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ABSTRACT: 

  

The escalating challenges of food security, environmental 

degradation, and climate change have rekindled interest 

in the fundamental contributions of biodiversity to 

agricultural systems, particularly for organic farming. 

This review emphasizes the significant role of 

biodiversity on two key ecosystem functions: pest control 

and nutrient cycling. Biodiversity provides the foundation 

for pest management in organic systems that prohibit 

synthetic pesticides. Diverse plantings create a variety of 

habitats that facilitate colonization by natural enemies, 

which in turn can regulate pests across crop habitats 

within landscapes. Moreover, genetic diversity within 

crops increases disease resistance with respect to many 

pathogens, including viruses and bacteria, reducing 

dependence on inputs and fostering cost-effective 

economic and ecological stability. Biodiversity also forms 

the foundation for nutrient cycling via soil organisms that 

decompose composts and cycle soil nutrients for primary 

production. How botanical diversity enhances rapid 

decomposition remains unresolved but is likely due to a 

concomitant increase in decomposer biomass or microbial 

genetics preadapted to novel resources. Emerging 

research also directly links biodiversity with agricultural 

resilience by highlighting the importance of diverse 

primary producers (plants) facilitating diversity among 

the consumers (herbivores) as well as the potential 

positive implications this may have for biocontrol. 

Despite growing links between biodiversity and both pest 

control and nutrient cycling within agricultural systems 

we still lack access to information on mechanisms and 

management approaches that farmers can employ to 

increase or manipulate biodiversity within these specific 

agroecosystem processes. Furthermore economic 

constraints represent a major impediment hindering our 

ability to afford greater or even sufficient levels of 

desired diversity within crop fields or surrounding multi-

functional landscapes. 
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1. Introduction 

 

Agricultural systems are inherently complex and diverse, with numerous biotic and abiotic 

interactions. However, in the past 50 years or so, agricultural intensification – marked by 

heavy reliance on monocultures, synthetic inputs and mechanization – has caused a dramatic 

loss of biodiversity within conventional farming systems. The homogenization of agricultural 

systems and dependence on external inputs have created a series of challenges such as 

increased weed pressures, soil erosion, nutrient leaching and declines in ecosystem services. 

(Garnett et al., 2013; Wezel & Soldat, 2009). 

Organic farming, on the other hand, seeks to build more natural ecosystem function by 

fostering biodiversity at several levels. Organic systems rely on natural resources, minimise 

synthetic chemical inputs and use practices like crop rotation and polycultures, and 

promoting beneficial organisms (Birkhofer et al., 2020; Kremen & Miles, 2012). Biodiversity 

in organic systems is pivotal in increasing resilience, stability and productivity with a 

particular focus on pest management and nutrient cycling. (Altieri & Nicholls, 2017). 

The importance of biodiversity in organic agriculture is more than an issue of species-

richness, because it also determines the ecosystem functioning. One such type of traits is the 

ability of the ecosystem to control pest through its natural enemies, to enhance nutrient in the 

soil through the different rooting systems; and to enhance other ecosystem services that are 

readily necessary for sustainability of agriculture (Sullivan et al., 2020). In this respect, 

therefore, this review will draw from previous studies to assess how the effects of 

biodiversity at multiple levels on pest control and nutrient cycling in organic system. When 

addressing these issues we will do have some existing information on how status of 

biodiversity and its potential contribution towards sustainable agriculture in Kenya and try to 

suggest for further direction for sustainable use of agrobiodiversity. 

 

The growing population requires more food which involves more agricultural activities and 

these deeply effects the environment. Conventional Agriculture practices, through the 

application of chemical fertilizers, have been successful in increasing the crop production. 

However, they degrade the health of soils, biodiversity of species and ecosystem services on 

which agriculture ultimately depends (Kremen & Miles, 2012). For this reason there is a 

mounting interest in the role of Biodiversity in increasing resilience to agricultural systems 

and the provision of ecosystem services. This review paper is trying to show how 

Biodiversity contribute for Pest Pressure and Nutrient management under organic farming 

system. Rudall, J. (2020).  

 

1.1 The Concept of Biodiversity 

Biodiversity is generally understood as the variety of living organisms present on earth in 

terms of genetic diversity, species diversity and ecosystem diversity. It is an intrinsic 

characteristic of the environment and plays a crucial role for the stability and development of 

the ecosystem. Cabral, R. M., & Kurban, M.,(2012).  

 

1.2 Importance of Biodiversity in Agriculture 

It is of great benefit to the agriculture systems because of the many ecosystem services it 

contributes to. These services can be broadly grouped under, provisioning services (e.g crop 

production), regulating services (e.g pest control and disease prevention), supporting services 

(e.g nutrient cycling and soil formation) and cultural services (e.g recreational and aesthetic 

values). (Altieri, 1999; Power, 2010). 

It is in agroecosystems that use little or no synthetic inputs where the biodiversity is of utmost 

importance. Agrodiversity can benefit soil health, elasticity of cropping systems, and decrease 
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dependence on chemical inputs (Kremen & Miles, 2012). For example, a large number of 

species can play a role in more stable ecosystem which in turn will attract natural enemies to 

pests and also increase pollinators. (Benton et al., 2003; Zhang et al., 2012). 

 

1.3 Biodiversity and Pest Management 

Pest management in agriculture is a major challenge, as pests are estimated to cause yearly 

crop yield losses of over one-third. Traditional pest control relies on chemical pesticides that 

can negatively impact non-target organisms and foster the development of pesticide 

resistance. In contrast, in principle, biodiversity could offer natural pest management 

solutions. Köpke, U. (Ed.). (2018).  

 

1.3.1 The Role of Beneficial Organisms 

Diverse ecosystems can house populations of natural enemies (i.e., predators or parasitoids) 

that attack and help suppress pest populations (Kogan, M., & Higley, L. (Eds.) 2019). In 

some cases, the presence of natural enemies can reduce the number of pests in an area by 

more than 90%. For example, ladybugs, lacewings, and predatory beetles can all consume 

many aphids in agricultural fields (Gurr & You, 2016; Kogan & Higley, 2019). Flowering 

plants can serve as hosts for a natural enemy's immature stages (e.g., caterpillars), provide 

them with nectar, pollen or other food resources as adults (e.g., adult wasps), or both. By 

providing a purpose to reproduce and feed on pests that are also found on nearby crops, 

flowering plants bring natural enemies into close proximity with potential victims. (Jonsson 

et al., 2015). 

 

1.3.2 Enhancing Ecosystem Resilience 

Multifunctionality of biodiversity improves the self-regulation of agroecosystems with 

regards to pests. A wider range of plants can create a more complicated environment for pests 

so that their populations hardly double. Moreover, genetic diversity among crop species will 

have the possibility to bring about new levels of resistance to pests, thus, crop agriculture 

may be more resilient to changes in environmental conditions. (Altieri, 1999; Jackson et al., 

2007). 

 

1.3.3 Habitat Management for Biodiversity 

Creating biodiverse habitats can enhance pest regulation in organic systems. Intercropping, 

cover cropping and hedgerow maintenance can be used to provide refuge for beneficial 

organisms and increase ecosystem service provisioning which are important for pest control 

but also nutrient cycling and soil health. 

 

1.4 Biodiversity and Nutrient Cycling 

Another important ecosystem service which plants gets from the biodiversity is the nutrient 

cycling. For sustainable agriculture we need healthy soil, which provides plants with 

nutrients, supports plant growth and maintains overall health of the ecosystem. Biodiversity 

in soil organisms (bacteria, fungi and earthworms) helps in nutrient cycling. 

 

1.4.1 Soil Microorganisms 

Microorganisms in soil are essential to the process of organic matter decomposition and 

nutrient mineralization. Their diverse communities can increase soil fertility, because they use 

complex organic substances, making them available to plants as nutrients. Some 

microorganisms, for example mycorrhizal fungi, enter into symbiosis with plant roots and 

facilitate nutrient uptake by plants, with particular reference to phosphorus. Cheeke, et.al. 

(2012). 
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1.4.2 Organic Matter and Soil Health 

Biodiversity contributes to organic matter enrichment which is crucial for the preservation of 

the structure of soils, moisture control and also nutrients supply. Some techniques such as the 

use of compost, cover cropping and minimum tillage can help improve soil organic matter 

and encourage a diversity of life in the soil. These are rich food sources and homes for many 

beneficial soil organisms which also play roles in enhancing fertility and health of soils. 

(Gattinger et al., 2012; Drinkwater et al., 1998; Lehman et al., 2015). 

 

1.4.3 Feedback Loops in Nutrient Cycling 

The connections between biodiversity and nutrient cycling are positive feedback loops that 

increase in intensity and create food productivity. Soil that is healthy and contains a wide 

array of microbes allows for more plant growth, more organic matter added back into the soil 

and greater microbial diversity/availability of nutrients. This phenomenon is especially 

important for organic farming as the health of the soil has a direct impact on crop 

productivity. (van der Heijden et al., 2008; Altieri, 1999; Lal, 2004; Drinkwater et al., 1998; 

Gattinger et al., 2012). 

 

1.5 Challenges and Opportunities 

While there is broad recognition of the benefits of biodiversity for pest management and 

nutrient cycling incorporating biodiversity effectively in agricultural systems poses 

challenges. Farmers may lack information on how to manage biodiversity or may face 

financial limitations or other pressing priorities that prevent them from adopting such 

practices. Further, government policies commonly prioritize food production over 

conservation. (Altieri, 1999; Kremen et al., 2012). 

 

There are, however, abundant opportunities to conserve and promote biodiversity within 

agriculture. Education through extension and other programs can provide farmers with the 

information and tools they need to incorporate practices that enhance biodiversity. 

Agroecological systems directly implement ecological principles in agriculture and can 

thereby most effectively bring biodiversity back into agricultural landscapes. (Gattinger et al., 

2012; Tscharntke et al., 2012). 

 

In summary, biodiversity underpins many important ecosystem services within organic 

farming. Biodiversity in the form of functional agrobiodiversity (habitat and food resources) 

is associated with increased presence and functioning of above- and below-ground functional 

groups and contributes to enhanced natural pest regulation, disease suppressive ability and 

nutrient cycling (Power, 2010). Additionally, biodiversity provides the basis for soil health 

through microbial diversity and efficient nutrient transformation as well as enhancing other 

soil functions including water filtration, degradation of pollutants and carbon sequestration. 

Furthermore, biodiversity increases the resilience of organic farming by providing 

redundancy to buffer against loss of individual species or functional groups. Finally, 

biodiversity also enhances productivity in organic farming systems via its positive impact on 

pest management, nutrient cycling and resource use efficiency (Power, 2010; Kremen et al., 

2012). Given the increasing global human population and concerns for food security this 

century, it is paramount that we recognise the importance of biodiversity in agricultural 

systems as part of a sustainable food production strategy. Including arable field margins or 

agroecological focus areas along with associated linear ecological features into arable field 

margin cropping systems is one such way to achieve this (Tscharntke et al., 2012). 
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2. Role of Biodiversity in Pest Management 

 

2.1 Natural Predators and Biological Control 

Biodiversity is central to pest management as it increases the impact of biological control 

mechanisms. Predators, parasitoids and pathogens are the natural enemies responsible for 

suppressing pests in organic farming systems and a wide diversity of natural predators 

(insects, birds and arachnids) will lead to a more resilient ecosystem where pests do not thrive 

(Gurr & Wratten, 2000; Losey & Vaughan, 2006). 

The importance of ladybugs as the best example of biological control is well demonstrated in 

various crops where the aphids’ populations are managed by them. Ladybugs function as a 

beneficial insect destroying aphids obviating the need for chemical sprays (Bugg & Wratten, 

2003). Just like that, parasitic wasps (family Braconidae) lay their eggs inside caterpillars or 

aphids which eventually kill the host providing a biological solution to pest issues. (Gatling 

& Smith, 2019). 

Multiple species of natural predators help to suppress pest populations. Spiders are important 

in controlling many types of insect pests, and birds frequently help control insects like beetles 

and caterpillars (Pimentel & Pimentel, 2008). Organic systems have more of these and other 

beneficial predators because they lack the broad-spectrum insecticides common in 

conventional agriculture (Losey & Vaughan, 2006). 

 

2.2 Ecological Intensification 

Ecological intensification is the improvement of ecosystem services, such as pest 

management, by manipulating the biodiversity in agro ecosystems. Organic farming enhances 

ecological intensification through its practices of crop diversification, intercropping and 

hedgerow planting. By these practices a better habitat creation for natural enemies is achieved 

so a more complex environment that pests cannot flourish in will be established (Holland & 

Fahrig, 2000; Tilman et al., 2017). 

For example, when two or more crops are grown together, pests have difficulty finding their 

preferred host plants and beneficial organisms are favored because a more diverse habitat is 

provided. Intercropping corn with legumes, for instance, has been shown to reduce corn borer 

infestations because the greater plant diversity confuses this pest and also attracts its 

predators and parasitoids (Khan et al., 2019; O’Brien et al., 2021). 

Hedgerows – strips of vegetation, made up mostly of shrubs and trees, planted along field 

edges – are a common practice used in organic farming to increase on-farm biodiversity. 

Hedgerows provide habitat for many types of insects, birds and mammals that help provide 

natural control of pests. Farms with well-managed hedgerows have been shown to have lower 

pest populations and a greater abundance of beneficial organisms such as ladybugs and 

spiders (Davis et al., 2016; Sweeney et al., 2018). 

 

2.3 Landscape Management for Pest Control 

Landscape-level management of biodiversity is particularly important for pest control. In 

organic systems, this means ensuring that natural vegetation, wetlands and woodlands are 

present in the landscape surrounding agricultural fields. Non-crop habitats provide reservoirs 

for natural enemies of pests that help to keep pest populations low, and species diversity high 

(Bianchi et al., 2006; Langellotto & Denno, 2004). One good example is the phenomenon of 

perennial non-crop habitats that promote the occurrence of species that prey upon or 

parasitize pest insects. Many studies have shown that farms with more natural vegetation in 

the surrounding landscape harbour higher populations of predator species, such as spiders and 

beetles, leading to lower pest numbers (Tscharntke et al., 2012; Balvanera et al., 2006). This 

clearly demonstrates how important it is to manage agricultural landscapes to ensure 
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ecosystem complexity and thus preserve biodiversity and the associated ecosystem services 

for pest control (Karp et al., 2018; Altieri, 1999). 

 

2.4 Current Advances in Biocontrol Techniques 

Biocontrol strategies have evolved greatly in recent decades with the emergence of microbial 

biocontrol agents and plant-derived natural pesticides (Vittum et al., 2019; Gibbons et al., 

2020). Microbial biocontrol products, such as those based on the bacterium Bacillus 

thuringiensis (Bt) that produces toxins lethal to specific insect larvae, have been widely 

adopted in organic systems, and these products are tangible to pests and have minimal effects 

on nontarget organisms and biodiversity. (Fathipour et al., 2018; Dutton et al., 2016) 

Natural pesticides like neem oil (derived from neem tree, Azadirachta indica) have been used 

in organic farming for their potential to manage a broad spectrum of insect pests without 

posing any risk to beneficial organisms (Isman, 2017; Jilani et al., 2019). Similarly, natural 

enemies like predatory mites and parasitic nematodes are now available commercially to 

achieve targeted pest control in organic systems (Hajek & van Driesche, 2006; Menzler-

Hokkanen, 2018). 

 

2.5 Data on Pest Reduction in Biodiverse Systems 

A study by Crowder et al. (2010) showed that organic farms with higher biodiversity had 

significantly fewer pest outbreaks than did conventional farms. The functional diversity of 

the community of natural enemies was almost 20% higher in organic systems, and pests 

densities were about a third lower – resulting from an increase in parasitism rates of 30–50% 

on organic farms compared to conventional farms. Another meta-analysis by Letourneau et 

al. (2011) determined that organic systems are in general more resistant to pest infestations, 

suffering 12–18% lower crop losses weighted by economic importance compared to 

conventional systems. 

 

Table 1 Below illustrates some findings related to pest reduction in biodiverse systems: 

Crop Type 
Natural Enemies 

Abundance (%) 

Pest Reduction 

(%) 
Source 

Organic 

Tomatoes 
25% 35% Crowder et al., 2010 

Organic Corn 20% 30% 
Letourneau et al., 

2011 

Organic 

Vegetables 
18% 25% 

Tscharntke et al., 

2012 

 

3. Role of Biodiversity in Nutrient Cycling 

Biodiversity enhances nutrient cycling in organic systems (Mäder et al., 2020; Tilman et al., 

2017). Organic farming depends on the maintenance and improvement of natural processes 

for nutrient availability and utilization, in contrast to the use of synthetic fertilizers commonly 

practiced in conventional agriculture (Lynch et al., 2021; Kremen & Miles, 2012). A 

community of a wide array of plants, microorganisms, and soil fauna enhance decomposition 

as well as nutrient mineralization, and facilitate improved exchange of essential nutrients 

between plants and the soil (Schimel & Bennett, 2004; Cardinale et al., 2012). In this section 

we discuss how biodiversity within soil organisms, plant species, and cropping systems 

ontribute to nutrient cycling in organic systems (Garnett et al., 2013; Benayas et al., 2009). 
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3.1 Soil Biodiversity and Microbial Activity 

Thus, it can be added that organic farming systems benefit from the soil biodiversity 

especially the microbial diversity (Mäder et al., 2020; Pugliese et al., 2022). Among 

microorganisms (bacteria, fungi, actinomycetes and archaea) for degrading organic matter 

and recycling nutrients involved in converting them back into the available forms for crops 

are very effective (Köhl et al., 2021; Wang et al., 2019). These organisms are involved in 

nitrogen fixation, phosphorus solubilization as well as decomposition of organic matter which 

are key processes that support plant growth (Cardinale et al., 2012; Schimel & Bennett, 

2004). 

One of the largest groups of organisms in organic systems is mycorrhizal fungi (Bücking & 

Kafle, 2021). Arbuscular mycorrhizal fungi (AMF) become symbionts with plants and 

facilitate nutrient uptake, particularly phosphorus, by extending their hyphae into the soil and 

increasing the root surface area for nutrient uptake (Smith & Read, 2010; Raghothama, 

1999). Increased dependency on mycorrhizal-mediated nutrient uptake in organic systems is 

attributed to reduced inputs of synthetic compounds that can negatively affect microbial 

community structure (Bender et al., 2016; Zhu et al., 2021).  

In addition, bacteria capable of fixing nitrogen (e.g., Rhizobium species in association with 

leguminous plants) are important in the conversion of atmospheric nitrogen to ammonia, an 

essential form for plants; organic systems frequently use legume crops in rotation or as cover 

crops to enhance this source of available nitrogen through symbiotic associations. 

(Marschner, 2012; Giller, 2001). 

 

Table 2 Below highlights microbial activity and its contribution to nutrient cycling in organic 

and conventional systems. 

Parameter 
Organic System 

(Microbial Activity) 

Conventional System 

(Microbial Activity) 
Source 

Soil Microbial 

Biomass Carbon 

(µg/g) 

850 650 
Mäder et al., 

2002 

Nitrogen Fixation (kg 

N/ha/year) 
120 70 

Drinkwater et 

al., 1998 

Phosphorus 

Solubilization (mg/kg) 
30 18 

van der Heijden 

et al., 2008 

 

3.2 Organic Matter Decomposition and Carbon Sequestration 

Soil fauna such as earthworms, nematodes, and other detrivores play a big role in 

decomposition of organic matter and nutrient cycling in organic systems. Being called 

“ecosystem engineers” worms improve soil structure by creating channels and aggregates 

which help to improve aeration, water infiltration, density, and distribution of nutrients. 

(Fletcher & Foulkes, 2019; Goberna & Sánchez-Marañón, 2019). The organic matter 

decomposed by earthworms and other organisms also leads to the release of nutrients 

especially nitrogen and phosphorus thus making them available to plants. (Bardgett & van der 

Putten, 2014; Meyer & Oehl, 2016). Organic farming practices like composting, mulching, 

green manuring etc., help in maintaining high soil organic matter (Leifheit et al., 2014). 

Increased organic matter enhances soil structure, water holding capacity and supplies 

nutrients to the plants as it decomposes (Six & Paustian, 2014). In addition to this, by these 

means organic carbon is also added explicitly which goes under carbon sequestration process 

and a major solution for climate change mitigation. (Meyer & Oehl, 2016). 

Figure 1 below illustrates the processes involved in nutrient cycling and organic matter 

decomposition in organic farming systems. 
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3.3 Nitrogen Fixation and Phosphorus Mobilization 

Biodiversity underpins the cycling of two key macronutrients—nitrogen and phosphorus. 

Leguminous plants (such as clover, peas and beans), which can fix atmospheric nitrogen 

through symbiosis with nitrogen-fixing bacteria, are commonly used in organic agricultural 

systems either in crop rotations or as cover crops (Graham & Vance, 2003; Reddy et al., 

2017). Legumes provide a source of nitrogen to subsequent crops, potentially reducing the 

requirement for external N inputs. Like phosphorus, nitrogen is depleted in agricultural soils, 

but the nitrogen demand of crops can be meet through biological N2 fixation (Hodge & Fitter, 

2013; Pato et al., 2021). P-solubilizing bacteria such as Pseudomonas and Bacillus species are 

able to convert insoluble phosphates into soluble forms that can be taken up by plants 

(Richardson & Simpson, 2011; Illmer & Schinner, 1992). Mycorrhiza fungi present also 

improve the uptake of phosphorus since they increase root surface area. (Smith & Read, 

2008; Hodge et al., 2000).  

Recently, it has been demonstrated that the abundance of phosphorus-solubilizing 

microorganisms and mycorrhizal fungi involved in the phosphorus cycle is also enhanced by 

organic farming practices, thus increasing their efficiency (García et al., 2016; Hodge et al., 

2000). 

 

3.4 Impact of Diverse Plant Species on Nutrient Cycling 

Plant diversity in organic systems directly influences nutrient cycling through changes in soil 

microbial community composition and function. A greater diversity of plant species supports 

a greater diversity of root exudates, which in turn fuels increased microbial biomass and 

enzymatic activity. Polycultures and crop rotations can also improve nutrient availability 

because different nutrients are taken up and returned to the soil. 

For instance, by alternating legume crops with cereals, more nitrogen becomes available due 

to the N-fixing ability of legumes coupled with the efficient N use by cereals. Also, deep-

rooted plants such as alfalfa mine nutrients from lower in the soil profile while nutrient 

gathering of shallow-rooted crops such as lettuce is restricted to closer to the soil surface. 

This reduces competition and conserves nutrients in the system (Tilman et al., 2002; van der 

Heijden et al., 2008). 

 

3.5 Data on Nutrient Cycling in Biodiverse Systems 

It has been found by myriad of studies that agro-ecosystems with high biodiversity have high 

nutrient recycling efficiency as compared to the traditional monocultures. For example , a 

study carried out by Drinkwater et al. (1998) indicated that organic systems which used 

legume cover crops had nitrogen availability 25% greater than systems which are 

conventionally managed using synthetic fertilizers. 

In a meta‐analysis by van der Heijden et al. (2008), organic systems had significantly higher 

phosphorus solubilization rates because of the presence of more diverse microbial 

communities, and the effect was synergistic with the presence of multiple plant species in 

organic systems enhancing this effect especially for nitrogen retention and nutrient leaching 

reduction. 

 

Table 3 Shows nutrient cycling data from various organic farming systems compared to 

conventional farming systems. 

Nutrient Parameter 
Organic System 

(Biodiverse) 

Conventional System 

(Monoculture) 
Source 

Nitrogen Availability (kg 

N/ha/year) 
150 100 

Drinkwater et al., 

1998 
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Phosphorus Uptake (mg 

P/kg) 
35 20 

van der Heijden 

et al., 2008 

Organic Matter 

Decomposition Rate (%) 
40 25 

Mäder et al., 

2002 

 

4. Synergies Between Pest Management and Nutrient Cycling 

4.1 Mutualistic Relationships 

The interdependence of biodiversity-driven pest management and nutrient cycling creates 

mutualistic relationships that enhance ecosystem functioning in organic systems. Beneficial 

organisms involved in pest suppression often rely on nutrient-rich environments that result 

from efficient nutrient-cycling processes; for example, healthy soil with high organic matter 

supports abundant earthworm populations, which improves soil aeration and nutrient 

availability and contributes to pest control by reducing habitat suitability for pests. 

Furthermore, healthy plants are better able to tolerate pest feeding because of more efficient 

nutrient cycling. Legumes that fix nitrogen capture it from the air and make it available in the 

soil for other organisms, while increasing populations of insects that can suppress pests. 

Mycorrhizal fungi improve nutrient uptake by plants, which increases their health and 

resistance to pests and diseases. 

 

4.2 Crop Diversity and Ecosystem Functioning 
Crop diversity serves a double role in enhancing nutrient cycling and pest control service. 

Increased cropping system diversity leads to more complex ecological communities that 

disrupt the life cycles of pests and increase presence of natural enemies, thereby reducing the 

risk of pest epidemics. Additionally, crop diversity enhances more even nutrient use, 

decreasing reliance on resource complementarity with other plants and thus external inputs as 

well as nutrient limitation. 

For example, intercropping systems which include a nitrogen-fixing legume crop and a cereal 

crop can increase nitrogen availability and provide a habitat for natural enemies of pests to 

thrive. Crop diversity can also mitigate pest infestations because pests are unable to find and 

concentrate on a single crop species (Tilman et al., 2006). Intercropping systems such as the 

ones that involve nitrogen-fixing legumes along with cereal boosts up nitrogen availability 

and generates habitat which is conducive for natural avenger predators of pests. Risk of pest 

infestation also goes down due to diversification of crops since pests cannot search or 

concentrate on any one specific crop species. 

 

Table 4 Provides examples of the synergy between pest management and nutrient cycling in 

organic systems. 

Cropping System Nutrient Benefit Pest Management Benefit Source 

Legume-Cereal 

Rotation 

Increased nitrogen 

availability 

Reduced pest pressure 

through habitat disruption 

Altieri et al., 

2004 

Intercropping 
Improved phosphorus 

uptake 

Increased abundance of 

natural enemies 

Letourneau et 

al., 2011 

Cover Cropping 
Enhanced soil organic 

matter content 
Habitat for predatory insects 

Tscharntke et 

al., 2012 

 

5. Case Studies of Biodiversity in Pest Management and Nutrient Cycling 

Several case studies illustrate how biodiversity enhances pest management and nutrient 

cycling in organic farming systems. These examples provide practical insights into 

successfully implementing biodiverse strategies across different agroecosystems. 
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5.1 Case Study 1: Organic Vegetable Production in California 

 In California, organic vegetable farms are known for using diverse cropping systems and 

biological pest control strategies. A study by Crowder et al. (2010) examined the effects of 

increasing natural enemy diversity by manipulating habitat on pest populations in organic 

tomato fields. Results showed that farms in landscapes with greater complexity (i.e., 

presence of hedgerows and natural vegetation near crop fields) had less than half the density 

of pest organisms than did those in less complex landscapes. High levels of diversity among 

insect predator species, such as ladybugs, spiders, and predatory beetles, reduced 

infestations of aphid pests by nearly 30%. 

Beyond pest control, increased nutrient cycling was evident in the cover-cropped, compost-

amended and diversified rotation farms. Nitrogen availability was maintained by legume 

cover crops and enhanced through microbial activity promoting phosphorus uptake in high 

soil organic matter soils. Increased soil health and crop productivity were not predicated on 

synthetic inputs but rather the ecological intensification that results from biodiversity. 

 

 Key Outcomes: 

• Aphid infestations reduced by 30% through natural enemy diversity. 

• Enhanced nitrogen cycling from legume cover crops. 

• Increased microbial activity boosted phosphorus uptake. 

 

5.2 Case Study 2: Agroforestry and Pest Management in Brazil 

Agroforestry systems in Brazil demonstrate the potential benefits of how biodiversity can 

enhance pest management and nutrient cycling. Farmers intercrop tree species with annual 

crops creating a multilayered system which promotes biodiversity levels at multiple trophic 

levels. The trees harbor birds and insects that are beneficial and which help control pests, and 

their root systems extend to multiple soil depths, promoting nutrient uptake. 

A study on coffee farms by Silva et al. (2013) revealed that agroforestry systems reduced pest 

infestations by 40% compared to monocultures. Birds, especially insectivores, were primarily 

responsible for controlling one of the most damaging pests in the region, the coffee borer 

beetle. Additionally, nitrogen-fixing trees such as Inga species continuously fed nitrogen to 

the coffee plants and reduced the need for external nitrogen inputs. 

Agroforestry systems also foster soil health and nutrient cycling via increasing of organic 

matter inputs from tree leaf litter, which sustains a diverse soil organism community and thus 

increase nutrient availability and retention (Barrios et al, 2003). 

 

Key Outcomes: 

• Pest infestations were down 40% because of birds and weather complexity. 

• Continuous nitrogen supply through nitrogen-fixing trees. 

• Enhanced soil health and organic matter decomposition. 

 

5.3 Case Study 3: Rice-Duck Farming in Southeast Asia  
Rice-duck farming is a traditional agroecological practice in Southeast Asia that relies on 

functional biodiversity to suppress pests and weeds and to control disease vectors in rice. 

Ducks are kept alongside or inside flooded rice paddies, where they forage on weeds, insects, 

and snails as well as the weed seeds and pest insects that feed on the preceding rice crop. 

Ducklings are usually introduced 10 days after rice transplantation into the paddy, when weed 

and insect populations begin to rise with the decomposition of organic matter. Because the 

duck’s ecosystem services lyotropic effects on aquatic vegetation have been little studied but 

can be unwanted (Dudgeon, 2004), ducks are often removed from paddies or penned up 

before panicle initiation (PI) to prevent damage to developing rice ears (Siwak et al., 2012).” 
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A study by Muto et al. (2012) in Japan indicated that rice-duck systems reduced pest damage 

by 50%, especially rice planthoppers and stem borers, while duck manure increased soil 

nitrogen up to a 20% greater yield of rice without synthetic fertilizers. This example shows 

how better use of agriculture biodiversity through integrated animal-crop systems can lead to 

more sustainable agriculture. 

 

Key Outcomes: 

• Pest infestation got reduced by 50% (specially, rice planthoppers and stem borers). 

• Increased nitrogen availability through duck manure. 

• Reduced dependency on chemical herbicides and insecticides. 

 

5.4 Case Study 4: Biodiverse Agroecosystems in Sub-Saharan Africa 

In Sub-Saharan Africa, smallholder farmers often face challenging environmental conditions, 

including low soil fertility and frequent pest outbreaks. To cope with these conditions, they 

adopt biodiverse agroecosystems. Maize-leguminous cover crop intercropping improves 

nutrient cycling and pest management in maize production. Maize crop productivity can be 

increased by intercropping with nitrogen (N2) fixing legumes such as cowpea and pigeon pea 

since this increases soil N supply that can reduce reliance on external inputs. 

A study in Malawi found that intercropping maize with legumes increased nitrogen 

availability by 40% and reduced Striga (a parasitic weed) infestations by 60%. The diverse 

root systems of the intercropped species also improved soil structure, water retention, and 

phosphorus availability. (Snapp et al.,2010). 

 

Key Outcomes: 
• Nitrogen availability increased by 40% through legume intercropping. 

• Striga infestations reduced by 60%. 

• Improved soil structure and phosphorus uptake. 

 

6. Challenges and Limitations of Biodiversity in Organic Systems 

Despite documented benefits of biodiversity for pest management and nutrient cycling, a 

number of ecological, practical and commercial challenges and limitations exist that currently 

preclude widespread implementation in organic farming systems. These include the challenge 

of managing complex and often unfamiliar ecosystems, potential trade-offs between different 

components of biodiversity and issues relating to the scalability of such approaches in large-

scale commercial agricultural systems. (Lefebvr 2020 & Purtill 2021). 

 

6.1 Management Complexity 

One of the main difficulties in promoting biodiversity in organic systems is that it involves 

managing multiple species and interactions within an ecological community. To optimize the 

benefits obtained from functional diversity in cropping systems, farmers need to have a good 

understanding of ecological processes to manage crops, beneficial organisms, and soil 

organisms. For example, high levels of natural enemy-mediated control are likely to be 

achieved when management practices focus on enhancing habitat features for them in (and 

around) crop fields. However, this may result in additional costs (e.g., labor and 

management), particularly for smallholder farmers who already have very limited resources. 

In addition, there can be trade-offs between different components of biodiversity. For 

example, management practices that conserve high levels of insect predators may not always 

enhance soil microbial biodiversity because some management practices (e.g., frequent 

tillage) can disrupt the belowground environment. Finding the right balance between above- 
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and belowground biodiversity is still a challenge for many organic farming systems (Lefebvr 

et al. 2020; Purtill et al.2021). 

 

6.2 Economic Viability 

While biodiverse farming systems can reduce input costs by decreasing reliance on synthetic 

fertilizers and pesticides, the upfront investments necessary to establish these systems can be 

a barrier for farmers. For instance, planting hedgerows, integrating cover crops or adopting 

agroforestry practices usually require large up-front investments, and may not have 

immediate returns (Kremen et al. 2012; Fischer et al. 2008). Moreover, in transitioning to 

organic systems there is often a temporary reduction in yield, particularly during the first 

years when soil health and biodiversity take time to fully recover. (Garnett 2012 and Pretty 

2008). 

This economic trade-off makes it difficult for conventional farmers to adopt biodiverse 

practices without subsidies or external support, and it can also be difficult for organic farmers 

to compete with conventional systems in yield and market price if consumers are not willing 

to pay a premium for organic products. 

 

6.3 Scale and Global Adoption 

Another challenge is the scaling of biodiversity-based practices from smallholder farms to 

large-scale commercial agriculture. Small farms can successfully manage diverse cropping 

systems and rely on natural control mechanisms, but large monocultural systems are less 

‘fluid’ and rigidify over time. For example, infrastructure, as well as machines, in 

conventional farming may not be applicable for biodiverse systems that use more complex 

crop rotations or make increased use of intercropping or agroforestry. (Giller et al. 2011; 

Meyer 2016). 

Biodiversity based practices are often highly context specific, and depend on such factors as 

local climate, soil types, and species. As a result, what works in one region may not be at all 

applicable in other regions where environmental conditions are different. In order to adapt 

and adopt biodiversity-based organic systems globally, solutions that accommodate the 

ecological and socioeconomic conditions of different regions will need to be developed. 

Schmidt et al. 2019; Chappell et al. 2011). 

 

6.4 Data Gaps and Research Needs 

A lot of progress has been made in terms of understanding the role of biodiversity and 

ecosystem services in organic farming, but there are still areas of research that need to be 

pursued. For example, we need to better understand the long-term effects of certain organic 

management practices on soil biodiversity and how those changes may in turn influence soil 

ecosystem processes (Bardgett & van der Putten, 2014). More eco-economic data is also 

needed to understand the tradeoffs between implementing biodiversity friendly practices at 

larger scales (Kremen & Miles, 2012). 

More research is needed to quantify long-term biodiversity benefits in relation to pest 

regulation and nutrient cycling, including yield stability and resilience to climate change, and 

multidisciplinary efforts that integrate ecological, economic, and social dimensions of 

biodiversity management are needed to develop sustainable and scalable solutions (Davis & 

Cardina, 2008; Garibaldi et al., 2011; Nassauer & Opdam, 2008). 

 

7. Future Directions and Opportunities 

Global demand for sustainable food production will increasingly make the role of 

biodiversity in organic farming systems more important. Several emerging trends and 

opportunities can better integrate biodiversity in agriculture, including ecological 
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intensification advances, technological innovations, and policy support (Tilman et al., 2017; 

Bommarco et al., 2013). 

 

7.1 Ecological Intensification and Agroecological Innovations 

Ecological intensification, i.e. increasing ecosystem services through biodiversity, holds large 

promise for the future of organic agriculture with optimization possible through new 

knowledge and technological developments in agroforestry, intercropping and cover-cropping 

(Garnett et al., 2013; Reganold & Wachter, 2016). Precision agricultural technologies, using 

sensor-based monitoring of soil health and crop performance will allow an efficient 

management of biodiversity by farmers as well as faster real-time management decisions to 

optimize both pest control and nutrient cycling (Fritz et al., 2017; Zhang et al., 2019). 

 

Agroecological innovations including development of microbial inoculants, and natural 

biostimulants are also emerging in organic systems where such inputs can increase soil 

biodiversity and nutrient availability without depending on their synthetic counterparts 

(Vargas-García et al., 2020; Pizzeghello et al., 2018). Integration of local/traditional 

knowledge with modern agroecological practices can contribute to sustainable farming 

solutions (Mazzocchi et al., 2018; Wezel et al., 2014). 

 

7.2 Policy and Incentives for Biodiversity in Agriculture 

Policy frameworks that support biodiversity in agriculture are also needed to scale up 

organic. Governments can promote biodiversity through subsidies for organic farming, 

payments for ecosystem services and regulations limiting the use of harmful pesticides and 

fertilizers (Ninan & Inoue, 2013; Schermer et al., 2019). Incentives such as carbon credits or 

biodiversity offsets that reward farmers who maintain biodiversity on their lands can 

stimulate the adoption of sustainable practices more broadly (Böcher et al., 2020; Hellerstein, 

2019). 

International agreements, such as the Convention on Biological Diversity (CBD) and the 

United Nations’ Sustainable Development Goals (SDGs), provide a global platform for 

promoting biodiversity in agriculture. These initiatives can help align national policies with 

global efforts to preserve biodiversity and ensure food security (Chiaradia et al., 2020; 

Seddaiu et al., 2018). 

 

7.3 Climate Change Resilience 

Farming systems rich in biodiversity show potential as a solution to enhancing the capacity of 

agricultural systems to cope with climate change. Biodiversity helps to protect against biotic 

threats such as diseases, weeds or pests, and also makes it possible for ecosystems to better 

handle abiotic stresses that may occur due to climate variability (Altieri, 2004; Lin, 2011). 

Organic farming systems which promote biodiversity in agroecosystems mainly through 

agroforestry and cover cropping, also have the potential of improved water infiltration, 

reduced soil erosion as well as food production stability under erratic climatic conditions 

(Bennett et al., 2014; Teasdale et al., 2015). 

To determine how to apply biodiversity-based practices in different agroecosystems under 

climate variability will require further research, and farmers, researchers, and policy-makers 

will need to work together to develop innovative, effective and sustainable climate-smart 

agricultural strategies that maintain biodiversity within production landscapes (Petersen & 

Snapp, 2015; Pretty et al., 2018). 
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3. Conclusion 

 

Given the increasing challenges of food security, environmental degradation and climate 

change, the importance of biodiversity in agricultural systems, especially organic farming, 

cannot be overemphasised. In this review, we have demonstrated the strong impacts of 

biodiversity on pest control and nutrient cycling as two key ecosystem functions that 

underpin the ecological conditions for sustainable agricultural production. Through such 

synthesis of knowledge we can better understand how increasing biodiversity not only 

enhances agricultural yields but also supports resilience and sustainability of ecosystems. 

One of the main conclusions that can be drawn from this review is that biodiversity is central 

to pest management. In organic systems, where the use of synthetic pesticides is prohibited, 

biodiversity provides ecological processes that regulate pests naturally. Diverse habitats 

contain a range of organisms (e.g. predators, parasitoids and pollinators) that build up 

populations of pests and confer effective control services when they colonize crop fields. 

Similarly, the genetic diversity within crops can provide temporal and spatial variation in 

resistance to pests: farmers needn’t have entire rice or wheat fields destroyed by BPH or 

Hessian fly if they can choose resistant varieties. This ecological foundation for pest 

management in sustainable agriculture reduces reliance on chemical inputs and saves costs 

while also securing co-benefits for ecosystem function more generally; these benefits are 

transferred among species because various taxa play different roles in suppressing pests. 

Another important dimension of biodiversity is its role in nutrient cycling and soil health. 

Healthy soils are essential for productive agricultural systems, and biodiversity contributes to 

several functions that underpin the processes by which soil is renewed and stays fertile. 

Diverse assemblages of soil organisms comprising bacteria, fungi, protozoa, nematodes, 

earthworms, ants and many other invertebrates are involved in the decomposition of organic 

materials and the mineralisation and uptake of nutrients by plants. For example, mycorrhizal 

fungi form mutualistic associations with most plant species in terrestrial ecosystems. These 

fungi play a central part in facilitating nutrient and particularly phosphorus uptake by their 

host plants, which is often a major limitation to plant production in agriculture. Organic 

farmers can harness mycorrhizal fungi through arbuscular mycorrhizae inocula that help 

increase root colonisation and crop yields. Practices known to enhance or maintain soil 

biodiversity – such as minimizing soil disturbance through reduced tillage or no-tillage 

practices, as well as through organic amendment additions – contribute to the formation of 

stable soil aggregates (ensuring good soil structure), enhance moisture retention capacity of 

soils (important under drought conditions), improve biological nutrient-cycling capacity 

(leading to more efficient use of applied or fixed N) and can also increase the storage of 

carbon (as organic matter) in soils. 

The incorporation of biodiversity within agriculture leads to resilience, which is a key 

characteristic required to cope with uncertainty associated with climate change and other 

environmental pressures. Resilience of agroecosystems refers to the ability of an 

agroecosystem to resist or recover from disturbance - the latter being increasingly necessary 

in the presence of more frequent and severe disturbances imposed by a changing climate. The 

diversified nature of agroecosystems means that outbreaks of pests, diseases and extreme 

weather events can be buffered. By relying on natural regulation mechanisms for pest control 

and maintaining healthy soils, farmers are better able to build adaptive capacity into their 

systems. Biodiversity can also enhance the provision of ecosystem services that support 

agricultural resilience with food production; for example, abundant pollinators are required 

for efficient reproduction in many crops and diverse plant communities can minimise soil 

erosion and help infiltrate water within catchments. The multifunctional characteristics of 
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biodiversity in agricultural landscapes advocates the development of integrated approaches 

towards sustainable agriculture. 

The importance of biodiversity in pest management and nutrient cycling is well recognized1, 

but these concepts have yet to become an integral part of agricultural management for most 

farmers. Many farmers lack access to information, are economically constrained and may 

have other, higher priorities than conserving biodiversity2. Agricultural policies have largely 

been aimed at increasing production3 and sometimes inadvertently promote practices that are 

harmful to biodiversity4. Despite these issues, there is room for optimism that the goals of 

human food needs and conservation can be reconciled. Outreach and education programs can 

play a role in raising awareness among farmers about the benefits of biodiversity, and how 

such benefits could be incorporated into their agricultural practices. Agroecology provides a 

science-based approach that emphasizes ecological principles when farming, bridging the gap 

between high productivity through intensive management and self-sufficiency through low-

intensity practices. Policymakers can support this trend toward increased adoption of 

practices in agriculture aimed at enhancing biodiversity by providing incentives as well as by 

supporting research on sustainable agriculture. 

Moving forward, it is important to realize that biodiversity is not a luxury, but rather a 

prerequisite for sustainability of agricultural systems. Incorporating biodiversity into pest 

management and nutrient cycling presents an opportunity to enhance food security while 

minimizing environmental harm. By making the explicit link to biodiversity in our 

agricultural practices, we can develop responsive and productive systems well equipped for 

the challenges that lie ahead. On the basis of the evidence presented in this review, I contend 

that biodeiversity-based agriculture promotes sustainable agriculture. Indeed, the links 

between biodiversity, pest management and nutrient cycling imply that a systems view of 

agriculture should incorporate the multiple scales and strategies by which organisms affect 

agroecosystem functioning. Maintaining high species diversity is thus crucial both for 

ensuring long-term persistence of agricultural landscapes per se as well as for retaining 

ecosystem services associated with biodiversity. 
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