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EFFICIENT APPLICATION OF ELEPHANT DUNG ON OKRA (Abelmoschus esculentus) CULTIVATION THROUGH VERMICOMPOSTING


ABSTRACT
Elephant dung is one of the major waste products that cause the spread of pathogens, bad odours, and waste gases, creating an unpleasant environment. Vermicomposting is a beneficial way to dispose of elephant dung to reduce the problem engaged. Therefore, the present study aimed to utilize elephant dung for okra (Abelmoschus esculentus) cultivation (variety Radha) through vermicomposting using the earthworm species Eisenia fetida. The experiment was conducted at the University of Colombo Institute for Agro-technology and Rural Sciences (UCIARS), Weligatta, Hambantota, Sri Lanka, from December 2024 to April 2025. Two separate experiments were carried out in a Completely Randomized Design (CRD) with three replications for each treatment of Experiment 01, and four replications for each treatment of Experiment 02. The treatments of the first experiment (E1) involved producing vermicompost using 5kg of cow dung for treatment E1T1, 5kg of elephant dung taken within 24 hours of decomposition for treatment E1T2,  2.5kg of elephant dung taken within 24 hours of decomposition combined with 2.5kg of cow dung for treatment E1T3, 5kg of elephant dung that underwent decomposition for 7 days for treatment E1T4, 2.5kg of elephant dung that underwent decomposition for 7 days combined with 2.5kg of cow dung for treatment E1T5, 5kg of elephant dung that underwent decomposition for 30 days for treatment E1T6, and 2.5kg of elephant dung that underwent decomposition for 30 days combined with 2.5kg of cow dung for treatment E1T7. The second experiment (E2) focused on creating various potting mixtures using the treatments from the first experiment. The treatments included top soil: sand (1:1) for treatment E2T1, normal compost: top soil: sand (1:1:1) for treatment E2T2, vermicompost from E1T1: top soil: sand (1:1:1) for treatment E2T3, vermicompost from E1T2: top soil: sand (1:1:1) for treatment E2T4, vermicompost from E1T3: top soil: sand (1:1:1) for treatment E2T5, vermicompost from E1T4: top soil: sand (1:1:1) for treatment E2T6, vermicompost from E1T5: top soil: sand (1:1:1) for treatment E2T7, vermicompost from E1T6: top soil: sand (1:1:1) for treatment E2T8, and vermicompost from E1T7: top soil: sand (1:1:1) for treatment E2T9. The findings from Experiment 01 indicated that the vermicompost derived from elephant dung had appropriate pH and nutrient levels similar to that of traditional vermicompost made from cow dung alone. The nitrogen and potassium levels exhibited notable differences among the treatments, whereas the phosphorus content remained largely unchanged. The earthworm count and the yield of vermicompost demonstrated that elephant dung served as a beneficial substrate for E. fetida. In Experiment 02, time taken for germination, plant height (cm), number of leaves per plant, and days to flowering did not show significant differences across the treatments, though the media enhanced with vermicompost displayed marginally positive values when compared to E2T1 and E2T2. Total yield per plant (g) was not considerably influenced by the treatments. In conclusion, elephant dung can be successfully recycled using E. fetida and can be used safely as an organic fertilizer for growing okra. Although the okra yield was not significantly high, vermicompost prepared by elephant dung performed comparably to the control, highlighting its potential as an eco-friendly and sustainable method for managing elephant dung waste while promoting okra cultivation without negative impacts on its yield.
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1. INTRODUCTION
Sri Lanka is home to 10% of the Asian wild elephant population, amounting to 4400 in number (Kemf and Santiapillai, 2000). These giant mammals are continuous voracious feeders who consume 200–270 kg of feed per day, releasing 100-130kg of dung per day, out of which 50%–60% is undigested waste (Sannigrahi, 2015). Elephant dung is released as a ball, weighing around 1–2 kg and having a diameter of 70–180 mm (Kitamura et al., 2007). It is a major source of gases, odours, and pathogens that are harmful to humans and the environment, which attract mosquitoes and emit large amounts of carbon dioxide when burnt. To overcome this issue, a number of solutions such as biogas production and paper production, are being practiced. In the handmade paper production industry, about 115 sheets can be produced from 100kg of elephant dung (Mandal and Brahmachary, 2002). In biogas preparation, an estimated amount of 500 litres can be produced from 500kg of dry elephant dung within a period of 14 days (Abdulsalam et al., 2012). Although the above mentioned solutions are practiced on a small-scale level, the waste problem is still prevalent. Despite these issues, elephant dung is a good source for vermicomposting due to the presence of important minerals such as nitrogen, phosphorus, and potassium, as a result of poor digestion. Vermicompost is a special type of compost produced using earthworm species such as Eisenia fetida that are capable of decomposing waste (El Jawaher, 2020). The present study investigates the production of vermicompost using elephant dung and the Eisenia fetida earthworm species, and its use in the cultivation of okra (Abelmoschus esculentus) variety Radha.

2. MATERIALS AND METHODS
This study was conducted as two separate experiments. The initial experiment concentrated on the production of vermicompost using various proportions of elephant dung at different decomposition stages, and cow dung, while the subsequent experiment involved in formulating different potting mixtures utilizing the vermicompost prepared in the first experiment, for growing okra.  
2.1 Experimental location and period
The experiment was conducted at the University of Colombo Institute for Agro-technology and Rural Sciences (UCIARS), Weligatta, Hambantota, Sri Lanka, during the period December 2024 to April 2025.
2.2 Experiment 1: Preparation of vermicompost
2.2.1 Experimental design and treatments
The experiment was conducted in a Completely Randomized Design (CRD) with 7 treatments (Table 1) and three replicates.
Table 1. Treatments of the first experiment
	Treatment code
	Description

	E1T1
	5kg of cow dung

	E1T2
	5kg of elephant dung taken within 24 hours of decomposition

	E1T3
	2.5kg of elephant dung taken within 24 hours of decomposition + 2.5kg of cow dung

	E1T4
	5kg of elephant dung that underwent decomposition for 7 days

	E1T5
	2.5kg of elephant dung that underwent decomposition for 7 days + 2.5kg of cow dung

	E1T6
	5kg of elephant dung that underwent decomposition for 30 days

	E1T7
	2.5kg of elephant dung that underwent decomposition for 30 days + 2.5kg of cow dung


2.2.2 Material collection for vermicompost production
20kg of fresh elephant dung collected from Tissamaharama Temple, Hambantota, Sri Lanka, was allowed for decomposition in an open environment for three different durations: 24 hours, 7 days, and 30 days. Fresh cow dung, dry leaves, and fresh leaves were collected from Weligatta area while earth worms were sourced from the vermicompost unit at UCIARS. 
2.2.3 Vermicomposting process
For each treatment (Table 1), 1kg of dry and fresh leaves (1:1 ratio) and 25 Eisenia foetida earthworms was introduced on the same day. The prepared mixtures were then transferred to plastic bins and subjected to periodic mixing (6 times) at the following intervals: 4 weeks, 6 weeks, 12 weeks, 14 weeks, 16 weeks, and 18 weeks.
2.2.4 Data collection and analysis for Experiment 01
pH of the collected elephant dung and cow dung samples, and the resulting vermicompost treatments were measured using a pH meter. Total nitrogen, phosphate, and potassium contents were determined using the Micro-Kjeldahl method (Bremner and Mulvaney, 1982), colorimetric method (Bray, 1948), and the flame photometric method respectively. Time taken for the vermicomposting process was counted from the beginning to the completion of vermicompost production. Number of earthworms was counted manually at the end of vermicompost production. Collected data were subjected to analysis of variance (ANOVA) at 5% significance level using Minitab 17 statistical software and mean separation was done using Dunnette’s test. 
2.3 Experiment 2: Effect of vermicompost prepared using different ingredients on the growth and yield of okra (Abelmoschus esculentus) cultivation.
2.3.1 Experimental design and treatments
The experiment was conducted in a Completely Randomized Design (CRD) with 9 treatments (Table 2) and four replicates.
Table 2. Treatments of Experiment 02
	Treatment code
	Description (potting mixture)

	E2T1
	top soil: sand (1:1) 

	E2T2
	normal compost: top soil: sand (1:1:1) 

	E2T3
	vermicompost from E1T1: top soil: sand (1:1:1) 

	E2T4
	vermicompost from E1T2: top soil: sand (1:1:1) 

	E2T5
	vermicompost from E1T3: top soil: sand (1:1:1) 

	E2T6
	vermicompost from E1T4: top soil: sand (1:1:1) 

	E2T7
	vermicompost from E1T5: top soil: sand (1:1:1) 

	E2T8
	vermicompost from E1T6: top soil: sand (1:1:1) 

	E2T9
	vermicompost from E1T7: top soil: sand (1:1:1)



2.3.2 Polybag preparation and seed sowing
350-gauge polybags (8 x 12 inches) were filled with different potting mixtures according to the treatments of Experiment 02 (Table 2), leaving 2 inches from the top of the bag. Okra seeds of the Radha variety were soaked in clean water for 12 hours to induce germination. Treated seeds were then sown ¼ inches deep in the potting mixture. One okra seed was sown in each polybag. After sowing, the polybags were covered with fresh paddy straw as a mulching material. Irrigation was done at 2-day intervals. 
2.3.3 Data collection and analysis for Experiment 02
The growth parameters measured were, time taken for germination (days), plant height (ground level to tip of the apical bud), and the total number of leaves per plant. The yield parameters measured were, number of days taken to flowering, number of flowers per plant, and pod yield per plant. Collected data were subjected to analysis of variance (ANOVA) at 5% significance level using Minitab 17 statistical software and mean separation was done using Tukey’s test.
3. RESULTS AND DISCUSSION
3.1 Experiment 1: Preparation of vermicompost
3.1.1 pH value 
The pH values of the cow dung and elephant dung samples collected for the preparation of vermicompost were slightly alkaline (pH value= 7.83) and slightly acidic (pH value= 6.74) respectively. pH values of the substrates used for vermicomposting should not be strongly acidic (Singh et al. 2005), as it may negatively affect the earthworm and microbial activity. Therefore, the substrates used in the present study were not in a highly acidic range, indicating their suitability for vermicomposting. 
Analysis of variance for pH value of different vermicompost treatments of Experiment 01 (Table 3) shows that the pH values across all treatments were slightly alkaline at the time of harvesting, with no significant differences (p > 0.05) among them. However, the control (E1T1) treatment showed the lowest pH value compared to other vermicompost treatments prepared by the addition of elephant dung. The pH value of vermicompost plays an important role in nutrient availability for plants. Earthworms used in the vermicomposting process are also sensitive to the pH of the medium and prefer neutral conditions. The ideal pH range for E. foetida is between 7 and 8, while for effective vermicomposting, it is suggested that the pH stays between 6.5 and 7.5 (Rostami, 2011).
3.1.2 Nitrogen Content
Analyzed results shown in Table 3 shows that there is a significant difference (p<0.05) in the nitrogen content of the treatments of Experiment 01, with E1T2 being significantly higher than the control (E1T1). This suggests that fresh elephant dung with the least decomposition time (24 hours) contains more nitrogen than those decomposed for a longer period (7 days and 30 days). This could be due to the presence of easily decomposable organic nitrogen compounds that have not yet been lost through volatilization or leaching (Hulot et al., 2019). The other treatments maintain comparable nitrogen levels possibly due to the presence of earthworms who have the ability to mineralize the remaining nitrogen (Atiyeh et al. 2000). 
3.1.3 Phosphorus Content
As shown in Table 3, there was no significant difference (p>0.05) in the phosphorus content among the treatments of Experiment 01. Earthworms used in vermicomposting have the ability to solubilize phosphorus with the help of microorganisms (Mistry et al., 2015). Hence, it is clear from this result that elephant dung provides phosphorus at levels similar to cow dung, and does not prominently enhance or reduce its availability. Although statistically insignificant, the control treatment (E1T1) contained a marginally higher amount of phosphorus compared to the rest of the treatments of the present study. Another similar study conducted by Deepthi et al. (2019a) using elephant dung, cow dung, and garden soil to prepare vermicompost resulted in a higher phosphorus content in the treatments containing 100% cow dung and 50% cow dung mixed with 50% garden soil. 
3.1.4 Potassium Content
The potassium content of different treatments of Experiment 01 (Table 3) showed significant differences (p<0.05) among them. However, none of the treatments outperformed the control (E1T1), indicating that in comparison to traditional vermicomposting, addition of elephant dung does not bring about notable changes in potassium levels. Availability of potassium is improved through solubilization of minerals by earthworms (Deepthi et al., 2019a; Jjagwe et al., 2019), facilitating plant nutrient uptake. Another study conducted by Sannigrahi (2015) using cow dung, elephant dung, sugarcane press mud and uloo grass revealed that the nutrient content of vermicompost prepared using elephant dung performed similarly to vermicompost prepared using cow dung.

Table 3. pH, Nitrogen, Phosphorus and Potassium contents of different vermicompost treatments of Experiment 01
	Treatment code
	pH
	N
	P
	K

	E1T1 
	7.28 ± 0.005a
	0.53 ± 0.15a
	0.42 ± 0.05a
	0.027 ± 0.001a

	E1T2
	7.64 ± 0.060
	1.25 ± 0.01
	0.32 ± 0.01a
	0.034 ± 0.002a

	E1T3
	7.48 ± 0.005
	0.94 ± 0.20a
	0.38 ± 0.02a
	0.032 ± 0.001a

	E1T4
	7.83 ± 0.005
	1.08 ± 0.23a
	0.35 ± 0.04a
	0.028 ± 0.004a

	E1T5
	7.72 ± 0.008
	0.43 ± 0.21a
	0.28 ± 0.03a
	0.016 ± 0.006a

	E1T6
	7.92 ± 0.005
	0.42 ± 0.02a
	0.31 ± 0.02a
	0.018 ± 0.004a

	E1T7
	7.78 ± 0.005
	0.62 ± 0.00a
	0.19 ± 0.07
	0.020 ± 0.003a

	Sig
	*
	*
	ns
	*


Values represent mean ± standard error of three replicates. Means not labelled with the letter “a” in superscripts are significantly different from the control level (E1T1) mean according to the Dunnett’s test. ‘*’ represents significant difference and ‘ns’ represents non-significant difference at 5% significance level.
3.1.5 Earthworm count
The count of earthworms of Experiment 01 produced significant differences (p<0.05) among treatments (Table 4), although no treatment performed better than the control. Initially 25 earthworms were added to each treatment, which eventually increased 9-12 folds in different treatments at the end of vermicomposting. This reveals that an environment favourable for growth, reproduction and survival of E. fetida earthworms have been created in all treatments. A study conducted by Deepthi et al. (2019b) found out that earthworms in vermicompost prepared using 50% cow dung and 50% elephant dung showed a high reproductive potential and growth rate. The authors also presented that incorporating elephant dung enhances texture and moisture retention of the substrate facilitating nutrient uptake by earthworms.
3.1.6 Amount of vermicompost produced (kg)
The weight of vermicompost produced from the amounts of ingredients mentioned under section 2.2.3 and Table 1 is given in Table 4. According to analysis of variance, although there was a significant difference (p<0.05) among the treatments, no treatment performed statistically superior to the control (E1T1). However, the marginally higher values in T6 and T7 indicate that prolonged decomposition of elephant dung has improved the earthworm and microbial activity leading to a higher production of vermicompost. 
Table 4. Earthworm count and amount of vermicompost produced (kg) in Experiment 01
	Treatment code
	Earthworm count
	Amount of vermicompost produced (kg)

	E1T1 
	354 ± 63.5a
	4.70 ± 0.25a

	E1T2
	562 ± 22.0a
	4.20 ± 0.07a

	E1T3
	412 ± 79.5a
	3.95 ± 0.24a

	E1T4
	566 ± 46.5a
	4.28 ± 0.17a

	E1T5
	427 ± 74.3a
	4.20 ± 0.07a

	E1T6
	221 ± 10.4a
	5.08 ± 0.13a

	E1T7
	231 ± 4.37a
	5.01 ± 0.25a

	Sig
	*
	*


Values represent mean ± standard error of three replicates. Means not labelled with the letter “a” in superscripts are significantly different from the control level (E1T1) mean according to the Dunnett’s test. ‘*’ represents significant difference and ‘ns’ represents non-significant difference at 5% significance level.
3.2 Experiment 2: Effect of vermicompost prepared using different ingredients on the growth and yield of okra (Abelmoschus esculentus) cultivation.
3.2.1. Time taken for germination
There was no significant difference (p>0.05) in the time taken for germination of okra among the treatments of Experiment 02. Generally, all treatments germinated within a period of 2.5 – 3 weeks, suggesting that germination is not markedly influenced by the addition of vermicompost into the growing media. Germination of okra is rather more dependent on other factors such as hardseededness, seed treatment method conducted, cultivar etc. (Purquerio et al., 2010; Jonah et al., 2019; Ebert & Wu, 2019).
3.2.2 Plant Height
As shown in Figure 1, plant height (cm) of okra did not differ significantly (p>0.05) among the treatments of Experiment 02. However, it is clear that, as the crop ages, the height increased progressively across all treatments regardless of the differences in potting mixtures. This comparable increment might be linked to better soil structure, elevated microbial activity, and the slow release of essential nutrients like nitrogen, phosphorus, and potassium by vermicompost (Zandonadi et al., 2007; Chaulagain et al., 2017).
3.2.3 Number of leaves per plant
Figure 2 shows the cumulative number of leaves per plant in okra over a period of 10 weeks. The results indicate no significant difference (p>0.05) among the treatments, but treatments containing vermicompost tend to show slightly higher number of leaves compared to E2T1 and E2T2. One reason for this might be the amount of Nitrogen supplied by different vermicompost treatments to the okra plants (Table 3).
3.2.4. Days to flowering
Time taken for flowering (days) of okra did not show significant differences (p>0.05) among the treatments (Table 5). Although statistically insignificant, okra plants provided with vermicompost media tend to flower earlier compared to E2T1 and E2T2.
3.2.5. Total yield per plant (g)
Total yield per plant of okra did not observe significantly differences (p>0.05) among the treatments. So it was clearly show that there was no any negative effect for the yield by application of vermicompost which was prepared with elephant dung. 




Table 5. Time taken for germination (weeks) and days to flowering of okra of Experiment 02
	Treatment code
	Time taken for germination (weeks)
	Days to flowering

	E2T1
	3.0 ± 0.00a
	42.50 ± 1.19a

	E2T2
	3.0 ± 0.00a
	41.25 ± 1.60a

	E2T3
	2.75 ± 0.25a
	42.25 ± 0.62a

	E2T4
	3.0 ± 0.00a
	40.5 ± 0.28a

	E2T5
	2.5 ± 0.50a
	40.25 ± 0.62a

	E2T6
	3.0 ± 0.00a
	40.00 ± 0.40a

	E2T7
	2.5 ± 0.50a
	39.75 ± 0.25a

	E2T8
	3.0 ± 0.00a
	39.75 ± 0.47a

	E2T9
	2.75 ± 0.25a
	40.5 ± 0.50a

	Sig.
	ns
	ns


Values represent mean ± standard error of three replicates. Means that do not share a letter are significantly different according to the Tukey’s test. ‘*’ represents significant difference and ‘ns’ represents non-significant difference at 5% significance level.


Figure 1. Plant height at 2,4,6,8 and 10 Weeks After Planting (WAP) okra seeds.


Figure 2. Number of leaves per plant at 2,4,6,8 and 10 Weeks After Planting (WAP) okra seeds.

CONCLUSION
This research demonstrated that elephant dung can be effectively used for agricultural purposes via vermicomposting with the earthworm species Eisenia fetida. Vermicompost generated from elephant dung exhibited similar physicochemical characteristics to conventional vermicompost made from cow dung and facilitated the healthy growth of okra plants. Plant height, number of leaves per plant and days to flowering showed no significant differences among treatments, although vermicompost-based growing media displayed slight positive trends. Notably, total yield per plant remained consistent across treatments, indicating that vermicompost prepared using elephant dung functions comparably to traditional compost sources. Overall, vermicomposting provides an eco-friendly and sustainable method for managing elephant dung waste while promoting okra cultivation without negative impacts on its yield.
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Plant height (cm) of okra
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Number of leaves per plant in okra
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