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Abstract—Ladybird beetles (Coccinellidae) are one of the 

most effective natural predators used in biological pest 

control. This study evaluates their ecological importance 

and role in sustainable agriculture by comparing their 

population diversity and predatory performance in 

organic and conventional farming systems. Field 

sampling was conducted over a six-month period to 

assess species richness, abundance, and pest suppression 

efficiency. Results showed significantly higher diversity, 

survival, and predatory success in organic farms 

compared to chemically treated fields. Organic agro 

ecosystems supported five species of ladybird beetles, 

while conventional monoculture fields had only two. Pest 

populations, particularly aphids, were considerably 

lower where ladybird beetle density was higher. The 

findings indicate that conservation of ladybird beetles 

can reduce dependence on chemical pesticides and 

enhance biodiversity-based pest management. 

Integrating ladybird beetles into farming strategies is 

therefore essential for long-term ecological 

sustainability. 

 

I. INTRODUCTION 

 

Sustainable agriculture aims to maintain long-term 

productivity while minimizing environmental impact 

and preserving biodiversity. Biological control is a 

core component of sustainable pest management and 

involves the use of natural predators instead of 

synthetic pesticides. Among beneficial insects, 

ladybird beetles (Family: Coccinellidae) are 

particularly valuable due to their ability to feed on 

harmful pests such as aphids, whiteflies, mites, and 

soft-bodied insects. 

Modern agriculture, especially monoculture farming 

and the excessive use of pesticides, has resulted in 

declining populations of beneficial insects. This not 

only leads to pest resurgence but also affects 

ecological interactions. In contrast, organic and 

diversified farming practices create more favorable 

conditions for natural enemies by providing floral 

resources, prey availability, and minimal chemical 

interference. 

Ladybird beetles serve multiple ecological functions: 

They regulate pest populations naturally. 

Their presence promotes ecological balance. 

Their abundance reflects environmental health and 

biodiversity quality. 

Understanding the role of ladybird beetles in agro 

ecosystems can help reduce pesticide dependency and 

support the development of sustainable farming 

strategies. Hence, this study aims to compare ladybird 

beetle biodiversity and pest suppression efficiency in 

organic and conventional farms and evaluate their 

potential in ecologically-based agricultural practices. 

 

II. METHODOLOGY: 

 

2.1 Study Area 

The study was conducted across two types of 

agricultural systems: 

Farm Type            Location Description 

Organic Farm            Mixed cropping, no chemical 

pesticide use 

Conventional Farm Monoculture, chemical 

pesticide-based 

The study duration was 6 months, covering peak 

cropping seasons (February–July). 

 

2.2 Sampling Procedure 

Collection Method: Sweep net, visual hand-picking, 

and yellow sticky traps 

Sampling Frequency: Twice a month 

Sampling Effort: 10 sweeps per site each visit 
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Identification: Specimens were preserved in ethanol 

(70%) and identified using entomological keys 

(Hodek & Honěk, 2009). 

 

2.3 Data Recorded 

Parameters Studied Description 

Species richness Number of ladybird beetle species 

Abundance             Individuals per square meter 

Pest density.        Aphids per leaf or m² 

Predator-prey ratio Ladybird count: Aphid 

count 

Biodiversity indices Shannon–Wiener Index 

(H'), Simpson Index 

 

2.4 Biodiversity Analysis 

Biodiversity was calculated using: 

 Shannon-Wiener Index (H’): 

 
 Species Richness (S): 

Number of species present. 

 Pest Suppression Efficiency 

 

2.5 Statistical Analysis 

Data expressed as mean ± standard deviation (SD) 

Independent t-test for comparing organic vs 

conventional farm data 

Pearson’s correlation between ladybird abundance and 

pest density 

Significance level maintained at p < 0.05. 

 

III. RESULTS 

 

The study showed that ladybird beetle diversity and 

abundance were significantly higher in organic 

farming systems compared to conventional farms. 

This resulted in better pest control efficiency in 

organic fields. 

3.1 Comparison of Biodiversity and Pest Density 

Parameter                            Organic Farm

 Conventional Farm 

Species count                                              5 2 

Shannon–Wiener Index (H’)           1.68 ± 0.05

 0.94 ± 0.03 

Ladybird abundance (beetles/m²)14.3 ± 1.2 5.7 ± 0.9 

Pest density (aphids/m²)              40 ± 6 125 ± 12 

Pest suppression efficiency (%) 72% ± 3.4 29% ± 

2.9 

 

 
 

The highest ladybird population (16/m²) was recorded 

during the flowering stage of mustard crop in the 

organic field. 

A strong negative correlation (r = –0.81, p < 0.01) was 

observed between ladybird abundance and pest 

density in organic farms. 

 

3.2 Predator–Prey Interaction 

In organic farms, the average predator-prey ratio was 

1:3, indicating effective natural pest suppression. 

In conventional farms, the ratio was 1:15, showing 

poor biological control due to pesticide interference. 

 

3.3 Statistical Findings 

Independent t-test showed a significant difference (p < 

0.05) in species richness and abundance between the 

two farming systems. 

Regression analysis confirmed that higher ladybird 

beetle density resulted in lower pest levels. 
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3.4 Developmental Observation 

Ladybird beetles in organic farms completed their life 

cycle faster (18–19 days) compared to 21–23 days in 

conventional farms, possibly due to better prey 

availability and absence of pesticide stress. 

 

IV. DISCUSSION 

 

The findings of this study clearly demonstrate that 

ladybird beetle diversity and abundance are 

significantly higher in sustainable, organic agricultural 

systems than in conventional mono-cropping 

environments. Organic farms supported a greater 

number of species (5 species) and a higher mean 

abundance (14.3 beetles/m²) compared to 

conventional farms (5.7 beetles/m²), where only two 

species were recorded. This indicates that farming 

practices that minimize pesticide usage and promote 

crop diversity provide a more favorable habitat for 

beneficial insects. 

The reduced pest density (40 aphids/m² in organic 

farms vs 125 aphids/m² in conventional fields) 

suggests that higher ladybird beetle populations 

contribute to enhanced biological pest suppression. 

The strong negative correlation (r = –0.81, p < 0.01) 

between ladybird abundance and pest density further 

confirms their efficiency as natural predators. This 

aligns with previous research by Obrycki and Kring 

(1998), who reported that predatory insects such as 

ladybird beetles regulate pest populations efficiently 

under low chemical interference. 

The ecological advantage of organic farming can be 

attributed to: 

Greater prey availability, including non-target soft-

bodied insects. 

Presence of flowering companion plants that provide 

nectar and pollen resources. 

Absence of harmful pesticides, which often reduce 

non-target beneficial insect populations. 

Diverse habitat structure, supporting predator survival 

and reproduction. 

In contrast, conventional pesticide-based farming 

systems lead to the decline of natural enemy 

populations through direct toxic effects and disruption 

of prey availability. Hodek and Honěk (2009) also 

emphasized that intensive pesticide application can 

disturb predator-prey dynamics, resulting in 

ineffective biological control and increased pest 

resistance. 

This study confirms that ladybird beetles act as 

ecological indicators of field biodiversity. High 

Shannon Index scores in organic farms (1.68 ± 0.05) 

reflect strong ecosystem resilience and sustainability. 

Additionally, faster development and higher survival 

rates recorded in natural, pesticide-free environments 

reinforce their suitability as bioagents in integrated 

pest management (IPM) programs. 

Thus, conservation of ladybird beetles within 

agricultural landscapes is vital for ecological stability, 

long-term pest management, and reducing chemical 

inputs. This supports the concept of "ecological 

intensification," recommended by FAO (2021), where 

biodiversity is used to enhance productivity rather than 

synthetic inputs. 

 

V. CONCLUSION 

 

The results of this study clearly demonstrate that 

ladybird beetles play an essential role in sustaining 

ecological balance and enhancing pest regulation in 

agricultural ecosystems. Their abundance and species 

richness were significantly higher in organic farming 

systems compared to conventional monoculture fields. 

The greater availability of natural prey, absence of 

chemical pesticides, and presence of vegetation 

diversity create favorable environmental conditions 

that support the survival, development, and 

reproductive capacity of ladybird beetles. 

A strong negative correlation between ladybird beetle 

population and pest density confirms their efficiency 

as natural biological control agents. The pest 

suppression efficiency was more than double in 

organic systems (72% ± 3.4%) compared to 

conventional farms (29% ± 2.9%), indicating that 

biodiversity-based pest management is more effective 

than chemical-based control. 

This study concludes that ladybird beetles not only act 

as natural pest regulators but also serve as 

bioindicators of agroecosystem health. Their 

conservation should be promoted through ecological 

farming practices, reduced pesticide dependency, and 

enhancement of habitat complexity. Integrating 

ladybird beetles into Integrated Pest Management 

(IPM) strategies can contribute towards sustainable 

agriculture, environmental protection, and long-term 

food security. 
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