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Summary 
 
Agricultural ecosystems are a major component of the biosphere, forming an estimated 
38% of the land surface of the earth and housing substantial biodiversity. Two 
components of biodiversity can be identified in agroecosystems, the planned component 
including those elements actively managed by humans, and the unplanned component 
including the wild or unmanaged species that inhabit these systems. The diversity of 
both of these components has an important role in the functioning and sustainability of 
agricultural ecosystems. 
 
Planned diversity at genetic, species, habitat and landscape levels can have an impact on 
agroecosystem functioning. Modern agriculture relies on lower diversity of species, 
fewer varieties within species and fewer genotypes within varieties, compared with 
traditional agriculture. This reduced diversity leaves agricultural production vulnerable 
to those pests and diseases that are able to exploit the common varieties. The most 
common technological solution to this problem is the breeding or engineering of 
resistance to pest and disease, but evidence suggests that increased diversity of 
genotypes, crop types and landscapes can help mitigate pest and disease problems 
while, increasing the persistence of pest and disease resistance. 
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Increasing planned genetic, species, habitat and landscape diversity in agroecosystems 
also tends to increase the diversity of unmanaged species inhabiting those ecosystems. 
This can be beneficial for the sustainability of agricultural production because 
unplanned diversity delivers production-supporting ecosystem services, such as 
pollination, natural pest control and the maintenance of soil health. Importantly, these 
services may also be threatened by other elements of agricultural intensification that 
impact on unplanned biodiversity, such as pesticide use. 
 
A key challenge of ecological science is to improve our understanding of the link 
between agricultural management and biodiversity, and the role of biodiversity in the 
mitigation of production constraints. This will facilitate the development of sustainable 
management strategies which minimise impact on biodiversity, while maintaining (or 
increasing) production. 
 
1. Introduction—biodiversity in agricultural ecosystems 
 
Agricultural ecosystems, comprising arable land and permanent pasture, are estimated 
to cover 38% of the land surface of the earth. They are, therefore, a major component of 
the biosphere and house a large portion of the earth’s biodiversity. However, the study 
of the functioning of agroecosystems, and managed ecosystems more generally, has 
conventionally formed a distinct discipline from the study of unmanaged ecosystems. 
Ecologists have tended towards pristine unmanaged ecosystems and those ecologists 
working in managed systems have focussed, largely, on the interactions among the 
elements such as pests and biological control agents, under their direct control. The 
processes of maintenance of biodiversity and the role of biodiversity in ecosystem 
functioning are similar in both managed and unmanaged ecosystems; the major 
distinction being that in agroecosystems and other managed systems, a certain portion 
of biodiversity, the productive animals and plants and the organisms we introduce to 
support production, is directly controlled by management intervention. 
 
Management of agricultural ecosystems has increasingly involved the removal of 
problematic species and the simplification of the intra- and inter-specific diversity of 
productive species. Consequently, the replacement of unmanaged ecosystems with 
simplified agro-ecosystems is one of the principal causes of declining biodiversity 
worldwide. This does not mean that agricultural ecosystems can be written off as 
biological wastelands and their functioning disregarded. Efforts to ease the integration 
of agricultural and wild ecosystems to reduce the impact of agricultural and landscape 
management on biodiversity are a prominent feature in the developed world. Although 
these systems are managed with a particular ecosystem function in mind, the production 
of food, fibre, and other materials, these are not the only functions that are derived from 
agro-ecosystems. Like other ecosystems they play a role in the global dynamics of 
carbon, nitrogen and water and in that sense these functions are as validly studied in 
agricultural as any other ecosystem type. It is also becoming clear that intensification of 
agriculture, which reduces the biodiversity living within agricultural systems, may 
hinder the sustainability of agriculture, and that efforts to increase the biodiversity in 
our agricultural systems may have benefits for long-term production, in addition to 
facilitating agricultural and environmental sustainability. Moreover, in regions such as 
Europe, agricultural systems are increasingly being seen as providers of biodiversity, 
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recreation, and aesthetic value in addition to material products, and fiscal policy reflects 
this change. 
 
Vandermeer and Perfecto (1995) defined two basic types of biodiversity linked to 
agricultural systems and their functioning. The first, planned diversity, describes the 
biodiversity purposely introduced or managed to have a direct effect on agroecosystem 
function. Unplanned, or associated biodiversity describes the flora and fauna (soil 
microorganisms, pollinators, insect herbivores, plant pathogens, natural enemies, etc.) 
that exist in, or colonise the agroecosystem. An important feature of this framework is 
the recognition that planned diversity influences and interacts with associated diversity 
to determine overall functioning of the agroecosystem. These interactions between 
planned and associated diversity (which in effect represent the direct and indirect effects 
of planned diversity on agroecosystem functioning) are represented in Figure 1. Below 
we build on this framework, describing some of the key elements of planned and 
associated diversity and identifying some of their key roles and interactions. 
 

 
 

Figure 1. A framework of agroecosystem interactions. The central function of 
agroecosystem from an anthropocentric perspective is the derivation of agricultural 
products from a planned set of species in the ecosystem. It is long recognised that 

numerous constraints determine the efficiency of production, including pests, 
pathogens, nutrient availability and water availability. Amelioration of constraints has 

traditionally involved input of externally derived or produced materials and by breeding 
or manipulating the characteristics of planned diversity (denoted by the dashed box). A 
broader ecological perspective identifies that planned agroecosystem diversity and the 
use of external inputs also impacts unplanned diversity in the agroecosystem, which 
itself may modify the expression of production constraints. In pest resurgence, for 
example, the use of insecticides to directly manage specific pest constraints fails as 

unintended impact on unplanned diversity (the natural enemies of the pest) also has a 
positive feedback effect on the population of the pest, negating the initial negative direct 

impact of the insecticide. 
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2. Planned diversity and the functioning of agricultural systems 
 
As with most classifications of biodiversity, we can define planned agrobiodiversity 
across a continuum from genetic/intraspecific diversity (i.e. within-crop plant), through 
species diversity (both within field and between fields) to habitat or landscape diversity. 
Diversity can be actively manipulated (i.e. planned) at any one of these levels through 
farm management practices. Here we examine diversity at these different levels in more 
detail, with particular emphasis on how changes in planned diversity can effect 
functioning of agroecosystems, frequently via effects on associated biodiversity. For 
this we draw heavily on examples relating to pest and disease control functioning as 
these provide some of the clearest illustrations of the consequences of biodiversity 
change. However, the principles and mechanisms we touch on apply more generally to 
other aspects of ecosystem function (see section on ‘unplanned diversity’). 
 
2.1. Intraspecific diversity 
 
The most obvious and direct element of planned agrobiodiversity is the crop plant. 
Breeding and selection for desirable agronomic traits has been at the centre of 
improving crop varieties since farming began. However, it is over the last 20 to 30 years 
that plant breeders have made greatest progress in producing higher yielding varieties of 
crops. As a result, for many crops we now rely heavily on a few ‘modern’ varieties that 
tend to be very uniform, containing less genetic diversity than traditional farmers’ 
varieties. Moreover, the way the varieties are deployed/adopted means that traditional 
varieties tend to be replaced in the main production areas. For example, 75% of an area 
that once accommodated up to 30 000 rice varieties in India is now taken up by only 10 
varieties. However, more than 16 000 varieties are still cultivated in the more 
marginalised areas of India; traditional cultivars adapted to particular microniches are 
often one of the few resources available to resource-poor farmers to maintain or 
increase production. 
 
The adoption of monocultures in mainstream agriculture has reduced the numbers of 
crop species, varieties within species, and genetic differences within varieties. The risk 
this creates is that if a pest or disease is able to exploit the one dominant variety, then it 
has almost unlimited potential to spread throughout the field and landscape. The 
conventional approach to deal with this loss of diversity is to breed resistance traits back 
into the crop and to compensate for loss of resistance with applications of pesticides (i.e. 
substitute ecosystem services with external inputs).  
 
However, in a recent study by Zhu et al. (2000) in Yunnan Province in China, rice 
farmers were able to control a key fungal disease (rice blast) through the use of variety 
mixtures, interplanting one row of a susceptible glutinous rice variety to every four or 
six rows of a more resistant commercial variety. This simple increase in diversity led to 
a substantial reduction in prevalence of rice blast and an increase in yield of the 
susceptible variety. The varietal mixture also produced more tonnes of rice/ha than the 
respective monocultures. The mechanism appears to be a combination of the disease 
resistant variety acting as a physical barrier preventing spread of fungal spores between 
the resistant variety, coupled with a complex interaction involving induced resistance 
and multiple pathogen genotypes that prevents the dominance of a single virulent strain 
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of the pathogen. In other systems, there is evidence that mixtures can also buffer against 
unpredictable abiotic variables, leading to increased stability of yield over different 
environments relative to monocultures (see Table 1).  
 
 

Cropping system  Monoculture (mean of single 
crops) Polyculture 

Cassava/bean 33.04 27.54 

Cassava/maize 28.76 18.09 

Cassava/sweet potato 23.87 13.42 

Cassava/maize/sweet potato 31.05 21.44 

Cassava/maize/bean 25.04 14.95 
 

Table 1. Coefficient of variability of yields registered in different cropping systems  
during three years in Costa Rica (modified from Francis 1986). 

 
For insects there is less research on effects of varietal mixtures but there are clear 
examples showing that plant resistance traits and plant architecture can influence 
density and dispersion of herbivores and searching by enemies. Hairy leaves for 
example, may increase the fall-off rate of a pest species thus increasing encounters with 
ground-zone predators. At the between plant level, spatial dimensions are critical in 
understanding many aspects of plant-pest-enemy interactions. Polycultures (i.e. mixed 
plant species systems with increased plant diversity) can reduce pest populations by 
increasing emigration losses and by increasing searching time before location of a 
suitable host, thus increasing the pest's vulnerability to predation. Thus, habitat 
modifications, through alterations in pest dispersion, can influence the foraging 
movement of predators.  
 
This, depending on the circumstances, can interfere with or enhance the control of pest 
populations. It is possible, therefore, that similar phenomena could apply for alterations 
in crop diversity through the use of variety mixtures, with implications for pest 
evolution as well as pest dynamics. This evolutionary dimension has been considered by 
Wilhoit (1992) using a stochastic, spatially structured model of two aphid genotypes 
and a predator to investigate the effects of a variety mixture on durability of host plant 
resistance. The model predicted the rate at which a virulent aphid genotype (one which 
could overcome the plant resistance) replaced an avirulent genotype (one affected by 
plant resistance) in a variety mixture with different proportions of resistant and 
susceptible plants, under various assumptions of aphid and predator movement, and 
with different population growth rates, predator efficiencies, initial proportion of the 
virulent genotype, and genetic transmission of virulence.  
 
The results showed that depending on the initial conditions, effective plant resistance 
could break down in less than five years, or last for several tens of years. The challenge, 
in practical terms, is to determine which particular conditions apply where and when; 
unfortunately we have very little understanding of key processes, such as spatial 
dynamics of herbivores and natural enemies, in most cropping systems. 
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