseline fertility.

2.2 Experimental design and treatment

A completely randomized design (CRD) was used, consisting of two treatment factors: LOF
formula and LOF concentration. The formula factor included three levels: 100% Moringa
oleifera (P1), 100% golden snail (Pomacea canaliculata) (P2), and a 50% moringa + 50%
golden snail combination (P3). The concentration factor consisted of 0, 20, 40, 60, and 80
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mL/L (K0-K4). Each treatment was replicated three times, resulting in a total of 45
experimental units (pots).

Rice (Oryza sativa L., var. Mentik Wangi) was directly seeded with three seeds per pot,
then thinned to one seedling two weeks after emergence. LOF was applied weekly at a dose
of 100 mL/pot for 16 weeks by spraying it onto the soil and leaves. The soil water content
was maintained at a saturation level throughout the experiment.

The LOF was prepared by anaerobic fermentation for three weeks. Moringa LOF was
made from 1 kg of crushed Moringa leaves, 2 L of water, 2 L of rice bran solution, and 50
mL of molasses. Golden snail LOF was prepared from 1 kg of crushed golden snail meat, 4
L of rice bran solution, 500 mL of molasses, and 160 mL of EM-4. Anaerobic conditions
were maintained using sealed fermentation containers with gas release outlets. The
fermentation process enhances microbial activity and nutrient availability in LOF,
particularly in terms of total nitrogen and soluble organic matter. Figure 1 presents a
flowchart summarizing the experimental design to clarify the methodology.

GREEN HOUSE GAS EXPERIMENT
Sukoharjo, Central Java, Indonesia

I1

!
INCEPTISOL SOIL Oryza sativa
Taken from organic paddy Var Mentik Wangi
field, Mojogedang Direct seedling with 3 seeds/pot
[ | OBSERVATION
! Soil chemical analysis
COMPLETELY RANDOMIZED DESIGN N-fixing bacteria
LOF Formula: 100% Moringa (P1), N uptake
100% golden snail (P2) Growth
50% moringa + 50% golden snail (P3). Yield
LOF Concentration: 0. 20. 40. 60. 80 mL/L ) (K0-K4)
3 replication
LOF APPLICATION DATA ANALYSIS
100 mL/pot weekly for 16 weeks Two-way ANOVA, DMRT, Pearson
Soil & foliar applications correlation and regression analysis

Fig. 1. Flowchart summarizing the experimental design, treatment structure, and observation for LOF
application in rice grown on Inceptisols.

2.3 Soil and plant parameters, and data analysis

Observed variables included soil chemical properties (pH, organic carbon, and total
nitrogen), population of non-symbiotic nitrogen-fixing bacteria (NFB), plant tissue nitrogen
content, nitrogen uptake, and plant growth and yield components (total number of tillers,
shoot and root dry weight, grain yield per pot, and 1000-grain weight).

Soil pH was measured using a pH meter. Organic carbon was analysed using the Walkley-
Black method, while total nitrogen was determined by the Kjeldahl method. The population
of NFB was assessed using serial dilution and plate count techniques on Jensen’s medium
[1]. Tissue nitrogen content and total nitrogen uptake were measured at the vegetative stage
using standard laboratory procedures. The LOF quality parameters were interpreted in
accordance with the minimum standards for organic liquid fertilisers established by the
Indonesian Ministry of Agriculture [2].

All data were analyzed using a two-way ANOVA to assess the effects of treatment
combinations. Significant differences among treatments were identified using Duncan’s
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Multiple Range Test (DMRT) at a 5% significance level. Pearson correlation and linear
regression analyses were performed to examine the relationships between key variables.

3 Results and Discussion

3.1 Soil properties before and after LOF application

The Inceptisols utilized in this study were classified as slightly acidic, with low organic
matter content and deficiencies in key macronutrients, including N, P, and K (Table 1). The
acidic soil pH impairs nutrient availability due to the predominance of H*, AI**, and Fe*" ions
within the exchange complex. These ions compete with nutrient cations, thereby restricting
their absorption by plants [3]. Such soil characteristics align with previous findings that
document similar fertility constraints in paddy field Inceptisols from the Karanganyar region
[4].

The soil exhibited a relatively high cation exchange capacity (CEC) of 25.34 cmol(+)/kg,
primarily attributed to its clay loam texture, with a clay fraction of 33.4%. CEC is largely
influenced by the proportion of clay particles and the presence of soil organic matter [5].
According to the USDA Soil Taxonomy, Inceptisols typically feature a cambic horizon,
possess a CEC exceeding 16 cmol(+)/kg within the upper 50 cm of the soil profile, and lack
lithic contact or petrocalcic horizons at shallow depths [6].

Table 1. The characteristics of Inceptisols before LOF application.

No Characteristics Value Category [31]
1. pH 5.87 Slightly acid
2. Organic C (%) 1.41 Low
3. Total N (%) 0.15 Low
4.. Available P (ppm) 2.65 Very Low
5. Exchangeable K (cmol(+)/ kg) 0.12 Low
6. CEC (cmol(+)/kg) 25.34 High
7. BS (%) 23 Low
Texture Clay loam
Clay (%) 3343

8. Silt (%) 45.28
Sand (%) 21.29

9. Non-symbiotic NFB (cfu/g soil) 9.94 x 10* -

3.2 Quality of liquid organic fertilizer

The quality of LOF is influenced by its nutrient content, pH, organic carbon concentration,
and C/N ratio, all of which affect nutrient availability and microbial activity in the soil.
Among the formulations tested, the golden snail-based LOF demonstrated the highest total
nutrient content (6.44%) and organic carbon level (2.27%), outperforming both the moringa-
based and combined formulations (Table 2). This superior performance is attributed to the
high protein and fat content of the golden snail substrate, which enhances microbial
fermentation and nutrient solubilization..

All LOF formulations exhibited acidic pH values, ranging from 4.00 to 5.58 (Table 2),
primarily due to the accumulation of organic acids generated during anaerobic fermentation.
These pH levels remain within the acceptable range established by Indonesian national
standards for the quality of liquid organic fertilisers [4]. Among the variants, the combined
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LOF (moringa + snail) recorded a pH of 4.78, indicating heightened microbial metabolism
and increased acid production during the co-fermentation process [11].

Although the organic carbon content of all LOFs was below the minimum standard of
10%, each formulation met the required thresholds for total nutrient content (greater than
4%) and pH (4.0-9.0) [28]. The moringa-based LOF exhibited the lowest C/N ratio (5.7),
which is favorable for rapid mineralization and accelerated nitrogen release to crops. This
finding aligns with previous studies, which indicate that organic inputs with low C/N ratios
promote faster microbial decomposition and enhance nitrogen availability [12].

Table 2. Chemical characteristics of liquid organic fertilizer (LOF).

Moringa Golden C(.)mbination of .
Parameter LOF snails LOF mormga. and golden Quality standard [28]
snails LOF
pH 5.58 4.00 4.78 4-9
Organic C (%) 0.68 2.27 1.47 Minimum 10 %

Total N (%) 0.12 0.18 0.15 -
Total P (%) 0.60 0.74 0.67 -
Total K (%) 5.59 5.52 5.55 -
N+P+K 6.31 6.44 6.37 2-6 %

C/N ratio 5.7 12.44 9.8 -

3.3 Effect of LOF on soil chemical and biological properties

The interaction between LOF formulation and application concentration significantly
influenced soil pH, organic carbon content, and total nitrogen levels, as well as plant tissue
nitrogen concentration and nitrogen uptake (p < 0.05; Table 3). Increasing LOF
concentrations generally led to elevated soil pH across all formulations. The highest pH value
was observed in the P3 formulation applied at 60 mL/L (K3), which was not significantly
different from the 80 mL/L concentration. This trend is likely attributable to the buffering
capacity of organic matter and microbial metabolites present in the LOF [9].

Table 3. Effects of LOF formula, application concentrations, and their interaction on soil chemical
properties, plant tissue nitrogen content, and nitrogen uptake in Inceptisols.

Factor of Soil chemical N uptake
LOF H Organic C Total N Tissue N (%) (mg/plant)
treatment P (%) (%) &P
Formula (P) 0.00* 0.00* 0.53ns 0.00* 0.00*
Pl 647 c 095b 0.18a 1.29 a 44.09 a
P2 6.67 ab 1.05a 0.18a 1.33a 30.31b
P3 6.70 a 0.97b 0.19 a 1.17b 2401 b
Conc‘z]‘ga“on 0.00* 0.00* 0.00% 0.02* 0.02*
KO0 6.35d 0.94b 0.16 ¢ 1.12b 25.76 ¢
K1 6.59 ¢ 0.99 a 0.18b 1.28 a 28.66 bc
K2 6.69 b 1.0l a 0.20 a 1.32a 32.29 abc
K3 6.71 ab 0.99 a 0.21 a 1.30a 4128 a
K4 6.71 a 1.0l a 0.17b 131a 36.08 ab
Interactions
(P x K) 0.00%* 0.00* 0.00* 0.00* 0.00*
P1KO 6.35f 0.94 ¢ 0.16 cde 1.03 e 25.1 de
P1K1 6.38 f 1.02b 0.16 de 1.18 de 23.8 de
P1K2 6.57d 1.02b 0.18 bed 1.33 bed 48.5 bc
P1K3 6.55d 0.82¢ 0.20 be 1.32 bed 674 a
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Factor of Soil chemical N uptake
LOF H Organic C Total N Tissue N (%) (mg/plant)

treatment P (%) (%) &P
P1K4 6.48 ¢ 0.96 ¢ 0.21b 1.60 a 55.7 ab
P2K0 631¢g 0.95 ¢ 0.15 ef 1.23 cds 28.8 de
P2K1 6.65 ¢ 1.06 ab 0.20b 1.51 ab 26.5 de
P2K2 6.77b 1.10 a 0.24 a 1.46 be 26.3 de
P2K3 6.77b 1.11 a 0.19 bed 1.27 bede 38.5 cds
P2K4 6.84 a 1.03 b 0.13 f 1.20 de 31.5 cdes
P3K0 6.38 f 0.95¢ 0.15 ef 1.10 de 23.4 de
P3K1 6.75b 0.88 d 0.17 bed 1.14 dec 35.6 cdes
P3K2 6.74 b 0.92 cd 0.18 bed 1.18 de 22.1 dec
P3K3 6.82 a 1.06 ab 0.25a 1.31 bede 179 ¢
P3K4 6.82 a 1.04 b 0.19 bed 1.14 dec 21.1 dec

Note: *(significant, p value <0.05), ns(not significant, p value >0.05). Values in the same column
followed by the same letter showed no significant difference based on the DMRT test at 5%.

Organic carbon levels increased across all LOF-treated soils, with the highest value
observed in the golden snail-based LOF (P2), particularly under the P2K3 treatment.
However, this value was not significantly different from those recorded in P2K2 and P3K3
(Table 3). The elevated carbon content in P2 treatments is attributed to the abundant carbon
substrates provided by the snail material, which stimulated microbial activity and enhanced
carbon accumulation [10]. The total nitrogen content in the soil also increased significantly
with higher LOF concentrations. The highest nitrogen level (0.25%) was recorded in the
P3K3 treatment (50% moringa + 50% snail at 60 mL/L), although it was not significantly
different from P2K2 (100% snail at 40 mL/L). This pattern aligns with previous studies,
which indicate that moringa-based inputs accelerate the mineralisation of snail-derived
organic matter due to their low C/N ratio, thereby enhancing nitrogen availability.

Tissue nitrogen content was positively affected by both LOF formula and concentration
(Table 3). The maximum tissue N (1.60%) was recorded in the P1K4 treatment, suggesting
efficient nitrogen assimilation by rice plants receiving moringa-based LOF. The higher
mineralisation rate from moringa LOF improves nitrogen uptake into plant tissue [11].

Nitrogen uptake was significantly enhanced by LOF treatments, with the highest increase
observed in P1K3 (100% moringa at 60 mL/L), which showed a 161.2% improvement over
the control (from 25.76 to 67.4 mg/plant) (Table 3). This treatment also corresponded with
elevated total nitrogen levels and increased tissue nitrogen content, indicating improved
nitrogen assimilation.
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Fig. 2. Effect of LOF formula and application concentration on the population of non-symbiotic
nitrogen-fixing bacteria (NFB). Histogram bars labeled with the same letter indicate no statistically
significant difference, based on Duncan’s Multiple Range Test (DMRT) at the 5% significance level.
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The population of non-symbiotic nitrogen-fixing bacteria (NFB) increased significantly
following the application of the combined LOF treatment containing 50% moringa and 50%
golden snail (Fig. 2A, P3). The highest bacterial count was observed at the 60 mL/L
concentration (Fig. 2B, K3), indicating that this dosage effectively promotes microbial
proliferation and nitrogen fixation.

Correlation analysis revealed a strong positive relationship between total soil nitrogen
and NFB population (r = 0.52; Fig. 3A), as well as between total soil nitrogen and tissue
nitrogen content (r = 0.38; Fig. 3B). These findings suggest that enhanced microbial activity
contributes to improved nitrogen availability and assimilation in plants.
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Fig. 3. Regression analysis between (A) non-symbiotic nitrogen-fixing bacteria (NFB) population and
total soil nitrogen, and (B) total soil nitrogen and plant tissue nitrogen content.

3.4 Effect of LOF on growth and yield of rice

The interaction between LOF formula and concentration significantly influenced rice growth
and yield parameters, particularly the 1000-grains weight (Table 4). The most notable
improvement occurred at 60 mL/L (K3), which produced the highest number of tillers
(7.44/clump) and grain yield (4.28 g/pot) (Fig. 4), corresponding to increases of 91.3% and
115% over the control, respectively. This finding supports previous reports that moderate
concentrations of organic inputs optimize microbial activity and nutrient availability in the
rhizosphere [11].

Table 4. ANOVA results showing the effects of LOF formula, application concentration, and their
interaction on paddy growth and yield parameters.

Total number of Shoqt dry Roo.t dry Rice yields | 1000 grains
Treatments tillers per clump weight weight (g/pot) weight (g)
(g/pot) (g/pot)
Formulas (P) 0.82ns 0.98ns 0.27ns 0.73ns 0.00*
CO“CE’I’?)W‘O“ 0.01* 0.21ns 0.09ns 0.04* 0.00*
Interactions N
(P x K) 0.13ns 0.31ns 0.66ns 0.13ns 0.00

Remarks: *(significant at p value p<0.05), ns(not significant, p value >0.05).



BIO Web of Conferences 189, 01010 (2025) https://doi.org/10.1051/bioconf/202518901010
SAFE 2025

Although shoot and root dry weights did not differ significantly among treatments (Table
4), this may indicate a physiological shift in resource allocation from vegetative to
reproductive growth, particularly under conditions of improved nitrogen uptake. The
application of LOF likely enhanced nitrogen use efficiency at the physiological level, rather
than directly promoting biomass accumulation [12].
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0.00

¥ total number of tillers
per clump

¥ rice yield (g/pot)

KO K1 K2 K3 K4

LOF concentration

Fig. 4. Effect of LOF concentration application on the total number of tillers per clump and rice yield.
Histogram bars sharing the same letter and color indicate no significant difference, based on DMRT
at the 5% significance level.

In contrast, the weight of 1,000 paddy grains was significantly influenced by the
interaction between LOF formulation and application concentration (Fig. 5). The highest
grain weight (26 g) was recorded in the P1K3 treatment (100% moringa LOF at 60 mL/L),
representing a 16.7% increase over the control. This result suggests that moringa-derived
inputs, rich in soluble nitrogen compounds and natural biostimulants, support more efficient
grain filling during the generative phase [13].
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Fig. 5. Effect of LOF concentrations on the weight of 1,000 paddy grains. Bars labeled with the same
letter indicate no statistically significant difference, based on DMRT at the 5% level.

Nitrogen uptake exhibited a strong positive correlation with both grain yield and 1,000-
grain weight. Regression analysis indicated that nitrogen uptake accounted for 37.32% of the
variation in 1,000-grain weight (R? = 0.3732) (Fig. 6). This reflects a moderate yet
meaningful contribution of nitrogen assimilation to reproductive output. Although nitrogen
remains a critical determinant, other physiological factors, such as hormonal regulation,
assimilate partitioning, and source—sink dynamics, may also play significant roles in
determining final grain weight [14].
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Fig. 6. Regression between nitrogen uptake and weight of 1,000 paddy grains.

4 Conclusion

LOFs made from Moringa oleifera and golden snail improved soil nutrients, nitrogen uptake,
and rice yield in Inceptisols. The most effective treatment was 100% moringa LOF at 60
mL/L, which enhanced grain quality through high nitrogen content and rapid mineralization.
The combined formula (50% moringa + 50% snail) also supported soil health, shown by the
highest population of nitrogen-fixing bacteria.

These findings suggest that moringa- and snail-based LOFs are promising, eco-friendly
alternatives to chemical fertilizers for low-fertility soils. Further research is needed to test
their performance at field scale and assess long-term impacts on soil health.
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