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Assessment of the Possibility of Increasing Phosphorous and Potassium in Fish Tonic by Natural Minerals
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ABSTRACT 

	Fish tonic, a liquid fertilizer derived from fermented fish waste, is valued for its nutrient content and microbial benefits. However, its typically low phosphorus (P) and potassium (K) levels limits its effectiveness as a balanced fertilizer. Meantime, sugar source is more effective to enhance the microbial activities during the process. This study aimed to evaluate the potential to enhance P and K levels in fish tonic. A two factor factorial experiment in a completely randomized design (CRD) was used, with three replicates per treatment. The first factor was the sugar source (brown sugar and sakkara), and  the second factor was the  P and K source (spent wash + Eppawala rock phosphate ERP, spent wash + feldspar, spent wash + ERP + feldspar, spent wash, water). Each treatment mixture containing 2 kg of fish, 1 kg of sugar source, 650 ml of spent wash or water, and ERP and feldspar (either 200 g of ERP or feldspar alone, or 100 g of each when combined). Fermentation was carried out anaerobically for 34 days, followed by three months of storage with monthly analyses for pH, electrical conductivity (EC),and Nitrogen% (N), Phosphorous% (P), and Potassium% (K). Data were analyzed using ANOVA, and means were separated using Duncan’s Multiple Range Test at p<0.05. Results revealed that, pH remained acidic (3.97-4.36), while EC ranged between 4.29- 6.08 dS/m during storage. Total nitrogen content ranged from 0.12% to 1.42%, showing gradual increase during the storage but not significantly different (p>0.05). In contrast, P and K contents showed significant (p<0.05) difference among the K and P source during the third month, with the higher P and K levels recorded in spent wash+ERP (0.65%, 0.11%), spent wash+feldspar (0.64%, 0.12%), spent wash+ERP+feldspar (0.68%, 0.13%) , spent wash (0.60%, 0.08%) respectively. These results indicate that combining ERP and feldspar with spent wash effectively enhances P and K content in fish tonic, underscoring its potential as a well- balanced liquid fertilizer for sustainable farming.
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1. INTRODUCTION 

Fish tonic, liquid fertilizer obtained by fermented fish waste or by- products, has recently gained prominence as a sustainable fertilizer option. Its use facilitates the recycling of nutrients from fish waste into agricultural use, aligning with circular economy principles while reducing ecological waste (Kusuma et al., 2021). By boosting organic matter and stimulating beneficial microbes, fish tonic liquid fertilizer contributes to enhances soil fertility and improve yield potential (Mutia et al., 2024; Kusuma et al., 2021). Evidence form multiple research findings confirms that fish tonic enhances seed germination rates, plant growth, root formation, and yield across a range of crops like rice, shallots, and leafy vegetables (Mutia et al., 2024; Kusuma et al., 2021).
Under the Sri Lanka Standards (SLS) 1702:2021, the minimum nutrient requirements for liquid organic fertilizers are 0.5% phosphorus (as P2O5), 0.5% potassium (as K2O), 1.0 % nitrogen, and a total of 2.0% primary nutrient by mass (Sri Lanka Standards Institution, 2021). The majority of locally produced fish tonic liquid fertilizer in Sri Lanka often fail to achieve the minimum requirements of phosphorous (P) and potassium (K) levels specified in SLS. To overcome this limitation efforts are being made to enhance the P and K concentrations in fish tonic using mineral rich amendments. As a locally abundant and inexpensive material, eppawala rock phosphate (EPR) is a key P source in Sri Lanka (Udawatte et al., 2020; Jayaneththi et al., 2023).  Despite its limited water solubility ERP’s phosphorus is more bio-available under acidic conditions or through organic acids produced during fermentation, enabling its use in fish tonic formulations (Senarathne and Udumann 2020; Jayaneththi et al., 2023). An inexpensive and abundant K bearing mineral, feldspar that containing 8- 13% K2O, is a potential source of K (Ciceri et al., 2017; Badr, 2006). By releasing potassium gradually, it reduces nutrient losses and supports a long term nutrient supply. The solubility and plant accessibility of feldspar are enhanced by fermentation derived organic acids and potassium solubilizing bacteria, making it suitable for inclusion in fish tonic formulations (Thashmantha and Ratnatilleke, 2023). Furthermore, nutrient rich spent wash, a distillery by- product rich in macro nutrients (N, P, K, Ca, S) and micro nutrients (Fe, Zn, Cu, Mn, B, Mo), is also used to provide nutrients and support fermentation in improved fish tonic formulations (Bhardwaj et al., 2019). Sakkara and brown sugar are included in the fermentation process to supply fast acting carbon source, which stimulates microbial activity during fermentation. As these microbes thrive, they help breakdown fish waste tuning into plant available nutrients.
Therefore, this study focuses on determining effective P and K additives and their influence on nutrient levels to produce more nutritionally balanced and agronomically beneficial liquid fertilizer. 

2. material and methods 

2.1 Preparation of raw materials
The raw materials for making liquid fish tonic fertilizer consist of fish waste, sakkara, brown sugar, ERP, feldspar, and spent wash were procured from local market and suppliers. ERP and feldspar were finely ground.

2.2 Experimental design
A factorial experiment with two factors was conducted using completely randomized design with three replicates. The first factor involved the sugar source (S), consisting of brown sugar (S1) and sakkara (S2), while the second factor included the addition of phosphorous and potassium source (F), with additions of spent wash combined with ERP (F1), spent wash combined with Feldspar (F2), spent wash combined with ERP and Feldspar (F3), spent wash alone (F4). Water was used as the control treatment (F5). Thus there were ten treatment combinations were prepared  (Table 1) each containing 2 kg of fish, 1 kg of sugar source, 650 ml of spent wash or water, and ERP and feldspar  (totaled 200 g per treatment, either 200g of ERP or feldspar alone, or 100 g of each when combined).
2.3 Production process
The ingredients were weighted according to the treatment specifications, combined in plastic buckets and fermented under anaerobic conditions for 16 days. After this initial fermentation period, the appropriate sugar solution and water were added to each treatment. Following total 34 days fermentation, the fish tonic samples were homogenized, filtered and bottled, and stored in the dark until analysis according to the treatment to avoiding the nutrient loss by exposed to the direct sunlight.
2.4 Experimental variables and data analysis
The bottled fish tonic liquid was tested to monthly laboratory analyses over a period of three months to determine the content of macro nutrients (N, P, K) and chemical properties (pH, EC). The macro nutrients content was measured using Kjeldhal method for nitrogen content, the Atomic Absorption Spectrophotometry (AAS) method for K, and Molybdate- blue Colorimetric method for P. pH and EC were measured using a calibrated pH and EC meter. Data were analyzed using ANOVA in SAS software version 9.1.3, and treatment means were compared using Duncan’s Multiple Range Test (DMRT) at p < 0.05.
Table 1. Treatment combinations of the experiment
	Main factors
	Treatment combination

	Sugar source (S)
	Phosphorous and potassium source (F)
	

	Brown sugar (S1)
	Spent wash + ERP (F1)
	S1F1

	
	Spent wash + Feldspar (F2)
	S1F2

	
	Spent wash + ERP+ Feldspar (F3)
	S1F3

	
	Spent wash (F4)
	S1F4

	
	Water (F5)
	S1F5

	Sakkara (S2)
	Spent wash + ERP (F1)
	S2F1

	
	Spent wash + Feldspar (F2)
	S2F2

	
	Spent wash + ERP+ Feldspar (F3)
	S2F3

	
	Spent wash (F4)
	S2F4

	
	Water (F5)
	S2F5




3. results and discussion

3.1 pH
pH of all fish tonic formulations remained within an acidic range (3.97- 4.36) throughout the three month storage period, showing slight increase across all treatments (Table 2). Gradual elevation can be explained by the protein breakdown, during which residual microbial activity and endogenous enzymes release basic substances such as ammonia and amides that neutralize some of the accumulated acids (Hidayat et al., 2024). Moreover, when available sugars and other fermentable substrates are depleted, acid synthesis diminished, permitting the effects of basic compounds predominate (Hidayat et al., 2024). Similar trends have been observed in fish silage and fish waste derived liquid fertilizers indicate that pH initially declines during active fermentation followed by gradual rise in storage due to microbial degradation and OH- formation (Hidayat et al., 2024).

Table 2. Data on pH changes of fish tonic formulations during three months of storage

	Treatments
	1st Month 
	2nd Month
	3rd Month

	S1F1 (Brown sugar + spent wash + ERP)
	4.20
	4.34
	4.36

	S1F2 (Brown sugar + spent wash + Feldspar)
	4.13
	4.17
	4.20

	S1F3 (Brown sugar + spent wash + ERP + feldspar)
	4.09
	4.15
	4.17

	S1F4 (Brown sugar + spent wash)
	3.97
	4.07
	4.13

	S1F5 (Brown sugar + water)
	4.03
	4.07
	4.12

	S2F1 (Sakkara + spent wash + ERP)
	4.03
	4.13
	4.17

	S2F2 (Sakkara + spent wash + Feldspar)
	4.06
	4.18
	4.20

	S2F3 (Sakkara + spent wash + ERP + feldspar)
	4.06
	4.12
	4.18

	S2F4 (Sakkara + spent wash)
	4.08
	4.22
	4.23

	S2F5 (Sakkara + water)
	4.08
	4.10
	4.15



3.2 EC

The electrical conductivity (EC) of all fish tonic formulations ranged from 4.29 to 6.08 dS/m over the three month storage period, showing variable trends across treatments (Table 3). EC decreased in most treatments during second month, followed by an increase in the third month for the majority of formulations. EC decreased likely because of microbial utilizing soluble nutrients while the solution reached equilibrium (Kim et al., 2024). During the later period, EC increased as residual organic matter was broken down and cell lysis released ammonium, phosphate, potassium, and other ions in the solution (Kim et al., 2024).

Table 3. Data on EC changes  of fish tonic formulations during three months of storage

	Treatments
	1st 
Month 
	2nd 
Month 
	3rd
Month 

	S1F1 (Brown sugar + spent wash + ERP)
	5.24
	4.39
	4.57

	S1F2 (Brown sugar + spent wash + Feldspar)
	5.08
	4.29
	4.87

	S1F3 (Brown sugar + spent wash + ERP + feldspar)
	5.42
	4.83
	5.02

	S1F4 (Brown sugar + spent wash)
	5.27
	4.45
	4.59

	S1F5 (Brown sugar + water)
	5.58
	5.63
	5.90

	S2F1 (Sakkara + spent wash + ERP)
	5.74
	5.44
	5.37

	S2F2 (Sakkara + spent wash + Feldspar)
	6.08
	5.75
	5.66

	S2F3 (Sakkara + spent wash + ERP + feldspar)
	5.41
	5.82
	5.59

	S2F4 (Sakkara + spent wash)
	5.00
	4.90
	5.20

	S2F5 (Sakkara + water)
	5.80
	4.76
	5.60



3.3 Total Nitrogen

The total nitrogen percentage of all fish tonic formulations ranged from (0.12% to 1.42% over the three month storage period, increase during the second (0.17- 1.01%) and third months (0.38- 1.42%). However, these variations were not statistically significant (Table 4) with respect to factor 1 (sugar source, P = .85) or factor two (P and K sources, P = .26), or their interaction effect (P = .43). As storage progresses, residual organic matter undergoes further decomposition by microbial and enzymatic activity transforms complex proteins into simpler nitrogen compounds like ammonium and nitrate, thus raising total nitrogen levels in the solution (Bhaskoro et al., 2020). 

Table 4.  Effect of the treatments on N content (%) in  1st and 2nd month of storage

	
	 1st month
	2nd month

	F1 (Spent wash + ERP)
	0.35 a 
	0.68a

	F2  (Spent wash + Feldspar)
	0.45 a 
	0.77a

	F3 (Spent wash + ERP + Feldspar)
	0.42 a
	0.61a

	F4 (Spent wash)
	0.40a
	0.52a

	F5 (Water)
	0.46a
	0.53a



3.4 Phosphorous

The phosphorus content of fish tonic formulations showed no significant difference during the first and second month of storage with respect to factor 1 (P = .36 and P = .22) or factor two (P = .796 and P = .07), or their interaction effect (P = .18, P = .11). However, the third month, a significant difference was observed for factor 2 (P = .034) and the interaction between the sugar source and P, K sources (P = .027), while factor 1 (P = .14) remained not significant (Table 5). 

At the third month, the significantly higher mean phosphorous content was recorded in F3: Spent wash + ERP + Feldspar (0.68%), F4 :Spent wash (0.66%) ,while the control treatment  (F5: water ) recorded the significantly lowest phosphorous content (0.60%). Phosphate solubilizing bacteria are key microbes in fermentation, producing phosphatase enzymes that help release phosphorus by breakdown complex organic and inorganic phosphorous (P) compounds into soluble phosphate , which raises the P content in liquid fertilizer (Adharani et al., 2023; Alori et al., 2017). While ERP and feldspar provide mineral P in insoluble forms that enable a slow, controlled release, sustaining P availability even after extended storage (Bai et al., 2025). Most studies highlighted fermentation process, whereas the effect of storage duration are less documented. According to Adharani et al., (2023), P levels in fish-bone derived liquid fertilizer increased from 0.034% to 0.191% during 20 days fermentation period.

3.5 Potassium

The K content of fish tonic formulations showed no significant difference among treatments during the first and second month of storage with respect to factor 1 (P = .51 and P = .25) or factor two (P = .45 and P = .12), or their interaction effect (P = .55, P = .18). However, the third month, a significant difference was observed for factor 2 (P = .003), while factor 1 (P = .32) and the interaction between the two factors (P = .45) remained not significant (Table 5). At the third month, the significantly higher mean K content was recorded in F1: Spent wash + ERP (0.11 %), F2: Spent wash + Feldspar (0.12%), F3: Spent wash + ERP + Feldspar (0.13%), F4: Spent wash (0.12%). The control F5: Water recorded the significantly lowest K content (0.08%). During fermentation, microbial processed break down organic materials and promote the release of potassium sources such as banana peel, spent wash (Ciceri et al., 2017; Leksono et al., 2024). In addition, the inclusion of potassium rich organic matter and mineral based additives enhances potassium levels by promoting its release via microbial activity and chemical reactions (Etesami et al., 2017).
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	 Phosphorus %
	Potassium %

	F1 (Spent wash + ERP)
	0.63 ab 
	0.11a

	F2  (Spent wash + Feldspar)
	0.64 ab 
	0.12a

	F3 (Spent wash + ERP + Feldspar)
	0.68 a
	0.13a

	F4 (Spent wash)
	0.66a
	0.12a

	F5 (Water)
	0.60b
	0.08b




4. Conclusion

The combination of spent wash, ERP, and feldspar significantly enhanced P and K content compared to the control. Throughout storage, all formulations maintained an optimum EC and acidic pH favorable for microbial activity and nutrient solubilization. Although nitrogen% and sugar source were not significantly influenced, the enrichment of P% and K% suggests that using these locally available materials can produce a more balanced and agronomically beneficial liquid fertilizer. Therefore, incorporating ERP and feldspar with spent wash during fish tonic production is a promising strategy to increase P and K. It will more beneficial to the farming community who is seeking the effective organic fertilizers.
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