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The excessive dependence on synthetic fertilizers in crop production has raised concerns regarding soil 

degradation, environmental sustainability, and long-term agricultural productivity. Vermicompost represents 

a promising organic nutrient source; however, its effectiveness in improving crop performance may vary 

depending on application rate and crop genotype. This study evaluated vermicompost as a sustainable 

biofertilizer for improving growth and yield of cowpea (Vigna unguiculata L.). A factorial experiment was 

conducted to evaluate the effects of vermicompost application levels and cowpea genotype on growth and 

yield performance. Four cowpea varieties were tested under four vermicompost-to-soil ratios of 25:75, 

50:50, 75:25, and 100:0 together with chemical fertilizer and untreated control treatments. Growth and yield 

parameters were analyzed using analysis of variance in Minitab 15. Vermicompost significantly enhanced 

vegetative growth and reproductive performance compared with the control and chemical fertilizer 

treatments (p < 0.05). Improvements were evident across all vermicompost levels, with 25–75% applications 

already producing substantial gains in growth and yield attributes. Maximum values were generally observed 

at the 100% level, including plant height (50.94 ± 3.00 cm; Bombay), leaf number (39.00 ± 1.22; MI 35), 

branch number (14.20 ± 1.48; MI 35), nodes per main stem (20.00 ± 2.45; MI 35), and leaf area index (79.26 

± 14.97 cm²; Bombay). Yield-related traits also responded positively to vermicompost, as indicated by earlier 

flowering (35 ± 0.83 days; Waruni and Dawala), earlier maturity (47.40 ± 1.14 days; Waruni), longer pods 

(16.24 ± 0.68 cm; ANKCP 2), higher seed number per pod (11.00 ± 1.58; ANKCP 2), greater pod number 

per plant (4.40 ± 1.14; Waruni), and increased seed size (0.72 ± 0.08 mm; Bombay). Vermicompost showed 

beneficial effects under the tested pot conditions; however, further field validation is necessary to assess its 

effectiveness and suitability as a partial or complete alternative to conventional fertilizers. 
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Introduction 

Sustainable intensification of agriculture in tropical 

regions increasingly relies on organic soil amendments as 

alternatives to chemical fertilizers, which are associated with 

high costs, declining soil health, and environmental pollution 

(Khan et al., 2024; Matisic et al., 2024; Tefera et al., 2024; Yin 

et al., 2024). Among such inputs, vermicompost (VC) has 

emerged as a biofertilizer and bio stimulant that enhances soil 

nutrient, improves microbial activity, and supporting to long-

term soil fertility (Oyegue et al., 2023; Ganapathy et al., 

2025). VC is enriched with a wide range of bioactive 

compounds that promote plant growth and enhance defense 

responses. These compounds contribute to its beneficial 

effects on plant development through multiple physiological 

mechanisms. Among these metabolites, cadaverine, isovaleric 

acid, and guanylurea are primarily associated with plant 

growth stimulation by enhancing cell division, nutrient 

uptake, and overall plant vigor. In contrast, deoxyvasicinone, 

psoralen, and monocrotaline are mainly involved in activating 

plant defense signaling pathways, thereby improving 

resistance to biotic and abiotic stresses (Nadana et al., 2020). 

Plant developmental processes are further promoted by 

growth regulators present in vermicompost, including auxins 

such as indole-3-acetic acid (IAA) and indole-3-acetyl-L-

valine, cytokinins (e.g., zeatin), and gibberellins (e.g., GA₃), 

which stimulate cell division, cell elongation, root 

development, and overall plant growth (Grdisa et al., 2004). 

Carbohydrates such as inositol, glucose and acetyl-

glucosamine, as well as osmolytes such as malate, succinate 

and adenosine, are involved in stress tolerance and antifungal 

activity (Bundy et al., 2001; Griffith et al., 2017).  

Through these mechanisms, VC application 

significantly improved seed yield, with vermicompost-

https://creativecommons.org/licenses/by-nc/4.0/
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treated plants producing a higher yield (4126.7 kg ha⁻¹) 

compared with the control (3121.7 kg ha⁻¹), representing a 

32.2% increase. Similar yield-enhancing effects of 

vermicompost have been reported in other legume crops. 

Yürürdurmaz et al. (2022) observed improved seed yield in 

mungbean following vermicompost application, with the 

highest yield recorded under 8 t ha⁻¹ vermicompost 

application, while the non-vermicompost treatment 

produced the lowest yield (0.410 t ha⁻¹) (Mung et al., 

2014). Furthermore, farm waste-enriched vermicompost 

has been shown to enhance nutrient uptake in soybean, 

particularly increasing nitrogen uptake and improving 

phosphorus and potassium acquisition (Shukla et al., 

2023). These findings support the positive role of 

vermicompost in improving crop productivity and nutrient 

availability in legume production systems. 

Cowpea (Vigna unguiculata L.) is a vital grain legume 

for food and nutritional security in tropical and subtropical 

agroecosystems. It is valued for its high protein content, 

vitamins, and minerals, and its ability to fix atmospheric 

nitrogen, thereby improving soil fertility (Kebede & 

Bekeko, 2020; Abebe & Alemayehu, 2022). In Sri Lanka, 

cowpea was cultivated over an area of 3,271 ha with a total 

production of 3,286 t (Department of Agriculture, Sri 

Lanka, 2025). Conventional farming systems heavily relies 

on chemical fertilizers, yet their availability and 

affordability remain uncertain, and their long-term use 

poses risks to soil health and environmental sustainability 

(Montgomery et al., 2021; De Corato et al., 2024). Thus, 

there is a critical need to identify sustainable nutrient 

management strategies that support cowpea productivity 

while reducing dependence on inorganic fertilizer. 

Although vermicompost has been shown to improve 

legume growth and yield, evidence on varietal responses 

under tropical low-fertility conditions remains scarce. 

Most previous studies have primarily examined the effects 

of varying levels of vermicompost (VC) or its mixtures 

with other organic amendments (bagasse, bio-slurry, and 

kitchen waste compost), often focusing on specific 

cultivars or reporting generalized crop responses (Hossain 

et al., 2021; Harireddy et al., 2021; Ahmad et al., 2024). 

Overlooking the genotypes responses and interactions that 

shape nutrient use efficiency and yield outcomes 

(Sokolović et al., 2025). Despite increasing interest in 

vermicompost as a sustainable nutrient source, information 

regarding the response of different cowpea genotypes to 

varying vermicompost application levels remains limited, 

particularly under field conditions in Sri Lanka. Varietal 

differences in nutrient acquisition efficiency and growth 

responses may influence the effectiveness of 

vermicompost-based nutrient management. Therefore, 

understanding the interaction between cowpea genotype 

and vermicompost application level is essential for 

developing suitable recommendations for sustainable 

production systems. This study addresses this knowledge 

gap by evaluating the growth and yield performance of four 

cowpea varieties under different vermicompost application 

levels and determining their variety-specific responses 

under Low Country Wet Zone in Sri Lanka.  

 

 

 

Materials and Methods 

Planting Materials 

The plant material used in this study was Vigna 

unguiculata (L.) Walp., commonly known as cowpea, 

belonging to the family Leguminosae (Fabaceae). Four 

varieties recommended by the Department of Agriculture 

(DOA), Sri Lanka, were used for the study based on their 

agronomic performance and adaptation to local conditions.  

The varieties Dawala, Waruni, Bombay, and ANKCP 1 

were obtained from the Grain Legumes and Oil Crops 

Research and Development Center, Agunukolapelessa, Sri 

Lanka. 

 

Experimental Site 

The experiment was conducted at Mirigama, Sri Lanka 

(latitude 7°14′29″ N, longitude 80°7′57″ E), located in the 

Low Country Wet Zone (WL3). The experimental period 

spanned from September 2024 to April 2025. The site 

receives an annual rainfall ranging from 1100 mm to 1415 

mm, with a mean temperature range of 25 °C to 32 °C and 

a relative humidity of approximately 75%. The soil at the 

experimental site was classified as sandy loam. 

 

Vermicompost Preparation 

Vermicompost (VC) was prepared using kitchen waste 

and cow dung mixed in a 1:1 ratio. The composting process 

was carried out over 45 days using approximately 500g of 

earthworms of the species Eisenia fetida, following the 

method described by Wani and Rao, 2013. 

 

Experimental Treatments 

The experiment consisted of six treatments: T1 – Control 

(100% topsoil), T2 - 25% vermicompost (VC) (250 g VC + 

750 g topsoil), T3 -50% VC (500 g VC + 500 g topsoil), T4 - 

75% VC (750 g VC + 250 g topsoil), T5 - 100% VC (1 kg 

VC), and T6 - Chemical fertilizer recommendation by 

Department of Agriculture, Sri Lank ; Basal application of 

Urea (35 kg/ha), Triple Superphosphate (TSP) (100 kg/ha), 

and Muriate of Potash (MOP) (75 kg/ha), followed by a 

topdressing of Urea (30 kg/ha) at the onset of flowering. The 

factorial experiment consisted of six fertilizer treatments and 

four cowpea varieties. Each treatment–variety combination 

was replicated 15 times, resulting in 90 pots per variety (6 

treatments × 15 replicates) and a total of 360 pots for the entire 

experiment (6 treatments × 4 varieties × 15 replicates). Each 

pot served as a single experimental unit (replicate), and three 

cowpea plants were maintained in each pot throughout the 

experiment. Holes were made at the bottom of each bag to 

allow for proper drainage. The pots were placed in the 

experimental area with a uniform spacing of 30 cm between 

them to ensure adequate light and airflow (Figure 1). The 

nutrient composition of VC and top soil was determined prior 

to their application. Total nitrogen (N) was quantified using 

the Kjeldahl digestion and distillation procedure (Bremner 

and Mulvaney 1982). Available phosphorus (P) was analysed 

by the vanadium molybdate yellow colourimetric method 

(Jackson 1973), while potassium (K) concentration was 

measured with a flame photometer following wet acid 

digestion (Jackson 1973). Soil organic matter was assessed 

using the Walkley–Black wet oxidation technique (Walkley 

and Black 1934; Nelson and Sommers 1982). 
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Figure 1. Schematic field layout of the cowpea (Vigna unguiculata) experiment 

 

Table 1. Monthly environmental conditions  

Month Tem. Max (°C) Tem. min (°C) Rainfall (mm) Photoperiod (h) RH max (%) 

December 30.0 24.0 3.53 11.43 91 

January 29.8 22.3 5.80 11.45 98 

February 21.3 32.7 0.00 11.50 95 

March 27.0 26.0 3.11 11.46 92 
 

Table 2. Nutrient analysis of vermicompost 

 pH EC (ds/m) N% P% K% OM 

SLSI standard 6.5-8.5 4 1.0 0.5 1.0 20 

vermicompost 6.62 1.89 1.12 0.03 0.21 41.15 
 

Table 3. Nutrient analysis of soil used as control  

 pH EC N % P (mg kg⁻¹) K (mg kg⁻¹) OM % 

Soil 6.65 0.02 0.06 2 38.78 6.24 

 

Data Collection and Statistical Analysis 

Agronomic parameters were recorded weekly, starting 

from two weeks after planting (WAP) up to the eighth 

week. These included plant height (PH), Number of leaves 

(NL), Number of main branches (NB), and Number of 

nodes on the main stem (NNS), leaf area index (LAI), Days 

to flowering (DF)and yield parameters such as number of 

pods per plant (NPP), days to first mature pod (DFP), pod 

length (PL), pod width (PW), number of seeds per pod 

(NSP), and hundred-grain weight (HGW) were recorded 

Prior to statistical analysis, data were tested for normality 

using the Shapiro–Wilk test and for homogeneity of variances. 

To evaluate the main effects and interaction effects of the 

experimental factors across the study period, the data were 

initially subjected to a two-factor factorial analysis of variance 

(two-way ANOVA), considering cowpea variety (four levels) 

and vermicompost (VC) application level (six levels) as fixed 

factors. 

Following the detection of significant interaction 

effects between variety and VC application level, simple 

main effect analyses were performed to determine the 

response of each cowpea variety to different VC levels 

over time. For this purpose, weekly data were partitioned 

by variety, and separate one-way ANOVAs were 

conducted to evaluate the effect of VC application levels 

within each variety at each sampling period. Tukey’s 

Honestly Significant Difference (HSD) test at the 5% 

significance level was used for mean separation following 

significant effects. All statistical analyses were performed 

using Minitab software (version 17). 

Results  

 

Nutritional Analysis of Vermicompost  

Nutrient analysis confirmed favorable characteristics of 

the vermicompost (VC), with a near-neutral pH of 6.62 and 

an electrical conductivity of 1.89 dS/m, indicating the 

absence of acidity or salinity-related stress risks. The VC 

exhibited a relatively high nitrogen content (1.12%), which 

is above the range reported for mature vermicompost 

(SLSI, 2019). This positive deviation is primarily 

attributed to the high-quality organic feedstock selected for 

the vermicomposting process. Additionally, the organic 

matter content (41.15%) (Table 2). was substantially 

higher than SLSI standard (2019). While this stands as a 

deviation from the baseline standard, it indicates an 

extensively enriched organic matrix that serves as an 

excellent soil conditioner. The soil used for control pots 

(Table 3) showed a slightly high pH of 6.65 and very low 

electrical conductivity (0.02 dS/m), indicating non-saline 

conditions suitable for cowpea growth. 

 

Effect of Application of Vermicompost on Vegetative Traits 

Vermicompost application significantly enhanced 

vegetative growth parameters across all tested cowpea 

varieties. Weekly measurements demonstrated cumulative 

benefits, with higher concentrations (75% and 100% VC) 

consistently outperforming the chemical fertilizer and 

untreated control. These findings indicate VC’s potential 

as a sustainable organic amendment for improving 

vegetative growth.  
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Plant Height (PH): Plant height increased in response 

to vermicompost application across all varieties compared 

to the control treatment, indicating improved vegetative 

growth. In Dawala, no significant differences were 

observed at 2 WAP (p = 0.067). However, from 4 WAP 

onwards, vermicompost treatments (T2, T3, T4, and T5) 

generally resulted in greater plant height than the control. 

At 8 WAP, T4 recorded the highest mean plant height 

(43.50 ± 6.30 cm), although it was not significantly 

different from T2, T3, and T5 according to Tukey's test. All 

four vermicompost treatments produced taller plants than 

the control (26.88 ± 4.54 cm), while the chemical fertilizer 

treatment recorded an intermediate value (35.00 ± 5.60 cm) 

(Supplementary Figure 1). The variety Waruni exhibited a 

similar trend, with T5 plants achieving 41.72 ± 6.97 cm at 

8 WAP compared to 25.58 ± 6.98 cm in the control (Figure 

2). Bombay showed the most pronounced response, 

reaching 50.94 ± 3.00 cm under T5, more than twice the 

control height. In both Bombay and ANKCP 1 varieties, 

plant height was significantly affected by treatments across 

growth stages (from 4 WAP onwards). Treatment T5 

consistently produced the tallest plants, followed by T4, 

while T3, T2, and T6 showed moderate growth responses. 

T1 recorded the lowest plant height in both varieties. 

Overall, T5 was the most effective treatment in enhancing 

plant height in both Bombay and ANKCP 1 varieties 

(Supplementary Figure 1). Across all varieties, T5 

consistently promoted superior vegetative elongation, 

while T1 remained the least effective. 

Number of Leaves (NL): The number of leaves in all 

tested cowpea varieties Dawala, Waruni, Bombe and 

ANKCP 1, was positively influenced by increasing levels 

of vermicompost (VC), with 100% VC (T5: 100% VC) 

consistently producing the highest leaf numbers, especially 

at later growth stages (Supplementary Figure 2). In 

Dawala, T5 reached 15.40 ± 1.51 leaves at 8 WAP, 

substantially higher than the control (9.00 ± 0.77) (Figure 

3). Waruni and Bombay showed comparable responses, 

with T5 plants producing up to 14.00 ± 1.41 leaves. Even 

intermediate VC levels (T3 and T4) generally 

outperformed chemical fertilizer, highlighting the 

efficiency of organic amendments in sustaining foliar 

development. Compared with the other cowpea varieties, 

ANKCP 1 showed a stronger response to vermicompost 

application, particularly under T5. Although Bombay 

produced the highest final leaf number at 8 WAP, ANKCP 

1 maintained consistently high leaf production from 4 

WAP onwards and responded more rapidly to increasing 

vermicompost levels than Dawala and Waruni. 

Number of Branches (NB) and Nodes on Main Stem 

(NNS): VC application significantly increased branching 

and node formation (p < 0.001) (Supplementary Figure 3 

and 4). In the Dawala variety, significant treatment effects 

on branch number were evident from 6 WAP onwards, 

with T5 producing the highest number of branches at both 

6 and 8 WAP. 

The varieties of Dawala and Waruni recorded up to 

6.80 ± 0.89 and 7.00 ± 1.00 branches, respectively, under 

T5 at 8 WAP, while Bombay and ANKCP 1 showed up to 

13.40 ± 1.67 and 13.20 ± 1.30 branches (Figure 4). In the 

Dawala variety, the highest number of nodes at 8 WAP 

was observed under 100% vermicompost (T5: 

15.60 ± 3.29), significantly higher than T1 (5.60 ± 1.67) 

and T6 (8.80 ± 4.15) (p < 0.001) (Figure 5). 

 

 
Figure 2. Comparative assessment of plant height of different varieties in response to different VC concentration.  

T1 – Control, T2-25 % VC + 75% soil, T3-50% VC+50% soil, T4-75%VC+25% soil, T5-100% VC, T6-NPK recommended dosages 
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Figure 3. Comparative assessment of number of leaves of different varieties in response to different VC concentrations. 

T1 – Control, T2-25 % VC + 75% soil, T3-50% VC+50% soil, T4-75%VC+25% soil, T5-100% VC, T6-NPK recommended dosages 
 

 
Figure 4. Comparative assessment of number of branchers of different varieties in response to different VC concentrations 

 T1 – Control, T2-25 % VC + 75% soil, T3-50% VC+50% soil, T4-75%VC+25% soil, T5-100% VC, T6-NPK recommended dosages 
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Figure 5. Comparative assessment of number of nodes of different varieties in response to different VC concentrations. 

 T1 – Control, T2-25 % VC + 75% soil, T3-50% VC+50% soil, T4-75%VC+25% soil, T5-100% VC, T6-NPK recommended dosages   
 

 

Similarly, in Waruni, T5 recorded 12.80 ± 4.38 nodes 

at 8 WAP, in contrast to the control (7.60 ± 3.29) and 

chemical fertilizer (7.60 ± 1.67) (p = 0.014). Notably, 75% 

and 100% vermicompost levels (T4 and T5) consistently 

showed statistically higher node formation from 2 to 8 

WAP. ANKCP 1 showed remarkable growth under 

vermicompost, with T5 reaching 13.00 ± 1.58 nodes at 8 

WAP compared to T1 (4.00 ± 1.41) and T6 (8.80 ± 1.48), 

indicating a highly positive response (p < 0.001). Likewise, 

Bombay responded significantly to vermicompost, where 

T5 achieved 13.20 ± 1.09 nodes, far exceeding T1 

(6.40 ± 1.67) and T6 (9.20 ± 1.78) (p = 0.001). 

Leaf Area Index (LAI): LAI increased markedly with 

VC, particularly at later growth stages (6–8 WAP) 

(Supplementary Figure 5). Dawala and Waruni reached 

37.01 ± 7.99 and 48.31 ± 13.86 under T5, while Bombay 

and ANKCP 1 achieved 79.26 ± 14.97 and 60.46 ± 18.93, 

respectively. T5 consistently outperformed T6 and the 

control, demonstrating the impact of VC on canopy 

expansion and photosynthetic capacity (Figure 6). 

Days to Flowering (DF): VC also accelerated 

reproductive development. In Dawala and Waruni, T5 plants 

flowered at 35 ± 0.83 days, significantly earlier than T6 (38.00 

± 1.92) and controls (54.00 ± 6.42). Bombay followed the 

same trend, with T5 flowering at 48.00 ± 6.12 days versus 

63.00 ± 2.74 days for chemical fertilizer and 72.00 ± 5.43 days 

for the control. Across varieties, T4 and T5 consistently 

promoted earlier flowering, indicating enhanced nutrient 

availability and growth stimulation (Figure 7). 

Effect of Vermicompost Concentrations on yield 

Traits of selected cowpea Varieties 

VC also significantly improved reproductive 

performance, with key traits including days to first pod 

(DFP), pod length (PL), number of seeds per pod (NSP), 

and hundred-grain weight (HGW) responding to 

treatments (p < 0.05, Table 4). 

Days to First Pod (DFP): High VC concentrations 

accelerated pod maturity. Dawala reached DFP at 47.20 

days under T5, compared to 68.20 days in the control. 

Waruni and ANKCP 1 matured at 48.00 and 47.00 days, 

respectively, under T5, while Bombay required 56.00 days. 

These results indicate that T5 promotes rapid reproductive 

transition across genotypes. 

Pod Length (PL): Pods elongated significantly under 

VC. Dawala achieved 15.62 cm under T5, more than 

double the control (7.28 cm). Waruni and ANKCP 1 

reached 14.30 cm and 16.24 cm, respectively, while 

Bombay increased from 4.50 cm to 10.44 cm. Higher VC 

concentrations supported enhanced pod development 

compared to chemical fertilizer. 

Number of Seeds per Pod (NSP): Seed set also 

improved under VC. Dawala produced 9.00 seeds per pod 

under T5 versus 4.60 in the control. Waruni and ANKCP 1 

averaged 10 seeds, and Bombay produced 9.00 seeds 

compared to 4.20 in the control. Intermediate VC levels 

(T3 and T4) provided moderate gains, while chemical 

fertilizer improved NSP less consistently. 
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Figure 6. Comparative assessment of Leaf area index of different varieties in response to different VC concentrations. 

 T1 – Control, T2-25 % VC + 75% soil, T3-50% VC+50% soil, T4-75%VC+25% soil, T5-100% VC, T6-NPK recommended dosages 
 

 

 
Figure 7. Comparative assessment of Days to Flowering of different varieties in response to different VC concentrations 

T1 – Control, T2-25 % VC + 75% soil, T3-50% VC+50% soil, T4-75%VC+25% soil, T5-100% VC, T6-NPK recommended dosages 
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Table 4 Effect of different vermicompost applications on reproductive traits of selected cowpea varieties 

Variety Treatments 
Days to first 
Mature pod 

Average Number 
of pods Per plant 

Pod length 
(cm) 

Seeds Per 
Pod 

Hundred grain 
weight 

Dawala  

T1 68.20 ± 1.92a 4.23 ± 2.23c 7.28 ± 2.45d 4.60 ± 1.14c 3.80 ± 0.20d 
T2 53.20 ± 3.56b 6.15 ± 1.56b 11.28 ± 0.65bc 6.40 ± 1.14b 5.00 ± 0.35bc 
T3 49.80 ± 2.16bc 7.03 ± 3.41b 12.80 ± 0.62ab 7.40 ± 0.89ab 5.40 ± 0.36ab 
T4 49.00 ± 2.00bc 7.65 ± 2.00b 14.20 ± 0.61ab 8.60 ± 0.54a 5.60 ± 0.30a 
T5 47.20 ± 1.14c 8.12 ± 3.45a 15.62 ± 0.44a 9.00 ± 0.70a 6.00 ± 0.28a 
T6 49.80 ± 1.78bc 5.13 ± 3.21c 8.44 ± 2.55cd 8.00 ± 0.70ab 4.60 ± 0.33c 
P value  0.0001 0.0001 0.0001 0.0001 0.001 

Waruni  

T1 61.40 ± 5.50a 4.31 ± 1.23c 8.08 ± 1.68c 6.20 ± 0.83c 4.20 ± 0.30d 
T2 55.80 ± 2.77ab 6.12± 2.12bc 10.82 ± 1.55bc 7.60 ± 1.14bc 5.00 ± 0.35bc 
T3 52.60 ± 2.30bc 7.45 ± 1.23b 11.16 ± 1.55b 7.80 ± 1.30abc 5.20 ± 0.32bc 
T4 49.80 ± 1.64bc 7.35 ± 2.23b 12.02 ± 1.31ab 9.40 ± 1.51ab 5.60 ± 0.34ab 
T5 48.00 ± 1.00c 9.12 ±1.27a 14.30 ± 1.31a 10.00 ± 1.00a 6.00 ± 0.28a 
T6 52.60 ± 5.13bc 5.65 ± 2.74c 10.98 ± 2.10bc 8.20 ± 0.83abc 4.80 ± 0.30c 
P value  0.0001 0.0001 0.0001 0.0001 0.0001 

ANKCP 1 

T1 62.00 ± 3.24a 3.34±0.09b 7.58 ± 1.43d 5.20 ± 1.64c 3.60 ± 0.25d 
T2 57.20 ± 1.92ab 3.86±1.18b 10.74 ± 0.80c 7.40 ± 1.14bc 4.80 ± 0.32bc 
T3 55.60 ± 2.88bc 3.39±2.22b 12.10 ± 1.01bc 7.80 ± 1.30abc 5.00 ± 0.31bc 
T4 50.40 ± 1.87cd 5.65±1.19a 14.32 ± 0.73ab 9.20 ± 1.30ab 5.60 ± 0.36ab 
T5 47.00 ± 1.00d 6.18± 3.11a 16.24 ± 0.68a 10.40 ± 1.14a 6.00 ± 0.28a 
T6 55.20 ± 4.45bc 3.23 ± 2.33b 11.18 ± 2.20c 8.60 ± 1.51ab 4.60 ± 0.34c 
P value 0.000 0.000 0.000 0.000 0.000 

Bombay  

T1 81.60 ± 5.94a 4.51± 0.45c 4.50 ± 0.61d 4.20 ± 0.83c 3.20 ± 0.25d 
T2 77.20 ± 1.48ab 6.12±1.2b 6.28 ± 0.54c 6.00 ± 1.58bc 4.50 ± 0.35c 
T3 73.40 ± 6.27ab 6.53±0.3b 6.84 ± 0.92bc 6.40 ± 1.14bc 4.60 ± 0.31bc 
T4 70.00 ± 3.32b 6.48±1.4b 8.06 ± 0.70b 7.40 ± 1.14ab 5.20 ± 0.31ab 
T5 56.00 ± 5.61c 7.14± 0.63a 10.44 ± 0.94a 9.00 ± 1.22a 6.00 ± 0.28a 
T6 72.00 ± 3.16b 4.31±0.42c 6.960 ± 0.99bc 6.80 ± 0.83ab 4.80 ± 0.30bc 
P value  0.000 0.00 0.000 0.000 0.000 

 *Value represented the mean ± standard error of replicates, mean value in a column having dissimilar letters indicate significant difference at a 5% 
level of significance according to Tukey's HSD Test. 

 

Table 5. The interaction effect of fertilizer concentration and variety on growth parameters and yield 

Factor PH NL NMB NNMS LAI DF 

Fertilizer Concentration 4632.0* 632.7* 370.5* 938.54* 22201* 5740.2* 

Variety 183.9* 1062.0* 497.9* 44.22 8663* 10483.0* 

Fertilizer concentration × Variety 745.4* 208.0* 131.6* 79.63 4379* 705.2* 

Model Summary R-Sq(adj) 69.05% 81.72% 80.91% 56.54% 71.01% 93.07% 

Factor D1MP NP PL SP SL 

Fertilizer Concentration 3905.8* 42.167* 623.69* 246.267* 2.7477* 

Variety 7406.5* 4.633 453.45* 48.333* 1.5661* 

Fertilizer concentration × Variety 748.8* 15.167 68.26* 7.267 0.3871* 

Model Summary R-Sq(adj) 89.48% 40.94% 84.34% 63.58% 82.38% 
PH: Plant Height (Adj ss); NL: Number of Leaves (Adj ss); NMB: Number of Main Branches (Adj ss); NNMS: Number of nodes in main stem (Adj 
ss); LAI: Leaf area index (Adj ss); DF: Days to flowering (Adj ss); D1MP: Days to 1st mature pods (Adj ss); NP: Number of pods (Adj ss); PL: Pod 

length (Adj ss); SP: Seeds per pods (Adj ss); SL: Seed length (Adj ss); *Indicates significance at p < 0.01 

 

Hundred-Grain Weight (HGW): Hundred grain weight 

(HGW) of cowpea was significantly influenced by 

different vermicompost applications across all four 

varieties tested (p < 0.001). The lowest HGW values were 

consistently observed under the control treatment (T1), 

ranging from 3.20 g in Bombay to 3.80 g in Dawala. 

Application of vermicompost progressively increased seed 

weight, with the highest values recorded under T5 across 

all varieties. Notably, Dawala, Waruni, ANKCP1, and 

Bombay each reached 6.00 g HGW under T5, representing 

almost a two-fold improvement compared with their 

respective controls. Intermediate treatments (T2–T4) also 

improved seed weight significantly over the control, 

though not to the same extent as T5, while T6 produced 

moderate increases ranging from 4.60 g (Dawala) to 4.80 

g (Bombay and Waruni). 

 

Interaction Effect Between Vermicompost 

Concentration and Variety on Vegetative Parameters and 

Yield Related Traits  

The two-way ANOVA revealed that both VC 

concentration and cowpea variety had a statistically 

significant effect (p < 0.05) on all vegetative and yield-

related traits examined, except for the NNS, which was 

significantly affected only by fertilizer concentration and 

the interaction term, but not by variety. Fertilizer 

concentration significantly affected PH (Adj SS = 4632.0), 

NL (632.7), NB (370.5), and LAI (938.54).  
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Table 6. Effects of interaction on vegetative Parameters 

Interactions PH (C) PH p NL(C) NL p NB(C) 

Constant 34.92 0.00 14.1 0.00 7.53 

T1 × ANKCP 1 0.87 0.57 2.4 0.00 -1.34 

T1 × Bombay -3.34 0.03 -3.8 0.00 -2.28 

T1 × Dawala 0.68 0.66 0.3 0.603 1.89 

T2 × ANKCP 1 -0.72 0.64 0.1 0.849 -0.79 

T2 × Bombay -3.42 0.03 -0.4 0.534 -0.13 

T2 × Dawala 1.56 0.32 0.1 0.889 0.24 

T3 × ANKCP 1 0.55 0.73 -0.1 0.849 -0.99 

T3 × Bombay -2.29 0.14 0.1 0.829 0.88 

T3 × Dawala -0.33 0.83 -0.4 0.585 -0.16 

T4 × ANKCP 1 -2.75 0.08 -0.5 0.47 0.46 

T4 × Bombay 3.22 0.04 1.0 0.133 0.53 

T4 × Dawala -0.68 0.66 -0.7 0.282 -0.51 

T5 × ANKCP 1 -1.39 0.37 -1.7 0.012 1.56 

T5 × Bombay 5.97 0.00 3.4 0 0.83 

T5 × Dawala -2.61 0.10 -0.7 0.282 -1.41 

Interactions NB p NNS(C) NNS p LAI(C) LAI p 

Constant 0.00 10.24 0.00 39.72 0.00 

T1 × ANKCP 1 0.007 -0.69 0.425 -1.83 0.63 

T1 × Bombay 0.00 1.38 0.115 -12.5 0.00 

T1 × Dawala 0.00 -0.69 0.425 10.14 0.01 

T2 × ANKCP 1 0.107 0.21 0.81 -5.78 0.13 

T2 × Bombay 0.798 0.68 0.437 0.94 0.80 

T2 × Dawala 0.621 -0.19 0.825 4.94 0.19 

T3 × ANKCP 1 0.044 -0.14 0.87 3.44 0.36 

T3 × Bombay 0.075 -1.28 0.143 -5.56 0.14 

T3 × Dawala 0.746 -0.14 0.87 -1.61 0.67 

T4 × ANKCP 1 0.349 -0.14 0.87 1.68 0.65 

T4 × Bombay 0.284 -1.48 0.091 10.52 0.01 

T4 × Dawala 0.299 0.86 0.323 -4.64 0.22 

T5 × ANKCP 1 0.002 0.06 0.946 0.38 0.92 

T5 × Bombay 0.093 -0.08 0.931 12.02 0.00 

T5 × Dawala 0.005 1.06 0.224 -7.13 0.06 
C- Coefficient value, P- Probability value, T1-Control, T2-25% VC, T3-50%VC, T4-75% VC, T5-100% VC; PH- Plant height, NL- number of leaves, 
NB- number of branches, NNS- number of nodes in main stem, LAI -Leaf area index 

 

Variety also had a significant effect on the NL (1062.0) 

and NB (497.9), indicating genetic differences in 

vegetative growth potential. The interaction effect was 

significant for all vegetative parameters except the NNS, 

suggesting differential variety responses to VC levels.  

The DF and DFP were significantly influenced by both 

main factors and their interaction, with very high adjusted R² 

values (93.07% and 89.48%, respectively), suggesting strong 

predictive models. VC concentration showed a particularly 

strong effect on DF (Adj SS = 22,201), indicating its potential 

to advance reproductive development (Table 5). Yield traits 

such as NPP, PL, NSP, and SL also showed significant 

interaction effects. The interaction analysis between VC 

concentration and cowpea variety revealed significant and 

differential effects on vegetative parameters. Among the 

combinations, Bombay under 100% VC (T5) consistently 

showed greater vegetative development in plant height, leaf 

number, and LAI. In contrast, Bombay under control 

consistently underperformed, showing significant reductions 

in all measured traits (Table 6). These results indicate the 

importance of selecting cowpea varieties with optimal 

fertilizer concentrations. Moreover, the interaction between 

VC concentration and cowpea variety had a significant effect 

on yield-related traits. Notably, Bombay showed earlier 

flowering and maturity under 100% VC (T5), while Dawala 

exhibited delayed flowering and maturity under control and 

low compost treatments (Table 7). Pod characteristics such as 

PL and SL were optimized at intermediate compost levels 

(e.g., T3), especially in Dawala and Bombay. 

 

Discussion  

 

The present study investigated the impact of varying 

concentrations of vermicompost (VC) on the growth, 

development, and yield of seven cowpea (Vigna 

unguiculata) varieties under Sri Lankan lowland wet zone 

conditions. The application of vermicompost has been 

consistently associated with improvements in cowpea 

growth, yield components. Recent studies highlight that 

VC enhances nutrient mineralization and provides a 

continuous supply of nitrogen, phosphorus, and potassium, 

supporting vegetative growth and reproductive 

development (Sande et al., 2024). VC application had a 

significant positive effect on the plant height, the number 

of leaves, the number of branches, and the leaf area index 

(LAI) of all cowpea varieties. As an example, 100% VC 

(T5)-treated plants had a height of 43.50 cm at 8 weeks of 

planting (WAP), versus 26.88 cm in the control group 

(variety Dawala). 
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Table 7 Effects of interaction on reproductive Parameters 

Interaction DF (C) DF (p) DM (C) DM (p) NP (C) NP (p) 

Constant 47.40 0.00 58.13 0.00 1.88 0.00 

T1 × ANKCP 1 0.07 0.95 -2.73 0.03 0.23 0.39 

T1 × Bombay -4.10 0.00 -0.27 0.83 0.03 0.90 

T1 × Dawala 0.47 0.68 5.13 0.00 -0.03 0.90 

T2 × ANKCP 1 0.62 0.59 -0.08 0.95 -0.12 0.67 

T2 × Bombay 3.45 0.00 2.78 0.02 0.48 0.08 

T2 × Dawala -2.58 0.03 -2.42 0.05 0.02 0.95 

T3 × ANKCP 1 1.62 0.16 1.32 0.28 -0.07 0.81 

T3 × Bombay 2.85 0.01 1.98 0.10 0.13 0.62 

T3 × Dawala -1.58 0.17 -2.82 0.02 0.27 0.33 

T4 × ANKCP 1 -1.48 0.20 -0.83 0.49 0.03 0.90 

T4 × Bombay 2.35 0.04 1.63 0.18 0.23 0.39 

T4 × Dawala 1.52 0.19 -0.57 0.64 -0.03 0.90 

T5 × ANKCP 1 -0.48 0.67 0.97 0.43 -0.32 0.25 

T5 × Bombay -5.45 0.00 -7.17 0.00 -0.72 0.01 

T5 × Dawala 3.72 0.00 3.03 0.01 -0.18 0.50 

Interaction PL (C) PL (p) SPP (C) SPP (p) SL (C) SL (p) 

Constant 10.50 0.00 7.57 0.00 0.39 0.00 

T1 × ANKCP 1 -0.80 0.09 -0.38 0.35 -0.01 0.65 

T1 × Bombay 0.97 0.04 0.08 0.84 -0.05 0.09 

T1 × Dawala -0.68 0.15 -0.22 0.59 0.02 0.52 

T2 × ANKCP 1 -0.56 0.24 0.02 0.97 0.02 0.63 

T2 × Bombay -0.17 0.72 0.08 0.84 0.08 0.02 

T2 × Dawala 0.41 0.39 -0.22 0.59 -0.04 0.22 

T3 × ANKCP 1 -0.14 0.76 -0.08 0.84 -0.04 0.22 

T3 × Bombay -0.55 0.24 -0.02 0.97 0.16 0.00 

T3 × Dawala 0.98 0.04 0.28 0.49 -0.07 0.02 

T4 × ANKCP 1 0.65 0.17 0.02 0.97 0.02 0.58 

T4 × Bombay -0.76 0.10 -0.32 0.44 -0.02 0.49 

T4 × Dawala 0.97 0.04 0.18 0.65 0.02 0.47 

T5 × ANKCP 1 0.57 0.23 0.27 0.51 0.06 0.07 

T5 × Bombay -0.39 0.41 0.33 0.41 -0.08 0.01 

T5 × Dawala 0.37 0.43 -0.37 0.37 0.00 0.93 
C- Coefficient value, P- Probability value, T1-Control, T2-25% VC, T3-50%VC, T4-75% VC, T5-100% VC. DF = Days to flowering, DM = Days to 
1st mature pods, NP = Number of pods, PL = Pod length, SPP = Seeds per pod, SL = Seed length 

 

In the same way, there were pronounced gains in height 

of varieties of Waruni and Bombay at 100% VC 

application. The high nitrogen level and organic matter of 

the VC utilized in the present study can be attributed to the 

increase in vegetative growth. These are nutrients vital to 

chlorophyll formation and the general health of the plant. 

Moreover, the VC pH (6.62) is neutral, which means the 

environment is conducive to absorption of nutrients and 

reduces stress on the ecosystem caused by acidity or 

salinity. Moreover, (Harireddy et al.2021) reported 

vegetative growth can be enhanced by VC application. 

Similarly, other organic amendments have been cited to 

improve cowpea performance. Fresh and dry biomass use 

was enhanced by bio-slurry application with a pod yield 

2.5 times higher than that achieved with chemical 

fertilizers, whereas kitchen waste compost enhanced root 

length and diameter growth (Hossain et al. 2021). The 

similarity between vermicompost and other organic 

amendments indicates that the higher cowpea growth in the 

presence of T5 may have been due to better nutrient 

availability, microbial stimulation, and improvement of 

soil health, all of which are usual to organic amendments. 

This indicates the expanded prospect of organic 

fertilization techniques, especially vermicompost, in the 

sustainable stimulation of vegetative growth and total 

productivity of cowpea. In the present study, 

vermicompost-amended media likely improved the 

physical environment for plant growth by enhancing 

moisture retention and improving soil structure compared 

to the control. Similar findings have been reported where 

organic amendments improved soil aggregation, reduced 

bulk density, and increased water retention, thereby 

supporting better crop growth and yield performance 

(Kang et al., 2022). Regarding biotic stress, pest and 

disease incidence was generally low across treatments, 

with no severe outbreaks observed that could significantly 

alter vegetative and yield.  

Reproductive development was also accelerated in 

cowpea by using VC application. As an illustration, 

Dawala plants flowering at T5 required only 34.80 days, 

which is much earlier than the control (54.20 days). Such 

acceleration during flowering and pod formation may be 

explained by the availability of more nutrients and better 

soil structure which stimulates the functionality of roots 

and uptake of nutrients. These ideas are corroborated with 

studies that about organic amendments have the potential 

to induce early flowering and fruit-setting in legumes 

(Malsawmkimi et al., 2024). The superiority of 

vermicompost has also been highlighted in common bean, 

where increasing soil replacement with compost and 
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vermicompost improved plant growth and yield, with 

100% VC recording the highest vegetative, root, and yield 

values (Al Tawarah et al., 2024). The application of VC at 

higher concentrations resulted in substantial improvements 

in yield-related traits. The variety Dawala under T5 

produced pods with lengths up to 15.62 cm and 9 seeds per 

pod, compared to 7.28 cm and 4.60 seeds per pod in the 

control. Similarly, Bombay plants exhibited significant 

increases in pod length and seed number under T5.  

These enhancements in yield attributes are consistent 

with findings by Sharif et al. (2019), who reported 

increased fruit yield in cowpea with VC application. Mixed 

applications of biochar-vermicompost on Egyptian sandy 

soils have shown that not only did the cowpea yield 

increase, but the grain quality increased and showed great 

improvement in protein, carbohydrate, and oil content as 

well as macronutrient accumulation which is a direct result 

of the synergistic effect of applying the organic inputs 

(Essa et al., 2025). The enhanced yield can be attributed to 

the synergies between the nutrient content of VC and its 

ability to improve the activities of microbes in the soil. VC 

application was found to enhance soil fertility and structure 

that result in enhanced root development and nutrient 

uptake which is essential in pod and seed development in 

legumes (Al-Tawarah et al., 2024). The two-way ANOVA 

results indicated significant interactions between VC 

concentration and cowpea variety when examining most of 

the vegetative and yield-related traits. It shows that cowpea 

varieties respond differently to VC application. 

Indicatively, the variety Bombay had the strongest reaction 

to T5, with significant growth of vegetation and yield 

parameters. Conversely, Dawala plants exhibited late 

flowering and maturity in the control and low VC 

treatments. The resulting different responses also highlight 

the significance of using specific concentrations of VC 

based on particular cowpea varieties to achieve favorable 

growth and yield effects. 

Although chemical fertilizers are widely applied to 

boost crop productivity, the current study discovered that 

VC application at higher concentrations (75% and 100%) 

continued to outperform the chemical fertilizer treatment 

(T6) in terms of vegetative growth, reproductive 

development, and yield. Indicatively, regarding the 

hundred-grain weight T5-treated plants had a value of 6.00 

g in Dawala, 4.60g in control. These results imply that in 

addition to valuable nutrients, VC enhances the health of 

the soil itself and results in improved crop performance in 

comparison to synthetic fertilizers. The significant 

interaction between cowpea variety and vermicompost 

application level indicates that varietal response to 

vermicompost is genotype-dependent, and therefore a 

single application rate may not be equally effective for all 

varieties. Among the tested treatments, higher 

vermicompost application levels generally promoted 

superior growth and yield, although the magnitude of the 

response varied among varieties. These findings highlight 

the importance of selecting appropriate variety–

vermicompost combinations to maximize productivity. 

From a practical perspective, vermicompost can serve as a 

sustainable nutrient source for cowpea cultivation by 

enhancing crop performance while reducing reliance on 

synthetic fertilizers, particularly under field conditions 

similar to those of the present study. 

Conclusion 

 

Vermicompost application significantly improved both 

vegetative and reproductive traits compared with chemical 

fertilizer and untreated control treatments, confirming its 

strong biostimulant effect on cowpea growth. Although the 

highest values of most growth and yield parameters were 

generally recorded at the 100% vermicompost level, 

substantial improvements were already evident at 

intermediate application rates (25–75%), indicating that 

reduced doses can still deliver considerable agronomic 

benefits. The significant interactions observed between 

vermicompost and the genetic background of the varieties, 

particularly for plant height, number of main branches, 

number of leaves, and leaf area index, highlight genotype-

specific responses to the synergistic effects of 

vermicompost. Vermicompost represents a promising 

component of integrated nutrient management systems, 

though further field-based validation is required before 

large-scale substitution of chemical fertilizers. 
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Abbreviations and Units 

Abbreviation Description 

CRD Completely Randomized Design 

°C Degree Celsius 

DOA Department of Agriculture 

g Gram 

HGW Hundred-Grain Weight 

LAI Leaf Area Index 

NB Number of Main Branches 

NL Number of Leaves 

NNS Number of Nodes on the Main Stem 

NPP Number of Pods per Plant 

NSP Number of Seeds per Pod 

OM Organic Matter 

PH Plant Height 

PL Pod Length 

PW Pod Width 

T Treatment 

VC Vermicompost 

WAP Weeks After Planting 

DF Days to Flowering 

DFP Days to First Mature Pod 
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