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ABSTRACT

The describing features of any cropping system are the crop rotation and the kind or intensity of
tillage. The trend worldwide starting in the late 20th century has been (i) to specialize
competitively in the production of two, three, a single or closely related crops such as different
market classes of wheat and barley, and (ii) to use direct seeding, also known as no-till, to cut
costs and save soil, time, and fuel. The availability of glyphosate- and insect-resistant varieties of
soybeans, corn, cotton, and canola has helped greatly to address weed and insect pest pressures
favored by direct seeding these crops. However, little has been done through genetics and
breeding to address diseases caused by residue- and soil-inhabiting pathogens that remain major
obstacles to wider adoption of these potentially more productive and sustainable systems.
Instead, the gains have been due largely to innovations in management, including enhancement
of root defense by antibiotic-producing rhizosphere-inhabiting bacteria inhibitory to root
pathogens. Historically, new varieties have facilitated wider adoption of new management, and
changes in management have facilitated wider adoption of new varieties. Although actual yields
may be lower in direct-seed compared with conventional cropping systems, largely due to
diseases, the yield potential is higher because of more available water and increases in soil
organic matter. Attaining the full production potential of these more-sustainable cropping
systems must now await the development of varieties adapted to or resistant to the hazards
shown to account for the yield depressions associated with direct seeding.
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INTRODUCTION crop rotation. For purposes of this work, a

The concept of an agro ecosystem evolved
through extension of the ecosystem paradigm,
a central organizing principle in ecology, to
agriculture  (Lowrance et al., 1984).
Historically, the production and sustainability
of any given cropping system have been
thought to require, as a source, the use of a
long (3-years cycle or longer) and assorted

cropping system is defined as the integration
of management practices and plant genotypes
(species and varieties) to produce crops for
precise end uses and environmental benefits
(Forman, 1995). Management involves
creating the growing environment and supply
of resources (plant nutrients and water) more
favorable for the crop.
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Although the welfares of crop rotation are
beyond reproach, to remain viable in today’s
global commodity markets, farm businesses
have to specify in the production of normally
two crops (more rarely three), and many
specialize in a single crop or in thoroughly
related crops, such as different market classes
of wheat and barley (Cook, 2006). The
productivities gained by focusing, e.g., using
the same planter, harvester, and marketing
infrastructure for all crops, have progressively
outweighed the risks of putting ‘‘all eggs in
one basket.”” Moreover, the more uses that are
found for commaodity crops such as maize and
soybeans (e.g., biofuels), with the declining
land base existing for agricultural uses, the
more intensely these crops will be and can be
developed in the same fields as unceasing or
near-continuous monocultures. Crop
monocultures have been offensive largely for
one reason, crop health, and hence vyields
typically decay, leading to more harmless sites
within the field for weeds to embellishment.
This practice also requires greater use of
pesticides and usually also tillage (soil
cultivation) to manage or at least stabilize
yields at some economic level. Typical but
unproven descriptions for yield decline with
crop monoculture have included the following:
different crops remove different plant nutrients
from the soil until one nutrient becomes
limiting, but not if a different (unrelated) crop
is then grown in that field; the crop is noxious
to itself (allelopathy); as thought after the 19th
and early 20th century vyield declines of
monoculture cotton in the U.S. Southeast, the
soil becomes ‘‘worn out’’ and ‘‘needs a rest.”’
With the exclusion of nitrogen-fixing legumes,
any crop sequence where a product is hauled
from the field will reduce the soil of its
fertility, which must be re-placed as an input.
Crop monocultures have been offensive
largely for one reason, crop health, and hence
yields typically decline, leading to more safe
sites within the field for weeds to
embellishment (Diter von Wettstein, 2006).
This practice also requires greater use of
pesticides and usually also tillage (soil
cultivation) to accomplish or at least alleviate
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yields at some economic level. In addition to
the economic benefits, leaving all residue of
the previous crop on the soil surface protects
in contradiction of evaporative loss of water
needed to grow the next crop, essentially stops
soilloss from wind and water erosion, and
results in a buildup (sequestration) of soil
carbon as organic matter. Additionally, the
stubble with all weeds seeds left on the soil
surface provides habitat and food for birds and
other wildlife (Erenstein, 2003). Certainly,
direct-seed cropping systems can provide the
same ecosystem services expected of natural
ecosystems, including mitigation of floods and
droughts, purification of water and air,
recycling of nutrients and protection of
biodiversity. North American agriculture has
been stirring slowly but steadily in this
direction since the Dust Bow! of the1930s. The
development of natural ecosystems is precise
by a high level of biodiversity, in sharp
dissimilarity; intensive agricultural systems
involve monocultures associated with high
input of chemical fertilizers and pesticides.
Intensive agricultural systems have clearly
negative impacts on soil and water quality and
on biodiversity conservation (Joffre et al.,
2004). Alternatively, cropping systems based
on carefully designed species mixtures reveal
many potential advantages under various
conditions, both in temperate and tropical
agriculture. This article reviews those potential
advantages by addressing the reasons for
mixing plant species; the concepts and tools
required for understanding and designing
cropping systems with mixed species; and the
ways of simulating multispecies cropping
systems with models. Multispecies systems are
diverse and may include annual and perennial
crops on a gradient of complexity from 2
to nspecies. A literature survey shows
potential advantages such as (1) higher overall
productivity, (2) better control of pests and
diseases, (3) enhanced ecological services and
(4) greater economic profitability. Agronomic
and ecological conceptual frameworks are
examined for a clearer understanding of
cropping systems, including the concepts of
competition and facilitation, above- and

25



Banga et al.
belowground interactions and the types of
biological interactions between species that
enable better pest management in the system.
After a review of existing models, future
directions in modelling plant mixtures are
proposed. We conclude on the need to enhance
agricultural research on these multispecies
systems, combining both agronomic and
ecological concepts and tools.

Cropping System

The term cropping system refers to the crops
and crop sequences and the management
techniques used on a particular field over a
period of years. This term is not a new one, but
it has been used more often in recent years in
discussions about sustainability of our
agricultural production systems (Gliessman,
2007). Several other terms have also been used
during these discussions:

Allelopathy is the release of a chemical
substance by one plant species that inhibits the
growth of another species. It has been proven
or is suspected to cause yield reductions when
one crop follows another of the same family—
for example, when corn follows wheat.
Technically, damage to a crop from following
itself (such as corn following corn) is referred
to as auto toxicity. In many cases the actual
cause of such yield reduction is not well
understood, but it is generally thought that the
breakdown of crop residue can release
chemicals that inhibit the growth of the next
crop. So keeping old-crop residue away from
new-crop roots and seedlings should help to
minimize such damage.

Double-cropping (also known as sequential
cropping) is the practice of planting a second
crop immediately following the harvest of a
first crop, thus harvesting two crops from the
same field in one year. This is a case of
multiple cropping, which requires a season
long enough and crops that mature quickly
enough to allow two harvests in one year.
Intercropping is the presence of two or more
crops in the same field at the same time,
planted in an arrangement that results in the
crops competing with one another.
Monocropping, or monoculture, refers to the
presence of a single crop in a field. This term
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is often used to refer to growing the same crop
year after year in the same field; this practice
is better described as continuous cropping, or
continuous mono cropping.

Relay intercropping is a technique in which
different crops are planted at different times in
the same field, and both (or all) crops spend at
least part of their season growing together in
the field. An example would be dropping
cover-crop seed into a soybean crop before it
is mature.

Strip cropping is the presence of two or more
crops in the same field, planted in strips such
that most plant competition is within each crop
rather than between crops. This practice has
elements of both intercropping and
monocropping, with the width of the strips
determining the degree of each.

Crop rotations, as a primary aspect of
cropping systems, have received considerable
attention in recent years, with many people
contending that most current rotations are
unstable and (at least indirectly) harmful to the
environment and therefore not sustainable
(Ewel, 1999). Many proponents of
“sustainable” agriculture point to the stability
that accompanied the mixed farming practices
of the past, in which livestock played a key
role in utilizing crops produced and in
returning manure to the fields. Such systems
can still work well, but reduced livestock
numbers, fewer producers, and increased crop
productivity have meant that such systems are
likely to work well for a relatively small
segment of agriculture.
Corn-Soybean-Wheat Cropping Systems
Though corn and soybean stay the primary
crops of choice for most producers, there is
still  great attention in finding other
arrangements of crops that can provide similar
or greater profits, more stability of yield and
income, and some lessening in risks that corn
and soybean crops share (Wibawa et al.,
2003). One such system is a 3-year rotation
that comprises wheat along with corn and
soybeans. While the double-cropping system
often includes these three crops, questions
remain unanswered about the extent to which
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the wheat-soybean double-crop represents one
or two crops, from a standpoint of effects on
the next season’s crop. The sequence of corn,
soybean, and wheat has little effect on corn
yield, though corn following soybean yielded
slightly more than corn following wheat
(Nafziger, 2006). Economic returns for these
systems depend, of course, on crop prices and
input costs. But results of this research indicate
that three-crop rotations including wheat can
be economically competitive at current crop
price ratios. Drawbacks to the inclusion of
winter wheat in northern include the
occasional effort in getting the wheat crop
planted on time following harvest of corn or
soybean. The sequence in which the crops are
grown does not affect yields much in most
years, but it can be easier to plant wheat
following soybean, both because of earlier
harvest and because of less crop residue.

Cropping systems will need to change

Some who look at cropping systems in terms
of ecological principles oppose that current
cropping patterns are so unstable that changes
must be made soon to prevent disaster
(Gliessman, 2007). There is historical
evidence that some cultures have been
demolished as a consequence of depending too
much on a single crop or a few crops, though it
is not clear that the methods of production
were the problematic as much as lack of means
to adequately manage insects and diseases.
Yields of some major crops in major growing
areas of the world have stagnated in recent
years, in some cases without a clear cause,
even as genetic potential of these crops
continues to increase (Smith et al., 2002). Thus
the answer to the question of whether cropping
systems will need to change is “probably,”
though there is very little evidence pointing to
specific changes that will have to be made. As
long as crops are produced using sound
agronomic principles, with a minimum of
pesticides, and with awareness of the need to
preserve the soil and minimize effects on the
environment, we will stay flexible enough to
meet challenges to current crops as they come.
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CONCLUSION
Crop monocultures have been offensive
largely for one reason, crop health, and hence
yields typically decay, leading to more
harmless sites within the field for weeds to
embellishment. This practice also requires
greater use of pesticides and usually also
tillage (soil cultivation) to manage or at least
stabilize vyields at some economic level.
Typical but unproven descriptions for yield
decline with crop monoculture have included
the following: different crops remove different
plant nutrients from the soil until one nutrient
becomes limiting, but not if a different
(unrelated) crop is then grown in that field.
Crop rotations, as a primary aspect of cropping
systems, have received considerable attention
in recent years, with many people contending
that most current rotations are unstable and (at
least indirectly) harmful to the environment
and therefore not sustainable. Economic
returns for these systems depend, of course, on
crop prices and input costs.
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