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Assessment of Soil Health as Influenced under Vermicompost Treatments in Okra (Abelmoschus esculentus L.) Cultivation
ABSTRACT
Vermicomposting, which uses earthworms to convert organic waste into nutrient-rich compost, improves soil health and crop productivity as a sustainable alternative to chemical fertilizers for okra (Abelmoschus esculentus). This study assesses the effects of different vermicompost treatments on soil physical properties, specifically bulk density and field capacity, in okra cultivation. The present investigation was carried out to examine the effect of treated vermicompost varieties on soil health in okra (Abelmoschus esculentus L.) cultivation at Research Farm, Mewar University, Gangrar, (Chittorgarh) Rajasthan, during the Kharif season of 2024. The results revealed significant variations in physical, chemical and biological properties of soil across 14 treatments. Soil pH remained near neutral (6.92–7.23), while electrical conductivity stayed within safe limits (<2.0 dS m⁻¹), indicating no salinity hazard. Bulk density ranged from 1.46 to 1.63 Mg m⁻³, with lower values observed under higher vermicompost applications, indicating improved soil structure and porosity. Field capacity increased from 11.70% in control (T1) to 15.75% in T13, reflecting enhanced moisture retention due to organic amendments. Soil organic carbon showed a progressive rise from 0.19% to 0.41%, demonstrating the positive role of vermicompost in carbon enrichment. Available nitrogen, phosphorus, and potassium also increased significantly, with maximum values recorded as 231.01 kg ha⁻¹ (T13), 26.79 kg ha⁻¹ (T11), and 370.61 kg ha⁻¹ (T11), respectively. Biological properties improved markedly, with higher populations of bacteria, fungi, and actinomycetes observed in vermicompost-treated plots. Enzymatic activity (dehydrogenase) was also enhanced, with the highest activity recorded in T12 and T13. In conclusion, the application of vermicompost, particularly in higher and integrated treatments, significantly improved soil health, thereby supporting sustainable soil management and improved crop productivity in okra cultivation. 
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INTRODUCTION
 Vermicomposting, an historic composting practice, involves the decomposition of organic waste through the activity of earthworms and beneficial microorganisms (Khalid et al., 2023). Today, vermicomposting is widely adopted in sustainable agriculture, waste management, and organic farming initiatives (Suhani, 2023). Vermicompost, a nutrient-rich organic amendment, is produced through the biological degradation of organic materials by earthworms and microorganisms. Earthworms are feed on the organic waste materials at temperatures ranging from 10 °C to 32 °C for optimal growth, the worms give out excreta in the forms of ‘vermicasts’. This natural process that uses earthworms to convert organic waste into fertilizers is called vermicomposting. The vermicasts are also known as worm casting, worm humus, worm poop, worm manure and worm faeces (Manyuchi et al., 2013). The growing demand for sustainable agricultural practices has elevated the significance of vermicomposting as an eco-friendly alternative to chemical fertilizers (Nonthapa et al., 2024). Vermicompost is characterized by its high organic matter content, improved soil structure, and the presence of beneficial microbial communities that contribute to plant growth and disease suppression (Abad and Shafiqi, 2024). Unlike conventional composting, which relies solely on microbial decomposition, vermicomposting accelerates organic matter breakdown through the digestive action of earthworms, making nutrients readily available for plants (Suhani et al., 2023). Earthworm species commonly used includes Eisenia fetida (red wigglers), Perionyx excavates (Indian blue worm), and Eudrilus eugeniae (African nightcrawlers), all of which possess high reproductive rates and efficient waste-processing abilities (Nonthapa et al., 2024). The presence of these earthworms enhances microbial activity, which in turn improves soil aeration, water retention, and nutrient cycling (Khalid et al., 2023). Vermicompost contains essential macronutrients such as nitrogen (N), phosphorus (P), and potassium (K), organic carbon (OC), alongside vital micronutrients like Sodium (Na), calcium (Ca), magnesium (Mg), zinc (Zn), Sulfur (S) and iron (Fe) source (Acharya et al., 2024). Unlike chemical fertilizers, which often lead to soil acidification and nutrient leaching, vermicompost improves soil structure, enhances microbial biodiversity, and increases plant growth hormones such as auxins and cytokinins (Aslam et al., 2020). The improved soil health due to vermicompost application reduces nutrient leaching and enhances microbial biomass, contributing to long-term soil sustainability (Choudhary et al., 2024)​. Vermicomposting provides an environmentally friendly way of increasing the crop yield. Use of local earthworms to the typical process of vermicomposting could be a successful and sustainable win-win solution to protect the environment (Perera and Nanthakumaran, 2015). The vermicompost (produced from FYM, rice and wheat straw) mixed with recommended fertilizers showed excellent increase in crop yield (Yatoo et al., 2025; Wei et al., 2024; Yadav et al., 2023). Okra, scientifically known as (Abelmoschus esculentus L.) is a member of the Malvaceae family. Okra is commonly known as lady’s finger or bhindi and is a warm-season vegetable cultivated in tropical and subtropical regions. It is believed to have originated in Africa, particularly Ethiopia, before spreading to South Asia, the Middle East, and the Americas (Jha et al., 2018). This species is naturally polyploid and has a chromosome count of 2n=130. The okra fruit is highly valued for its tender and delicious taste. It is highly valued for its nutritional content, being a rich source of vitamins A, C, and K, along with minerals such as calcium, magnesium, and potassium which fulfill the nutrition requirement for human (Mehata et al., 2023). India is the largest producer of okra, with an annual production of 6.18 million metric tons, followed by Nigeria and Sudan (FAOSTAT, 2020). In states of India, the crop is predominantly cultivated in Uttar Pradesh, Bihar, and West Bengal, where climatic conditions favor its growth. The state of Gujarat is the highest producer of okra, followed by West Bengal and Bihar (Das et al., 2018). Chemical fertilizers also have a negative impact on human health, water and soil quality and found that farmers have several alternative choices for efficient nutrient management in okra, such as applying plant nutrients through various organic sources like compost, farmyard manure, and bio- fertilizers (Choudhary et al., 2015). The study aims to evaluate the effect of different treated vermicompost varieties on the physical properties of soil (bulk density, field capacity) under okra (Abelmoschus esculentus) cultivation.
MATERIALS AND METHODS

The fieldwork carried out at Research Farm, Mewar University Gangrar, (Chittorgarh) Rajasthan, during the summer season of 2024. The experiment was laid out in Randomized Block Design (RBD) with three replications comprising of fourteen treatments. The soil texture of the experimental plot was sandy loam with neutral in reaction and low organic carbon.
Initial properties of the experimental soil

The experimental soil was classified as sandy loam in texture class. It had a bulk density of 1.77 Mg m⁻³, determined by the core method (Blake and Hartge, 1986). The organic carbon content was 0.16% (low fertility), analyzed using the Walkley and Black rapid titration method (Walkley and Black, 1934). The available nitrogen content was 176.0 kg ha⁻¹ (Low), estimated by the alkaline KMnO₄ method (Subbiah and Asija, 1956), while the available phosphorus (P₂O₅) was 20.2 kg ha⁻¹ (Low), determined by the Olsen method (Olsen et al., 1954). The available potassium (K₂O) content was 320.0 kg ha⁻¹ (Medium), measured using the ammonium acetate method. The soil pH (1:2 soil–water suspension) was 7.26 and the electrical conductivity (EC) was 1.72 dS m⁻¹, both determined by the soil water suspension method (Jackson, 1967). The total bacterial population was 28 × 10⁻⁶ cfu g⁻¹ of soil, while the fungal population was 17 × 10⁻⁴ cfu g⁻¹. The actinomycetes count was 18 × 10⁻⁵ cfu g⁻¹ of soil. The dehydrogenase enzyme activity was 17 µg TPF g⁻¹ soil hr⁻¹ and the soil respiration (CO₂ evolution) was 60 mg CO₂–C 100 g⁻¹ soil day⁻¹. 
RESULTS AND DISCUSSIONS
I. Physical properties of soil
Bulk Density (Mg/m3)
The bulk density of soil varied across the 14 treatments, ranging from 1.46 to 1.63 Mg m⁻³ as shown in fig. 1. The highest bulk density was recorded in treatment T1 (1.63 Mg/m³), while the lowest was observed in treatment T7 (1.46 Mg/m³). Treatments T2, T14, and T13 also exhibited relatively higher bulk densities (1.53 Mg/m³, 1.53 Mg/m³, and 1.52 Mg/m³, respectively). Conversely, treatments T7, T8, and T9 demonstrated comparatively lower bulk density values (1.46 Mg/m³, 1.47 Mg/m³ and 1.48 Mg/m³). These results suggest the application of high levels of different treated vermicompost. Such practices improve soil structure by stimulating microbial activity, particularly earthworms and fungi, which contribute to the development of soil pores and aggregates (Six et al., 2004), indicating improved soil porosity. 

Field Capacity (Moisture at 1/10 Bar)

Field capacity across the treatments T1 to T14 as shown in fig.1. The data revealed notable variation in the soil’s ability to retain moisture among treatments. The highest field capacity was recorded in treatment T13 (15.75%), while the lowest was observed in treatment T1 (11.70%). In treatments T1 to T6 showed comparatively lower field capacities (11.70%–12.14%), indicating limited water retention. These treatments may have had less favorable soil conditions, such as compaction, lower organic matter, or coarser textures, which reduce the soil's ability to hold water at field capacity. The clustering of higher values in the later treatments (T7 to T13) shows that applications of vermicompost possibly improved soil management and can enhance field capacity. These findings are consistent with previous studies that link organic amendments and reduced tillage to increased field capacity and overall water availability (Blanco-Canqui & Lal, 2009). Improved field capacity can lead to more resilient cropping systems, especially in areas prone to drought or irregular rainfall, as soils with higher moisture retention can better support plant growth between irrigation or rain events.
II. Chemical properties of soil

Organic Carbon (OC%)

            Organic carbon content showed a clear increasing trend across treatments, as shown in Table 1. In the study, organic values increased progressively from treatment T1 (0.19%) to treatment T14 (0.41%), indicating the significant impact of treatments in improving soil organic matter. The lowest organic carbon was recorded in treatment T1 (0.19%) and highest was observed in treatment T14 (0.41%). While the treatments T10 to T14 recorded organic carbon values above 0.30%, found to be the most improvement in organic carbon content. There was constant increase in organic carbon under treatments such as T11 to T14. In contrast, T1, which had the lowest organic value, is absolute control, leading to lower organic matter accumulation in the soil. The steady increase from treatment T2 (0.27%) through T7 (0.28%) to T14 (0.41%) indicates a progressive enhancement of additional mixture in the soil. This includes wheat straw vermicompost, rice straw vermicompost, maize straw vermicompost, sugarcane straw vermicompost, N, P2O5, K2O and rock phosphates. Organic carbon contributes indirectly to other soil properties, particularly CEC and nutrient availability that ultimately helps in crop growth, higher yield and soil health enrichment.

Available Nitrogen (kg ha-1)

               Available nitrogen was recorded lowest in treatment T1 (175.88 kg ha-1) and highest was seen in treatment T13 (231.01 kg ha-1), table 1. Treatments from T10 to T14 demonstrated significantly higher nitrogen levels, all exceeding 220 kg ha-1. The increasing trend of available nitrogen from T2 to T14 shows that there is gradual increase in organic carbon, highlighting the correlation between organic matter content and nitrogen availability. The treatments with high organic carbon i.e., T11 to T14 consistently showed higher nitrogen levels, moreover improved nitrogen availability in treatments T6 to T10 (above 210 kg ha-1). The relatively low nitrogen in treatment T1 (175.88 kg ha-1) is an absolute control. 

Available Phosphorus (P2O5 kg ha-1)

             Phosphorus availability also increased notably with treatment intensity, table 1. The lowest value was found in T1 (13.31 kg ha-1), while the highest was recorded in treatment T11 (26.79 kg ha-1). Treatments from T10 to T14 had values above 22 kg ha-1, indicating improved phosphorus availability. There was a notable, the sharp increase between T5 (19.74 kg ha-1) and T8 (24.25 kg ha-1). The treatments such as T11 and T12 that exceed 25 kg ha-1, fall within an optimal range for most crops (Bairwa et al., 2021). Treatments T8 to T14 which showed higher phosphorus levels (>21 kg ha-1), may have included phosphate-solubilizing microorganisms (PSMs). Enough phosphorus needs to be applied in soil especially in tropical and subtropical soils, as it is essential for energy transfer of crops and root development.

Available Potassium (K2O kg ha-1)

              Available potassium was significantly influenced by treatments, shown in table 1. The lowest value was observed in T1 (320.23 kg ha-1), and the highest in T11 (370.61 kg ha-1). All the treatments from T6 to T14 showed potassium values above 340 kg ha-1, highlighting the role of treatments in enhancing potassium release and retention. In the present study, there is significantly increase in values from treatment T1 to T14 as shown in Table 1. The decomposed organic matter with the help of vermiculture enhances potassium retention by improving soil structure. Study support to Manyuchi et al., 2013.
Soil pH and EC
               Soil pH values ranged from 6.92 in treatment T13 to 7.23 in T1, remaining within the neutral acidic range Table 1. A marginal decrease in pH was noted with treatments rich in organic matter in T12, T13. However, no treatment induced extreme acidity or alkalinity. It is worth noting that a stable and near-neutral pH observed in treatments T4 to T10, creates an ideal environment for most crops, ensuring maximum nutrient availability. Thus, pH declined slightly, the trend is not alarming and overall soil healthy. Similar with results of Aslam et al., 2024. Electrical conductivity was observed lowest in treatment T1 (1.72 dSm-1) and highest was found in treatment T13 (1.84 dSm-1) in Table 1. Slight increases in electrical conductivity values corresponded to higher nutrient concentrations but did not show salinity risks.                Though after analyzing the soil electrical conductivity, all the values are within the safe range for the most crops (<2.0 dSm-1), the increasing trend suggests an accumulation of salts through external inputs in soil. The treatments T8 to T13, had higher nutrient values. Despites that, moderate increases in electrical conductivity also reflect enhanced nutrient concentration. The lowest electrical conductivity in treatment T1 and T2 reflects nutrient poor conditions, while the moderate electrical conductivity in treatment T4 to T7 (1.74 to 1.78 dSm-1). Similar with results of Aslam et al., 2024.
III. Biological properties

                 The Fig. 2 showed that the total bacterial populations ranged from 27.77 ×10⁶ cfu/g of soil in treatment T1 to 37.54 ×10⁶ cfu/g of soil in T5. Treatments T5 (37.54 ×10⁶ cfu/g of soil), T13 (36.68 ×10⁶ cfu/g of soil), and T11 (35.14×10⁶ cfu/g of soil) showed the highest bacterial counts, suggesting a favorable microbial environment. In contrast, T1 (27.77 ×10⁶ cfu/g soil) and T14 (29.35 ×10⁶ cfu/g soil) had the lowest bacterial activity. Treatment T2 (34.35 ×10⁶ cfu/g soil), T6 (35.59 ×10⁶ cfu/g soil), T10 (34.81 ×10⁶ cfu/g soil), T11 (35.14 ×10⁶ cfu/g soil) and T13 (36.68 ×10⁶ cfu/g soil) also exhibited high bacterial counts, indicating an enhancement of microbial presents. Treatments T5 and T13, with the highest bacterial populations, may addition of different treated vermicompost that provide energy sources (carbon) and favorable microenvironments for microbial proliferation in those treatments. Results follow Jaat et al. 2025.
               In terms of fungal population, highest was observed in T8 (25.59 ×10⁴ cfu/g soil) and followed by T7 (24.73 ×10⁴ cfu/g soil), T9 (24.37 ×10⁴ cfu/g soil) and T13 (23.58 ×10⁴ cfu/g soil), indicating that T8 had the most conducive conditions for fungal growth. Other treatments with high fungal counts included T11 (25.54 ×10⁴ cfu/g soil) and T7 (24.73 ×10⁴ cfu/g soil). At the other side, lowest was observed in T1 (17.38 ×10⁴ cfu/g soil) and T14 (18.87 ×10⁴ cfu/g soil). The treatments T11 (25.54 ×10⁴ cfu/g soil) and T3 (23.67 ×10⁴ cfu/g soil) also demonstrated high fungal populations as these treatments include decomposed organic inputs i.e., vermicompost. The treatments T6 (21.49 ×10⁴ cfu/g soil), T4 (20.53×10⁴ cfu/g soil) and T12 (20.70 ×10⁴ cfu/g soil) also showed relatively lower fungal values. The positive impact of organic treatments on fungal communities improved the soil aggregation and moderated pH and create ideal conditions for fungal colonization. Results follow Jaat et al. 2025.
              The Actinomycetes population was observed lowest in treatment T1 (18.67 x 106 cfu g-1 soil) and highest was in treatment T3 (30.43 x 106 cfu g-1 soil). Treatments T10 (25.22 x 106), T11 (25.23 x 106) and T13 (24.38 x 106) also showed relatively high present of actinomycetes populations may be due to applied of different treated vermicompost that provide energy sources in those treatments. As shown in Fig. 1 the lower values were found in treatment T1 (18.67 x 106 cfu g-1 soil), T14 (20.49 x 106 cfu g-1 soil) and T12 (20.66 x 106 cfu g-1 soil) indicate unfavorable conditions for actinomycetes development. The treatments T6 (28. 66), T13 (24.88) and T9 (25.22) also supported strong actinomycetes populations. Actinomycetes prefer slightly alkaline conditions and a stable supply of organic matter. There has been found to be moderate levels in treatments T4 (26.56) and T5 (21.52) of actinomycetes.

Dehydrogenase Enzyme Activity (μg TPFg-1 soil hr-1)

             As clearly illustrates in fig. 2 the highest dehydrogenase activity was recorded treatment T8 (32.03 μg TPFg-1 soil hr-1) and T12 (32.71 μg TPFg-1 soil hr-1). Treatments T13 (32.71 μg TPFg-1 soil hr-1) and T7 (32.53 μg TPFg-1 soil hr-1) also had high enzyme activity. While T1 exhibited the lowest dehydrogenase activity (18.36 μg TPFg-1 soil hr-1), indicating the minimal dehydrogenase enzyme activity. The treatments T14 (20.52 μg TPFg-1 soil hr-1), T11 (25.32 μg TPFg-1 soil hr-1) and T4 (26.12 μg TPFg-1 soil hr-1) also recorded lower values compared to other treatments (Bairwa et al., 2023).         

Soil Respiration (CO2) (mg CO2 – C 100g-1 soil day-1)

               Soil respiration (fig. 2) was recorded highest in treatment T4 (79.65 mg CO2 – C 100g-1 soil day-1), conversely, the lowest was seen in treatment T1 (62.10 mg CO2 – C 100g-1 soil day-1). High respiration of soils were also recorded in T3 (78.18 mg CO2 – C 100g-1 soil day-1), T9 (76.14 mg CO2 – C 100g-1 soil day-1), T11 (73.82 mg CO2 – C 100g-1 soil day-1), and T13 (74.57 mg CO2 – C 100g-1 soil day-1), demonstrating high respiration rates and showed highly presents of microbial activities under those treatments (Bairwa et al., 2024).

             On the other hand, treatment T1 (62.10 mg CO2 – C 100g-1 soil day-1), T14 (64.67 mg CO2 – C 100g-1 soil day-1) and T5 (66.22 mg CO2 – C 100g-1 soil day-1), found to be lower respiration values, suggesting limited microbial activity. Lower respiration rates were also observed in T5 (66.22) and in T13 (68.93), indicating the slower decomposition rates under those treatments.

Fig 1 : . Effect of vermicompost treatments on Soil Bulk Density (Mg/m3) and Field Capacity (Moisture at 1/10 Bar)
Table 1: Effect of vermicompost treatments on soil chemical properties

	Treatments
	OC (%)
	pH
	EC (dSm-1)
	CEC (Cmol (+) kg-1)
	Available N (kg ha-1)
	Available P2O5 (kg ha-1)
	Available K2O (kg ha-1)

	T1
	0.19
	7.23
	1.72
	25.10
	175.88
	13.31
	320.23

	T2
	0.27
	7.13
	1.77
	31.84
	205.69
	18.35
	334.14

	T3
	0.25
	7.12
	1.74
	37.63
	201.70
	22.77
	339.54

	T4
	0.24
	7.18
	1.79
	30.74
	208.38
	20.95
	346.55

	T5
	0.23
	7.10
	1.73
	34.36
	209.69
	19.74
	337.58

	T6
	0.29
	7.08
	1.78
	40.42
	216.45
	24.35
	340.36

	T7
	0.28
	7.20
	1.75
	43.88
	211.80
	23.68
	345.39

	T8
	0.30
	7.06
	1.73
	44.33
	217.15
	24.25
	361.87

	T9
	0.32
	7.09
	1.83
	39.66
	222.59
	21.85
	365.49

	T10
	0.31
	7.02
	1.85
	42.46
	221.04
	26.52
	371.54

	T11
	0.38
	7.04
	1.81
	33.88
	229.50
	26.79
	370.61

	T12
	0.35
	6.98
	1.80
	36.37
	226.95
	25.42
	368.67

	T13
	0.40
	6.92
	1.84
	41.84
	231.01
	23.66
	353.47

	T14
	0.41
	7.04
	1.83
	38.48
	227.52
	22.48
	357.56

	SE(m)
	0.01
	0.07
	0.006
	0.24
	0.01
	0.004
	0.006

	C.D.
	0.03
	0.22
	0.01
	0.73
	0.03
	0.01
	0.02


Fig 2:  Effect of vermicompost treatments on soil microbial status

Conclusion

                  The application of Vermicompost varieties viz, rice straw vermicompost, wheat straw vermicompost, maize straw vermicompost and sugarcane straw vermicompost, treatments were found to significantly influence soil health in terms of physical, chemical and biological properties of soil. From the present study investigation, it can be concluded that the application of organic substances like; cow dung vermicompost, wheat straw vermicompost, maize straw vermicompost, and sugarcane straw vermicompost are considered to adopt with respect to the growth, yield of okra and soil health in semi-arid region of India. 
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