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Recognizing Challenges to lowa’s Annual

Cropping Systems

Iowa’s soybean and corn cropping systems are
among the most productive in the world.
Approximately 23.5 million acres of soybean
and corn are harvested annually generating $20
billion of economic revenue for the state. New
tools, technologies, and the use of science-based
best management practices allow lowa farmers
to increasingly feed more people with a
shrinking acreage base. However, the
technologies that enable farmers to accomplish
this admirable task are failing in some areas.
Failure of these technologies limits yield and
increases input costs putting the farmer at risk of
not being able to compete for land and other
resources.

CHALLENGES TO IOWA’S CROPPING
SYSTEMS

Current cropping systems utilize either an
alternate-year rotation of soybean followed by
corn (soybean-corn), one year of soybean
followed by two years of corn (soybean-corn-
corn), or continuous corn. These rotational
sequences: (i) maximize farmer income; (ii)
promote higher yields for one or both crops; (iii)
increase residue cover of the soil resulting in
increased organic matter and reduced soil
erosion thus protecting air and water quality; and
(iv) reduce disease, insect, and nematode
pressure.

Tillage is a traditional management practice that
is widely used in Iowa’s highly productive
cropping systems. It manages residue left by the
harvest of previous crops, controls weeds that
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compete with the current crop, and incorporates
amendments such as fertilizers and manure.
However, it does little to improve soil health,
water infiltration rate, water quality, and long-
term soil structure.

In contrast, no-till production systems improve
soil and water quality by increasing organic
matter; improving water infiltration rate (10);
conserving soil moisture; and decrease fuel,
equipment and labor costs (6). Furthermore,
studies conducted by lowa State University
showed yields from no-till planted soybeans
were not significantly different from soybean
grown in fields in which tillage was used (See
Influence of Tillage on Soybean Production in
lowa). Approximately 88 percent of the
estimated 14.6 million acres of corn planted in
lowa in 2012 were planted with one or more
tillage passes prior to planting. Just 12 percent
were planted using less intensive tillage
practices including no-till. In contrast,
approximately 60 percent of lowa’s soybean



acres are planted using no-till according to the
most recent USDA estimate (16).

Revenue generated by soybean and corn sales,
government subsidies, and land tenancy
limitations generally determine which crop
rotational sequence is used by farmers. Cropping
systems that include alternative crops such as
alfalfa or small grains are rarely included in the
rotation. However, research suggests that
cropping systems that include alternative crops
can be economically viable (11) and could be
used to diversify current production programs.

The environmental costs of the state’s current
cropping systems are under increasing scrutiny.
Many argue that the continuous planting of the
states two primary crops in continuous corn or in
soybean-corn or soybean-corn-corn rotations is
not sustainable and that ,
only planting two crop
species has already put
farmers and the
technologies on which they
rely at risk. \

Recent reports by university researchers reveal
that key insect resistance traits in corn are losing
efficacy against the corn rootworm in multiple
areas of the Corn Belt. Gassmann and coworkers
(4) were first to report that populations of
western corn rootworm in lowa have evolved
resistance to the crystalline Bt toxin Cry3Bb1 in
corn. The Cry3Bb1 toxin is a trait sold in select
YieldGard®, Genuity®, and SmartStax® branded
corn hybrids. The primary cause for the failure
of this technology appears to be an over-reliance
on the Cry3BDb1 technology in continuous corn
rotations. Experts agree that continued reliance
on this gene may threaten the efficacy of similar
genes and genes with which Cry3Bbl is stacked.

Although the prophylactic use of fungicides on
soybean and corn is a relatively new
management practice, strobilurin fungicide use
on soybean is already threatened by the

Evolving weed, insect, and pathogen
resistance are very serious threats to
profitable soybean and corn
production in the United States.

emergence of a resistant biotype of Cercospora
sojina, the causal agent of frogeye leaf spot. The
presence of this resistant biotype has been
confirmed in Alabama, Arkansas, Illinois,
Kentucky, Louisiana, Mississippi, Missouri, and
Tennessee (2). Strobilurin fungicide active
ingredients currently registered on soybean
include azoxystrobin (found in Quadris®, Quilt®,
and Quilt Xcel®), fluoxastrobin (Evito®),
pyraclostrobin (Headline®), and trifloxystrobin
(Stratego®, Stratego YLD®). It has been
postulated that an overreliance on strobilurin
fungicides for foliar disease control in soybean
caused the resistant biotypes of the pathogen that
were already present in the fields to become
dominant. Spores of the resistant biotype will
move from affected fields into fields in
surrounding areas causing future problems in
increasingly larger
geographies. It is not
uncommon for pathogenic
fungi to quickly evolve
resistance to the strobilurin
fungicides (1).
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Herbicides and tillage were keystones of high-
yield grain production in United States
agriculture for many years. The nearly
instantaneous adoption of glyphosate as a weed
management option in several crops resulted in
less herbicide applied for weed control and it
promoted conservation tillage practices such as
no-till. The herbicide’s relatively low cost and
broad-spectrum weed control made it an easy
choice to improve management efficiencies in
large-scale grain production systems.
Glyphosate has been nearly the only herbicide
many farmers have used in their soybean and
corn production programs since Roundup
Ready® soybeans were introduced in 1996.

Today, weed resistance to herbicides is one of
the most serious threats to profitable soybean
and corn production in the United States. The
emergence in lowa of populations of waterhemp,



giant ragweed and horseweed resistant to
glyphosate was not unexpected. There are
currently 22 different biotypes of weeds resistant
to at least one herbicide in lowa (17). Like the
strobilurin fungicides, an overreliance on the
glyphosate chemistry is one, but not the sole,
reason for the emergence of glyphosate resistant
weed populations.

The reality and abundance of herbicide resistant
weeds has reintroduced complexity and greater
expense into weed management programs.
Because weed management programs will likely
revert to tillage and a greater reliance of multiple
herbicides (12) concerns related to the impact of
these weed control tactics on environmental
quality will likely be elevated.

The approach of the chemical industry to
herbicide resistant weeds is to develop crops
resistant to 2,4-D, dicamba, and glyphosate.
Combining the diverse modes of action may
provide farmers with an additional tool for weed
management and yield protection. However,
many weed scientists believe that without a high
level of stewardship the overuse of these
herbicides could lead to an escalation in the
herbicide resistant weed problem (12). It is
plausible that weeds already resistant to
glyphosate could also evolve resistance to 2,4-D
and dicamba. The evolution of weeds resistant to
multiple herbicides, of diverse modes of action,
has already occurred in some areas including
lowa (17).

Clearly, a more sustainable and environmentally
sensitive solution to weed management is
needed.

If herbicide resistant weeds and fungicide
resistant pathogens weren’t enough, global
climate change has resulted in more extreme
weather events. Most climatologists predict that
instead of a relatively steady cycle of moderate
rain and dry periods, farmers will experience
more severe droughts punctuated by more
severe, high-intensity storms. This variability
will add yet another dimension of uncertainty to
farmer profitability unless steps are taken to
improve the current cropping systems so they
are more resilient to environmental shifts of
rainfall and temperature.

COVER CROPS

Cover crops have been used globally to reduce
soil erosion, improve soil and water quality, and
are a likely choice to help improve the resiliency
of monoculture-based cropping systems like
those of Towa’s soybean- and corn-dominated
production system. Soybean produces much less
residue than corn and thus leaves more soil
exposed to wind and water erosion during fallow
periods. Cover crops provide ground cover
outside of the normal cropping season thus
reducing the risk of soil loss from wind and
water erosion following a low residue crop such
as soybean, corn harvested for silage, and corn
harvested for seed production (9,10).

While cover crops are not widely planted in
lowa, the primary cover crop species planted are
oat and winter rye (14).

Fall-seeded oat overwinters poorly in lowa and
provides little protection against spring rainfall.
In contrast, winter rye overwinters well in the
Corn Belt and has been shown to provide as
much as 18 percent more residue at planting in
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Cover crops of winter rye (above) reduce soil
erosion caused by water and wind.

no-till systems (10) but it may also reduce yield
of corn (13).

Research conducted by the United States
Department of Agriculture in partnership with
lowa State University proved that the use of
cover crops in traditional corn-soybean cropping
systems provides clear environmental and soil
productivity benefits. The benefits include
erosion control, limiting NO3-nitrogen leaching
(5, 10), weed suppression (15), and increasing
soil productivity through increasing soil organic
matter and water infiltration rate (10). Soil
structure may also be improved through the use
of cover crops. Kaspar and Singer (10)
postulated that cover crops can improve soil
structure directly through formation of pores and
aggregates by roots or indirectly through the
addition of decomposition of plant shoot and
root residues. They further concluded that soil
structural changes were highly dependent upon
multiple factors including climate, soil type,
tillage, cropping system, cover crop species and
biomass production.
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Cover crops reduce leaching losses of NO3
because they extend the period of active nitrogen
and water uptake to periods of the year when
soybean and corn are not actively growing. This

dramatically reduces leaching loss of NO3 by
plant uptake, which reduces its concentration in
the soil solution, and by taking up water, which
reduces the amount of water moving through the
soil profile (10). Kaspar and Singer (8) reported
a 61 percent reduction in leaching of NO3; when
winter rye was used as a cover crop. They also
reported however, that the amount of NO3
leached from the soil profile can vary widely
and is dependent upon the cover crop species
used and rainfall.

Cover crops can be overseeded shortly before
(7) or planted soon after harvest of the main
grain crop in the fall. Vegetative growth that
occurs in the fall provides soil cover during
winter months that can help capture and retain
snow. In the spring, vegetative material, along
with crop residue, provide cover to reduce the
destructive impacts of rain that falls on
unprotected soil.

Dabney (3) reviewed several studies and
concluded that cover crops also increase the rate
and amount of infiltration from rainfall in
conventional and no-till systems. He postulated
that the increase in infiltration may happen
through several mechanisms: (i) prevention of
surface sealing by reducing the direct impact of
rainfall on the surface; (ii) an increase in the
water storage capacity of the soil created by
increased water use by the cover crop; and (iii)
an increase in macroporosity caused by the
decay of cover crop roots and possibly by an
increase in soil fauna.

Cover crops are also reported to contribute to
increased soil stability by rendering soil less
erodible. Dabney concluded from his review that
roots of cover crops, and the fungal hyphae



associated with them bind the soil to make it
more resistant to movement by water. However,
it appears that the greatest benefits from cover
crops, with regard to increasing soil stability, are
attributed to the increased amount of residue left
on the soil surface from conservation tillage and
no-till practices.

Many studies have shown the benefits and
limitations of cover crops. However, the primary
factor that drives the adoption of any new
management practice is its impact on yield of
soybean and corn. Kaspar (10) reported that
soybean yields were not significantly affected in
studies conducted in lowa where
winter rye was used as a cover crop
following corn silage harvest.
Researchers conducted studies in
central lowa over four years and
reported that soybean grain yield
following a winter rye cover crop
was 53.6 bushels per acre
compared with 55.1 bushels per
acre without a cover crop (10).
From these studies, and many
others looking at the use of small
grains as a cover crop in lowa,
cover crops are a viable
management practice that can be used to reduce
soil erosion following a harvested soybean crop,
corn harvested for silage, and corn harvested as
seed corn.

CONCLUSIONS

The rapid embrace of new technologies such as
genetically enhanced crops and global
positioning systems has improved operational
efficiencies of farming operations of all sizes.
These technologies have improved pest control
options, reduced pesticide usage, and facilitated
the adoption of conservation practices such as
no-till. When used wisely they can improve the
resilience and sustainability of production
agriculture. As stewards of these technologies

their use must be properly managed to sustain
the nation’s low cost, high-yield production
system of food, feed and fuel.

Ultimately, improvements in resilience and
sustainability of cropping systems are achieved
when decision makers make management
decisions that are beneficial both economically
and environmentally and increase the long-term
efficiency of farming operations. Crop
specialists and farmers must become more
proficient at early recognition of threats to
Iowa’s cropping systems and make proactive
changes in management practices to ensure
long-term use of valuable technologies that
increase crop yield and yield
stability.

Although change is needed in many
areas of crop production, the
overwhelming need is to increase
the diversity of crops and
management practices used
throughout the current cropping
systems. Greater diversity is needed
in the use of insecticide, fungicide,
and herbicide use along with the
discovery of new chemistries with
diverse modes of action. A greater
awareness of science-based best management
practices would diversify control tactics for
insects, pathogens and weeds and slow the
emergence of new populations of pests resistant
to control measures. New high-value crops
including summer annuals and cover crops are
needed to diversify lowa’s monoculture-based
soybean and corn cropping systems, reduce soil
erosion, improve soil health and water quality,
and increase productivity of soybean and corn.

o
=
©
o
(=3}
(=
@©
[
el
>
o
(%]
°
Q
=
=
=)
[}
=)
o
‘=
o

REFERENCES

1. Bartlett, D.W., J.M. Clough, J.R. Godwin,
A.A. Hall, M. Hamer, B. Parr-Dobrzanski.
2002. The strobilurin fungicides. Pest
Management Science 58:649-662.



2. Bradley, C. 2012. Update on Frogeye Leaf Sauer, T.J., editors. Soil Management:
Spot and Strobilurin Fungicide Resistance. In Building a stable base for agriculture.
The Bulletin 24:4. Madison, WI: American Society of Agronomy

3. Dabney, S.M. 1998. Cover crop impacts on gr31c71 Soil Science Society of America. p. 321-
watershed hydrology. Journal of Soil and '

Water Conservation, 53:207-213. 11. Liebman, M., L.R. Gibson, D.N. Sundberg,
A.H. Heggenstaller, P.R. Westerman, C.A.
4. Gassmann, A.J,, Petzold-Maxwell, JL, Chase, R.G. Hartzler, F.D. Menalled, A.S.
Keweshan, R.S., Dunbar, M.W. 2011. Field- . . .
Evolved Resistance to Bt Maize by Western Davis, PM Dixon. 2008. Agronpmlc and
; economic performance characteristics of
Corn Rootworm. PLoS ONE 6(7): e22629. . . .
d0i*10.1371 conventlpnal and low-external-input cropping
systems in the central Corn Belt. Agronomy

5. Hatfield, J.E., L.D. McMullen, C.S. Jones. Journal, 100:600-610.

Journal of Soil and Water Conservation 64(3): M.R. Ryan, R.G. Smith. 2012. Navigating a
190-199 ’ critical Juncture_for s_,ustalnable weed
' management. BioScience, 75:75-84.
> !:'I\?(r)c—)tl\,\{llf’z,fjr’rnl:fn: ?seily g‘j{urq(()jwt(ng;J sgaitizc(ll%nited 13. Munawar, A., R.L., _Blevms, W.W. Frye, and
States Department of Agriculture—Econ.omic M. R. Saul. 1990, Tlllage and cover crop
. . . management for soil conservation. Agronomy
Research Service. Economic information j 77
. ournal, 82:773-777.
bulletin 70.
14. Singer, J.W. 2008. Corn Belt Assessment of

! \]Coorlgls(m:a’n-gég 'Ebgs?jsc?r?rigKé? g:th;ﬁg rsyi Cover Crop Management and Preferences.

’ s ) ) . Agronomy Journal 100:1670-1672.
overseeded into soybean as fall cover crop in
the upper Midwest. Journal of Soil and Water 15. Teasdale, J.R., C.E. Beste, and W.E. Potts.
Conservation 53(3):276-279. 1991. Response of weeds to tillage and cover

8. Kaspar, T.C., D.B. Jaynes, T.B. Parkin, and crop residue. Weed Science 39:195-199.
T.B. Moorman. 2007. Rye cover crop and 16. United States Department of Agriculture —
gamagrass strip effects on NO concentration National Ag Statistic Service. 2011. 2011
and load in tile drainage. Journal of. Envi- lowa Agricultural Statistics. 210 Walnut, Suite
ronmental Quality, 36:1503-1511. 833, Des Moines lowa 50309-2195.

9. Kaspar, T.C., J.K. Radke, and J.M. Laflen. 17. Weed Science Society of America. 2012.
2001. Small grain cover crops and wheel Managing Herbicide Resistant Weeds in lowa.
traffic effects on infiltration, runoff, and http://weedscience.org/usa
erosion. Journal of Soil and Water
Conservation, 56:160-164.

10. Kaspar, T.C., Singer, J.W. 2011. The use of

cover crops to manage soil. In: Hatfield, J.L.,

Prepared by David Wright and Andy Lenssen Department of Agronomy, lowa State University.

... and justice for all

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin,
gender, religion, age, disability, political beliefs, sexual orientation, and marital or family status. (Not all prohibited bases apply to all programs.)
Many materials can be made available in alternative formats for ADA clients. To file a complaint of discrimination, write USDA, Office of Civil
Rights, Room 326-W, Whitten Building, 14" and Independence Avenue, SW, Washington, DC 20250-9410 or call 202-720-5964.

Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture.
Cathann A. Kress, director, Cooperative Extension and Outreach, lowa State University of Science and Technology, Ames, lowa.

© 2013 by lowa State University of Science and Technology. All rights reserved.


http://weedscience.org/usa




Accessibility Report





		Filename: 

		PM3047_Accessible.pdf









		Report created by: 

		Ron Nelson, Document Accessibility Specialist, ronelson@iastate.edu



		Organization: 

		Iowa State University, Extension and Outreach







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



