The Effects of Agricultural Practices on Biodiversity

The wide range of plant and animal species that live on the planet — referred to as
biodiversity — is now being threatened by intensive agriculture. A growing human
population, however, also entails growing needs, which, in turn, requires current
agricultural practices to maximize the use of available land while minimizing damage to
the environment and biodiversity.

Genetically modified (GM) crops bring much promise as much as they carry
many questions. Are they safe? Will they be able to answer for humankind’s most
pressing agricultural needs?

Following is a condensed version of a review written by Ammann (2004), entitled
“The Impact of Agricultural Biotechnology on Biodiversity,” which may be downloaded
in full at http://www.botanischergarten.ch/Biotech-Biodiv/Report-Biodiv-Biotech12.pdf.
In his review, Ammann attempts to answer the questions raised on genetically modified
organisms and their effects on the environment.

Biodiversity and its distribution

Biodiversity refers to diversity in a gene, species, community, or ecosystem. It
comprises all living beings, from the most primitive forms of viruses to the most
sophisticated and highly evolved animals and plants.

At its lowest level, biodiversity can depend on the sequences of genes in living
organisms. Genes are composed of stretches of DNA, and these sequences, along with the
proteins encoded by the genes, are almost identical to their counterparts in other species.
Thus, they are said to be highly conserved across species, and such commonalities (or
even differences) are referred to as genetic diversity. The importance of genetic diversity
is noted in the combination of genes within an organism (the genome), the variability in
the proteins or traits (phenotype) that they produce, and their resilience and survival
under selection.

A species could broadly be defined as a collection of populations that may differ
genetically from one another to a greater or lesser degree, but whose individuals are able
to mate and produce offspring. Species are the most useful units for biodiversity
research, and species diversity is the most useful indicator of biodiversity. Today, about
1.75 million species have been described and named, but the majority remains unknown.

The highest level of organization is the ecosystem, which may be classified into
natural ecosystems, composed of native organisms; semi-natural ecosystems, in which
human activity is limited and the ecosystem is subject to some level of low intensity
human disturbance; and “managed ecosystems”, where human control is fully exercised,
and where management takes on varying degrees of intensity, from the most intensive,
conventional agriculture and urbanized areas, to less intensive systems including some
forms of agriculture in emerging economies or sustainably harvested forests. Ecosystem
diversity is likewise the highest organization by which biodiversity may be measured.

Biological diversity has emerged in the past decade as a key area of concern for
sustainable development. It provides a source of significant economic, aesthetic, health
and cultural benefits. It is assumed that the well-being and prosperity of earth’s
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ecological balance as well as human society directly depend on the extent and status of
biological diversity. Generally, it is assumed that higher biodiversity results in higher
productivity for biomass

In the tropics, where the climate is warmer, wetter, and less seasonal, biodiversity
is richer, compared to temperate and polar regions. Latin America, the Caribbean, Asia
and the Pacific together host 80% of the ecological mega-diversity of the world.
Consequently, biodiversity is, to a large degree, influenced by man, as changes in
agrobiological management will influence biodiversity in such countries overall.

Threats to global biodiversity

Loss of biodiversity is occurring in many parts of the globe, often at a rapid pace.
It can be measured by loss of individual species, groups of species or decreases in
numbers of individual organisms. In a given location, the loss will often reflect the
degradation or destruction of a whole ecosystem. According to the Subsidiary Body on
Scientific, Technical and Technological Advice (SBSTTA, 2003), habitat loss is the
greatest, most serious of all threats to biodiversity. Habitat loss due to the expansion of
human activities, including urbanization and the increase in cultivated land surfaces, is
identified as a main threat to 85% of all species described in the IUCN Red List (IUCN,
2000).

The introduction of non-native species and genetic stock is a major threat to
biodiversity. There are thousands of new and foreign genes introduced with trees, shrubs,
herbs, microbes, and higher and lower animals each year (Sukopp & Sukopp, 1993).
Many of these new species survive and, after many years of adaptation, become invasive
(Starfinger et al., 1998).

Genetic diversity among agricultural crops has also declined rapidly due to the
introduction of new commercial varieties. Reported losses of over 80% of varieties in
species such as apple, maize, tomato, wheat and cabbage have occurred worldwide
(UNEP World Conservation Monitoring Centre, 2003

Agriculture and other development activities have led to an overall decline of
approximately 2% in the world’s forests and woodlands, between 1980 and 1990. In the
developing regions, natural forest cover declined by 8% (UNEP, 1997). Agricultural
practices also influence terrestrial and aquatic biodiversity within and around agricultural
fields (Tilman, 1999; Tilman et al., 2002). Fertilizers, pest control chemicals, tillage and
even crop rotation have an impact on the biodiversity of agricultural ecosystems
(Beringer, 2000; Ross et al., 2002).

Agricultural Practices

World food production almost doubled in the thirty-five years from 1961-1996
(Tilman, 1999; Tilman et al., 2002), with only a 1.1 fold increase in cultivated lands. This
was made possible due to the use of fertilizers and pest control compounds,
implementation of specific agricultural practices, shifts to higher yielding varieties, and
adoption of new technologies.

Despite these advances, the productivity of crop plants is still challenged by
abiotic and biotic stresses. Abiotic stresses include nutrient deficiencies, water



challenges, temperature extremes, and soil acidity, alkalinity, and salinity. Biotic stresses
include weeds, insects, and plant pathogens such as fungi, viruses, and bacteria. Weeds
cause 10-13% loss in terms of world food supply, insects 13-16%, and pathogens 12-
13%. Without pesticides or other pest control measures, it has been estimated that the
losses would increase to 70%, with an economic loss of $400 billion USD per year
(Oerke & Dehne, 1997).

Two common pest control practices include crop rotation and tillage. Crop
rotation, or using one field to plant different crops from one harvest to the next, is an
effective practice, since some pests rely on specific crops as host. A study in Canada
indicates a decrease in nitrate fertilizer requirement and 22% higher wheat yield after 8
years in the second rotation cycle under no tillage conditions, as compared to
conventional tillage (Soon & Clayton, 2002).

Tillage practices, on the other hand, can cause soil erosion, reduce soil quality,
and disrupt biodiversity. The introduction of herbicides, or of herbicide-tolerant crops,
can reduce the dependence of farmers on tillage. In the US, 80% of growers are making
fewer tillage passes and 75% are leaving more crop residue (Cotton Council, 2003).
Under no-tillage crop production, the soil remains relatively undisturbed and plant litter
decomposes at the soil surface, much like in natural soil ecosystems.

Genetically Modified (GM) Crops

One method to both study plants in greater detail as well as to produce new
varieties of plants is through the use of its genetic material, or DNA. For instance, in
taxonomy and conservation, scientists may use molecular markers to identify species, in
the same way that forensic medicine is used to identify criminals. In seed banks and
conservation projects, genetic fingerprints are used to establish the origin of a seed or the
relatedness of one plant variety to another.

A plant’s genetic material may also be beneficial for breeding new varieties.
Using conventional methods, plant varieties with desirable traits (such as resistance to an
infectious plant disease, or to herbicide treatment) can be crossed, and, by analyzing a
few cells of the newly sprouted plant, one can predict some of the expected properties of
the progeny by looking at the presence or absence of certain genes.

Modern methods involve directly manipulating the plant’s genetic material, thus
allowing scientists greater control over the plants produced. In a process called genetic
engineering, a gene is transferred from one organism to another, so that the recipient
produces a protein normally made only in the donor. The recipient of the new gene is
called a Genetically Modified Organism (GMO), and crops produced by such a process
are commonly called GM Crops.

GM Crops have been available on the market for some time. Clive James from
ISAAA compiled information on the total number of hectares per country planted with
GM crops (Table 1). Other countries not included in the list are South Africa, India,
Spain, Mexico, Indonesia, Honduras, Australia, Romania, Uruguay, Bulgaria, Colombia,
Germany, and the Philippines, all of which planted less than 1 million hectares of GM
crops in 2003.



Table 1. Global status of biotech crops in 2003 (James, 2004)

Country Hectares (million)
USA 42.8

Argentina 13.9

Canada 4.4

Brazil 3.0

China 2.8

Table 2 presents the total hectares planted in 2003 per GM crop. Herbicide
tolerance has consistently been the dominant trait, followed by insect resistance. In 2003,
herbicide tolerance was deployed in soybean, corn, cotton, and canola, and occupied
73%, or 44.2 million hectares of the global 67.7 million hectares. Herbicide tolerant
soybean was the single biggest trait/crop with 41.4 million hectares.

Insect protected crops were offered in maize and cotton, and covered 12.2 million
hectares of the global transgenic area in 2003. Bt maize covered 7.7 million of those
hectares. Stacked gene combinations, with both herbicide tolerance and insect protected
traits in the same product, were offered in both cotton and maize, and occupied 5.8
million hectares in 2003. A small amount of squash and papaya with virus resistance was
also grown in 2003.

Table 2. GM Crops grown globally in 2003

Crops Hectares (million)
Soybean 41.4

Maize 15.5

Cotton 7.2

Canola 3.6

There are hundreds of crops and traits still being tested in laboratory and field
experiments. (Agbios Database, 2003).

The Impact of Agricultural Practices on Biodiversity

Modern agricultural practices, including tillage and the intensive use of
conventional insecticides, have been broadly linked to declines in biodiversity in agro-
ecosystems.

The very act of putting land to agricultural use limits gene flow among
populations and fragments habitats available to any particular species. Where individuals
of an animal species are unable to move through agricultural fields, populations will
become more isolated, further reducing effective population sizes and threatening the
viability of these populations. (Hanski, 2002)

Tillage leads to frequent disturbances of the agricultural landscape, increases
energy loss from agricultural fields, and increases problems of soil erosion and run-off
from agricultural fields. When (Witmer et al., 2003) studied corn, soybean, and wheat
cropping systems in the Mid- Atlantic region of the United States, they found that ground




dwelling and foliage-dwelling beneficial arthropods were least abundant, and pests were
most abundant, in the simplest, most intensively managed continuous corn system. This
suggests that shifts toward conservation tillage and no-till will benefit agricultural
biodiversity.

The intensive use of conventional insecticides generally reduces diversity through
direct toxic effects. Many of the widely used classes of conventional insecticides,
including organophosphates and pyrethroids, have been shown to adversely affect a broad
range of non-target species, including species of economic importance. Local extinctions
are common where these insecticides are frequently used. Such insecticides have been
shown to eliminate important predator and parasitoid species from agricultural systems.
(Pimentel et al., 1993)

To lessen the need for both methods would require plants which are tolerant to
herbicides, or which contain their own protective mechanisms — both of which have now
been achieved through genetic modification. Pesticide resistance is managed by insertion
of the Bt (Bacillus thuringiensis) toxin gene, which is normally produced by a soil
bacterium. Unlike the bacterium, which produces the toxin in a precursor form, Bt corn
contains an inserted truncated cryl Ab gene that encodes the active toxin. The toxins do
not appear to have any consistent effects on organisms in soil (earthworms, nematodes,
protozoa, bacteria, fungi) or on microorganisms in vitro (Koskella, 2002; Saxena et al.,
1999; Saxena & Stotzky, 2001).

The Impact of GM Crops on Biodiversity

The use of herbicide tolerant or self-protecting Bt GM crops can positively impact
agricultural species biodiversity, as these crops allow the management of weeds and
insect pests in a more specific way than chemical herbicides and pesticides. In particular,
the adoption of insect resistant Bt crops, expressing highly specific Bt proteins, represents
an opportunity to replace broad-spectrum insecticide use. Large numbers of field studies
have been conducted to compare fields of Bt crops and conventional crops in terms of
species abundance. Species diversity in Bt cornfields (Lozzia et al., 1999; Lozzia, 1999;
Dively & Rose, 2002) did not significantly differ with that in untreated, conventional
cornfields. The same is true with Bt cotton fields (Fitt & Wilson, 2003; Naranjo &
Ellsworth, 2002; Naranjo et al., 2002; Xia et al., 1999). However, the target pests and
their specific parasites were significantly less in Bt crop fields compared to conventional
fields. Studies have also shown that in conventional fields that are sprayed with
pesticides, many non-target species are adversely impacted (Candolfi et al., 2003;
Candolfi et al., 2004; Dively & Rose, 2002; Fitt & Wilson, 2003; Head et al., 2001;
Naranjo et al., 2002; Xia et al., 1999).

In addition, herbicide tolerant crops permit greater flexibility in herbicide
application practices, particularly the timing of applications. Herbicide tolerant crops can
also encourage herbicide application practices that benefit wildlife. For example, studies
on herbicide tolerant sugar beet in the UK and Denmark have shown that leaving weeds
untreated in the agricultural field for a longer period allows arthropod populations to
increase to higher levels than are seen in conventional fields, without affecting crop yield
(Dewar et al., 2002).



GM crops can replace agricultural practices that would otherwise depress and
disrupt species biodiversity, and can encourage or complement other practices that
enhance biodiversity, such as the selective use of mixed cropping (Zhu et al., 2000a; Zhu
et al., 2000b) or organic or integrated farm management strategies. There is basically no
scientifically plausible reason to keep GM crop and organic/integrated farmer practices
strictly apart.

With the introduction of GM crops, concern has been expressed that overall
genetic diversity within crop species will decrease because breeding programs will
concentrate on a smaller population of high value cultivars. However, genetic uniformity
among cotton (Bowman et al., 2003) and soybean varieties (Sneller, 2003) has not
changed significantly with the introduction of transgenic crops.

Conclusions

Habitat loss and fragmentation due to modern intensive farming represent the
greatest threats to natural genetic diversity. Practices that increase the productivity of
existing agricultural lands will help to limit these effects (UNDP, 2001). Biotechnology
can be a valuable tool for introducing GM crops, which produce higher yield, increase the
productivity of agricultural lands, and lessen the need for herbicides and pesticides,
thereby preserving biodiversity. The introduction of GM crops varieties does not
represent any greater risk to crop genetic diversity than the breeding programs associated
with conventional agriculture.
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