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WATER ENOUGH FOR THE FOOD SUPPLY? OUTLINING THE CHALLENGE 
 

William L. Bland1 
 

It takes an astonishing volume of water to grow a typical human diet: over 1000 gallons for 
what most of us will eat today. Here in Wisconsin and in the near future this does not appear to be 
a problem, but globally and looking forward to 2050, the water required to grow human diets may 
prove to be an enormous challenge. Earth’s population is sure to grow substantially, diets are 
changing toward requiring more water to produce, there is a persistent number of people who do 
not receive enough to eat each day, and we are coming to learn that we must reserve some water 
in rivers, lakes, wetlands, and in groundwater to keep ecosystems healthy. Can the global food 
system meet this challenge?  
 

Scientists who study this sort of thing estimate that between now and 2050 there may have to 
be nearly a doubling of the amount of water that is involved in producing the global food supply 
(Table 1). At present some 6800 Gm3/yr of water passes through the world’s food production 
system (numbers like this are impossible to envision, but they can be compared: about 139 Gm3 
of precipitation falls on Wisconsin each year, or about 2000 m3 per person). To adequately feed 
Earth’s existing population (particularly the nearly 900 million people who are currently 
undernourished) requires about 2200 Gm3 more, and finally feeding the additional 3.3 billion 
humans expected to be on Earth in 2050 might be accomplished with 3600 Gm3 more. 
 

Table 1. Estimates of current and needed water use to produce the global food supply 
(Rockström 2003). 

Component Water Volume (Gm3/yr) 
present production 6800 

eliminate current undernourishment 2200 
food for additional population 

(8.9 billion) 3600 

Total 12600 
 

 
The major assumptions that go into this estimate involve: human population growth, dietary 

choices, the water requirements of plants (almost all of this is evaporation through plants),  and 
the technologies we can use to produce food. Human population is currently 6.6 billion, but the 
rate of increase has been slowing in the past few decades. Current estimates for the population in 
the year 2050 generally fall between 8 and 11 billion; at the lower side of this range the total 
population should be leveling off to a steady value by that time. The midrange estimate is about 9 
billion (United Nations 2007).  
 

Human diets vary a great deal in how much water is required to produce them. At the low end 
is about 1 m3/day for a vegan (folks who eat no animal products at all), while a meat-rich diet can 
require 5 m3/day. The United Nation’s Food and Agricultural Organization has the goal of 
making available to every person a diet that supplies 3000 kcal daily, with 20% from animal 
protein; this diet takes about 3.6 m3/day, or 1300 m3/year. Rising purchasing power in China is 
enabling a growth rate in meat consumption there of about 5% yearly, causing the dietary water 
requirement there to increase.  
                                            
1 Professor of Soil Science and of Environmental Science, Extension Soil Science Specialist 
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The total amount of water that, say, a crop of corn or rice uses during its lifetime is counted 

as “embedded” or “virtual” water in the grain. All of the embedded water in the feed given to an 
animal is subsequently summed to give the estimated water embedded in meat from that animal. 
Thus a potato has about 6.5 gallons of virtual water, while a hamburger has some 635. Just how 
much water is embedded in a plant product depends on the plant type, the level of technology 
(genetics and fertilizer), and considerably on the climate of the place where the crop is grown. 
Thus a corn crop can require as much as 30,000 gal water/bu to grow in arid, lower-technology 
regions of India, compared with 3500 gal/bu in optimal climates and with high levels of inputs 
(Oyebankde 2004, cited in World Bank 2006). Thus the total amount of water required to feed the 
world can be considerably reduced by growing crops in appropriate places and with the fertilizer 
and management inputs needed for high yields. 
 

Irrigation is, of course, the obvious technology for making sure that plants do not run short of 
water and yield to their potential. Worldwide about 20% of crop land is irrigated and this land 
yields 40% of the world’s crop production, attesting to the power and significance of this 
technology. Unfortunately, irrigation has proven to have many limitations, from soil salinity 
buildup (first noted 4,000 years ago) to soil water-logging that in turn makes necessary artificial 
drainage. Disposal of this drainage water is emerging as a worldwide problem, increasing the cost 
and negative environmental impacts of irrigation. The area of irrigated land per person worldwide 
peaked in 1978 at about 115 acres, and has decreased since. Continued population growth is 
largely to blame, but international funding for further development of irrigation has also 
decreased, as the best spots are already developed and the full environmental and social costs of 
irrigation are better understood.  
 

The total additional requirement for water involved in the food system may be reduced from 
the above estimates by improved management of both irrigated and rainfed crops. However, there 
are additional challenges looming, including demand for bioenergy and the growing appreciation 
of the importance of “ecological flows,” that is, water that must be allocated to conserving nature. 
The protection of valued and valuable ecosystems, such as estuaries, wetlands and streams, is a 
competing demand for water that governments and environmental interest groups will need to add 
into the search for sustainable ways of meeting the human food requirement. Allocating water 
among the food and energy demands of ever more people on Earth, combined with possible 
climate change and our wish to conserve nature, is among the great challenges facing humanity in 
the coming 50 years. 
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LOCAL GROUNDWATER LEVELS IN WISCONSIN 
 
 

Birl Lowery1/, William L. Bland1/, George J. Kraft2/, Amber M. Weisenberger1/,  
Mario L. Flores1/, and Phillip E. Speth1/ 

 
 

Introduction 

In recent years, especially the past 10 years, there has been an alarming decline in 
groundwater and lake levels and reduced stream flows in the Wisconsin Sand Plains (WSP). This 
greatly impacts aquatic ecosystems, recreational uses of aquatic resources, and property values of 
riparian lands. It is clear that reduced stream flows are associated with reduced groundwater 
elevations. What is not clear is the cause of the lower groundwater level. However, there is a 
popular belief that the reduction in groundwater table elevations is associated with irrigation of 
agricultural land from high capacity irrigation wells. Wisconsin common law related to 
groundwater makes use of a “reasonable use standard” (Kent and Dudiak, 2001), so potential 
conflicts between lake riparian owners and groundwater-based irrigation indicates the urgency of 
developing an improved understanding of irrigation’s impacts on groundwater quantity. There is 
ample evidence that groundwater fluctuations occur naturally because of drought and high rainfall 
periods (Heath, 1983), but accompanying this natural fluctuation in precipitation has been a 
tremendous growth in irrigated cropping in the humid parts of the U.S. in general, and 
particularly in the WSP (WDNR, 1970; Bajwa et al., 1992; Ellefson et al., 2002). At a broader 
scientific level, there is a need for understanding irrigation water use (evapotranspiration, ET) by 
crops with respect to native vegetation (including grass and forest) on WSP, and other sand plains 
in humid temperate regions with shallow depth to groundwater. Arguably irrigated crops should 
be viewed as simply another vegetation type on the landscape, with characteristic temporal 
patterns of evapotranspiration loss and groundwater recharge, albeit strongly driven by human 
manipulation of soil wetness through irrigation. Foster and Chilton (2003) note the heavy 
exploitation of groundwater in recent years. They suggest that most consumptive use of pumped 
groundwater is by irrigated agriculture. We initiated a research project in summer of 2007 to 
attempt to obtain quantitative data on the causes of changes in groundwater elevation relative to 
groundwater use for irrigated crop in comparison to natural vegetation on WSP over recent 
decades. Water use by the differences vegetations will be accomplished via computer model 
simulation and indirect measurements of groundwater recharge rates. 
 

Irrigation in Wisconsin 
 

Irrigation in north central United States expanded eight-fold between 1970 and 1990 (Bajwa 
et al., 1992) and the expansion continues, though perhaps at a slower rate (USDA NASS, 2007). 
The majority of irrigated land in WSP is in Portage and Waushara counties, and the historical 
extent of the practice is reported in Table 1. Post World War II technology and cycles in the 
agricultural economy are reflected in the development of irrigated land area. Area of irrigated  
_________________ 
1/ Professor, Professor, Graduate Student, Graduate Student, and Senior Research Specialist, Dept. 
 of Soil Science, Univ. of Wisconsin-Madison, 1525 Observatory Dr., Madison, WI, 53706. 
 
2/ Professor, College of Natural Resources, Univ. of Wisconsin-Stevens Point, Stevens Point, WI, 
  54481. 
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land in Portage County has increased over the 15-yr period between 1987 and 2002 by 48% 
(Table 1). While the increase in Waushara is more modest (at about 11%), our observations are 
that the wells and irrigation systems are being modernized and increased in capacity. 
 
 
Table 1.   Changes in irrigated land area in two counties in Wisconsin Sand Plain (US Census of 

Agriculture) 
 Portage County Waushara County 

Year irrigated land area (ha) irrigated land area (ha) 
   

2002 37,365 19,796 
1997 31,705 20,962 
1992 27,599 17,312 
1987 25,180 17,857 
1982 20,179 14,806 
1978 20,030 15,840 
1974 11,875 11,821 
1969 10,167 8,943 
1964 6,983 5,330 
1959 2,805 2,120 
1954 1,134 111 
1949 363 216 

 
 
 

Hydrologic researchers in the 1960s and 1970s estimated the impacts of pumping for 
irrigation on surface water resources (e.g., Weeks et al., 1965; Weeks and Stangland, 1971) and 
warned of impending environmental harms if pumping was not managed (WDNR, 1970). These 
studies conceptualized pumping effects as an increase in evapotranspiration (ET) relative to 
nonirrigated land covers. Increased evapotranspiration comes at a cost to net groundwater 
recharge. Reduced net groundwater recharge in turn lowers lake and groundwater levels and 
reduces surface water flows. Irrigation might decrease net recharge by half or more over many 
years. In the vicinity of Plainfield, Weeks and Stangland (1971) estimated that a landscape cover 
consisting of one-fourth irrigated lands would average surface water flow losses of 25 to 30% and 
a water table decline of 0.15 m on top of natural water table declines. 
 

Groundwater levels in parts of the Wisconsin Central Sand Plain area are at depths not 
observed in several decades, causing stream stretches to become dry during summer periods and 
drastically reducing the size of some lakes (Fig. 1). Quite understandably questions are being 
raised over the roles of irrigation and municipal wells in this drop in groundwater level. To our 
knowledge, a careful study of these contributions has never been made, in spite of the tremendous 
growth in irrigated acreage in the region (Table 1). Official measurements of the groundwater 
level near Hancock began in 1951 and continue to this day (Fig. 2). Water table fluctuations there 
pre-date the extensive irrigation development of the area (Table 1). However, this well is at an 
all-time historic low (http://groundwaterwatch.usgs.gov/CRNSites.asp?S=440713089320801; 
USGS, 2007). 
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Similar impacts in irrigated Sand Plains of neighboring states i.e., Michigan and Minnesota 
have not been observed (personal communication, Jerry Wright, Extension Irrigation Engineer, 
University of Minnesota, 2006; Jeff Andresen, Dept of Geography, Michigan State University, 
2006; and Dave Mulla, Univ. of Minnesota, 2007). This is perhaps because of the relatively  
 
 

 
 
 

Figure 1.  Photograph of Long Lake (near Plainfield, Wisconsin) in August 2007. 
 

0

2

4

6

8

10

12

14

16

18
5/1/1951 5/1/1956 5/1/1961 5/1/1966 5/1/1971 5/1/1976 5/1/1981 5/1/1986 5/1/1991 5/1/1996 5/1/2001 5/1/2006

Date

W
at

er
 T

ab
le

 D
ep

th
 (f

t)

 
Figure 2.  Depth to water table at the USGS monitoring well near Hancock, Wisconsin. 
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dispersed nature of irrigation in Minnesota, and the dense but topographically less complex land 
area composing the irrigated Sand Plains of Michigan (e.g., lack of glacial extensive melt water 
lakes and moraines). However, at a regional scale, both Lakes Michigan and Superior have seen 
record low surface water levels in recent years. The low water level negatively impacted the 
shipping industry on Lake Superior in 2006 and 2007. 
 

Evaluation of Water Balance in WSP 
 

Fluctuations in the depth to groundwater come about from changes in the balance of water 
inputs (recharge) to outputs (discharge) (Jyrkama et al., 2002). Recharge is the fraction of 
precipitation (rain and snow melt) that percolates below the rootzone of plants, and this occurs, to 
some degree, everywhere in the region. The amount of recharge that occurs depends on both the 
amount of precipitation that falls and the amount of this water that enters the soil and drains past 
plant roots (Heath, 1983; Jyrkama et al., 2002). There does not seem to be a clear trend in 
precipitation in Central Wisconsin over the past four decades (Fig. 2), either in total or seasonal 
patterns. Heavy precipitation events have increased over this period of record (Kunkel et al., 
1999), but the impacts of this increase on recharge are not yet obvious. 
 

For WSP, the ultimate discharge is the Wisconsin River, as the groundwater moves slowly 
toward it. Streams, ditched streams, and drainage ditches act as groundwater discharge points. 
Distributed across the region there are other discharges, such as evaporation from lakes and 
streams, transpiration from vegetation with roots that reach groundwater (phreatophytic plants, 
Schwartz and Zhang, 2003), and pumping of wells. This extraction of groundwater by pumping 
of wells is the most important human intervention in the balance of groundwater recharge and 
discharge (Foster and Chilton, 2003). There are several kinds of wells in the region: irrigation, 
industrial, home, and municipal. Most of the water pumped by these wells is lost from the 
groundwater by evaporation in industrial processes (like electricity generation) or from vegeta-
tion. Some of the water used by households and industries is returned to rivers after cycling 
through a wastewater treatment plant. However, some of the water extracted at these wells finds 
its way back to the groundwater, for example through the septic system of a home, or when 
irrigation applications exceed water use by plants and the water holding capacity of the soil. 
 

Estimating how much crop irrigation changes the groundwater balance of a region, and 
thereby the water table depth, is complicated. Agricultural development in a region such as WSP 
involves both the replacement of perennial vegetation (either native or replanted, e.g., tree 
plantations), and because of the low water-holding capacity of the soils, supplemental irrigation 
derived from groundwater. These two aspects of irrigated agriculture combine to increase 
groundwater recharge at some times of the year, but to increase discharge at others. Perennial 
vegetation is actively growing and so losing water by transpiration for more of the year than 
annual crops, because early and late in the growing season crop lands are bare and bare soil loses 
little water by evaporation, especially from sandy soils. As a result early and late season 
precipitation on crop lands largely becomes groundwater recharge; while the soil moisture (that is 
that used by plants) must first be refilled before there can be groundwater recharge beneath 
perennial vegetation. Global change should also be considered. There is a clear trend for spring to 
arrive earlier in North America and Europe (Manzel et al., 2006), thus many species of perennial 
vegetation begin using soil water earlier now than in the past. Additionally, even dead natural 
plant materials intercept precipitation and allow it to evaporate rather than enter the soil. These 
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effects were demonstrated in a comparison of groundwater recharge in South Central Wisconsin 
by Brye et al. (2000). During the period from June 1995 and January 1998, native prairie yielded 
about 200 mm of recharge, compared with 560 mm from the no-tillage corn and 790 mm with 
conventional tillage (Brye et al., 2000). On the other hand, irrigated annual crops continue to 
evaporate water at the maximum rate (potential evapotranspiration) all summer long, because 
irirgators keep the soil moist with groundwater by the act of irrigating. Evaporation from 
unirrigated vegetation depends on whether or not soil moisture is present, and so becomes small 
once the soil moisture is depleted. Phreatophytes can extract groundwater from areas with natural 
vegetation (Schwartz and Zhang, 2003). In summary, our annual cropping pattern allows for 
greater recharge early and late in the season, but irrigation creates discharge that does not occur 
from natural areas. 
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PLANTS AND WATER: WHY THEY USE WHAT THEY DO 
 

John M. Norman1 
 

 
For much of the world, water remains a limiting resource for agricultural production. 

In the U.S. where we have the wealth to provide machinery, genetic material, fertilizers 
and pesticides to enhance production, crop water needs continue to be a formidable 
obstacle to increasing food and fiber production. With all the magic that technology has 
wrought upon agriculture, why don’t we have plants that use less water? Since less than 
1% of the water used by plants is required for metabolism and less than 5% is required to 
meet the water storage needs within most plants, this question seems reasonable. 
Photosynthesis is the process whereby plants convert carbon dioxide in the air to 
carbohydrates in biomass, using light as the energy source. For cells inside of a leaf to get 
access to carbon dioxide, the plant must provide a pathway for this gas to diffuse from 
the open atmosphere into the leaf as well as providing a pathway for the waste product, 
oxygen, to diffuse from inside the leaf to outside. Because all cells in the plant leaf must 
remain bathed in water to stay alive, this same pathway for carbon dioxide to gain entry 
to the leaf allows water vapor to exit that same leaf with oxygen. Neither plants, through 
evolution, nor humans with their creativity have found a way to allow carbon dioxide and 
oxygen to diffuse without allowing water vapor to diffuse too.  

 
Transpiration is also important in cooling plant leaves in warm climates, where 

productivities tend to be the highest if water is available. Reducing transpiration without 
affecting photosynthesis would cause plant leaves to be hotter and increase the risk of 
over heating. The transpiration stream also carries nutrients in the soil solution to the 
plant roots and sustains the movement of nutrients within the plant transport system. 

 
Experts continue to debate why transpiration is so large compared to the biomass 

requirements of plants, but because all known terrestrial plants make use of the simple 
diffusion properties of gasses to get carbon dioxide and lose water and oxygen, changing 
this reality is not likely to be a fruitful path for improving the water-use efficiency of 
plants. That being said, much can be done to affect the distribution of water use over the 
life cycle of plants in environments that are water limited, to choose the most water-
efficient plants for various environments, to capture rain water by wise soil and crop 
management, and to be wise stewards of the water resources that we do have. 

 
 
 
 
 
__________________________ 
 
1 Professor of Soil Science, Professor of Atmospheric and Oceanic Science, Univ. of 
Wisconsin–Madison, 1525 Observatory Dr., Madison, WI 53706 
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MONITORING WISCONSIN’S WEATHER AND CLIMATE 

 

Ed Hopkins 1/ 

 

This presentation will introduce the crop managers and others in the audience to the 
Wisconsin State Climatology Office (SCO) and describe the role that the office plays in 
monitoring the climate of the Badger State for more than a century.  The talk will show 
graphical examples of climate variables relevant to the conference theme, excerpted from 
the SCO web site. Long records of such climate variables as temperature, precipitation 
and drought will also be shown to illustrate the history of recent climate change.  A 
weather outlook for this coming spring across the Upper Midwest will be provided. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

_______________________ 
1/Assistant Wisconsin State Climatologist, Dept. of Atmospheric & Oceanic Sciences, 
Univ. of Wisconsin-Madison. 
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ENVIRONMENTAL PARTNERS PROGRAM: 
INDUSTRY DRIVEN STEWARDSHIP 

 
Mike Turner 1/ 

 

 
{This page provided for note taking} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
______________________ 
1/  Executive Director, Wis. Crop Production Association. 
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AGRICHEMICAL SPILLS:  REPORT ON 2007 EVENTS 
 

Matt Laak 1/ 

 

 
{This page provided for note taking} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
______________________ 
1/  Wis. Department of Agriculture, Trade & Consumer Protection. 
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UPDATES FROM THE AGRICHEMICAL MANAGEMENT BUREAU 
 
 

Dave Fredrickson and Lori Bowman 1/ 
 

ABSTRACT 
 

The Agrichemical Management Bureau is charged with administering and enforcing 
Wisconsin’s pesticide, animal feed, fertilizer, soil and plant additive laws.  The Bureau 
also is responsible for the agricultural chemical clean up program and regulates bulk 
storage of pesticides and fertilizer products.  The last year has seen some significant 
changes in our programs and the fees we collect.  Lori Bowman, Director of the Bureau, 
will provide an update on fee changes made in the last budget.  The budget also made 
changes to our Clean Sweep and reimbursement programs.  Plans for revisions to 
administrative rules will be discussed. 
 

The Bureau enforces a wide variety of State and Federal laws.  Dave Fredrickson, 
Chief of the Bureau’s Section of Investigation and Compliance will present information 
on trends in enforcement of the pesticide and containment laws to raise awareness of 
some positive changes, and point out areas where we need to work together to improve 
compliance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_________________________ 
 
1/ Dave Fredrickson, Chief, Section of Investigation and Compliance, Bureau of                            
Agrichemical Management; Lori Bowman, Director, Bureau of Agrichemical 
Management, Wis. Dept. of Ag, Trade & Consumer Protection.   
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The Wisconsin Farming 
Industry and Driver  

Licensing Requirements

Introduction

Mike LooseMike Loose
WISDOTWISDOT
Division of Motor VehiclesDivision of Motor Vehicles
Bureau of Field ServicesBureau of Field Services

Commercial Drivers License 3Commercial Drivers License 3rdrd Party Party 
Testing AuditorTesting Auditor

Topic of Discussion:
Part 1:Part 1:WisconsinWisconsin Commercial Drivers Commercial Drivers 
License (CDL) Requirements for Farmers License (CDL) Requirements for Farmers 
and Agand Ag--chem Driverschem Drivers

Part 2:Part 2:Farmers andFarmers and implements of implements of 
HusbandryHusbandry

Please save your questions until the end.Please save your questions until the end.

Part 1: 2 Types of Wisconsin 
CDL’s

Standard CDLStandard CDL
Farm Service CDLFarm Service CDL

Do farmers need a  a Farm 
Service CDL?

Answer: No, not unless they are working as Answer: No, not unless they are working as 
an employee off their farm in the Farm an employee off their farm in the Farm 
Service Industry or driving commercially.Service Industry or driving commercially.

Do farmers need a Standard 
CDL?

Answer: No, not unless they don’t meet the Answer: No, not unless they don’t meet the 
requirements for the CDL waiver.requirements for the CDL waiver.
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Do Ag-chem drivers need a Farm 
Service or a Standard CDL?

Yes, but which one depends upon what they Yes, but which one depends upon what they 
are doing. are doing. 

Let me explain these answersLet me explain these answers

What is a Commercial Motor Vehicle 
(CMV)   

A motor truck, farm truck, road tractor, truck tractor, or A motor truck, farm truck, road tractor, truck tractor, or 
farm truck tractor or such a vehicle is combined with a farm truck tractor or such a vehicle is combined with a 
semi trailer, trailer or farm trailer, semi trailer, trailer or farm trailer, whenwhen the vehicle or the vehicle or 
combination combination is a commercial motor vehicle operated on is a commercial motor vehicle operated on 
a highway.a highway.

A CMV is:A CMV is:
Over 26,000 lbs.Over 26,000 lbs.
Can or is carrying 16 or more passengersCan or is carrying 16 or more passengers
Carries a placardable amount of hazardous Carries a placardable amount of hazardous 
materialsmaterials

CMV’s Require CDL’s ! 
except:

State Statute 343.055 waivers:State Statute 343.055 waivers:
Fire fighters, farmers, recreational vehicle Fire fighters, farmers, recreational vehicle 
operators, rescue squad operators.operators, rescue squad operators.

You must stay within the legal 
definition and requirements to be 

eligible for that waiver.

CDL Farmer Waiver 
(5 Requirements)

State statute 343.055(1)(c)State statute 343.055(1)(c)
1.1. The operator of the CMV is a farmer The operator of the CMV is a farmer 

who is using the CMV who is using the CMV within 150 within 150 
milesmiles of the operator's farm.of the operator's farm.

2.2. to transport agricultural to transport agricultural productsproducts, , 
farmfarm machinery,machinery, or farm or farm suppliessupplies
including transporting including transporting hazardous hazardous 
materialsmaterials requiring placarding requiring placarding to or to or 
from their farm.  andfrom their farm.  and……..
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CDL Farmer Waiver
(Continued)

3. and the commercial motor 3. and the commercial motor 
vehicle is operated and vehicle is operated and 
controlled by a farmer. controlled by a farmer. 

(The vehicle can be leased but (The vehicle can be leased but 
not rented) not rented) 
andand……....

4. and the vehicle is not used in the 4. and the vehicle is not used in the 
operations of a common motor carrier operations of a common motor carrier 

or contract motor carrieror contract motor carrier..

(you cannot haul loads for others)(you cannot haul loads for others)

AND….

They must fit the definition of a 
farmer:

55. Statute 102.04(3)
"Farmer" means any person engaged in 

farming.
"farming" "farming" means the operation 
of farm premises owned or rented by the 

operator.

5a. A “farmer” includes 5a. A “farmer” includes 
employees and family members.employees and family members.

You must fit all 5 requirements!!

If you use your vehicle for any other use If you use your vehicle for any other use 
than those  stated in the Farmer CDL than those  stated in the Farmer CDL 
Waiver requirements, you are no longer Waiver requirements, you are no longer 
exempt and require a Standard CDL!exempt and require a Standard CDL!
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Standard CDL
Requirements:Requirements:

Resident of WisconsinResident of Wisconsin
18 years old for 18 years old for intrastateintrastate commerce commerce 
21 years old for 21 years old for interstateinterstate commerce. commerce. 

Federal Medical Card required for Federal Medical Card required for interstateinterstate
commerce.commerce.

A Farm Service CDL 

A A RestrictedRestricted CDL in what, where and when CDL in what, where and when 
Class B & C vehicles can be driven.Class B & C vehicles can be driven.

(No class A vehicles)(No class A vehicles)
It is also restricted in who is  authorized to It is also restricted in who is  authorized to 
receive a Farm Service CDL.receive a Farm Service CDL.

Farm Service CDL

Available only for a person who is Available only for a person who is 
employed by the Farm Service Industry for employed by the Farm Service Industry for 
180 days 180 days or lessor less per year.per year.

Farm Service CDL

You can split the 180 days per calendar year You can split the 180 days per calendar year 
into 2 groups (i.e. Spring and Fall)into 2 groups (i.e. Spring and Fall)
Must reMust re--apply prior to each period of apply prior to each period of 
seasonal operation at the DMV Service seasonal operation at the DMV Service 
Center.Center.

Eligibility

Persons employed by the Farm Service Persons employed by the Farm Service 
Industry onlyIndustry only
Farm Service Industry means:Farm Service Industry means:
Farm Retail OutletFarm Retail Outlet
AgriAgri--chemical businesschemical business
Custom harvesterCustom harvester
Livestock FeederLivestock Feeder

Farm Service CDL

Requirements:Requirements:
18 years old18 years old
Have a valid Class D license for at least one Have a valid Class D license for at least one 
yearyear
Good Driving record for 2 yearsGood Driving record for 2 years
Meet the medical standards for the standard Meet the medical standards for the standard 
CDLCDL
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Farm Service CDL

Restrictions:Restrictions:
1.) You may 1.) You may notnot transport hazardous materials transport hazardous materials 

in amounts that require placarding.in amounts that require placarding.
2.) You may 2.) You may notnot operate a school bus or operate a school bus or 

vehicle designed to transport, or actually vehicle designed to transport, or actually 
transport 16 or more passengers (including transport 16 or more passengers (including 
the driver).the driver).

Restrictions continued:
You cannot operate beyond 150 miles of You cannot operate beyond 150 miles of 
your place of employment.your place of employment.
If you are a custom harvester you cannot If you are a custom harvester you cannot 
operate beyond 150 miles of the farm that is operate beyond 150 miles of the farm that is 
being served.being served.
Not valid outside of seasonal period stated Not valid outside of seasonal period stated 
on license.on license.

Restrictions continued:

You may operate only CMV’s owned, You may operate only CMV’s owned, 
leased, or rented by your seasonal leased, or rented by your seasonal 
employer.employer.
Must present a valid Federal Medical Card.Must present a valid Federal Medical Card.
$64.00 for 8 years.$64.00 for 8 years.
For questions about Farm Service CDL For questions about Farm Service CDL 
eligibility in another state, ask that state.eligibility in another state, ask that state.

Testing Requirements:

Waive the CDL Skills Test unless a Waive the CDL Skills Test unless a 
physical or medical condition justifies physical or medical condition justifies 
testing.testing.
Pass the farm service knowledge, vision, Pass the farm service knowledge, vision, 
and hearing test.and hearing test.

Restrictions printed on back of 
license:

Operation permitted from_____to_______.Operation permitted from_____to_______.
Within 150 miles of place of employment,or Within 150 miles of place of employment,or 
if custom harvester within 150 miles of if custom harvester within 150 miles of 
farm being served.farm being served.
Only vehicles owned, leased, or rented by Only vehicles owned, leased, or rented by 
the farm service industry employer.the farm service industry employer.

Restrictions on back of license 
continued:

No hazardous materials except:No hazardous materials except:
Liquid fertilizer in vehicles or implements Liquid fertilizer in vehicles or implements 
of husbandry with total capacities of 3000 of husbandry with total capacities of 3000 
gallons or less.gallons or less.
Solid fertilizers that are not transported with Solid fertilizers that are not transported with 
any organic substance.any organic substance.
1000 gallons of diesel fuel1000 gallons of diesel fuel
No combination of these materials.No combination of these materials.

18 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47



Farm Service CDL

Class B and C license with an “F” Class B and C license with an “F” 
endorsement on the front. (NO class A)endorsement on the front. (NO class A)
There should There should notnot be  a”No CMV operation be  a”No CMV operation 
with air brakes” restriction on the back.with air brakes” restriction on the back.

If you operate a CMV  beyond the If you operate a CMV  beyond the 
restrictions stated, you require a Standard restrictions stated, you require a Standard 

CDL!CDL!

Medical requirements:

AnyoneAnyone driving a vehicle or combination driving a vehicle or combination 
of vehicles over 26,000 lbs GVWR within of vehicles over 26,000 lbs GVWR within 
the state of Wisconsin on public roads.the state of Wisconsin on public roads.
Anyone Anyone driving a vehicle or combination driving a vehicle or combination 
of vehicles over 10,000 lbs GVWR and of vehicles over 10,000 lbs GVWR and 
going out of state.going out of state.
MustMust have a Federal Medical Card have a Federal Medical Card in their in their 
possessionpossession..

Part 2: Part 2: 
Farmers and Farmers and 

Implements of Implements of 
HusbandryHusbandry

What is an Implement of 
Husbandry?

341.01(2)(a)341.01(2)(a) ––Must fit all 5 points!Must fit all 5 points!
A vehicle or piece of equipment or machinery A vehicle or piece of equipment or machinery 
designeddesigned for agricultural purposes for agricultural purposes 
used exclusivelyused exclusively in the conduct of agricultural in the conduct of agricultural 
operations operations 
and used principally and used principally off the highwayoff the highway
or a traileror a trailer--mounted bulk liquid fertilizer mounted bulk liquid fertilizer 
container.(not in placardable quantities)container.(not in placardable quantities)

Operation of Operation of 
agricultural agricultural 

machinery by machinery by 
youthful operatorsyouthful operators
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346.925(1)
(1) No person may direct or permit a child under the age 
of 16 years to operate a farm tractor or self-propelled 
implement of husbandry on the highway unless the child 
has been certified under s. 36.25 (32) (a) 2. as 
successfully completing a tractor and machinery 
operation safety training course that is equivalent to the 
requirements, other than age, specified under 29 CFR 
part 570.70 to 570.72.

346.925(2)346.925(2)
(2)(2) Subsection (1)Subsection (1) does not apply to does not apply to 
operation of a farm tractor or selfoperation of a farm tractor or self--

propelled implement of husbandry on propelled implement of husbandry on 
the highway on a course that is the highway on a course that is 

perpendicular to the direction of the perpendicular to the direction of the 
highway.highway.

UW Agriculture 
Extension School Statute

36.25(32)(a)1.36.25(32)(a)1.
1. Develop curriculum and materials 1. Develop curriculum and materials 
for a tractor and machine operation for a tractor and machine operation 
safety training course for persons who safety training course for persons who 
are at least 12 years of age but under are at least 12 years of age but under 
18 years of age that is equivalent to the 18 years of age that is equivalent to the 
requirements, other than age, specified requirements, other than age, specified 
under 29 CFR 570.70 to 570.72.under 29 CFR 570.70 to 570.72.

Regular Driver’s License 
is not required if: 

Exemptions:Exemptions:
343.05(4)(a)2.343.05(4)(a)2.

A person while temporarily A person while temporarily 
operating or moving a farm tractor operating or moving a farm tractor 
or implement of husbandry on a or implement of husbandry on a 
highway highway between fields or between between fields or between 
a farm and a field.a farm and a field.

Any other operationAny other operation of an implement of an implement 
of husbandry requires a valid licenseof husbandry requires a valid license

Summary:

No minimum age or course requirement to No minimum age or course requirement to 
drive an implement of husbandry directly drive an implement of husbandry directly 
across the road from one field to another.across the road from one field to another.
Youth ages 12 to 14 must have successfully Youth ages 12 to 14 must have successfully 
completed the tractor and machinery completed the tractor and machinery 
operation safety training course. They may operation safety training course. They may 
only drive for their parents farm.only drive for their parents farm.

Summary cont:

They may only drive implements of They may only drive implements of 
husbandry on a highway between fields or husbandry on a highway between fields or 
between the farm and a field.  (Minimum between the farm and a field.  (Minimum 
age is 14 for working on a farm)age is 14 for working on a farm)
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Summary cont:

Youths ages 14Youths ages 14--16 who have successfully 16 who have successfully 
completed the tractor and machinery completed the tractor and machinery 
operation safety training course may drive operation safety training course may drive 
for persons other than their family, but only for persons other than their family, but only 
between fields or between farm and field.between fields or between farm and field.

Summary cont:

To drive an implement of husbandry any To drive an implement of husbandry any 
where other than between fields or farm and where other than between fields or farm and 
field requires the person to be at least age field requires the person to be at least age 
16 and a class D license.16 and a class D license.
To drive any vehicle over 26,000 lbs To drive any vehicle over 26,000 lbs 
GVWR on Wisconsin roads requires a valid GVWR on Wisconsin roads requires a valid 
medical certificate in your possession.medical certificate in your possession.

Questions?
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SULFUR DEFICIENCIES IN CROP PRODUCTION  
 

John Peters 1/ 
 
 

Response to sulfur (S) was recorded as early as 1768 by Rev. A. Meyer, who applied gypsum 
to experimental plots in Switzerland.  Shortly after, Ben Franklin demonstrated response to S by 
writing “THIS LAND HAS BEEN PLASTERED” with gypsum on a hillside pasture in 
Pennsylvania.  The incidence of S deficiency is increasing throughout the world and is fairly 
widespread in Australia, New Zealand, South America and tropical Africa and Asia.  In the 
United States, S deficiency was known in the Pacific Northwest as early as 1900.  Since then, S 
deficiency has been found in many states.  The increasing incidence of S deficiency in the past 25 
years is primarily due to increased use of high analysis S-free fertilizers, decreased use of S-
containing insecticides and fungicides, decreased use of high S fuels, and increased crop yield, 
requiring more of all essential elements. 
 

Response to S by alfalfa in Wisconsin was first demonstrated in 1968 in field plots in 
northwestern Wisconsin.  Early work included field studies, greenhouse and laboratory studies 
and atmospheric deposition surveys.  The need for a reliable diagnostic program for sulfur 
nutrition in crops was apparent as soon as S deficiency was recognized. 
 

Sulfur is present in the soil in both organic and inorganic forms, although nearly 90% of the 
total sulfur in most non-calcareous surface soils exists in organic forms.  The inorganic forms are 
solution SO4

=, adsorbed SO4
=, insoluble SO4

=, and reduced inorganic sulfur compounds.  Solution 
plus adsorbed SO4

= represents the readily available fraction of sulfur utilized by plants. 
 

Sulfur is absorbed by plant roots almost exclusively as sulfate, SO4
=.  Small quantities of SO2 

can be absorbed through plant leaves and utilized within plants, but high concentrations can be 
toxic.  Plants require approximately as much sulfur as phosphorus, one of the elements usually 
considered a major plant nutrient.  Typical concentrations of sulfur in plants range between 0.1 
and 0.5%.  Sulfur is required for synthesis of the S-containing amino acids cystine, cysteine, and 
methionine, which are essential components of protein. Approximately 90% of the sulfur in 
plants is found in these amino acids.  Sulfur activates certain enzyme systems and is a component 
of some vitamins (vitamin A). Increasing sulfur availability will normally increase the sulfur 
content in leaves, which increases S-containing amino acids.  Sulfur is found in mustard oil 
glycosides, which impart characteristic odors and flavors to such plants as mustard, onions, and 
garlic.  Sulfur fertilization has also been shown to increase the seed oil content of crops such as 
soybeans and flax.  
 

Soil Testing for Sulfur 
 

Testing soil for plant available sulfur is most prevalent in the more northerly and westerly 
states in the upper Midwest.   This part of the region tends to have fewer industrial sources to 
produce gaseous emissions of sulfur.  Even in the parts of the region where industry is more 
concentrated, S emissions have declined dramatically in the past few decades due to stricter 
environmental standards.  A number of neighboring states report areas that show consistent plant 
response to sulfur mainly on sandy, low organic matter soils.  Although the development of a  
 
________________________________________________________________________ 
1 Director, UW Soil Testing Laboratories, Dept. of Soil Science, Univ. of Wisconsin-Madison. 
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reliable and repeatable soil test for sulfur has been quite problematic, due to client demand, a 
number of states in the upper Midwest offer soil tests for sulfur.  North and South Dakota, 
Kansas, Minnesota and Wisconsin offer the North Central recommended monocalcium phosphate 
extraction/turbidimetric procedure for the determination of available sulfur in soils (NCR 
Publication 221).  In general, the soil test is considered only one of the pieces of information 
needed to make a nutrient application recommendation.  In nearly all cases, additional informa-
tion is used to aid in making nutrient application recommendations. 

 
There are several factors limiting the usefulness of a soil test program for sulfur.  First, the 

laboratory method is somewhat problematic and difficult to get consistent repeatable results both 
within and between labs.   
 

The second limiting factor is that the soil test only shows the amount of sulfate present in the 
depth sampled at the time the sample was taken and does not account for subsoil-S, atmospheric-
S, S from manure or organic matter contributions that become available during the growing 
season.   
 

Long-term soil test summaries for Wisconsin soils show little change in sulfate-S levels over 
time (Fig. 1).  However, some differences based on soil type can be seen (Fig. 2).  Organic soils 
have much higher levels of available sulfate-S than do mineral soils.  Within mineral soils, sandy 
soils have slightly lower median levels of sulfate-S than do the medium and fine textured soils. 
 
Figure 1 
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If the state is divided into the nine regions used for statistical reporting, it appears the more 
southerly portions of the state show a decline over time that is not as apparent in the north (Table 
1).  This is probably related to the fact that atmospheric sulfur levels were traditionally already 
much lower in the north when compared to the more populated and industrialized southern and 
eastern regions of the state. 
 
Table 1.  Average soil test sulfate-sulfur levels in Wisconsin, by region. 
    
                         ---------- Soil Test Summary Period ---------- 

 1974-77 1982-85 1990-94 2000-04 

WI Region ----------------------  SO4-S ppm  -------------------- 

Northwest 4.1 5.9 6.0 5.0 

North Central 6.7 7.5 6.1 7.3 

Northeast 9.1 7.3 4.7 6.4 

West Central 4.5 4.6 5.0 6.7 

Central 8.6 7.2 5.5 6.4 

East Central 9.8 9.3 9.2 7.6 

Southwest 8.1 7.6 4.9 4.8 

South Central 10.4 9.0 9.0 7.4 

Southeast 11.0 8.9 8.7 10.8 
 

 
The Wisconsin Approach 

 
Since the 1970s, agronomists, soil scientists, consultants and farmers have recognized the 

potential for significant responses to applied sulfur fertilizer in northern and western Wisconsin.  
This is particularly true of course-textured, low organic matter soils that had not recently received 
manure applications.  In more recent years, crop consultants and others have reported seeing 
sulfur responses on soils or in locations where they typically were not expected.  Part of the 
reason sulfur responses may be occurring more frequently is that precipitation S levels have been 
decreasing.  From 1969 to 1987, precipitation S decreased an average of 42% across Wisconsin 
(Andraski and Bundy, 1989).  Furthermore, a Wisconsin Department of Natural Resources 
estimate showed Wisconsin sulfur emissions declined another 40% from the mid-1980s to the 
mid-1990s. 
 

Wisconsin started testing soils for sulfate-S in the early 1970s, however, it is recognized that 
this approach only measures the amount of sulfate-S in the plow layer and does not account for 
several other sources of plant-available sulfur.  The result is that the soil test value was useful in 
identifying situations where the amount of plant-available sulfur is adequate, but does not 
adequately determine if sulfur should be added if the test is low, since adequate S may be coming 
from other sources.  When the Wisconsin soil test recommendations were revised in 1991, a new 
approach called the sulfur availability index (SAI) was introduced.  This was an attempt to 
account for S from other sources such as precipitation, manure, soil organic matter, subsoil, as 
well as sulfate-S measured by soil test.   
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In more recent years, Keith Kelling conducted a survey of the sulfur status of alfalfa fields 
around the state.  Results, as seen in Fig. 3, show the potential for significant alfalfa yield 
responses from sulfur additions in northern and western Wisconsin.  Recent data suggests that the 
potential for a S response is now higher in southern and eastern Wisconsin than it was a few years 
ago.  Research continued, and based on this new information, the SAI was again modified in 
2005 to reflect changes that have occurred over the years in S contributions from precipitation 
and the subsoil.  The modified SAI provides a better prediction of alfalfa S concentration in the 
deficient category (<0.25% S) than the original SAI. 

 
              
           Prevalence of Sulfur Deficiency 
               Alfalfa Plant Analysis Survey 

 
 

Figure 3.    Alfalfa tissue samples testing < 0.25% S in 2000–2001.  
 
 

The Wisconsin Sulfur Availability Index (SAI) 
 

Several factors in the SAI were modified in 2005 to reflect lower contributions from 
atmospheric and subsoil sulfur.  The SAI value is made up of the sum of the following 
components; OM-S + manure-S + precip-S + subsoil-S + soil test- SO4-S.    
 
1.  The soil test SO4-S is calculated from ppm SO4-S x 4 
 
2.  Precipitation sulfur contributions have been adjusted in many counties to reflect current 

levels of S in precipitation. 
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Precipitation-S by county 
            

  
10 lb/a 5 lb/a 

15 lb/a
 

 
3. Subsoil S contributions based on soil group. 
 

Soil group code Subsoil sulfur code Sulfur contribution 
  --------- lb S/a --------- 

A or B L 5 
 M 10 
 H 10 

C M 5 
 H 10 

D L 5 
 M 5 
 H 10 

E L 5 
 M 5 

O H 20 
  
4. Calculated contribution of sulfur from organic matter or manure. 

 
 OM-S (sulfur in organic matter) = % organic matter (from soil test) x 2.8 lb/a 

Manure-S = tons (1000’s gal) of manure applied x lb available S/ton (or 1000 gal) 
 

When the calculated SAI is summarized using the WI statistical reporting districts it shows 
that the highest percentage of fields that are in the non-responsive range (SAI>40) are in the 
southeast, followed by the south central part of the state.  This is followed by the north central, 
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central, and southwestern part of the state.  The lowest SAI values are found in the northwest, 
followed by the northeast and then the east central district (Table 2).  
 
 
Table 2. Wisconsin SAI values by region, 2000-2004.  

Region 
Total 

samples 
Percent over 

40 SAI 
Avg of values 

where SAI <=40 
Northwest 1683 28.1 33 
North Central 2749 53.9 35 
Northeast 3105 25.6 28 
West Central 1086 18.4 31 
Central 3657 46.8 34 
East Central 9671 36.9 37 
Southwest 1968 44.5 36 
South Central 3436 75.0 37 
Southeast 1108 81.3 36 

 
 

Plant Analysis as a Tool 
 

Plant analysis can be used as an additional tool to verify the need for sulfur additions.  The 
Kelling alfalfa survey indicated an increased need for S on alfalfa in recent years.  A summary of 
plant analysis data from the UW Soil and Plant Analysis Laboratory from the past 5 years show 
that a number of the most commonly tested crops frequently show average S levels in tissue that 
are near the critical levels (Table 3).  In the case of soybeans, the average level is will below the 
critical level. 
 
Table 3.  Average tissue analysis sulfur levels for most frequently tested crops. 
   UW Soil and Plant Analysis Laboratory, 2003-2007. 
 

Crop Type Avg  
Critical 

level 
  -------------% S----------- 

Alfalfa Top 6 inches 0.31 .25 

Apple 
Fully developed leaf at midpoint of new 
shoots 0.15 .14 

Cranberry Growth above berries 0.13 .08 

Field corn Ear leaf 0.20 .16 

Field corn Whole plant 0.21 .15 

Soybean Newest fully developed leaf 0.27 .38 
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Crops Responding to S Applications 
 

Among the states in the upper Midwest that report a response to S applications, the crops 
most frequently mentioned as being responsive include alfalfa and canola, followed by wheat, 
corn and soybeans.  All states indicate that response is most likely on low organic matter soils, as 
well as soils which have not had manure applied recently and are located farther from industrial 
sources of atmospheric S (Table 4).   
 
Table 4. Crops most likely to respond to S additions (Email survey of NCR-13 representatives, 

Jan. 2007). 
 
State Crop response Conditions favoring crop response 
   
Iowa alfalfa in NE Iowa  
Indiana wheat, alfalfa low OM, cool soils 
Kansas corn check S level in irrigation water 

Michigan 
alfalfa, canola, 
wheat>corn>soybean sandy, low OM soils 

Minnesota corn, barley, wheat, forages, corn recs. Based on OM, not soil test 

North Dakota canola 
always recommend, regardless of the 
soil test level 

Ontario canola responses rare 
South Dakota corn>wheat>soybeans no-till, and low OM fields 

Wisconsin 
alfalfa, corn, small grain, 
vegetable and fruit crops low OM, far from urbanized areas 

 
  
  

All sulfate forms of fertilizer are equally effective when surface-applied or incorporated.  
Elemental sulfur, however, is insoluble and must be transformed by soil bacteria before plants can 
use it.  The rate of this transformation depends on particle size, degree of mixing with the soil, 
and soil temperature.  To be effective, elemental sulfur should be mixed into the soil well in 
advance of the time the crop needs it.  Without mechanical incorporation, elemental sulfur is 
incorporated to some extent by falling into cracks when the soil dries or by the activity of 
earthworms and burrowing insects.  Certain crops, such as alfalfa and corn silage, can remove 
large amounts of sulfur in one season.  Shallow-rooted crops grown on low-sulfur soils will 
generally benefit from annual applications of smaller amounts of sulfur.  For annuals, it is usually 
most economical to incorporate elemental sulfur.  When applied at the recommended rates, 
sulfate-sulfur will generally last for 2 or more years while elemental sulfur should last for the 
term of the alfalfa stand (3 to 5 years).  Sandy soils may require annual applications of sulfate-
sulfur because the sulfate leaches through these soils relatively rapidly.  Table 5 shows the typical 
S content of several commonly available fertilizer materials. 
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Table 5. Sulfur content of selected fertilizer materials. 

Material Sulfur content (%) 

Ammonium sulfate 24 
Ammonium thiosulfate solution  26 
Calcium sulfate (gypsum)  15 to 18 
Magnesium sulfate  23 
Potassium-magnesium sulfate  28 
Potassium sulfate  18 
Superphosphate (normal)  12 
Sulfur-coated materials  variable 

 
 

Summary 
 

Proper sulfur fertility management in Wisconsin requires more background information than 
many other crop nutrients.  Soil testing alone is often not the entire solution to determining if a 
sulfur application is needed and in most cases more information is needed.  In the case where 
sulfate-S levels are high, growers can be reasonably assured that no additional sulfur is needed in 
most cases.  However, if sulfate-S levels are normal or low, more information is needed to make a 
sound nutrient application decision.  Factors such as the crop to be grown, atmospheric and 
subsoil S contributions, contributions from irrigation water, soil organic matter level, soil texture, 
and recent manure applications must all be considered. 
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ADVANTAGES OF SULFUR IN STARTER FERTILIZER 
 

John A. Lamb 1/ 
 

Sulfur application in the past has been targeted to alfalfa, corn, canola, and small grains.  
Normally the yield or growth response has occurred when responsive crops are grown on sandy 
soils or eroded knobs with a silt loam texture.  The soil test for S has not been reliable for 
predicting S needs on soils that are not sandy in texture.  Minnesota currently uses texture to base 
S recommendations. 
 

Today sulfur needs may have changed.  Some of the reasons for this is a greater occurrence 
of reduced tillage systems and less sulfur dioxide in the atmosphere.  Ninety-five percent of the 
sulfur in the soil is found in the organic matter.  The rest comes from sources such as the 
atmosphere and irrigation water.   
 

Since organic matter is the major source of sulfur, then mineralization of the sulfur from 
organic matter is important.  The mineralization process is a microbial process governed by soil 
moisture and temperature.  This means the soil conditions early in the growing season are very 
important for supply of sulfur.  Mineralization of sulfur from organic matter can be variable.  The 
variability in mineralization of sulfur in Minnesota soils from a laboratory incubation study is 
presented in Table 1.  Mineralization can vary from 1.8 pounds S per acre to 22.6 pounds S per 
acre.  These differences are caused by differences in texture and organic matter.  If you calculate 
the number of pounds of S mineralized for each % organic matter, the amount varied from 1.5 to 
8.4 pounds S per % organic matter.  This is quite variable. 
 
Table 1.  Sulfur mineralized in Minnesota soils, O Leary and Rehm. 

County Texture OM Int. S 12 wk S Change 
  % ppm ppm lb S/acre 

Wad sl 1.2 2.1 3.0 1.8 
Good sil 1.6 3.7 7.1 6.8 
Good sil 2.4 6.2 11.7 11.0 
Wab sil 2.7 6/3 17.6 22.6 

 
Atmospheric deposition of S has been noted as a source for crop production.  Because of the 

reduction of S additions to the atmosphere by industrial emissions, the amount of S deposited has 
been reduced significantly.  In Table 2, S reductions have ranged from 75% in Michigan to 42% 
in Wooster, Ohio. 
 
Table 2.  Changes in atmospheric sulfur deposition for three Midwest locations from 1979 to 

2000. 
Location Initial year 2000 Change 

 pounds S per acre % 
Kalamazoo, MI (1979) 27.5 6.8 -75 
Wooster, OH (1979) 31.0 17.9 -42 

Lamberton, MN (1979) 15.8 5.5 -65 
 
_______________________ 
 
1/ Nutrient Management Extension Specialist, Univ. of Minnesota, St. Paul, MN,  
   johnlamb@umn.edu 
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With the reduction in atmospheric S, there has been a concern that the plant needs 
supplemental S for optimum production.  Some choices for S fertilizers include: elemental S, 
Sulfur clay mixes (90% elemental S), ammonium sulfate (21-0-0-24), ammonium thiosulfate (12-
0-0-26) a liquid, and K-Mag (22% S) which is good for alfalfa and corn because of the 22 % 
K2O.   Sulfur can also be supplied by manure.  Table 3 provides some S values from manure 
reported by Iowa State University. 
 
Table 3.  Average sulfur values for dry and liquid dairy and swine manure (Source: Iowa State 

University). 
 Dry Liquid 

Source lb S per ton lb S per 1,000 gal. 
Dairy 1.5 0.8 4.2 2.8 
Swine 2.7 1.5 7.6 4.2 

 
Research in Minnesota has shown soybean grain yields do not respond to the addition of S 

(Table 4).  In a study with broadcast applied S rates of 0, 25, and 50 lb per acre and two forms, 
sulfate and elemental S, there was no significant difference in soybean yield. 
 
Table 4. Soybean grain yield response to sulfur rate and form in Minnesota. 

S rate S source Soybean grain yield 
lb per acre  bushel per acre 

0 -- 38 
25 Sulfate 37 
25 Elemental S 38 
50 Sulfate 38 
50 Elemental S 36 

 
Alfalfa in the past has been more responsive to S.  These yield responses have occurred on 

sandy textured soils or in fields with eroded knobs.  The reduction of organic matter because of 
erosion has played a role in whether or not a yield response occurs.  The effect of soil texture and 
S rate on alfalfa yield response to S is reported in Table 5.  The sandy soil had a large yield 
response to broadcast application of S while the silt loam did not. 
 
Table 5.  Alfalfa yield response to a broadcast application on sandy loam and silt loam soils in 

Minnesota. 
S rate Sandy loam Silt loam 

lb S per acre --- ton dry matter per acre --- 
0 2.6 5.2 

25 4.5 5.4 
50 4.6 5.0 

100 4.7 5.3 
 

Yield responses to corn are dependent on several factors.  Soil texture and organic matter are 
the most important.  Corn yields were increased with the broadcast application of S on a loamy 
fine sand while yields were not affected on the silty clay loam soil, Table 6.  Soil test S does not 
predict when the yield response to S will occur (Table 7).  The soil with the greater soil test S 
value had a corn grain yield response to S application while the site with the lesser soil test S 
value did not. 
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Table 6.   The effect of soil texture on corn grain yield response to S application in Minnesota. 
Soil texture No S 25 lb S per acre 

 Corn grain yield (bushels per acre) 
silty clay loam 132 128 

loamy fine sand 168 177 
 
 
Table 7.    The effect of soil test S and organic matter on corn grain yield response to S in 

Minnesota. 
S rate Goodhue Co. Wabasha Co. 

lb per acre Corn grain yield (bushel per acre) 
0 155 169 

10 169 170 
40 169 174 

Organic matter, % 1.6 2.7 
Sulfate-S, ppm 9.0 6.0 

 
 

Reduced tillage systems such as ridge-till and fertilizer placement can affect the response of 
corn grain yield to S.  On a silt loam soil in Winona County Minnesota, corn grain yields were 
increased with a 2 x 2 or seed placement of S in a ridge-till system (Table 8).  The check grain 
yield was 152 bushels per acre.  The addition of 6 and 18 lb S per acre increased grain yields.  
The use of seed placement produced greater grain yields in this study compared to a 2X2 
placement.  This site was part of a six site study that included sandy and loamy textured soils.  
Five of the six sites had corn yields increased by the application of S.  Plant stand was measured 
in these studies.  When the S was applied directly on the seed at planting, plant populations were 
reduced on the dry sandy soils at the 12 and 18 pounds S per acre application rates.  This 
reduction was most severe with the ammonium thiosulfate sources when compared to ammonium 
sulfate.  This decrease in plant population was not measured in the heavier textured soils.  Plant 
populations were not decrease by either S form when applied 2 inches to the side and 2 inches 
below the seed at planting.   
 
 
Table 8.    The effect of S rate and placement on corn grain yields in ridge-till system for a 

Minnesota silt loam soil. 
P S rate, lb S per acre 

Placement 6 18 
 ------ Corn grain yield (bushel per acre) ----- 

2X2 159 178 
Seed 164 183 

Control =  152 bushels per acre, ridge-till, silt loam 
 
 

In recent years, there have been reports of corn yield responses to S application on heavy 
textured soils in Minnesota (Table 9).  This occurred at the Southern Research and Outreach 
Center in 2004 and 2006.  The S was applied as a seed placed starter.  These reports have lead to 
other studies to understand the extent of the possible responses. 
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Table 9.    Corn grain yield response to seed placed S on a heavy textured soil at Waseca, 
Minnesota, Randall and Vetch. 

Treatment 2004 2005 2006 Mean 
 ----------- Corn grain yield (bushel per acre) ----------- 

-S 192 167 207 188 
+S 197 165 227 196 

 
 

In 2007, a series of S strip studies were conducted across southern Minnesota on heavy 
textured soils.  Soil test S ranged from 4 to 12 ppm while the organic matter ranged from 4.4 to 
7.6 % (Table 10).  The S was applied with the seed as a liquid at 5 of the 6 sites and as elemental 
S 2 inches below and two inches to the side of the seed at the sixth site.  The amount of S applied 
ranged from 1.9 to 12 pounds S per acre.  The strips were replicated 3, 4, or 6 times at each site.  
Plant populations and corn grain yields were measured.  Plant population was only significant 
reduced at one location, YM-S (Table 11).  At this site 2 gallons per acre of ammonium 
thiosulfate was applied.  The soil was drier than normal at planting time and may have caused this 
small reduction.  Corn grain yields were not increased at any sites in this study, Table 12.  Corn 
grain yield were decreased significantly at the YM-S site.  This decrease may have been caused 
by the plant population decrease.   
   
 
Table 10.    Soil test values for the seed placed S on heavy textured soils in Southern Minnesota 

trial, 2007, Lamb et al. 
Property Olm Meek Free Wat YM-A YM-S 

pH 6.4 7.2 5.4 7.8 6.9 7.7 
P* 23 28 32 14 30 23 
K* 122 208 149 191 165 180 

OM, % - 7.6 5.7 5.7 4.4 4.6 
S H 4 11 5 12 5 7 

H Values for P, K, and S are in ppm. 
 
 
Table 11.  Corn populations as affected by seed placed S on heavy textured soils in Southern 

Minnesota, 2007, Lamb et al. 
 Olm H Meek Free Wat YM-A YM-S 
 ---------------- Corn population (plants per acre) --------------- 

No S 25047 22700 31444 29261 29092 31872 
S 28241 22900 32222 29123 28529 31186 

lb S/A 12 5.7 3.7 1.9 5.7 5.7 
H Olmsted was 2 x 2 placement of elemental S.  The rest were liquids placed on seed.  
 
 
Table 12.  Corn grain yield response to seed placed S on heavy textured soils in Southern 

Minnesota, 2007, Lamb et al. 
 Olm H Meek Free Wat YM-A YM-S 
 ---------------- Corn grain yield (bushel per acre) --------------- 

No S 192 123 177 177 118 179 
S 191 125 171 173 119 174 

lb S/A 12 5.7 3.7 1.9 5.7 5.7 
H Olmsted was 2 x 2 placement of elemental S.  The rest were liquids placed on seed.  
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Thinking about Changes 
 

1. Less atmospheric S deposition is occurring 
2. Reduced tillage systems are being used more and thus less early season mineralization. 
3. Response with alfalfa and corn is occurring on sandy textured soils and eroded soils. 
4. We have observed significant corn yield responses on heavy textured soils at the 

Southern Research and Outreach Center in Minnesota 
5. We have observed no corn yield responses at six heavy textured sites in Southern 

Minnesota in 2007. 
 

Suggestions for Future S Guidelines 
 
1. Soil texture is till a major consideration 
2. Don’t use the S soil test as a guide. 
3. There is a good probability for S need when corn is planted with conservation tillage on 

low organic matter soils.  
4. If soil texture is sandy or soil moisture is dry, do not apply S with corn seed. 
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USE OF FERTILIZER WITH SEED IN CORN PRODUCTION SYSTEMS 
 

John A. Lamb 1/ 
 
 

There has been a considerable amount of interest in using liquid fertilizer materials at corn 
planting.  Most producers are open to this as long as the fertilizer can be applied on the seed and 
thus they do not need to use a starter attachment.  The major concern with this practice is 
germination damage from the fertilizer.  In the past, the damage has been attributed to the salt and 
ammonium content of the fertilizer.  Several questions have arisen about this practice.  How 
much fertilizer can I put on? Does the soil texture make a difference on fertilizer damage to the 
seed?  Does soil moisture affect the damage?  Is it the ammonium or the salt index of the fertilizer 
that is most important in evaluating the damage? Are difference crops more sensitive than others.   
 

A study conducted from 2004 to 2006 in Minnesota attempted to answer these questions.  
The current guidelines in Minnesota based on this and other studies are as follows: 
 

1. In the sensitivity to seed placed fertilizer for most to least as follows: soybean, sugar beet, 
then corn. 

2. Plant populations of seeds planted in sandy soils can be affected by seed placed fertilizer. 
3. Plant populations can be reduced by seed placed fertilizer in drier than normal soil 

moisture conductions. 
4. For corn, 7 to 8 gallons per acre of 10-34-0 can be applied at planting in a moist non-

sandy soil. 
5. For soybean, no seed placed fertilizer should be applied. 
6. For sugar beet, 3 to 4 gallons per acre of 10-34-0 can be applied at planting in a moist 

non-sandy soil. 
7. In Minnesota, the ammonium content of the seed placed fertilizer is more of a problem 

than the salt content. 
 
 
 
 
 
 
 
 
 
 
 
 
 
__________________________ 
 
1/ Nutrient Management Extension Specialist, Univ. of Minnesota, St. Paul, MN,  
   johnlamb@umn.edu 
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UNDERSTANDING SALT INDEX OF FERTILIZERS 
 

Carrie A.M. Laboski1 
 
 

Introduction 
 

Most fertilizer materials are highly soluble salts, which dissociate in the soil solution 
following application. Almost every spring there are reports of fertilizer burn somewhere in 
Wisconsin. Seedling injury caused by fertilizer burn can result in minimal to extensive stand loss 
and can be extremely costly in high value vegetable crops. I have been asked recently to review 
several problem fields where liquid fertilizer was placed in-furrow with the seed both with and 
without Y-splitters or was dribbled above the row on the soil surface. Stands were significantly 
reduced in each field. It is important to understand salt index and factors which contribute to 
fertilizer burn in order to avoid  fertilizer injury to seedlings. 
 
 

Why Are Fertilizer Salts a Problem? 
 

Excessive concentrations of fertilizer salts near a germinating seed or seedling root causes 
injury. The injury is caused when the concentration of ions in the soil is greater than the 
concentration of ions within the plant cells. The high osmotic pressure created by the fertilizer 
salts causes water to move out of the plant cells and into the soil. As water moves out of the plant 
cells, the tissue dessicates and becomes blackened; hence the term fertilizer burn. The result is the 
eventual death of the plant tissue. 
 

Some nitrogen fertilizers may cause more seedling and germination injury than expected 
based on  their salt content alone if they liberate ammonia when applied to the soil. Free ammonia 
is toxic and can move freely through the plant cell wall (Havlin et al., 1999). Urea, UAN, 
ammonium thiosulfate and DAP can cause more damage from ammonia toxicity than MAP, 
ammonium sulfate, and ammonium nitrate (Havlin et al., 1999; Mortvedt, 2001; Reid, 2006). 
Moderate alkaline soil conditions, either in the bulk soil or caused by reaction of the fertilizer, 
will promote ammonia production. 
 
 

Factors Affecting Fertilizer Burn 
 

Crops vary in their tolerance to salts. A list of common crops and their relative sensitivity to 
salts is given in Table 1.  Reid (2006) suggests that no fertilizer be placed with the seed of super 
sweet hybrids of sweet corn, soybean, edible beans, and peas because of their sensitivity to salts. 
 

Soil conditions are important for determining why injury may occur in one year and not 
another. Fertilizer salts diffuse away from the band in moist soils and become diluted, reducing 
the osmotic pressure. Little diffusion takes place in dry soils and the fertilizer remains 
concentrated with a high osmotic pressure presenting a greater risk to plant injury. Soils with low 
cation exchange capacity (CEC) (coarse-textured with low organic matter content) have a lesser 
ability to react with the fertilizer compared to high CEC soils (fine-textured) meaning that the 

                                                 
1 Assistant Professor and Extension Soil Scientist, Dept. of Soil Science, Univ. of Wisconsin-
Madison, 1525 Observatory Dr. Madison, WI, 53706 
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concentration of fertilizer salts in the soil solution remains high (Reid, 2006). Thus, fertilizer burn 
is a bigger issue on sandy, low organic matter soils particularly in dry springs. In addition, soil 
temperature plays a role. In cold soils, roots grow slowly; thus, the root is exposed to the higher 
concentration of fertilizer for a longer period of time.  
 
 
Table 1. Relative sensitivity of common crops to fertilizer salts.H 
Crop Relative sensitivity 
Wheat Least sensitive ‡ 
Corn 
Forage legumes 
Soybean and edible bean (dry or snap) 

 ↓ 
Vegetables including sweet corn Most sensitive 
H Reproduced from Reid (2006). 
H Least sensitive does not mean that the crop is not sensitive to salt. 
 
 

Concentration of fertilizer salts is another factor which determines whether or not fertilizer 
burn occurs. Broadcast fertilizer applications do not often injury seedlings because the fertilizer is 
dispersed through a large volume of soil. Banded starter fertilizers placed two inches to the side 
and two inches below the seed are more likely to cause injury than broadcast applications because 
banded applications are much more concentrated in a small area near the seed. However, at 
typical starter fertilizer application rates, fertilizer burn from banded starter fertilizer is unlikely.  
In-furrow (pop up or seed row) placed fertilizers are typically applied at low rates but their very 
close proximity to the seed means that they are more likely to cause injury than 2” x 2” banded 
applications because there is little opportunity for the root to grow out of the zone of concentrated 
fertilizer salts before it dies. In general to avoid stand loss from fertilizer injury, no more than 10 
lb/a of N + K2O should be applied in-furrow regardless of soil texture. The most suitable 
fertilizers for in-furrow applications will have a low salt index, high water solubility, minimize 
compounds that liberate NH3, and use potassium phosphate instead of potassium chloride as the 
potassium source (Mortvedt, 2001). 
 

Salt Index 
 

Salt index (SI) of a fertilizer is a measure of the salt concentration that fertilizer induces in the 
soil solution (Mortvedt, 2001).  Salt index is the ratio of the increase in osmotic pressure 
produced by a fertilizer material or formulation to that produced by the same weight of NaNO3 
based on a relative value of 100 (Havlin et al., 1999). All fertilizers are compared to NaNO3 
because NaNO3 is 100% water soluble and it was commonly used when the SI concept was 
developed (Rader et al., 1943). Salt index can be used to compare fertilizer materials but it can 
not be used to determine the amount of fertilizer that will cause injury. The SI of common 
fertilizer materials is provided in Table 2. 
 

Higher analysis fertilizers have lower SI because fewer salt ions go into the soil solution per 
unit of plant nutrient when the fertilizer dissolves. However, it is possible for the SI of a high 
analysis formulation to be higher than the SI of a low analysis formulation. When this occurs, use 
of the high analysis formulation may not be more risky than the low analysis formulation because 
higher rates of the low analysis formulation are needed and may result in similar amounts of salt 
being added to the soil. Nitrogen and potassium fertilizers generally have higher SI values than 
phosphorus fertilizers.  
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Table 2. Salt index of fertilizer materials. H 

 Material and analysis (N-P2O5-K2O-S) Salt index 

  Per equal weights 
of materials 

Per unit of 
nutrients ‡ 

Ammonia, 82-0-0-0 47.1 0.572 Nitrogen/ 
Sulfur Ammonium nitrate, 34-0-0-0 104.0 3.059 
 Ammonium sulfate, 21-0-0-24 68.3 3.252 
 Ammonium thiosulfate, 12-0-0-26 90.4 7.533 
 Urea, 46-0-0-0 74.4 1.618 

 UAN, 28-0-0-0 (39% amm. nitrate, 31% urea) 
           32-0-0-0 (44% amm. nitrate, 35% urea) 

63.0 
71.1 

2.250 
2.221 

Phosphorus APP, 10-34-0-0 20.0 0.455 
 DAP, 18-46-0-0 29.2 0.456 
 MAP, 11-52-0-0 26.7 0.405 

 Phosphoric acid, 0-54-0-0 
                            0-72-0-0  1.613 ' 

1.754 ' 
Potassium Monopotassium phosphate, 0-52-35-0 8.4 0.097 
 Potassium chloride, 0-0-62-0 120.1 1.936 
 Potassium sulfate, 0-0-50-18 42.6 0.852 
 Potassium thiosulfate, 0-0-25-17 68.0 2.720 
‡ Reproduced from Mortvedt (2001). 
‡ One unit equals 20 lb. 
' Salt index per 100 lbs of H3PO4. 
 

 
Calculating Salt Index 

 
The SI of a fertilizer formulation/mixture can be calculated based on the fertilizer materials 

used to make the formulation. It is the sum of the SI of each component per unit of plant nutrient 
times the number of units in that component (Mortvedt, 2001). The steps to calculate SI of a 
formulation are as follows (Mortvedt, 2001). Table 3 outlines the SI calculation for 7-21-7 and 6-
24-6. 

1. List the material, grade, and weight for each component in columns 1-3. 
2. Calculate nutrient units in columns 4-6 by multiplying the weight of each component 

(Column 3) by its nutrient content (Column 2) and dividing each result by 20 (one unit 
equals 20 lbs). 

3. List SI per plant nutrient unit in each component in column 7 (SI is in Table 2). 
4. Calculate the SI from each component by multiplying the sum of the nutrient units in 

columns 4-6 by the corresponding SI value in column 7. 
5. Sum individual SI values of all components in column 8 to obtain the SI for the 

formulation. 
 

The SI values for 7-21-7 and 6-24-6 demonstrate how potassium chloride increases SI (Table 
3). The SI of 7-21-7, which contains potassium chloride, is 27.8. The SI of 6-24-6, which does 
not contain potassium chloride, is 11.9.  
 

The salt index per unit of plant nutrient may also be calculated and used as a way to compare 
formulations. This is done by first summing the percentage of nutrients in a formulation and then 

Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47 39



dividing the SI by the total nutrient percentage. 7-21-7 has 0.79 SI per unit of plant nutrient which 
can be calculated by dividing the SI (27.8) by the total percent of nutrients (35 = 7 + 21 + 7). 
 
Table 3. Calculating salt index of 7-12-7 and 6-24-6. 

  Nutrient units Salt index 

Component % Nutrient 

lbs of component 
per ton of 

formulation 
N P2O5 K2O Per unit 

(20 lb) † 
in 

formulation 
(1) (2) (3) (4) (5) (6) (7) (8) 

7-21-7        

10-34-0 10% N 
34% P2O5 

1,235 6.2 21.0 - 0.455 12.4 

UAN 28% N 57 0.8 - - 2.250 1.8 
KCl 62% K2O 226 - - 7.0 1.936 13.6 
water  482 - - - - - 
Formulation  2,000 7.0 21.0 7.0  27.8 
        
6-24-6        
NH3 82% N 146 6.0 - - - - 
H3PO4 54% P2O5 666 - 18.0 - 1.613 ‡ 10.7 
Potassium 
phosphate 

22% P2O5 
22% K2O 546 - 6.0 6.0 0.097 1.2 

water  642 - - - - - 
Formulation  2,000 6.0 24.0 6.0  11.9 
† Salt index per unit (20 lb) of plant nutrients listed in Table 2, also called partial salt index.  
‡ Ammoniation of phosphoric acid to a 1-3-0 ratio forms a mixture of MAP and DAP. 
 

Tips for Safely Using Liquid Fertilizers with/near the Seed 
 

1. Do not use fertilizer with a SI greater than 20.0 (Table 4). 
2. Avoid using fertilizer formulations containing ammonium thiosulfate as the SI may be 

high. 
3. Apply no more than 10 lb/a of N + K2O in-furrow. 
4. If the soil is dry at planting, consider placing the fertilizer away from the seed. 
5. If dribbling the fertilizer on the soil surface, be sure that the seed is planted deep enough 

and there is adequate soil moisture for the fertilizer to diffuse. 
 
Table 4. Salt index of some common liquid fertilizer formulations. † 

Formulation Salt index Salt index per unit of plant nutrient (20 lb) 
2-20-20 ‡ 7.2 0.17 
3-18-18 ‡ 8.5 0.22 
6-24-6 ‡ 11.5 0.32 

6-30-10 ‡ 13.8 0.30 
9-18-9 ‡ 16.7 0.48 
10-34-0 ' 20.0 0.45 
7-21-7 & 27.8 0.79 

4-10-10 & 27.5 1.18 
28% UAN & 63.0 2.25 

†  Reproduced from Mortvedt (2001). 
‡  These grades are formulated using potassium phosphate as the K source. 
' Use in-furrow placement with caution. 
& Not suggested for use in-furrow placement. 
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VERIFYING NITROGEN APPLICATION RATES FOR CORN 
 

Carrie A.M. Laboski, Todd W. Andraski, Chris M. Boerboom, and Timothy L. Trower1 
 
 

Introduction 
 

The price of fertilizer nitrogen (N) has increased substantially over the past three months and 
ranges from $0.37 to 0.60/lb N with anhydrous ammonia at the lower end of the range and poly 
coated urea (ESN®) at the upper end of the range. Many dealerships are expecting the price of N 
fertilizer to increase as we move towards planting. With the increasing N prices, questions are 
being asked regarding how much N should be applied to maximize economic return in corn 
production. As of mid-December 2007, the price of corn was between $3.80 to $4.25/bu 
depending on contract, location, etc. Thus, the N:corn price ratio varies from 0.09 to 0.16. These 
price ratios do not differ substantially from the price ratios that were prevalent in winter 
2005/2006. 
 

The maximum return to N (MRTN) tool that was released in 2006 can be used to determine 
an appropriate N rate for corn with fluctuating N and corn prices. Current N fertilizer and grain 
prices suggest lower N fertilizer rates should be applied to maximize economic return. The object 
of this project was to evaluate how the MRTN N rate guidelines performed in 2007. 
 

The MRTN tool will be described briefly; for more details please see Laboski et al. (2006) 
and Laboski (2006). 

 
The new N rate guidelines for Wisconsin are provided in Table 1. In order to determine the N 

application rate using this table, one must first know: 
 Soil yield potential. All soils in Wisconsin have been classified into yield potential 

categories based on the soil’s rooting depth, water holding capacity, drainage, and length 
of growing season. Soil yield potentials can be found in UWEX publication A2809 
“Nutrient application guidelines for field, vegetable, and fruit crops in Wisconsin”. 

 Previous crop. 
 N:corn price ratio. This is the price of N per pound divided by the price of corn per 

bushel. 
 
Using these three pieces of information, a N rate can be identified that will, on average, 

maximize economic return to N (MRTN). A range of N rates that will produce economic 
profitability within one dollar per acre of the maximum can also be identified. Guidelines for 
choosing which part of the range to use are provided in the list below. 

 If there is > 50% residue cover at planting, use the upper end of the range. 
 When corn follows small grains on medium and fine textured soils, the mid-to-low end 

of the profitable range is most appropriate. 
 If 100 % of the N will come from organic sources, use the top end of the range. In 

addition, up to 20 lb N/a in starter fertilizer may be applied in this situation. 
 For medium and fine textured soils with: < 2% organic matter, use the high end of the 

range; > 10 % organic matter, use the low end of the range. 
 For coarse textured soils with: < 2% organic matter, use the high end of the range; > 2 % 

organic matter, use the mid to low end of the range. 
                                                 
1 Assistant Professor and Researcher, Dept. of Soil Science, and Professor and Sr. Outreach Specialist, 
Dept. of Agronomy, Univ. of Wisconsin-Madison, 1525 Observatory Dr. Madison, WI, 53706 
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 If a medium yield potential soil is irrigated, use the rates suggested for high yield 
potential soils. 

 If there is a likelihood of residual N (carry over N), then use the low end of the range or 
use the high end of the range and subtract preplant nitrate test (PPNT) credits. 
 
 

Table 1. Suggested N application rates for corn at different N:corn price ratios. 
Soil and Previous Crop ———— N:Corn Price Ratio ($/lb N:$/bu) ———— 

 0.05 0.10 0.15 0.20 
 —————— lb N/a (Total to Apply) 3 —————— 
HIGH/V. HIGH YIELD POTENTIAL SOILS     

Corn, Forage legumes, 
Leguminous vegetables, Green manures4 

1651 
(135-190)2 

135 
(120-155) 

120 
(100-135) 

105 
(90-120) 

Soybean, Small grains5 140 
(110-160) 

115 
(100-130) 

100 
(85-115) 

90 
(70-100) 

MEDIUM/LOW YIELD POTENTIAL SOILS     
Corn, Forage legumes, 
Leguminous vegetables, Green manures4 

120 
(100-140) 

105 
(90-120) 

95 
(85-110) 

90 
(80-100) 

Soybean, Small grains5 90 
(75-110) 

60 
(45-70) 

50 
(40-60) 

45 
(35-55) 

IRRIGATED SANDS AND LOAMY SANDS     

All crops4 215 
(200-230) 

205 
(190-220) 

195 
(180-210) 

190 
(175-200) 

NON-IRRIGATED SANDS AND LOAMY SANDS     

All crops4 120 
(100-140) 

105 
(90-120) 

95 
(85-110) 

90 
(80-100) 

1 Rate is the N rate that provides the maximum return to N (MRTN).  
2 Range is the range of profitable N rates that provide an economic return to N within $1/a of the MRTN. 
3 These rates are for total N applied including N in starter fertilizer and N used in herbicide applications. 
4 Subtract N credits for forage legumes, leguminous vegetables, green manures, and animal manures. This 

includes 1st, 2nd, and 3rd year credits where applicable. Do not subtract N credits for leguminous 
vegetables on sand and loamy sand soils. 

5 Subtract N credits for animal manures and 2nd year forage legumes. 
 
 

Methods and Materials 
  

University of Wisconsin faculty and staff were involved in conducting these on-farm plots in 
cooperation with participating farms. Thirteen plots were located throughout the state (Figure 1). 
Soybean was the previous crop for seven locations and corn for six locations (Table 2). Very 
high, high, and medium yield potential soils were represented along with non-irrigated 
sands/loamy sands. Site selection criteria included:  

a) Previous crops: corn, soybean, vegetable crops, or small grains. 
b) Avoid sites with first or second year corn after alfalfa or a forage legume. 
c) Avoid sites where manure or other organic N sources have been applied in the last three 

years. 
d) Uniform soils typically used for corn production. 
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The experimental design was a randomized 
complete block with three replications. The plot 
size was flexible in that any number of rows or 
length was acceptable. However, the harvested 
area was the same for all replications at a 
location. The treatments were: medium yield 
potential soils (MYPS): 0, 40, 80, 120, 160 lb 
N/a; high yield potential soils (HYPS): 0, 40, 80, 
120, 160, 200 lb N/a. Nitrogen source, 
application method, and application timing were 
chosen to minimize N losses at each site (Table 
2).  

Figure 1. Locations of the thirteen MRTN 
on-farm verification plots in 2007. 

 
 

An adapted corn hybrid was planted at each site. Routine soil samples were collected prior to 
planting and analyzed for P, K, pH, and organic matter (OM). Preplant nitrate (PPNT) samples 
were also collected to a depth of two feet.  

 
Site characteristics such as county, soil yield potential, soil name, OM content, surface 

residue at planting, tillage, and PPNT N credit are provided in Table 2. Sites 37, 39, and 40 were 
tile drained. No site was irrigated or had a history of manure application within the previous three 
years.  

 
Grain yield response to N fertilizer was fit with quadratic plateau, linear plateau, and 

quadratic models. The model with the best R2 was chosen to represent the yield response. The 
economic optimum N rate (EONR) for each site was calculated based on N:corn price ratios of 
0.05, 0.10, and 0.15. For all price ratios the price of corn was set at $4.00/bu and the price of N 
varied: $0.20/lb, $0.40/lb, and $0.60/lb for 0.05, 0.10, and 0.15 price ratios, respectively. 
Performance of MRTN was assessed by using the yield response function to determine the yield 
that would have been obtained if different N rates were applied. 

 
 

Results and Discussion 
 

The agronomic optimum N rate (AONR) is the amount of fertilizer N needed to maximize 
grain yield. AONR and the yield at AONR (maximum yield) is given in Table 2. On high and 
very high yield potential soils, the AONR ranged form 26 to 157 lb N/a for corn following 
soybean and 93 to 171 lb N/a for corn following corn. 
 

The economic optimum N rate (EONR) is the N rate where the net return on the investment 
in N is maximized. The yield at EONR can be less than the maximum yield, but depends upon the 
shape of the response curve for a field and the N:corn price ratio that is being considered. The 
effectiveness of the MRTN approach in accurately predicting the EONR for each site for 0.05, 
0.10, and 0.15 N:corn price ratios is provided in Tables 3, 4, and 5, respectively. In the 
comparisons, the MRTN N rate was chosen based upon soil yield potential, previous crop, and 
the guidelines for selecting which portion of the MRTN range to use. Thus, if a site had greater 
than 50 % residue cover the top end of the range was chosen for the comparison as opposed to the 
actual MRTN rate. This distinction is import because it represents the decision that a grower 
would make based on Table 1 and the guidance points that follow. 

44 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47



 
In Tables 3 through 5, the MRTN N rate for each N:corn price ratio is provided along with 

the yield obtained at the N rate. This is compared to the observed EONR for each site at the same 
N:corn price ratio. The columns labeled “Difference (MRTN – EONR)” are the difference in N 
rate and yield obtained for each N rate; a negative number in either of these columns indicates 
that the MRTN approach would have resulted in an under application of N and yield loss, while a 
positive number indicates that MRTN would have resulted in an over application of N and 
sometimes a slight increase in yield. The economic column is the economic loss caused by either 
under or over application of N; whereby both yield lost/gained and cost of N applied or not 
applied are factored in. 
 

For all sites, N was under applied 23, 31, 46 % of the time for the 0.05, 0.10, and 0.15 price 
ratios, respectively. For corn following soybean N was under applied 43 % of the time at each 
price ratios; while for corn following corn N was under applied 0, 17, and 50 % of the time for 
the 0.05, 0.10, and 0.15 price ratios, respectively.  Greater economic loss occurred because of 
over application of N compared to under application (Tables 3 and 4) at the 0.05 and 0.10 price 
ratios. The economic loss caused by under or over application of N is more balanced at the 0.15 
price ratio (Table 5). Overall the MRTN approach provides a N rate that is somewhat greater than 
the amount of N needed to economic yields.  
 

In the previous comparison, single N rates were compared to each other. Another way to 
compare each site’s EONR with MRTN is determine how often the EONR was within the MRTN 
range for each price ratio. At the 0.05 price ratio, the MRTN range encompassed the EONR 46 % 
of the time and the MRTN range was greater then the EONR 54 % of the time. The MRTN range 
encompassed the EONR 46 and 23 % of the time for the 0.10 and 0.15 price ratios, respectively.  
Eight and 38 % of the time EONR was greater than the MRTN range for the 0.10 and 0.15 price 
ratios, respectively. The MRTN range was greater then EONR 46 and 38 % of the time for the 
0.10 and 0.15 price ratios, respectively. For each site, if a range of N rates that produces an 
economic return within $1/a of the EONR were calculated, the range would often over lap with 
the published MRTN range.  
 

Growers are often concerned with yield loss from reduced N rates. Table 6 provides relative 
yield obtained using the MRTN approach at each N:corn price ratio, where relative yield is 
defined as the yield obtained as a percent of the maximum yield at the site. The average relative 
yield over all sites at the 0.05 price ratio is 100 % with a range of 99-100 %. As the price ratio 
increases, the average relative yield decreases to 98 % at the 0.15 price ratio. When using MRTN 
to reduce N rates in an effort to improve profitability, there is a risk for yield loss. At the 0.15 
price ratio, often (54 % of the time) that loss is small (0-1 %) and infrequently (15 % of the time) 
the loss is greater (6 to 9 %). 

 
Sites 48 and 49 were part of the same experiment at Lancaster Ag Research Station which 

was set up to assess the effect of N timing on EONR. Some plots had ammonium nitrate 
broadcast at planting and the other plots had ammonium nitrate knifed in at sidedress. The yield 
obtained at each rate of N applied was not significantly different between N timings with an 
average AONR of 106 lb N/a (Figure 2).  

 
In an experiment at Arlington Ag Research Station the effect of level of weed control on 

grain yield and EONR was determined in 2006 and 2007 (Figure 3) (Boerboom et al., 2008). In 
2006 when weeds were controlled with a preemergence herbicide or postemergence herbicide 
when weeds were four inches tall, the EONR was in similar for all price ratios. In 2007, waiting 
to control weeds until they were four inches tall resulted in EONR that were 38 lb N/a higher on 
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average than when weeds were controlled preemergence for all price ratios. Weather conditions 
and N mineralization potential in the field impact these results. In both 2006 and 2007, waiting to 
control weeds until they were 12 inches tall caused yield losses at N rates that maximized yield 
with good weed control. When weeds were controlled at the 12 inch height, yield could be 
recovered with high N application rates. If N fertilizer is $0.50/lb N and at least 100 lb of N is 
needed to recover yield, the cost of late weed control is $50/a. Clearly, timely herbicide 
application is more economical. Failure to control weeds resulted in yield losses that could not be 
recovered regardless of the amount of N applied.  
 

 
Conclusions 

 
These data are likely quite representative of the range of response to applied N that occurs on 

Wisconsin farms because the data set represents a range of soils, use of field scale equipment, and 
typical grower practices. Timing of N application did not impact EONR; however this was 
studied at only one location. Timely weed control is important for high N use efficiency and 
economic crop production. 

 
When evaluating this data, it must be kept in mind that these are the results from just one year 

at each site. Year-in and year-out the EONR, for a given price ratio, will vary at a location. Until 
soil N mineralization can be accurately predicted, it will continue to be difficult to predetermine 
the exact amount of N that will be needed by a corn crop in a given year. The power of the 
MRTN approach is that it pulls data from multiple locations over multiple years to arrive at a best 
estimate of profitability by balancing economic losses from over and under application of N.  
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Table 6. Relative grain yield obtained by using the MRTN guideline approach at several N:corn 
price ratios for 13 on-farm MRTN trials in Wisconsin, 2007. 

  N: corn price 
  0.05 0.10 0.15 

Site i.d. 
AONR 
yield † Yield 

Relative 
yield ‡ Yield 

Relative 
yield Yield 

Relative 
yield 

 bu/a bu/a % bu/a % bu/a % 
        

33 228 228 100 228 100 228 100 
40 167 166 99 164 98 161 96 
42 166 166 100 162 98 157 95 
45 158 158 100 158 100 158 100 
39 173 173 100 173 100 173 100 
47 143 142 99 142 99 142 99 
46 77 77 100 75 97 73 95 
37 171 171 100 168 98 156 91 
41 173 172 99 172 99 169 98 
48 211 211 100 211 100 211 100 
49 206 206 100 206 100 206 100 
38 192 192 100 192 100 181 94 
43 180 180 100 180 100 180 100 

 
 

Average relative yield 100  99  98 
Standard deviation of average 0.43  1.07  3.02 

Maximum relative yield 100  100  100 
Minimum relative yield 99  97  91 
Median relative yield 100  100  99 

† AONR yield, maximum yield obtained at the agronomic optimum N rate at the site. 
‡ Relative yield, yield obtained using the MRTN rate for a given price ratio as a percent of the AONR yield 
achieved at the site. 
 

 
 
 
 
Figure 2. Effect of N 
application timing 
(preplant vs. 
sidedress) on grain 
yield.  
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2007 herbicide treatment
(EONR, lb N/a @ 0.05, 0.10, 0.15)
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Figure 3. Effect of four levels of weed control (Preemerge = weed-free conditions; Post @ 4 in. = 

postemergence control when weeds were 4 inches tall; Post @ 12 in., postemergence 
control when weeds were 12 in. tall; and none = no weed control) on corn grain yield 
and economic optimum N rate (EONR) at 0.05, 0.10, and 0.15 N:corn price ratios in 
2006 and 2007. In the legend, the numbers in parenthesis are the EONRs at 0.05, 0.10, 
and 0.15 N:corn price ratios. 
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2007 WISCONSIN CROP DISEASE SURVEY 
 

Anette Phibbs1 and Daniel Gerhardt1 
 

Plant Industry Laboratory staff diagnoses plant diseases and nematodes of agricultural crops 
and ornamentals supporting Plant Industry bureau’s duties with regard to inspection, survey, 
disease detection and export certification. 2007 crop highlights are: 

Potato Cyst Nematode Survey – No suspects so far.  
Soybean Viruses & Asian Soybean Rust – More Soybean dwarf virus but no rust. 
Seed Corn – Stewart’s wilt in one county. 
Soybean Cyst Nematode Map – Still number one economic pest of soybeans! 

 
Potato Cyst Nematode Survey 

 
During winter of 2006 USDA APHIS initiated an exhaustive nation-wide survey of potato 

fields for potato cyst nematodes, after Pale potato cyst nematode (PCN) had been detected in 
Idaho and Golden nematode in Quebec, CD earlier that year. The two cyst nematodes, pale potato 
cyst nematode (Globodera pallida) and the Golden nematode (Globodera rostochiensis) are both 
economically significant quarantine pests.  Nematodes are microscopic, worm-like creatures, 
whose females form an egg-filled resting stage called a cyst. They feed on the roots of 
solanaceous crops like potatoes, tomatoes and eggplants. Potato Cyst Nematodes are widespread 
throughout Europe and South America, but are only known to occur in few locations in North 
America. The Pale potato cyst nematode, in Newfoundland, CD and the Golden nematode in 
parts of British Columbia, Newfoundland, CD and New York.   
 

The survey was initiated to determine if PCN had spread beyond the newly detected locations 
and to reassure trading partners of the PCN free status of the majority of potato growing areas in 
the U.S. The continued export of seed potatoes relies on the certification of potato fields and 
tubers as being free from these regulated pests. Wisconsin’s potato industry contributes $229 
million to the state and it the third largest producer in the U.S. Wisconsin’s survey focused on the 
8625 acres of seed potato fields plus a small subsample from 68,000 acres of potatoes grown for 
consumption. DATCP’s Fruit & Vegetable Inspectors sampled piler dirt from warehouses in the 
spring before seed potatoes were shipped. Piler dirt is soil that falls  off the potatoes as they travel 
across conveyor belts for loading. Inspectors collected one five pound bag of piler dirt for each 
five acres of seed potato field. During the fall harvest, fields growing seed potatoes for export 
were sampled at a rate of one pound of soil per acres. The samples were taken to DATCP’s Plant 
Industry Laboratory in Madison, where the soil was washed thru screens and examined for 
nematode cysts under microscopes. Further laboratory analysis was required to differentiate the 
closely resembling cyst nematodes and any PCN suspects would be sent off for confirmation by 
the USDA.  
 

As of December 10, 1700 samples have been screened for PCN and no suspect cysts have 
been found. This completes 94% of our goal of 1,800 samples representing over 4 tons of piler 
dirt and soil.  The survey is anticipated to be completed before the target date in April 2008. 
Thank you to the Wisconsin seed potato growers, our dedicated field staff at the Fruit and 

                                                 
1 Plant Pathologists; Wis. Department of Agriculture, Trade and Consumer Protection, 4702 
University Ave, Madison, WI 53702, anette.phibbs@wisconsin.gov.  
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Vegetable Inspection Service in Antigo, a determined crew at the Madison Plant Industry 
Laboratory, and USDA APHIS for providing generous funding.  

 
Soybean Virus and Asian Soybean Rust Survey 

 
The introduction of soybean 

aphids raised concern about 
aphid-vectored viruses such as 
Alfalfa mosaic virus (AMV), 
cucumber mosaic virus (CMV), 
and the potyviruses: bean 
common mosaic virus (BCMV), 
bean yellow mosaic virus 
(BYMV) and soybean mosaic 
virus (SMV). Starting in 2002, the 
pest survey crew has been 
randomly sampling soybean fields 
in the R2-R4 growth stage (late 
July to early August).  
 

The percentage of virus 
infected fields from 2002 to 2007 
is shown in Table 1.  In 2007 
soybean foliage was tested for 
BPMV, CMV, and viruses in the 
potyvirus group using DAS 
ELISA.  AMV and Soybean 
dwarf viruses, were tested for the 
first time using a molecular 
method, reverse transcription 
(RT) - polymerase chain reaction 

(PCR) (1, 2), which can detect lower levels of viral infections than DAS ELISA .  SbDV was 
found for the first time in soybeans in Wisconsin in 2003 (3). In 2007 five fields tested positive 
for AMV, one for BPMV, one for CMV, one for potyviruses, and seven fields tested positive for 
soybean dwarf virus (SbDV). One field was positive for both SbDV and AMV. Soybean fields 
were also scouted for Asian soybean rust (Phakopsora pachyrhizi). No Asian soybean rust was 
observed in any of the 227 fields checked in 2007 in Wisconsin. 
 
 
 
 

Fig. 1 
  

Year 

Total 
Fields 

Surveyed AMV BPMV CMV POTY SbDV 
2002 177 NA 29.9% NA NA NA 
2003 286 NA 4.2% 0.3% 0.3% 1.7% 
2004 293 1.0% 0.0% 0.0% 0.0% 1.7% 
2005 276 NA 0.0% NA 0.0% 1.4% 
2006 188 NA 0.0% NA 0.0% 3.2% 
2007 227 2.2% 0.4% 0.0% 0.4% 3.1% 
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Seed Corn Survey 
 

In 2007, 75 seed corn fields were inspected for export certification. Foliar samples were 
tested for Stewart’s wilt (Pantoea stewartii) and three viruses. Stewart’s wilt infected seed is 
prohibited from export by 23 countries worldwide. This bacterial disease affects susceptible 
sweet corn varieties and inbred lines, while most hybrid corn is resistant. In 2006 the disease was 
detected in Grant Co, in 2007 it was detected in Rock Co. Stewart’s wilt has been documented in 
various locations throughout the state over the last 7 years. To meet the import requirements of 
foreign trading partners, all samples were also tested for three viruses: High plains virus (HPV), 
maize dwarf mosaic virus (MDMV) and wheat streak mosaic virus (WSMV).  No HPV or 
WSMV were detected.  HPV, WSMV, and their vector the wheat leaf curl mite (Aceria 
tosichella) are not known to occur in Wisconsin. One location in Dane Co. tested positive for 
MDMV, which can be transmitted by more than 20 species of aphids. MDMV is known to occur 
in Wisconsin. 
 

Soybean Cyst Nematode Survey 
 

Soybean cyst nematode (Heterodera glycines), SCN, is by far the greatest yield reducing pest 
and disease problem in the U.S. In 
2006 SCN reduced yields in the U.S. 
by 124 million bushels including 3.6 
million bushels in Wisconsin. At 
$6.50 per bushel, the estimated loss in 
value adds up to over $23 million in 
Wisconsin (United Soybean Bd. data 
www.unitedsoybean.org/Library/Rece
ntLibraryItems.aspx ). SCN was first 
detected in Racine County Wisconsin 
in 1981. Soybean fields have been 
surveyed and field soils screened 
annually ever since. In 2007 
established populations of SCN were 
confirmed in 44 Wisconsin counties, 
adding Fond du Lac to the list of 
infected counties. The current map is 
based on cumulative data collected by 
WDATCP and the University of 
Wisconsin. For information about soil 
testing and SCN management please 
check the following websites 
http://planthealth.info/scnguide/ and 
http://www.plantpath.wisc.edu/soyhea
lth/index.htm. 
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SOYBEAN CYST NEMATODE IN WISCONSIN FIELDS 
 

Ann MacGuidwin 1/ 

 

 
{This page provided for note taking} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
______________________ 
1/  Professor, Department of Plant Pathology, Univ. of Wisconsin-Madison. 

56 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47



FOLIAR FUNGICIDES FOR CORN 
 

Paul Esker, Craig Grau, and Bryan Jensen1 
 

Introduction 
 

In 2007, fungicide use for U.S. corn production exploded.  Based on discussions amongst 
Extension Plant Pathologist, it was estimated that approximately 10% of U.S. corn acres 
(approximately 9 to 10 million acres), were sprayed with a foliar fungicide during the season.  
Current demand for foliar fungicides has focused on products of the strobilurin (pyraclostrobin, 
azoxystrobin or trifloxystrobin) and/or triazole (propiconazole) classes (Boerboom et al., 2007).  
Our goal and objective in this paper is to summarize what was learned in 2007 regarding the use 
of foliar fungicides on corn, as well as some of the factors that need to be considered before 
making the decision to apply a foliar fungicide. 

 
Regional Results 

 
In the primary corn production region (North Dakota down to Kansas on the western edge 

across to Ohio on the eastern edge), the number of corn acres that were sprayed with a foliar 
fungicide ranged from about 175,000 to 200,000 in Missouri to 3,000,000 to 4,000,000 in Illinois 
(Munkvold, 2007). We estimated that between 400,000 and 500,000 acres were sprayed in 
Wisconsin, which was approximately 10 to 15% of the acreage.  
 

University Corn Fungicide Trials: Data were obtained by Carl Bradley (University of Illinois, 
Department of Crop Sciences) for 13 states and provinces (including Wisconsin) where replicated 
fungicide trials were performed (Bradley, 2007).  Results are summarized for specific questions 
of interest in Table 1 and these questions included the effect of fungicide product, the level of 
resistance to gray leaf spot (Cercospora zeae-maydis), and the previous cropping history.  In all 
situations, the following assumptions were made regarding the economic profitability of using a 
foliar fungicide: (i) fungicide treatment (including application cost) was $20/acre and (ii) the 
market corn price was held at $3.50/bu.  Based on these values, a minimum of a 6 bu/acre return 
was necessary for the foliar fungicide to be considered the breakeven point.  In general, the 
percentage of trials where an economic return was found was less than 50%, except in the 
situation where a susceptible gray leaf spot hybrid was used.  Also, an interesting result was the 
response to foliar fungicide was much lower for corn following corn, than for corn following 
other crops.  Typically, the working hypothesis has been that foliar fungicides would be 
efficacious for situations with multi-year or continuous corn, and the 2007 results lead to many 
questions that will need to be addressed, including an important one regarding if a producer is 
less likely to get a yield response with corn following corn?  Typically, the mean yield increased 
between 1 to 6 bu/acre, depending on question of interest (Table 1). 
 

IPM and Foliar Fungicides 
 

For producers considering the use of a foliar fungicide there are numerous factors that should 
be considered before making a decision to spray or not to spray. Following a good IPM approach, 
some of these include: (i) knowledge of the corn hybrid susceptibility, (ii) whether or not there is 
disease pressure at or around the VT growth stage, and (iii) what the previous cropping history 

                                                 
1 Assistant Professor, Professor, and Outreach Program Manager-IPM, Dept. of Plant Pathology 
and Dept. of Entomology, Univ. of Wisconsin-Madison, 1630 Linden Dr., Madison, WI, 53706.  
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and the amount of residue in the field was.  For many foliar corn pathogens, yield loss has not 
been well documented, nor do we currently know to what extent the application of foliar 
fungicides benefit stalk rots.    
 

When the decision has been made to apply a fungicide, it is critical to follow good farming 
practices.  Always follow the label recommendation regarding application rates, timing, and use 
of adjuvant.  Also, mix and alternate fungicides with different modes of action, because with such 
a substantial amount of the corn acreage receiving a fungicide from fungicide classes that are 
considered in the moderate to high-risk categories for resistance, the potential for corn pathogens 
to become resistant to foliar fungicides is legitimate. 
 

Furthermore, as with any agricultural management tactic, the economic considerations using 
such a tactic should be considered.  In Table 2, we present the estimated number of bushels 
required to make the breakeven point for applying a fungicide.  To generalize, as market price 
increases, and application cost decreases, the estimated number of bushels required to breakeven 
is reduced.  Using the current University trials and the mean yield return, profitable applications 
would occur when corn price is higher (e.g., in the $4/bu range) and fungicide and application 
cost (e.g., $20/acre or less) are lower.  
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Table 1.  Summary of University fungicide trials in 2007 (adapted from Bradley, 2007). 
 
Fungicide and hybrid 
questions 

Number of 
trials 

Number with 
economic 

return 

Percentage with 
economic return > 

6 bu/acre 

Mean yield 
increase 
(bu/acre) 

Effect of Headline® H 89 39 44 4 
Effect of Quilt® 37 13 35 3 
Effect of Stratego® 42 11 26 2 
Combined fungicides 168 63 38 3 
Fair-to-poor resistance 
to gray leaf spot 

31 16 52 6 

Good-to-excellent 
resistance to gray leaf 
spot 

121 47 39 3 

Previous crop corn 68 19 28 1 
Previous crop soybean, 
sugar beet, or wheat 

51 21 41 5 

 H  Headline was applied at 6 fl oz/acre; Quilt at 4 fl oz/acre; Stratego at 10 fl oz/acre. 
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Table 2.  Estimated number of bushels necessary to break even for the application of a foliar 
fungicide in corn under different application and fungicide costs, and corn market value. 

 
Application  Fungicide  Corn market value ($/bu) 

cost cost 2 2.5 3 3.5 4 
6 10 8.0 6.4 5.3 4.6 4.0 
 15 10.5 8.4 7.0 6.0 5.3 
 20 13.0 10.4 8.7 7.4 6.5 
 25 15.5 12.4 10.3 8.9 7.8 

8 10 9.0 7.2 6.0 5.1 4.5 
 15 11.5 9.2 7.7 6.6 5.8 
 20 14.0 11.2 9.3 8.0 7.0 
 25 16.5 13.2 11.0 9.4 8.3 

10 10 10.0 8.0 6.7 5.7 5.0 
 15 12.5 10.0 8.3 7.1 6.3 
 20 15.0 12.0 10.0 8.6 7.5 
 25 17.5 14.0 11.7 10.0 8.8 

12 10 11.0 8.8 7.3 6.3 5.5 
 15 13.5 10.8 9.0 7.7 6.8 
 20 16.0 12.8 10.7 9.1 8.0 
 25 18.5 14.8 12.3 10.6 9.3 
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UNIVERSITY OF WISCONSIN’S CORN FOLIAR FUNGICIDE TRIALS RESULTS 
 

Craig Grau1, Paul Esker1, Mike Ballweg2, Jerry Clark3, Dave Fischer 4, , Carla Hargrave5, 
Bill Halfman6, Steve Huntzicker 7and Bryan Jensen8 

 
Introduction 

 
High corn prices and increase in continuous corn acreage have escalated interest in the use of 

corn foliar fungicides in the absence of foliar disease pressure.  Because insufficient Wisconsin 
and/or Midwestern data exists, the University of Wisconsin Cooperative Extension staff initiated 
a coordinated effort to gather data from replicated trials. 
 

Methods 
 

On-farm large and small scale field plots, and a small plot fungicide efficacy trials were 
initiated using local grower production practices (tillage, hybrids, etc.) with each trial replicated a 
minimum of two or three times, respectively.   Fungicides were applied according to labeled 
recommendations during the VT stage of development.  Foliar disease ratings were taken in each 
plot prior to application and again in early September by estimating the percentage of foliage 
symptomatic of disease.  A stalk nudge test was conducted in early October by pushing 30 
consecutive corn plants to a 45-degree angle and recording the number of lodged plants.  A plant 
was considered lodged if it bends prior to reaching a 45-degree angle or if it is lodged prior to this 
test and anthracnose symptoms were present. 
 

Large Scale On-Farm Plot Results 
Location: Chippewa Co. 
Reps: 3 
Tillage: no-till, 70% residue 
Previous crop:  Alfalfa 
GPA: 20 gallons 
Application date: July 9, 2007 
Application rate: Quilt @ 12 fl. oz/a 
Hybrid: Golden Harvest 6H78Bt/RR/RW 
Avg. % diseased foliage prior to application: 4% 
Diseases present: Anthracnose, northern corn leaf spot, gray leaf spot 
Avg % disease, early September:  
 Untreated Check:  33% 
 Quilt:  23% 
Plot notes: Extreme drought conditions resulted in low yields 
 
Treatment Yield a # lodged 

stalks/30 a 
UTC 41.8 a 9.3 a 
Quilt 45.7 a 7.3 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
_________________________________________ 
1 UW Dept. of Plant Pathology, 2 UW Extension Sheboygan Co.,  
3 UW Extension Chippewa Co., 4 UW Extension Dane Co., 
5 UW Extension Green Lake Co., 6 UW Extension Monroe Co., 
7  UW Extension La Crosse Co., 8 UW Integrated Pest Management Program 
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Location: Dane Co. #1 
Reps: 3 
Tillage:  No-till, 35% Residue 
Previous crop: Soybean 
GPA:   20 gallons 
Application date: July 17, 2007 
Application rate: Quilt @ 14 fl. oz/a 
Hybrid: Pioneer 36W67 
Avg. % diseased foliage prior to application:   3% common rust 
Avg. % disease in early September:  
 Untreated check: 3% 
 Quilt: 2.6% 
  
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 183.4 a 17.5 b 3.7 a 
Quilt 190.6 a 18.5 a 1.00 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
Location: Dane Co. #2  
Reps: 3 
Tillage: No-till, 5% residue 
Previous crop: Soybean 
GPA: 20 gallons 
Application date: July 20, 2007 (VT-R1) 
Application rate: Quilt @ 14 fl. oz/a 
Hybrid: Pioneer 37Y17Bt 
Avg. % diseased foliage prior to application: 3 % 
Diseases present: common rust 
Avg. % disease, early September:  
 Untreated check: 17% 
 Quilt:  7.3% 
 Diseases present:  Anthracnose, rust 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 155.4 b 16.7 b 2.7 a 
Quilt 161.8 a 17.6 a 2.0 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
Location:  Green Lake Co. 
Reps: 3 
Tillage: No-till,   
Previous crop: Snap beans w/ rye cover crop 
GPA: 20 gallons 
Application date: July 19, 2007 
Application rate: Quilt @ 10 fl. oz/a 
Hybrid: Pioneer 38V86 
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Avg. % diseased foliage prior to application: 1 % 
Diseases present:  Common rust 
Avg. % disease, early September:  
 Untreated check: 7% 
 Quilt:  8% 
 Diseases present: Common rust, eyespot, northern corn leaf blight 
Plot notes: N deficiency present on leaves one node lower than ear leaf 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 144.9 a 21.0 a 0.7 a 
Quilt 153.9 a 21.0 a 0.0 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
 
Location: La Crosse Co. 
Reps: 2 
Tillage: No-till, 35% residue 
Previous crop:  Soybean 
GPA: 25 gallons 
Application date: July 10, 2007 
Application rate: Headline @ 10 fl. oz/a 
Hybrid:  NK 60B6 
Avg. % diseased foliage prior to application:  2% 
Diseases present: Common rust, eyespot, northern corn leaf blight 
Avg. % disease, early September:  
 Untreated check:  5% 
 Quilt:  5% 
 Diseases present: Common rust, northern corn leaf spot, northern corn leaf blight, 

eyespot 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 233.5 a 17.5 a 3.8 a 
Headline 243.2 a 17.6 a 3.0 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
 
Location: Ozaukee Co. 
Reps: 3 
Tillage: Chisel, 5% residue 
Previous crop: Soybean 
GPA: 20 gallons 
Application date: July 20, 2007 
Application rate: Quilt @ 14 fl. oz/a, Headline 9 fl. oz./a 
Hybrid: Croplan 3824 RB 
Avg. % diseased foliage prior to application: <1% 
Diseases present: Anthracnose, common rust 
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Avg. % disease, early September:  
 Untreated check:  10% 
 Quilt:  8% 
 Headline: 5% 
 Diseases present:  Anthracnose, common rust 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 173.2 a 29.6 a 16.0 a 
Quilt 171.5 a 30.1 a 12.2 b 
Headline 169.2 a 31.9 a 12.5 b 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
Location: Sheboygan 
Reps: 3 
Tillage: chisel, 20% residue 
Previous crop:  Corn 
GPA: 20 gallons 
Application date: July 20, 2007 (V18-VT) 
Application rate: Quilt @ 14 fl. oz/a, Headline 9 fl. oz./a 
Hybrid: Jungs 2432 
Avg. % diseased foliage prior to application:  <1% 
Diseases present: Anthracnose, common rust 
Avg. % disease, early September:  
 Untreated check: 7% 
 Quilt: 5% 
 Headline: 4% 
 Diseases present:  Anthracnose, common rust 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 163.6 a 16.4 ab 22.7 a 
Quilt 166.4 a 16.6 a 13.0 b 
Headline 167.5 a 16.2 b 15.6 b 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
 
Location:  Washington Co. 
Reps: 2 
Tillage: chisel, <5% residue 
Previous crop: soybean 
GPA: 20 gallons 
Application date: July 20, 2007 
Application rate: Quilt @ 14 fl. oz/a, Headline 9 fl. oz./a 
Hybrid: Renk 636 RR 
Avg. % diseased foliage prior to application:  <1 % 
Diseases present:  Anthracnose, common rust 
Avg. % disease, early September:  
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 Untreated check: 5% 
 Quilt:  5% 
 Headline: 5% 
 Diseases present:  Anthracnose, common rust 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 202.2 a 16.7 b 12.0 a 
Quilt 201.9 a 17.2 a 7.5 a 
Headline 200.2 a 16.6 b 1.0 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 

 
Small Plot Results 

 
Location: Monroe Co. #1 
Reps: 3, 30 ft. plots 
Tillage: no-till, 50% residue 
Previous crop: soybean 
GPA: 21 gallons,  
Application date: July19, 2007 
Application rate: Quilt @ 12 fl. oz/a, Headline 12 fl. oz./a 
Hybrid: Dahlco 2482 
Avg. % diseased foliage prior to application:  2 % 
Diseases present:  Common rust and northern corn leaf spot 
Avg. % disease, early September:  
 Untreated check:  22% 
 Quilt:  12% 
 Headline: 15 % 
 Diseases present: Anthracnose, common rust, northern corn leaf spot 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 140.0 a 17.2 b 14.7 a 
Quilt 144.0 a 18.5 a 11.7 a 
Headline 142.7 a 17.5 ab 9.3 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
 
Location: Monroe Co. #2 
Reps: 3 
Tillage: mold board, 5% residue 
Previous crop:  Corn 
GPA: 21 gallons 
Application date: July 30 , 2007 
Application rate: Quilt @ 12 fl. oz/a 
Hybrid: Croplan 364 
Avg. % diseased foliage prior to application:  1% 
Diseases present:  Common rust, northern corn leaf spot, eyespot 
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Avg. % disease, early September:  
 Untreated check:  8% 
 Quilt:  3% 
 Diseases present:  Anthracnose, common rust, northern corn leaf spot 
 
 
Treatment Yield a Moisture a # lodged 

stalks/30 a 
UTC 129.7 a 20.0 a 16.3 a 
Quilt 135.7 a 21.0 a 14.3 a 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
 
Combined results of on-farm trials 
 
Data were pooled and analyzed statistically for all locations except Chippewa Co., which 
experienced severe drought.  
 
Combined results across all locations, except Chippewa Co. 
 
Treatment Yield  Moisture # lodged 

stalks/30 a 
UTC 161.3 19.5 10.3   b 
Quilt 165.5 20.0 8.1     a 
Headline 163.7 20.0 5.9     a 
LSD NSD NSD 2.42 (P=0.0021) 
a Means within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 
 

Corn Fungicide Efficacy Trials 
 
Location: Arlington Ag. Research Station, Columbia Co. 
Reps: 4, 50 ft. plots 
Tillage:  Residue 5% 
Previous crop: Soybean 
GPA: 27 gallons 
Application date:  July 23, 2007 
Hybrid: RK 488 
Avg. % Diseased foliage prior to application:  <1% 
Diseases present:  Common rust 
Avg. % disease, early September:  
 Untreated check: 2 % 
 Treated: 2 % 
 Diseases present: Common rust, gray leaf spot 
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Treatment Rate Yield 
(bu./A) a 

Stalk Nudge Test (number of 
plants lodged/25 plants) a 

Untreated 
Check 

- 182.3 a 5.5 a 

Evito  
+ 
NIS 

3.1 fl. oz/A 
+ 

0.25 % v/v 

184.4 a 4.0 ab 

Evito  
+ 
NIS 

5.7 fl. oz/A 
+ 

0.25 % v/v 

179.5 a 1.0 b 

Stratego 12 fl. oz./A 176.6 a 1.3 b 
Headline 12 fl. oz./A 179.5 a 2.3 ab 
Quilt 14 fl. oz./A 189.8a 3.3 ab 
aMeans within a column followed by the same letter are not significantly different (P=0.05, 
Duncan’s Multiple Range Test) 
 

Discussion 
 

Comparison of data from the individual field trials indicated there were numerical yield 
increases, however, only one plot (Dane Co. #2) out of 11 had a statistically significant yield 
response of 6.4 bu/A.  Although this significant yield gain is considered economic ($3.50 /bu and 
$20 applications costs) if drying costs ($0.05/bushel/percentage point) were factored in it would 
be a per acre loss of approximately -$5.60.  Similarly fungicides had an inconsistent effect on 
lodging as 2 of 11 fields had significantly less stalk lodging.  For those plots when moisture was 
measured, 5 out of the 9 plots had significantly increased moisture content at harvest. When data 
were pooled across all on-farm trials there was no significant statistical difference in yield or 
grain moisture.  However, lodging was significantly reduced when a foliar fungicide was used.  It 
is not known why lodging was decreased with a fungicide application, likely related to extended 
duration of physiological activity of leaves which in turn slows stalk maturation.  Information on 
corn hybrids and disease reactions were not available, but likely contributed to the outcome 
observed in these trials. 
 

Results of these trials indicate there were no consistent statistical yield benefit and an 
occasional negative impact on moisture when a foliar fungicide was applied in the absence of 
foliar diseases.   For those growers considering foliar fungicides as part of a disease management 
strategy, IPM practices such as crop rotation, hybrid selection and residue management should be 
considered important preventative practices.  Furthermore, timely field scouting is necessary to 
determine a need for a fungicide and if warranted, a proper application timing is necessary to 
achieve maximum economic benefit of this investment. 
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DIAGNOSING SOYBEAN DISEASES IN THE FIELD 
 

Nancy C. Koval1, Paul D. Esker, and Craig R. Grau 
 

Introduction 
 
The cornerstone of a strong soybean management strategy is diligent and timely scouting for 

insect and disease problems.   With a proactive approach, yield losses may often be avoided or 
reduced.  However, when scouting for evidence of diseases in soybeans, many difficulties may be 
encountered.   Because most plant pathogens are microscopic, a grower or consultant must rely 
on symptoms observed on plants.  Therein lies a challenge; often symptoms of diseases are not 
distinct from each other, nor are they always “typical.”   Additionally, incorrect diagnosis may 
result in an ineffective control method, wasting time and money and not preventing yield loss.  
Ineffective control may allow the pathogen to maintain a presence in subsequent years.  It is 
critical then that soybean producers are able to quickly and accurately diagnose disease 
conditions in the field. 
 

Field diagnosis of soybean diseases should take in account three main factors that determine 
whether or not a disease will occur:  the host, the pathogen and the environment.  These three 
factors make up what plant pathologists refer to as the disease triangle (Figure 1).   Using the 
disease triangle concept as a guideline, scouting for disease and controlling disease can be more 
effective.  Without consideration of all three factors that influence disease, growers run the risk of 
controlling symptoms rather than causes of symptoms which frequently results in less than 
desirable disease control. 
 

PATHOGEN

DISEASE

HOST 

                                    

ENVIRONMENT 

Figure 1.  The disease triangle is a simple model to help understand the interactions between host, 
pathogen and environment that allow disease to occur. 

 
The host is a key factor in disease development, but this encompasses more than just a 

soybean plant.  By refining this concept to soybean growth stage, growers and consultants can 
narrow their focus on a few likely suspects.  Stages of soybean growth and development are 
based on whether the plant is in a vegetative (V stage) or reproductive (R stage).   These 
designations are further refined based on the number of nodes with a trifoliate leaf in V stages, or 
flower position and pod size and development in R stages.  A more detailed description of 
soybean growth and development stages may be found in the Iowa State University Extension 
1  Researcher; Assistant Professor, and Professor; Dept. of Plant Pathology, Univ. of  
   Wisconsin-Madison, 1630 Linden Dr., Madison, WI  53706. 
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publication Soybean Growth and Development (PM 1945) or at the Soybean Extension and 
Research Program, Dept. of Agronomy, Iowa State Univ. (www.soybeanmanagement.info). 
 

While plant pathogens are microscopic, many produce macroscopic signs that can give a clue 
as to the likely culprit.  These signs can be mycelium, spore bearing bodies, or overwintering 
structures. Because these entities are specific to a particular pathogen or group of pathogens, they 
can be considered a ‘smoking gun” in terms of disease diagnosis.   Not every pathogen will 
produce signs, however, and then interpretation of symptoms on soybean becomes the primary 
focus for diagnosis.  As previously stated, symptoms can be difficult to attribute to one particular 
pathogen, simply because many pathogens affect the same plant systems.  For example, the 
diseases Brown stem rot and Sudden death syndrome are both caused by pathogens that produce a 
toxin, thus causing a similar foliar symptom.   
 

A final step in effectively diagnosing a field disease is knowledge of the environment.  This 
encompasses broad considerations such as a particular region’s rainfall or temperature, and 
localized aspects such as low spots in a field or compacted headlands.  Because plant pathogens 
require specific environmental conditions, knowledge of the prevailing conditions can give clues 
as to which problems are likely to occur in a field.  Additionally, an environment can be modified 
by the use of herbicides or other chemical inputs, thus altering how plants and pathogens interact, 
in both positive and negative ways.  For example, some herbicides are associated with increased 
Rhizoctonia solani disease severity in soybeans, while others have been associated with increased 
control of Sclerotinia sclerotiorium in some situations.  Knowledge of previous and current 
herbicide applications are an important component in field diagnosis of soybean diseases. 
 

Diseases Associated with Vegetative Growth Stages 
 
VE/ VC Growth Stage 

The first consideration at this growth stage is whether poor stands are due to germination 
problems or emergence issues.   To determine if seedborne pathogens are affecting germination, 
take 100 seeds and wrap in a moist paper towel.  Keep constantly moist for a few days and check 
to see if seeds have germinated.  If seed rot is evident and/or a white mycelium is found on seeds, 
Phomopsis Seed Rot (Phomopsis longicolla) may be a culprit.  Other potential fungi that may be 
observed are Fusarium sp., which are often pink or purple colored.   When digging in the seed 
bed, look for rotted or mushy seed.  These can be an indication of a pathogen such as 
Phytophthora sojae, Pythium sp. or Phomopsis.  While Phytophthora and Pythium are 
problematic during wet and cold years, Fusarium rots are more prevalent in wet warmer years, 
and Phomopsis is favored by dry conditions.  Control may be achieved by using fungicide treated 
seed. 
 
V1 to Flowering 

Emergence problems at this stage often occur during wet cold growing seasons.  Seedlings 
may emerge, however roots and stems quickly become necrotic and the plant dies (Figure 2a).  
One of the most likely culprits at this stage is Phytophthora.  Often, there can be an uneven 
distribution of mortality in the field, or limited to especially wet areas of the field.  Control tactics 
include use of fungicide treated seed or Phytophthora resistant varieties.  In fields where resistant 
varieties have been planted but losses have still occurred, it is likely the pathogen has overcome 
the resistant gene(s) used.  The rps 1a gene has limited effectiveness in Wisconsin, while the rps 
1-c is effective in about 75% of fields and rps 1-k is effective in 99% of Wisconsin fields.  There 
have been reported failures of the rps 1-k gene in Wisconsin; therefore, it is necessary to get lab 
confirmation of the Phytophthora race before relying solely on a particular gene (Figure 2b).  
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Figure 2.  A)  Recently emerged seedlings showing symptoms caused by Phytophthora and 

Pythium. (photo credit: Alison Robertson, IA State University): B) Seedling mortality 
caused by Phytophthora.   

 
Other culprits during the early growing season may hinder soybean development.  Carefully 

dig soybean roots, gently remove soil and examine soybean roots for evidence of potential 
problems.  Lesions on roots can be indicative of Fusarium or Rhizoctonia root rots, especially in 
wet years.    In a dry year, lesions can be indicative of Macrophomina phaseolina or Charcoal rot.  
Control all with appropriate seed treatments. 
 

During the early growing season, small purplish lesions may be observed on unifoliate leaves 
(Figure 3a).  These lesions are often symptomatic of Septoria glycines, or Brown spot of soybean.  
Eventually, lesions develop on upper and lower leaf surfaces, and appear to coalesce (Figure 3b).  
Lesions that are irregular, with a yellow halo and water soaked areas are Bacterial Leaf Spot, 
caused by the bacterium Pseudomonas syringae (Figure 3b).  Neither of these pathogens warrant 
control in modern soybean cultivars. 
   

    B CA 
 
Figure 3. A)  Brown spot of soybean, caused by Septoria glycines, often appears early in the 

growing season on unifoliate leaves.  B) Lesions from brown spot are found on the 
upper and lower leaf surfaces, have no water soaked areas, and coalesce to form large 
areas of necrosis. C) Foliar symptoms typical of the bacterium Pseudomonas syringae.  
Irregular patterns of necrosis, yellow halos, and water soaked areas are diagnostic of 
bacterial leaf spot.   

 
When examining roots be on the lookout for structures protruding from roots that initially are 

white and transition to yellow (Figure 4).  These are the bodies of the soybean cyst nematode 
(SCN).  It is imperative to dig the roots out of soil instead of pulling up plants, since cysts can be 
easily stripped off.   SCN may be found in wet or dry years, but stunting and foliar symptoms   
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Figure 4.  Bodies of the soybean cyst nematode are 
evident on these roots.  Note the difference 
between the much larger nodules in the lower 
right of the photo. 

 
tend to be more noticeable in dry years because of the compounding effects of drought and SCN 
that results in stunted plants. 
 

Diseases Associated with Reproductive Growth Stages 
 
R1- R2 Growth Stage 

As soybeans begin to flower, many common soybean pathogens are observed and often begin 
as single wilted or chlorotic plants spotted throughout a field.  Examine the plant for a purple to 
brown lesion on the stem.  If a lesion is found extending from soil line upwards, the likely culprit 
is Phytophthora root rot (PRR) (Figure 5a).   Early season excessive moisture can increase 
severity of PRR.  Control PRR by using a seed treatment, resistant variety, or employing cultural 
controls to correct drainage, such as tiling or avoidance of wet areas in fields. 
                               

A lesion that begins at a node or on the stem not extending from the soil is likely stem canker, 
caused by Diaporthe (Figure 5b).  Stem canker may be exacerbated in dry hot seasons.  Control 
can be achieved with seed treatment or by use of resistant varieties.  Seed companies are 
beginning to offer stem canker ratings for product lines, but it may be difficult to find this 
information. 
 

During dry years, soybeans may be observed with prematurely wilting and yellowing leaves.  
These are typical symptoms of Charcoal rot.  Lower stems may have a dusty gray appearance; 
these are microsclerotia, a diagnostic sign of the pathogen (Figure 5c).  Control with variety 
selection, rotation, and practices that reduce plant stress. 

 

      
B CA 

 
Figure 5. A) Soybean showing the characteristic lesion caused by Phytophthora later in growing 

season.  The purplish lesion extents from the soil line upwards.  This is a key diagnostic 
difference from stem canker lesions.  B) Stem canker lesions appear more brownish 
and do not extend from the soil line, as do those from Phytophthora.  C) Typical 
grayish microsclerotia found on a stem infested with charcoal rot, caused by 
Macrophomina phaseolina (photo credit:  Doug Jardine, Kansas State University). 
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While scouting fields during this time, keep an eye out for apothecia of Sclerotinia 
sclerotiorium, or white mold.  These small (0.5– 0.25 inch diameter) tan spore bearing structures 
are found under the canopy in moist dark areas.  Spores from the apothecia infect senescing 
soybean flowers and thus begin white mold infection.  This process is very temperature 
dependent, and infection is most successful during cool, rainy periods.  
 

 
 
Figure 6.  Apothecia of Sclerotinia sclerotiorium are found under the soybean canopy.   
 
R3 Growth Stage and Beyond 

During the later R stages, a wilted plant or group of plants may be observed.  Upon 
examination of the plant, a lesion with white mycelium at the base is found.  This mycelium is a 
sign of the pathogen Sclerotinia sclerotiorium, the cause of white mold.  In time, sclerotia form 
among the white mycelium and initially are white but turn black as the sclerotium matures.  Other 
signs of this pathogen include spore bearing bodies called apothecia, which are tan colored and 
found on the soil after the canopy closes(refer back to Figure 6).  Apothecia provide the inoculum 
for infection during the flowering phase of the plant life cycle.   Environmental conditions that 
are conducive to white mold development include cooler temperatures at soybean flowering and 
high moisture. 
 

During scouting, it is important to note areas where weed control is less than optimum despite 
use of an herbicide program.  In these areas, dig soybean roots and examine for soybean cyst 
nematode (Figure 7).  As the growing season progresses, cysts on the roots turn brown and 
eventually fall off, hindering diagnosis.  If SCN is suspected and cysts cannot be observed, send a 
soil sample to the Plant Disease Diagnostic Clinic for determination. 
 

   
 
Figure 7. Proper sampling and examination for soybean cyst nematode (SCN) includes carefully 

digging roots and gently pushing soil off the root mass.  Pulling plants out can strip 
cysts off of roots.  Cysts of SCN are visible during the early R growth stages, but as the 
plant matures, cysts will eventually brown and be released into the soil.  
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Foliar systems of a number of diseases appear during later reproductive stages.  Leaves that 
appear scorched, with chlorotic and necrotic veins may be either Brown stem rot (BSR), caused 
by Phialophora gregata, or Sudden death syndrome (SDS), caused by Fusarium viriguliformae.  
Distinguishing between BSR and SDS based on foliar symptoms is nearly impossible (Figure 8).  
The easiest way to tell the difference is to split the stem, and look for the characteristic 
discoloration of BSR, especially at the nodes.  Additional diagnostic differences include retention 
of petioles and root rot on plants with SDS.  Usually, SDS symptoms appear sooner in the 
growing season, such as R3/R4, while BSR is more common during R5/R6, however additional 
diagnostic tests may be required for a definitive diagnosis.  Control for these two pathogens is 
similar; resistant varieties and cultural controls that reduce compaction and increase soil drainage.  
BSR may be decreased in severity by using conventional tillage and crop rotation. 
 

 
 

A                                                  B 

Figure 8. A) Foliar symptoms of Sudden death syndrome (SDS) of soybean. B) Foliar symptoms 
of Brown stem rot (BSR) of soybean.   Foliar symptoms are not distinct enough 
between these two pathogens to accurately assess the causal agent.  Splitting stems to 
detect internal browning is a good way to confirm BSR as the causal agent, while root 
rot and white pith (no browning) is likely SDS. 

 
Often times, misshapen and distorted leaves are a sign of a virus.  Most often these are single 

plants, but if insect vectors are present, groups or fields of plants can be infected.  Soybean 
mosaic virus (SMV) is commonly characterized by distorted, curled and puckered leaves (Figure 
9A).  Alfalfa mosaic virus (AMV) infected plants do not have deformed leaves; rather there is 
often bright yellow chlorosis (Figure 9B).  Both of these viruses are transmitted by soybean 
aphid, and can be common in years of high soybean aphid pressure.  Bean pod mottle virus 
(BPMV) is usually found in conjunction with bean leaf beetle, and is characterized by green 
bumpy leaves and eventually pods that have purple discoloration (Figure 9C).  Both SMV and 
BPMV are associated with mottled seed and discolored seed.  Control methods include not 
planting mottled seed, and planting resistant varieties.  Control of the vectors is only 
recommended for bean leaf beetle, mainly to control feeding damage from the beetle and for 
BPMV transmission.   The only way to definitively state that symptoms are caused from a 
particular virus is to test the leaves for presence of the pathogen.  Diagnostic companies sell 
“dipstick” tests that can be done in the field, with results in 20 minutes.   
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Figure 9. A) Soybean mosaic virus (SMV) is characterized by foliar symptoms of rugosity and 

leaf distortion.  B) Alfalfa mosaic virus (AMV) often is associated with bright yellow 
chlorosis on leaves, but usually not rugosity or leaf distortion. C) Bean pod mottle virus 
(BPMV) infected plants have mottled foliage, and often discolored pods later in the 
growing season. 

 
Small necrotic spots can commonly be found on leaves from R2 and beyond during the 

growing season.  These spots can be caused by a number of different fungi.  To diagnose, use a 
hand lens and determine if the spots are circular or irregular.  Circular spots that are less than 1 
cm in diameter with a reddish border are likely to be Frogeye leaf spot, caused by Cercospora 
sojina.  (Figure 10A).  Many times, the upper leaves of the plant will have reddish purple cast to 
upper leaves indicative of a related species, Cercospora kikuchii (Figure 10B).  Spots that are 
bright yellow and smaller, almost pin head size are Peronospora, or Downy mildew (Figure 
10C).  Further confirmation of Downy mildew can be made by looking at the underside of the 
leaf for gray mycelium (Figure 10D).   Control of these pathogens is possible with foliar 
fungicides, but typically they are not severe enough to warrant application. 
 

  
A                           B                           C                       D 

 
Figure 10.  A) Frogeye leaf spot, caused by Cercospora sojina, is characterized by small purple 

lesions that speckle the surface of the leaf.  B) Another Cercospora species, 
Cercospora kikuchii, causes a purplish cast on leaf surfaces.  C) An important 
diagnostic feature of Downy mildew is the presence of gray mycelium on the 
undersides of the leaves. D) Close up of gray mycelium of Downy mildew. 

 
While soybean rust, caused by Phakopsora pachyrhizi, has not yet been found in Wisconsin, 

it is important to be aware of what the symptoms look like, should the pathogen spread north.  
The pathogen produces small volcano-like eruptions on the upper surface of leaf.  Also, the 
pattern of infection follows the main veins on the leaf, unlike other foliar pathogens (Figure 11).   
Because soybean rust is a tropical pathogen, the environmental conditions needed for outbreaks 
are long periods of leaf wetness.  Additionally, sentinel plots have been situated throughout the 
United States to track movement.  This should give advance notice to growers for application of 
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preventative fungicides.  Curative fungicides are also available for control, and both types of 
fungicides are effective at minimizing yield loss.   
 

   
 
Figure11.   Foliar symptoms of soybean rust usually follow the main veins of the leaf.  Ideally, it 

is best to examine leaves using a hand lens to observe the small volcano like pustules 
that form on the leaves. If you suspect you have soybean rust contact the Plant 
Disease Diagnostic Clinic at UW Madison for confirmation. 

 
Harvest 

While the growing season has ended, it is still possible to assess disease in a soybean field, 
especially when yields fall short of expectations.  One symptom that can be diagnostic is leaf 
retention (Figure 12).  This is a possible symptom of many soybean diseases:  PRR, BSR, white 
mold, or stem canker.  To distinguish between these causes look for diagnostic clues.   
 

  
 
Figure 12.  Leaf retention at harvest time may be a good indication that a disease problem existed 

in the field undetected. 
 

When leaf retention at harvest is due to PRR, it is possible to find stunted plants (Figure 
13A).  Because PRR infection occurs earlier in the season, often pods do not set.  They may have 
a darker appearance due to saprophytic fungi that have colonized the soybean after death.  Careful 
examination of stems may provide clues in diagnosis as well.  Symptoms caused by BSR are still 
apparent at harvest; stems split even after harvest will show pith browning characteristic of this 
disease (Figure 13B).  Splitting stems may also allow for observation of sclerotia inside the stem, 
a sure indication of white mold.  Lesions on the surface of stem that are purplish may indicate 
stem canker (Figure 13C).   
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Figure 13.  A)  A lone stunted plant without pods is a good indication Phytophthora is present in 

the field.  B) Soybean stems with brown pith are characteristic of brown stem rot 
infection.  C) If sclerotia are found inside the stem, it is certain white mold was 
present in the field (area inside oval).  Purplish lesions on the stem are a typical of 
plants infected with stem canker (area inside rectangle).   

 
 

Another important diagnostic tool at harvest is to examine grain for symptoms and signs.  
Many diseases make an appearance in the grain bin, while having been undetected during the 
growing season (Figure 14).  Seed that has purplish areas on the coat indicate purple seed stain, 
caused by Cercospora kikuchii infection.  Mottled seed can be associated with both SMV and 
BPMV, depending on vectors present in the field during the growing season.  White, chalky 
malformed seeds are symptomatic of Phomopsis seed rot.  Additionally, sometimes seed that 
appears to be sound may be contaminated with sclerotia, indicating the presence of the white 
mold fungus during the growing season. 
 

 

Figure 14.  Seed quality may be useful in disease 
diagnosis.  The seed in the center of 
photo is unblemished.  Seed in the 
upper right corner has Purple seed 
stain, caused by Cercospora.  In the 
lower right corner, this seed sample 
contains many sclerotia, a sign of 
white mold in the field.  Seed that is 
white and chalky is most likely 
indicative of Phomopsis infection 
(lower left corner).  When seed 
appears mottled, or having pigments 
bleeding from the hilum, viruses are 
a likely cause (upper left corner). 

  
 
 

Correct diagnosis of plant disease in the field relies on assessments of the host, the pathogen 
and the environment.  By integration of those three key factors, growers and consultants can 
accurately diagnosis problems in the field, and initiate control measures sooner.  There still may 
be a need for lab diagnosis, but by using an integrated approach, more effect management of 
soybean diseases occurs. In cases where a lab diagnosis is needed for confirmation or in cases 
when a causal agent cannot be determined, contact the Plant Disease Diagnostic Clinic in the 
Department of Plant Pathology at (608) 262-2863 or on the web:  www.plantpath.wisc.edu/pddc.  
There are also numerous private labs that offer diagnostic services. Consult the extension 
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publication Pest Management in Wisconsin Field Crops (A3646) for current information on 
private labs. 
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COMMUNICATING WITH YOUR CLIENTS 

USING MODERN TECHNOLOGY 
 

Brad Mikelson 1/ 
 

As your business changes so does your customer.  We live in the era where 
information is the key to success, but is it?  All of us can have information at our finger 
tips if we choose to have it.  Our customers also have this opportunity.  Information can 
help or hurt you in business – it is all how it is interpreted.  Customers have different 
needs and also have different ways to research and for fill these needs.  Using technology 
can be a wonderful tool but also can “loose” the deal for you.  Using modern day 
technology can be frustrating at times but if used correctly with the right clients can be a 
wonderful and successful tool. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_________________________ 
 
1/  CountrySide Coop 
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ATTRIBUTES OF A SUCCESSFUL MANAGER 
 

Jerry Clark1/, Gregg Hadley2/, and Jenny Vanderlin3/ 

 

Introduction 
 

Management skill sets of agri-business or organizational managers vary as much as the types 
of businesses or organizations in which they manage.  Successful managers possess and 
demonstrate various levels of effective skill in specific management attribute areas.  How to 
assess management skill and a manager’s ability to demonstrate effectiveness has been accom-
plished through management assessment centers.  
 

What is an Assessment Center? 
 

Businesses and organizations have used the assessment center methodology to select, 
evaluate and develop individuals for managerial positions for many years.  The assessment center 
method is unique in that it combines standardized procedures in which competencies for a 
specific position are identified and assessed using both individual and group simulations and 
activities.   Individuals are observed and evaluated on their performance against 
competencies/attributes in several exercises by a team of trained assessors, using a multiple 
assessment technique.  This means that the feedback provided to an individual participant is 
based upon pooling of information, multiple observations of assessors, and consensus decisions. 
 

Assessment Centers are based on a thorough job analysis of owners and managers and the 
competencies/attributes necessary for effectiveness and success.  It incorporates activities and 
simulations that enable a participant to demonstrate his or her skills and abilities on nine job-
related dimensions.  These attributes include: 
 
 Communications  Managing Resources  Creativity 
 Planning and organizing  Empathy   Teamwork 
 Decision Making  Initiative   Leadership  
 
The activities in an Assessment Center include a group discussion with non-assigned roles, a 
group discussion with assigned roles, a background interview, an in-basket activity, a written case 
study, and a personnel discussion. 
 

Once an assessment center has concluded, assessors are expected to synthesize information 
and participate in a consensus discussion with other assessors within a short time following the 
actual Assessment Center.  This consensus building exercise is where the Assessment Center 
participant is rated in the nine different attribute areas. 
 
_________________________ 

 
1/Jerry Clark, Crops/Soils Educator, UW-Extension – Chippewa County, Rm. 13 Courthouse, 711 
   North Bridge St., Chippewa Falls, WI, 54729. 
2/Gregg Hadley, Farm Financial Management Specialist, UW-River Falls, 123F Regional  
  Development Institute, River Falls, WI  54022  
3/Jenny Vanderlin, Center for Dairy Profitability, 283 Animal Sciences Bldg, 1675 Observatory 
  1675 Observatory Dr., Madison, WI  53706  
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Following the rating process, each assessor develops two written reports, which become the 
basis of the feedback session with his/her lead participants. 
 

This verbal and written feedback is delivered to the participant as soon as possible following 
the actual Assessment Center.  Suggestions are discussed with the participant for self-improve-
ment in order to increase their effectiveness in any of the nine attributes.  
 

Attributes Assessed at Management Assessment Centers 
 

Communications 
The extent to which one can communicate orally, listen and respond appropriately, or clearly 

express his/her ideas in writing.  Specific behaviors include:  effective use of speaking skills (i.e. 
express oneself clearly, quality of speaking voice, eye contact, hand gestures); uses active 
listening skills; comments and ideas are clearly stated and understandable-both orally and in 
writing. 
 
Planning and Organizing 

The process of establishing a course of action for self and/or others to accomplish a specific 
plan, goal or outcome. Specific behaviors include:  ability to conceptualize ideas; approach 
problems systematically using time and organization management skills; set priorities; organize 
and plan for solutions; handle strategic issues and provide follow-up necessary to assure 
implementation and evaluation. 
 
Leadership 

The ability to influence and/or empower others to move toward the attainment of a specific 
outcome.  Specific behaviors include: set goals; define and solve problems proactively; 
demonstrate vision; create motivating environment and work conditions; use techniques such as 
modeling, delegation and motivation. 
 
Decision-Making 

The process of identifying problems, securing relevant information, developing courses of 
action, and making a decision from information gathered.   Specific behaviors include:  focus on 
overall decision rather than individual items; have good arguments to support ideas; question 
problems instead of accepting at face value; approach problems systematically; set priorities; be 
objective when considering alternatives. 
 
Managing Resources 

The extent to which one maximizes and monitors the use of all resources (e.g. personnel, 
financial and material) to obtain effective outcomes.  Specific behaviors include:  delegates work 
to others appropriately; clarifies expectations especially with personnel; demonstrates financial 
and production knowledge and applies it effectively to problems. 
 
Empathy 

The ability to consider the feelings, emotions, situation and needs of others when making a 
response or decision.  Specific behaviors: recognize stress in self and others; use active listening 
skills; demonstrate patience and diplomacy; maintain confidentiality; and take time to draw out 
thoughts and ideas from others. 
 
Teamwork 

The degree to which one is willing to work cooperatively with others. 
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Specific behaviors 
Works effectively with team members; oriented toward working with others rather than 

approaching situations alone; is supportive of others; willing to share with others and consult on 
important items; uses consultants effectively. 
 
Initiative 

The ability to begin actions without stimulation or support from others.  
Specific behaviors:  offers ideas in group discussions; determines options without 
encouragement; proactive; speaks up in group settings. 
 
Creativity 

The capacity to generate or recognize novel courses of action that are useful in reaching 
management solutions. Specific behaviors: innovative thinking; generating unique solutions to a 
problem; asking probing questions of others and themselves; considering multiple solutions; 
flexibility and openness to change. 

 
For more information or questions about Management Assessment Centers contact:  
 
Carl Duley, Agriculture Agent 
UW-Extension - Buffalo County 
407 S Second Street 
P.O. Box 276 
Alma, WI  54610  
Phone:  (608)685-6256   
FAX:  (608)685-6259   
Email:  carl.duley@ces.uwex.edu 
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DOES GLYPHOSATE INTERACT WITH Mn IN SOYBEAN? 
 

Shawn P Conley1 and Carrie Laboski2 
 

Manganese deficiency in soybean can be expected on Wisconsin soils with high pH 
(>7.0) and/or higher soil organic matter (OM) contents (>6.0). Soils that meet these criteria 
are typically, but not exclusively, found in Eastern Wisconsin. In the 2005 and 2006 
growing season, Dr. Laboski did not receive any calls/emails regarding suspected Mn 
deficiency in soybean. However, in the 2007 growing season, Dr. Laboski received many 
inquiries. Manganese was confirmed to be deficient in many fields over an area from 
Eastern Waupaca Co. south to Jefferson Co., and mostly east of Lake Winnebago. In every 
case that was confirmed with soil and tissue analysis, the soil had high pH and/or higher 
OM content. In most cases, glyphosate resistant (GR) soybean varieties were planted in the 
field.  
 
 Recent soybean research in Indiana and Kansas have confirmed that one of the most limiting 
factors to high yield in glyphosate resistant soybean systems is a suspected micronutrient 
deficiency resulting from applications of glyphosate to soil, weeds, and directly to glyphosate 
resistant soybean.  Manganese concentrations in soybean plants are frequently lower than 
optimum, particularly in the week or two following post-emergence glyphosate application.  It 
has been identified that glyphosate reduces the uptake and translocation of Mn via physiological 
immobilization of Mn in soybean plants, and that glyphosate is toxic to soil microbes that reduce 
soil Mn into a form that is available for plant uptake (Huber, 2007).  Glyphosate exuded by roots 
of resistant soybean plants, as well as by weeds surrounding the soybean plants, is particularly 
likely to immobilize available Mn in the rhizosphere of soybean roots.  Both root Mn uptake, and 
translocation of Mn to the shoot, are lower when glyphosate residues are present in soil. 
 
 Concerns about a yield plateau and suspected Mn deficiency following glyphosate application 
have been expressed by growers and agricultural professionals since the introduction of GR 
soybean.  Some of the early concerns were in suspected low Mn soils (perhaps because of high 
organic matter content, high pH, or sandy textures).  But increasingly outside of Wisconsin, Mn 
deficiency symptoms are being reported on soils where Mn should not be limiting. These con-
cerns have multiplied as glyphosate-resistant soybean have grown to over 90% of the soybean 
acreage, and as overall glyphosate applications increase with the more recent adoption of GR 
corn (which may represent over 45% of the corn acreage in 2007).  At first, industry reactions or 
comments were that the yellow “flash” following glyphosate application was just a temporary 
phenomenon, and that the GR soybean plants would recover from this without experiencing any 
yield reduction.  However, recent trials by Dr. Huber and others (e.g., Kansas) have shown large 
soybean yield increases (up to 18 bu/acre) by applying foliar Mn at least 8 days following 
glyphosate application, by applying manganese sulfate at planting, or by adding gypsum at 
planting (the latter in an attempt to immobilize glyphosate exuded into the root area after 
glyphosate application). 
 

Current University of Wisconsin nutrient application guidelines (Laboski et al., 2006) for 
Mn are based on research conducted in the early 1970s (Randall et al., 1975) when soybean 

                                                 
1 State Soybean and Wheat Extension Specialist, Dept. of Agronomy, Univ. of Wisconsin- 
Madison, 1575 Linden Dr., Madison WI, 53706.  spconley@wisc.edu  
2 Soil Fertility and Nutrient Management Specialist, Dept. of Soil Science, Univ. of Wisconsin- 
Madison, 1525 Observatory Dr., Madison WI, 53706.   
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were gaining popularity as a crop in Wisconsin. These guidelines indicate that for soils with 
OM ≤ 6.0% a soil test for Mn coupled with the relative crop need for Mn should be considered 
to determine fertilizer Mn needs. For crops with a high relative need for Mn, like soybean, 
grown on soils with OM > 6.0%, starter fertilizer containing Mn or foliar Mn application is 
recommended. Thus, it is not surprising that Mn deficiency is occurring on many of these soils. 
 

Randall et al. (1975) assessed the effectiveness of various rates of broadcast, row (starter), 
and foliar applications of MnSO4 along with row and foliar applications of MnEDTA on 
improving soybean yield on soils with OM >6.0% and average soil pH of 6.3. They found that 
soil applied MnEDTA decreased yield slightly. All methods of MnSO4 application and foliar 
application of MnEDTA were effective in supplying Mn to the plant. Starter fertilizer 
applications containing 4.5 to 19.5 lb Mn/acre as MnSO4 were the most effective in increasing 
yield. Foliar applications of Mn were most effective when applied at early blossom (R1) or 
early pod set (R3), or at multiple application timings during these growth stages.  On soils with 
moderate to severe Mn deficiency, 4.5 to 10 lb Mn/acre as MnSO4 in starter fertilizer was 
suggested.  If Mn deficiency appeared after the canopy was large enough, then a foliar Mn 
application could be made (Randall et al., 1975). 
  

More recently, research by Dr. Gordon in Kansas in 2005 and 2006 has shown that the 
application of MnSO4 holds considerable promise for GR soybean.  In his research, a MnSO4  
application at planting more than doubled leaf tissue Mn concentration and increased GR soybean 
yields by about 13 bushels per acre (Fig. 1a,b). In this environment, the conventional soybean 
variety appeared to be much more Mn efficient than the RR variety, and higher rates of Mn 
applied to the conventional variety may have been toxic. 
 
Figure 1.  Effect of MnSO4 rates on (a) leaf tissue, and (b) yield response of a RR soybean variety 

and its isoline on a silt loam soil with sprinkler irrigation in 2005.  Source:  Dr. Gordon.      
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Other previous work by Dr. Huber (Indiana) has provided a lot of evidence concerning the 
degree to which GR soybean will respond to supplemental Mn after post-emergent application of 
glyphosate (Huber, 2007).  In 2006, at the Pinney-PAC farm in Indiana, Dr. Huber quantified an 
18-bushel yield response to foliar application of supplemental Mn (Table 1).  Dr. Huber has been 
involved in intensive investigations on glyphosate and its potential negative effects on Mn 
immobilization in GR soybeans for years. His most recent publication summarizes the current 
strategies to ameliorate glyphosate-induced Mn deficiency (Huber, 2007).  He emphasizes that 
tank mixtures of Mn with glyphosate do not work due to reduced herbicide efficacy and reduced 
Mn uptake by soybean plants. He encouraged the use of the K-salt of glyphosate (WeatherMax®) 
formulations because it immobilized less Mn than the isopropylamine (UltraMax®) formulation.   
 
 Table 1. Effect of Mn sources on herbicidal efficacy of glyphosate on RR soybeans.  Source:  

Dr. D. Huber, Purdue University, 2007. 
 Treatment/Nutrient source Rate  Yield 
 No herbicide* None 46 a**  
 Glyphosate*** 24 oz/acre 57 b  
 Glyphosate + MnCO3 0.5 # Mn/acre 75 d  
 Glyphosate + MnSO4 0.5 # Mn/acre 70 cd  
 Glyphosate + Mn EDTA chelate 0.25 # Mn/acre 72 cd  
 Glyphosate + Mn AA chelate 0.15 # Mn/acre 67 c 

 
* Heavy weed pressure 
**Similar letters behind the means indicate non-significant differences 
*** Applied as the WeatherMax® formulation at 24 oz/a + ammonium sulfate 

 
In 2007, J. Camberato (Purdue University) examined the effect of source and timing of Mn on RR 
soybean yield (Table 2).  Soybean yield in the starter + DDP and the starter + DDP + foliar Mn 
treatments was greater than in the starter alone or untreated check (Table 3).  These preliminary 
results further suggest that Mn applied in-row may prove beneficial in alleviating Mn deficiency 
in environments or cropping systems when Mn availability is limited.  
    
Table 2.  Starter fertilizer and Mn timing treatments at the PPAC farm (Wanatah, IN) in 2007. 
Treatment # Starter Starter Mn Foliar 
1 None None None 
2 10-34-0 at 10 gal/acre None None 
3 10-34-0 at 10 gal/acre DDP1 at 8 oz/acre None 

4 10-34-0 at 10 gal/acre DDP at 8 oz/acre DDP at 3 oz/acre 
with Roundup2 

5 None None DDP at 3 oz/acre  
10 d after Roundup 

1 DDP is mixture of MnSO4 and MnCl2, about 30% Mn. 
2Roundup was applied at V4 soybean. 
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Table 3.  Affect of source and timing of Mn on soybean yield at the PPAC farm (Wanatah, 
IN) in 2007.  
Treatment -------Grain yield (bu a-1) ------ -----Harvest moisture (%)------ 
1 no starter or Mn 52.2 c 14.9 a 
2 starter only 52.7 c 15.2 a 
3 starter Mn 58.0 ab 15.0 a 
4 starter Mn +foliar Mn 61.5 a 17.0 a 
5 foliar Mn 56.4 bc 17.0 a 

  
Source of variation -----------------------Level of significance---------------------- 
Treatment 0.003 0.92 
Trt. 1 vs 2 0.85 0.91 
Trt. 2 vs 3 0.03 0.93 
Trt. 3 vs 4 0.14 0.51 
Trt. 1 vs 5 0.08 0.50 
Coefficient of variation 7.1 25 
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EFFECTIVENESS OF PREPLANT AND FOLIAR Mn ON SOYBEAN 
 

John A. Lamb 1/ 
 
 

Manganese (Mn) has become a nutrient of interest in soybean production systems in the 
Midwest.  This interest stems from reports from Purdue researchers of Mn uptake reductions 
caused by the glyphosate tolerant gene in soybean.  Interest also has come from grain yield 
responses in Kansas. 
 

Manganese is an essential nutrient for crop production.  In cases where Mn is not available, a 
plant can not finish its life cycle without it.  Mn is involved with photosynthesis and a cofactor in 
many plant reactions.  Mn activates about 35 different enzymes in the plant and also is involved 
in nitrogen metabolism in the plant. 
 

A Mn deficiency in the plant causes the veins to be green while the rest of the leaf turns 
yellow.  This deficiency can also cause cupping of the leaf.  These symptoms are similar to the 
symptoms of iron deficiency chlorosis. 
 

Purdue Results 
 

Huber (2007) reported reduced iron (Fe), Mn and zine (Zn) uptake through the roots when 
glyphosate was applied at 5% of the recommended rate (Table 1).  He also reported that the 
translocation to the plant shoot of Fe, Mn, and Zn was reduced. 
 
Table 1.   Root uptake and translocation to shoot as affected by the application of glyphosate at 

5% of the recommended rate. 
Nutrient and 
glyphosate 

Root uptake (%) Translocation to shoot (%) 

 Control + glyphosate Control + glyphosate 
Iron 100 50 100 10 

Manganese 100 19 100 9 
Zinc 100 90 100 18 

 
From these reported studies, Dr. Huber made these conclusions: 
1.  Do not use glyphosate as a carrier for micronutrients.  The use of glyphosate as a carrier 

reduces nutrient uptake and nutrient utilization. 
2.   A grower should wait 6 to 8 days after glyphosate application for plant uptake to occur. 
3.  Herbicide efficacy, particularly with zinc products, was reduced. 
 

Kansas Results 
 
Gordon 2007 reported soybean grain yield increases for soybean varieties with the glyphosate 
tolerant genetics grown under high yield conditions in Kansas.  Dr. Gordon’s work was 
conducted on a silt loam soil with a neutral pH of 6.9.  These soils were irrigated.  He applied Mn 
preplant at broadcast rates of 0, 2.5, 5, and 7.5 pounds Mn per acre to a glyphosate tolerant  
_______________________ 
 

1/  Nutrient Management Extension Specialist, Univ. of Minnesota. St. Paul, MN.  
    johnlamb@umn.edu. 
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variety and a non-tolerant variety.  In two studies reported in the Fluid Journal, the application of 
Mn to non-glyphosate tolerant variety reduced soybean grain yields with increasing Mn 
application rates.  The glyphosate tolerant variety grain yields were increased with the increasing 
rates of Mn (Figures 1 and 2). 
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Figure 1.  The response of soybean yield with (Asgrow 3302 RR) and without (Macon) the 
glyphosate tolerant genetics to soil applied Mn in irrigated high yielding conditions. 
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Figure 2.  The response of soybean yield with (KS 4202 RR) and without (KS 4202) the 
glyphosate tolerant genetics to soil applied Mn in irrigated high yield conditions. 
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In both studies, the glyphosate tolerant varieties grain yields at 0 pounds Mn per acre were 
considerably less than the non-glyphosate tolerant varieties.  It took 7.5 pounds of Mn per acre in 
the study reported in Figure 1 and 5 pounds Mn per acre in the study reported in Figure 2, for the 
glyphosate tolerant varieties to equal the grain yields of the non-glyphosate tolerant varieties.  Dr. 
Gordon reported results at the 2007 American Society of American Annual Meetings that under 
non-irrigated lower yielding conditions, there was no response to Mn applications.   
 

Illinois Results 
 

Ebelhar et al. (2007) summarized extensive research conducted in Illinois involving the 
application of Mn with glyphosate tolerant varieties.  This work was conducted in 2004 through 
2006.  There were several experiments conducted in each year.  All experiments used three 
glyphosate tolerant varieties and Mn treatments of a check and 5 pounds Mn per acre surface 
applied immediately after planting.  In 2004, a 0.5 pound Mn per acre foliar treatment applied 3 
to 5 days prior glyphosate application.  In 2005 and 2006, an experiment was established with a 
lime (L) treatment.  The lime treatment was added to increase the soil pH and limit Mn 
availability to the plant.  In the lime experiments, the 0. 5 pound Mn per acre foliar treatment was 
applied 10 days after the glyphosate application.   In 2005 and 2006 studies without the lime 
treatment,  there were two 0.5 pound Mn per acre foliar treatments.  The foliar treatments were 
applied 3 to 5 days before or 10 days after glyphosate application.   
 
The use of the lime treatment did not affect grain yields and are not reported.  The use of Mn did 
not significantly affect soybean grain yields in this set of studies in Illinois (Table 2.) 
 
Table 2.   Soybean grain yields for as affected by Mn applications from 2004 to 2006 in Illinois 

(Ebelhar et al. 2007). 
Treatment 2004 2005 2005L 2006 2006L 

 ------------ Soybean grain yields (bushels per acre) ----------- 
Check 60.1 58.3 46.0 70.6 61.2 

Soil 5 lb Mn/A 59.7 59.2 48.7 70.0 59.3 
Foliar pre glyphosate 60.3 59.4 - 69.0 - 
Foliar post glyphosate - 58.2 46.8 70.8 61.0 

 
Minnesota Results 

 
In the summer of 2007, research was conducted in Minnesota at three sites, near Morris, MN, 

Lamberton, MN, and Rochester, MN.  The Morris and Lamberton sites had calcareous subsoils, 
while the Rochester site was near neutral.  At the Morris and Lamberton sites, the treatments 
included three variety/herbicide programs and Mn soil applied rates of 0, 2.5, 5, 7.5, and 10 
pounds per acre before the final tillage operation.  A 0.5 pound Mn per acre foliar treatment was 
applied at 6 to 8 days after the glyphosate herbicide was applied.  The variety/herbicide program 
treatments were a conventional soybean variety (not glyphosate tolerant) with conventional 
herbicides, a glyphosate tolerant variety (similar to the conventional variety) with conventional 
herbicides (no glyphosate), and a glyphosate tolerant variety with glyphosate herbicide program.   
At the Rochester site, the treatments were different.  The soil applied Mn treatments were applied 
at 0, 5, and 10 pounds per acre and a foliar 0.5 pound Mn per acre was applied 6 to 8 days after 
glyphosate application.  Only one variety was used at Rochester, a glyphosate tolerant variety 
with a glyphosate herbicide program. 
 

At the Morris and Lamberton sites, soybean yields were not significantly affected by any of 
the treatments (Table 3 and 4).  There were significant periods of drought at both sites in 2007 
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that contributed to some variability in the yield results and possibly to the lack of grain yield 
response. 
 

The results at the Rochester site were a little different.  The application of 5 pounds Mn per 
acre significantly increased soybean grain yield greater than the check soybean grain yield (Table 
5).  The soybean grain yields from the rest of the treatments were not.  
 
 
Table 3.   Soybean grain yields as affected by variety/herbicide program and Mn application at 

Morris, Minnesota in 2007. 
Mn application Con/con H Glyphosate/con Glyphosate/gly Mean 

lb/acre ---------- Soybean grain yield (bushel per acre) ---------- 
0 36 43 41 40 

2.5 39 37 45 40 
5 39 39 51 42 

7.5 39 34 36 36 
10 40 37 37 38 

Mean 39 37 42  
H Con/con = conventional variety and conventional herbicide program. 
   Glyphosate/con = Glyphosate tolerant variety and conventional herbicide program. 
   Glyphosate/gly = Glyphosate tolerant variety and glyphosate herbicide program. 
 
 
Table 4.   Soybean grain yields as affected by variety/herbicide program and Mn application at 

Lamberton, Minnesota in 2007. 
Mn application Con/con H Glyphosate/con Glyphosate/gly Mean 

lb/acre     
0 50 48 49 49 

2.5 50 47 47 48 
5 50 50 50 50 

7.5 51 46 51 50 
10 50 47 47 48 

Mean 50 48 49  
H  Con/con = conventional variety and conventional herbicide program. 
    Glyphosate/con = Glyphosate tolerant variety and conventional herbicide program. 
    Glyphosate/gly = Glyphosate tolerant variety and glyphosate herbicide program. 
 
 
Table 5.  Soybean grain yields as affected by Mn application at Rochester, Minnesota in 2007. 

Mn treatment (pounds Mn per acre) Soybean grain yield (bushels per acre) 
0 43 
5 46 

10 44 
Foliar 0.5 43 
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Summary 
 

The current take home message on Mn application to soybean is as follows: 
 
1. Mn uptake and metabolism in soybean has been reported to be affected by glyphosate 

application. 
2. Under high yielding conditions in Kansas, Mn application increased grain yields for 

glyphosate tolerant varieties up to the check yields for conventional varieties. 
3. There was no grain yield response to Mn application in Illinois research. 
4. There was no grain yield response to Mn application at Morris and Lamberton, 

Minnesota in 2007. 
5. A small grain yield response to a 5 pound Mn per acre application occurred near 

Rochester, Minnesota in 2007. 
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CROP ROTATION OR CONTINUOUS CORN?  AGRONOMIC CONSIDERATIONS 

 

Joe Lauer and Trent Stanger 1 

Crop rotation is a universal management practice that has been recognized and exploited for 
centuries and is a proven process that increases crop yields (Bhowmik and Doll, 1982; Fahad et 
al., 1982; Baird and Benard, 1984; Dabney et al., 1988; Peterson and Varvel, 1989).  Biennial 
rotation of two summer crops often improves the yield of both crops.  In the Midwestern U.S., a 
biennial rotation of corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] produced 
significant increases in the yields of both crops (Crookston and Kurle, 1989; Meese et al., 1991).   
Crookston et al. (1988) concluded that the rotation effect is not due to some lingering positive 
effect of the previous crop.  Rather, a rotated crop apparently serves to relieve the negative effect 
of continuous cropping, and does not make any positive, growth-regulatory contribution to the 
yield of a following crop. This paper summarizes some of the recent crop rotation data collected 
in Wisconsin. 

Historical Perspective 

Before the 1950s, farmers acknowledged the importance of rotation because of few options 
for fertility and pest management.  During the 1950s and 1960s, the practice of corn and soybean 
monoculture became popular when it appeared that chemical fertilizers and pesticides could be 
used as a substitute for rotation (Crookston et al., 1991).  Agricultural productivity gains since the 
1950s resulted from the development of farming systems that relied heavily on external inputs of 
energy and chemicals to replace management and on-farm resources (Oberle, 1994).   

In a 1964 article entitled “Are Crop Rotations Out Of Date?” Aldrich, a soil scientist from the 
University of Illinois, concluded that chemical fertilizers, herbicides, and insecticides could be 
used as a substitute for rotation.  He also reported that on some soils continuous corn could be 
maintained at 95 to 100% of the yield of corn in rotation.  In a 1985 report, Benson stated that the 
attitude of many crop scientists during the 1950s and 1960s was that “continuous corn yields just 
as well, if not better than rotated corn.” 

Research evidence then began mounting in the 1970s, which indicated that in spite of all the 
management inputs a farmer might impose, there was still a yield advantage to be obtained from 
rotations (Crookston, 1984).  These studies showed that the corn yields are usually higher when 
the crop is rotated with some other crop rather than grown continuously (Hicks and Peterson, 
1981; Langer and Randall, 1981; Robinson, 1966; Sundquist et al., 1982).  University of 
Minnesota reported the yield advantage to corn from rotating with some other crop to be at least 
10%.  In addition, their research suggests that soybean yields are also improved by 10% when the 
crop is rotated out of a continuous pattern (Crookston, 1984).   

More recent research has shown this increase to be even greater than expected with responses 
up to 19% (Figure 1).  Porter et al. (1997b) showed corn and soybean grown in annual rotation 
yielded 13% and 10% more, respectively, than when grown as a continuous crop.  However, the 
yield increase for first year corn and soybean following 5 years of the other crop was 15 and 18% 
more, respectively, than under continuous cropping. They found that the average reported yield 
decrease from continuous cropping was 10 to 15%.  Crookston et al. (1988) obtained an average 
26% decrease in their study.  If the corn acreage that is cropped continuously in the U.S. could be 
spared such yield reductions, the impact on total corn production would be substantial.   

                                                 
1 Agronomist and Graduate Student, Dept. of Agronomy, Univ. of Wisconsin-Madison, 1575 Linden Dr., 
Madison, WI 53706. 
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Figure 1. Corn yield response to rotation following 5 years of soybean during 1987 to 2006 at 

Arlington, WI. Letters indicate statistical differences at P < 0.05. Percentage values 
indicate relative differences compared to continuous corn. 

 

 
Figure 2. Soybean yield response to rotation following 5 years of soybean during 1987 to 2006 at 

Arlington, WI. Letters indicate statistical differences at P < 0.05. Percentage values 
indicate relative differences compared to continuous soybean. 
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Similar responses are observed with soybean responses to rotation (Figure 2). Soybean (10%) 
in a corn-soybean rotation responds less than corn (18%) in a corn-soybean rotation compared to 
continuous corn. By the third year of continuous cropping, yield levels are similar to continuous 
cropping for 20+ years (Figures 1 and 2). 

The length of the break from the previous crop is important for first and second year corn 
(Figure 1 and 3). If the break is 1 year the rotation response of first year corn is less than longer 
breaks of 5 years. No response is measured in the second year when there is only one break year 
compared to continuous corn (Figure 3).  

Compared with monoculture, grain yields were improved when corn was grown in a 2-year 
rotation with wheat (Triticum aestivum L.) and over an 11-year period, at optimum N rates, 
average corn yields were 14% higher for corn alternated with wheat than for continuous corn 
(Randall et al., 1985).  Under conditions of limited fertility, Robinson (1966) found that corn 
yields were significantly improved in 1 of 3 years when rotated with grain sorghum [Sorghum 
bicolor (L.) Moench].   

 
Figure 3. Corn yield response to various rotations during 1998 to 2000 at Arlington, WI. Letters 

indicate statistical differences at P < 0.05. Percentage values indicate relative 
differences compared to continuous corn. 

At Arlington, less corn yield response is measured when wheat is added to the cropping 
system (Figure 4). Wheat appears to be much more important for soybean in a corn-soybean-
wheat rotation. 

It should be emphasized that even though scientists cannot yet satisfactorily explain the 
rotation effect, farmers can exploit it every year.  It is interesting that the age-old practice of 
rotating crops, which was, for a while, considered unnecessary, has returned to today’s 
agriculture with proven benefits.   
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Figure 4. Corn and soybean yield response to various rotations during 2004 to 2006 at Arlington, 

WI. Letters indicate statistical differences at P < 0.05. Percentage values indicate 
relative differences compared to continuous corn or soybean. 
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ECONOMICS OF CROP ROTATIONS UNDER NEW 
INPUT AND GRAIN PRICES 

 
Paul Mitchell 1/ 
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1/  Assistant Professor, Ag & Applied Economics, Univ. of Wisconsin-Madison. 
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NEW SEED TRAITS FOR FIELD CROPS {PANEL DISCUSSION} 
 

Jon Fischer, Barry Nash, Ron Walejko, Dave Ruen, 
Paul Vassalotti, and Arnie Imholte  1/ 
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1/  Jon Fischer, Bayer CropScience 
    Barry Nash, Monsanto 
    Ron Walejko, Syngenta 
    Dave Ruen, Dow AgroSciences 
    Paul Vassalotti, BASF 
   Arnie Imholte, DuPont/ Pioneer 
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SEED TECHNOLOGY AND TRAIT UPDATE 

Arnie Imholte 1/ 

This past year, DuPont received the 2007 Agrow Award for “Best R&D Pipeline” in 
recognition of the broad array of new technology and biotech traits in development across the 
DuPont Agriculture & Nutrition platform. The depth and breath of the DuPont pipeline across 
new chemistries and genetic traits make it unique to the industry.  The following is just a 
sampling of the exciting work done by scientists within the DuPont companies. 

Pioneer Hi-Bred is preparing to launch its new Optimum™ GAT™ trait in soybeans, which 
offers growers expanded choices for controlling a broad spectrum of weeds through both 
glyphosate and ALS herbicide tolerance. The trait also will be introduced in corn and other crops. 

Another trait, which Pioneer is leading the way is anthracnose stalk rot in corn.   Pioneer has 
characterized and deployed a rare native corn gene that provides resistance to Colletotrichum 
graminicola, the fungus that causes Anthracnose Stalk Rot and premature plant death. Through 
the use of advanced techniques in gene mapping and molecular breeding, Pioneer is rapidly 
incorporating this gene into elite corn hybrids adapted to both North and South America. 

Pioneer has made a significant commitment to address the need for drought-tolerant plants, 
and is beginning to make breakthroughs in this challenging area.  It is coupling conventional 
breeding, molecular breeding and transgenic programs that might move novel genes into corn. 
Pioneer also uses a variety of tools, including gene shuffling which optimizes desired traits by 
multiplying the effectiveness of beneficial genes. This proprietary technology is helping to 
identify and develop next-generation traits to help plants survive and perform better against 
agronomic and environmental stresses, including numerous diseases, plant pests and drought. 

Pioneer is also aggressively pursuing enhanced efficiency in nitrogen use - applying both 
transgenic and traditional research methods to future hybrid improvement. Our ultimate goal is to 
deliver a product to our customers that requires reduced quantities of nitrogen while maintaining 
overall yield, or alternatively, increases overall yield at existing levels of nitrogen usage. 

Currently, Pioneer offers a wide range of products with the Herculex® family of traits, which 
offers most effective, control insect control on the market.   Pioneer is currently working with the 
Environmental Protection Agency in ways to assist growers in managing refuge acres, and 
increase compliance, while reducing the problems associated with planting refuge acres. 

For soybeans, new Pioneer seed and trait developments on the horizon include a line of high-
yielding soybeans, increased resistance to the soybean cyst nematode and sudden death 
syndrome, and soybean varieties with higher levels of healthy soils. 

Pioneer Hi-Bred International, Inc., a subsidiary of DuPont is the world’s leading source of 
customized solutions for farmers, livestock producers and grain and oilseed processors. With 
headquarters in Des Moines, Iowa, Pioneer provides access to advanced plant genetics, crop 
protection solutions and quality crop systems to customers in nearly 70 countries. DuPont is a 
_____________________ 

1/ Area Agronomist, Pioneer Hi-Bred, A DuPont Company. 
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science-based products and services company. Founded in 1802, DuPont puts science to work by 
creating sustainable solutions essential to a better, safer, healthier life for people everywhere. 
Operating in more than 70 countries, DuPont offers a wide range of innovative products 
andservices for markets including agriculture and food; building and construction; 
communications; and transportation. 

OptimumTM and GATTM are trademarks of Pioneer Hi-Bred International, Inc. 
Herculex® Insect Protection technology by Dow AgroSciences and Pioneer Hi-Bred.   
® Herculex and the HX logo are registered trademarks of Dow AgroSciences LLC. 
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GLYPHOSATE RESISTANT WEED UPDATE 
 

Chris Boerboom 1 

 
Introduction 

 
Weeds evolve in response to the management practices that we impose on them.  The 

evolution of herbicide-resistant weed biotypes is just one example of their adaptation.  In regards 
to herbicide resistance, we have experienced two major periods in the evolution of herbicide 
resistance starting with triazine resistance and followed by ALS-inhibitor resistance.  Currently, 
we are in the midst of a time period where the evolution and spread of glyphosate-resistant weeds 
is occurring.  In reflecting on this current time, I wonder if we also evolve in how we respond to 
herbicide resistant weeds.  Do we progress through five phases similar to the Kubler-Ross model, 
which are 1) denial, 2) anger, 3) bargaining, 4) depression, and 5) acceptance?  Let me explain 
using a little literary license on the original model.    
 
1) Denial 

When glyphosate-resistant crops were first introduced, many individuals were highly 
skeptical that glyphosate resistance would ever occur.  Well reasoned arguments, which were 
based on biochemistry, were used to support this denial phase.  Common mechanisms leading to 
resistance with other herbicide modes of action appeared to be unlikely to occur with glyphosate.  
However, glyphosate-resistant horseweed evolved within years after the introduction of 
glyphosate-resistant soybean.  Even with this example of resistance, many individuals remained 
in a state of denial, stating that resistance would only occur in a couple weed species.  However, 
at this time, eight glyphosate-resistant weeds are documented in the U.S. and a total of 13 
glyphosate-resistant species exist world wide.  Clearly, the agricultural industry no longer denies 
the potential or existence of glyphosate-resistant weeds.  However, I wonder how many growers 
are still in this phase in terms of their farm operation where “Glyphosate-resistance won’t ever 
happen to me.”  
 
2) Anger 

Did we experience an anger phase with regard to glyphosate resistance?  I think there might 
have been some variants on this theme a few years ago when university weed scientists were 
actively trying to increase grower awareness and stewardship practices.  At times our message 
was being challenged, discouraged, or discredited, but there was no direct anger.  Some may have 
thought “This is a great technology, why are you attacking it?” As university scientists, we may 
have also been seriously disappointed, although not angry that growers and industry were not 
willing to address the issue or act more proactively.   
 
3) Bargaining 

One example of bargaining that I have heard in relation to glyphosate resistance is when 
growers ask questions like “If I tank mix a low rate of herbicide “X” with glyphosate, that will be 
good enough, right?”  It sounds like bargaining to me.  However, I don’t know if any quick and 
easy solutions exist for the glyphosate-resistant weed problem.  Adding a second herbicide will 
not be effective on weeds when the spectrum does not overlap.  Another angle some growers are 
bargaining on is that new herbicides or new traits will provide a solution if or when glyphosate-
resistance evolves.  
____________________ 
1 Extension Weed Scientist, Dept. of Agronomy, Univ. of Wisconsin-Madison, 1575 Linden Dr., 
Madison, WI 53706.  
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4) Depression 

The depression phase could be summed up as “Why bother doing anything. It’s going to 
happen anyway.”  With glyphosate resistance, this is a hard attitude to argue against because 
herbicide resistance is hard to predict when or where it might develop next.  It’s also hard  
because we can’t guarantee that proactive stewardship practices will prevent glyphosate 
resistance from evolving in a field or that resistant seed won’t be introduced from another farm.  
 
5) Acceptance 

The final phase in the Kubler-Ross model is acceptance, which I hope is  acknowledging the 
glyphosate-resistance issue, promoting good stewardship, and actually enacting appropriate 
resistance management practices.  In several aspects, I believe we are getting much closer to this 
phase.  National commodity leaders, herbicide and seed industry representatives and others at a 
national meeting in the spring of 2007 recognized the existence and potential impact of 
glyphosate-resistance, which is a major shift from the fall of 2004.  Industry is progressing in 
being more proactive in recommending stewardship practices.  The sooner we accept the risk and 
consequences of resistance, the sooner we can enact good stewardship.  
 

Glyphosate-Resistant Weed Updates 
 

The current status of glyphosate-resistant weeds is summarized in Table 1.  The first 
glyphosate-resistant species in the U.S. was reported in 2000 and eight species have occurred in 
at least 18 different states since that time.  Additional weed species are currently under 
investigation.   
 
Table 1. Summary of glyphosate-resistant weeds in the U.S. and in other countries.    
 Species confirmed  Number of  Species under  Other species in  
 in the US  states investigation  other countries   
 Common ragweed 4 Common cocklebur Junglerice 
 Giant ragweed 3 Common lambsquarters Goosegrass 
 Horseweed 16 Kochia Wild poinsettia 
 Palmer amaranth 4 Johnsongrass Buckhorn plantain 
 Waterhemp 3   Johnsongrass 
 Hairy fleabane 1   
 Italian ryegrass 2 
 Rigid ryegrass 1     
 

It is interesting to review which weed species have evolved resistance to herbicides in general 
as a method to forecast other weed species that might have the potential to evolve resistance to 
glyphosate.  Table 2 summarizes the most common weed species with herbicide resistance in the 
Midwest.  The number of different herbicide modes of action that a weed species is resistant to 
within a state is listed within the table.  For example, biotypes of kochia in North Dakota are 
resistant to three modes of action, the ALS inhibitors (chlorsulfuron), triazines (atrazine), and 
growth regulators (dicamba).  Weed species and states that are shaded have glyphosate resistance 
as one of the resistant biotypes.  These species appear to have a higher tendency to evolve 
herbicide resistance based on the number of states with resistance and resistance to more than one 
mode of action.  Four of the top seven weed species have already evolved glyphosate resistance; 
two of the other top seven are currently under investigation; and the seventh weed (pigweed spp.) 
is in the same family as waterhemp, which has glyphosate-resistant biotypes.  The species that are 
not currently resistant to glyphosate may have a higher potential to be one of the next species to 

Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47 103



develop glyphosate resistance.  In this list, the foxtail species and shattercane are the next two 
species on the list in terms of frequency of states (i.e. five) with biotypes that are resistant to other 
modes of action.  
 
Table 2.  Summary of the most common weed species with herbicide resistance in the Midwest 

with states arranged from west to east. 
 

 Number of biotypes with resistance to different modes of action  
Weed species ND SD NE KS MN IA MO WI IL MI IN OH 
Pigweed spp. 1   1 1   1 1 2 1 1 
Kochia 3 1  2 1 1  2 2  2  
Waterhemp   1 4  2 4 1 4 1  1 
Common ragweed    1 1  1 1 1 2 1 2 
Lambsquarters     1 1  1 1 2 1 2 
Giant ragweed    1  1  1 1  2 2 
Horseweed   1 1   1  1 4 1 2 
Foxtail spp. 1    2 2  1  1   
Shattercane   1 1  1     1 1 
Cocklebur    1 1 1 1     1 
Sunflower  1  1  1 1      
E. black nightshade 1       1 1    
Wild oat 2    1        
Velvetleaf     1   1     
Wild carrot          1  1 
Smartweed spp.      1     1  
____________________________________________________________________________ 
 
 
Observations from Other States 
$ Missouri estimates 4% of the state has glyphosate-resistant waterhemp and one biotype has 

multiple resistance to glyphosate, ALS inhibitors, and PPO inhibitors.  Multiple herbicide 
resistance creates significant challenges in controlling problem weed species like waterhemp. 

 
$ Ohio has glyphosate-resistant giant ragweed confirmed in 11 counties and one biotype has 

multiple resistance to glyphosate and ALS inhibitors (FirstRate).  ALS inhibitor-resistant giant 
ragweed is suspected in most non-GMO soybean fields in Ohio.  A common ragweed biotype 
with both glyphosate and ALS inhibitor resistance has also been reported in Ohio. 

 
$ Indiana has glyphosate-resistant or tolerant giant ragweed in 14 counties.  One 300 acre field 

has glyphosate-resistant horseweed, glyphosate-resistant giant ragweed, and glyphosate-tolerant 
common lambsquarters in the same field.  The proposed herbicide program to control these 
three resistant species increased from approximately $18/a to $37/a.  The additional herbicide 
application is not included in the cost.  
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Glyphosate Management Recommendations 
 
1. Start with a clean field and control weeds early by using a burndown treatment or tillage in 

combination with a preemergence residual herbicide as appropriate. 
2. Apply integrated weed management practices. 
 a) Use multiple herbicide modes-of-action with overlapping weed spectrums in sequences or 

 mixtures. 
 b) Use cultural practices such as cultivation and crop rotation, where appropriate. 
3. Use the full recommended herbicide rate and proper application timing for the hardest to 

control weed species present in the field. 
4. Scout fields after herbicide application to ensure control has been achieved.  Avoid allowing 

weeds to reproduce by seed or to proliferate vegetatively.   
5. Use good agronomic principles that enhance crop competitiveness as well as scouting, 

monitoring and cleaning equipment between fields. 
 
In terms of a simple management practice like using a preemergence herbicide, I asked the 
following questions in the fall of 2007:  “What percent of glyphosate-resistant corn gets a 
preemergence herbicide treatment?” and “What percent should get a preemergence herbicide?” 
The same questions were asked for soybeans.  The responses that I received from about 325 ag 
professionals are summarized in Figures 1 and 2.  Most ag professional see value in treating more 
corn acres with preemergence herbicides than is current practice.  Many ag professionals also 
believe more soybean acres should be treated preemergence, but the percentage is not as high as 
for corn.  While preemergence herbicide use could improve overall weed management, it would 
also add a second mode of action within the same season as when glyphosate is used, which is 
one of the glyphosate management recommendations.   
 
 

Ag-professional 
response (%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.   Percent of corn acres that currently receive a preemergence herbicide treatment in 

Wisconsin as estimated by ag professionals and percent of corn acres that these ag 
professionals believe should get a preemergence herbicide to improve weed 
management.  
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Figure 2. Percent of soybean acres that currently receive a preemergence herbicide treatment in 
Wisconsin as estimated by ag professionals and percent of soybean acres that these ag 
professionals believe should get a preemergence herbicide to improve weed 
management.  

 
 

I certainly hope that the Wisconsin agricultural industry and growers have reached the 
acceptance phase with glyphosate resistance and adopt more robust weed management programs.  
Adopting a practice such as adding a preemergence herbicide treatment should increase the 
sustainability of glyphosate-based cropping systems and extend the value of glyphosate-based 
technologies.  This practice will have the greatest impact if the weed spectrum of the 
preemergence herbicide overlaps with the weed spectrum of the glyphosate.  
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EFFECTIVENESS OF GLYPHOSATE RESISTANCE 
MANAGEMENT PRACTICES 

 
Dave Stoltenberg1 

 
Introduction 

 
Unlike many factors that affect the development of weed resistance to herbicides (Stoltenberg 

2004), herbicide selection intensity and can be directly affected by the grower.  Herbicide 
selection intensity is determined by herbicide efficacy, persistence, and frequency of application 
(Gressel and Segel 1990).  The greater the number of susceptible weeds that are exposed to a 
herbicide and killed, the greater the selection intensity upon that weed population.  Reduced 
herbicide selection intensity will reduce the probability of resistance development and prolong the 
usefulness of a herbicide mode of action.  However, it is essential to balance the benefits of 
responsible herbicide stewardship with the need to maintain satisfactory levels of weed 
management.  One rationale for adopting an integrated approach to weed management is to 
reduce herbicide selection intensity on our weed populations.   

 
Although the integration of weed management practices is recommended to reduce the 

potential for weed resistance to glyphosate (Boerboom and Owen 2006), research to quantify the 
effectiveness of such integration under field conditions is limited.  To address this information 
need, field data from a long-term experiment (Stoltenberg and Jeschke 2007) at the University of 
Wisconsin Arlington Agricultural Research Station was analyzed to determine the probability (or 
likelihood) of occurrence of giant foxtail (Setaria faberi), redroot pigweed (Amaranthus 
retroflexus), common lambsquarters (Chenopodium album), velvetleaf (Abutilon theophrasti), 
and giant ragweed (Ambrosia trifida) resistance to glyphosate as affected by crop sequence, 
tillage system, and intensity of glyphosate use.  The goal was to provide a quantitative assessment 
of the effectiveness of integrated weed management practices to reduce the risk of selection for 
resistance to glyphosate among some of our most common weed species. 
 

Methods 
 

For this analysis, five weed management treatments were compared in continuous corn and 
corn-soybean rotation in moldboard plow, chisel plow, and no-tillage systems.  Specific 
treatments in the corn-soybean rotation are shown in Table 1.  Weed management treatments in 
continuous corn were the same as those listed for corn in Table 1, except they were imposed each 
year from 1998-2005. 

 
 

Table 1. Weed management treatments in a corn-soybean rotation 1998-2005. 
No. Soybean: 1998, 2000, 2002, 2004 Corn: 1999, 2001, 2003, 2005 
1 Glyphosate POST H Glyphosate POST 
2 Glyphosate POST Glyphosate POST fb LPOST ‡ 

3 Glyphosate POST Glyphosate POST fb cultivation 
4 Glyphosate POST Non-glyphosate herbicides 
5 S-metolachlor PRE ' fb glyphosate POST S-metolachlor PRE fb glyphosate POST 

H POST = postemergence; ‡ POST = late postemergence; ' PRE = preemergence. 

                                                 
1 Professor, Dept. of Agronomy, Univ. of Wisconsin-Madison, Madison, WI, 53706. 
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The probability or likelihood of resistance associated with weed management treatments was 

estimated using the methods described by Jasieniuk et al. (1996).  Estimated resistance 
probabilities were based on the number of plants of each weed species exposed to glyphosate at 
the time of treatment, outcrossing rates specific to each weed species, and the assumption that 
resistance to glyphosate was conferred by a single-gene, incompletely-dominant mutation.  
Resistance probabilities were calculated based on a field size of 75 acres; probabilities for each 
species are presented as relative to the lowest probability among weed management treatments. 
 

As for many herbicides, the frequency of traits conferring weed resistance to glyphosate is 
not known, but has been assumed to be much lower than that for triazine herbicides and ALS 
inhibitors, due in part to the relative low number of weed species that have developed resistance 
to glyphosate.  Frequency of herbicide resistance traits are thought to vary with many factors, 
including herbicide mode of action, and are based on expected rates of spontaneous (or natural) 
genetic mutation, e.g. 1 x 10-5 to 1 x 10-12 (Gressel, 2002; Jasieniuk et al., 1996; Maxwell and 
Mortimer, 1994; Maxwell et al., 1990).  For this analysis, a frequency of 1 x 10-10 was used for 
traits conferring resistance to glyphosate.       

Results 
 

Glyphosate-resistant weeds were not observed in this experiment from 1998-2005.  The 
results presented below pertain only to the probability or likelihood of weed resistance occurring 
based on the methods and assumptions stated above.  Also as stated above, resistance probabil-
ities were calculated based on a field size of 75 acres (and the estimated number of weeds treated 
with glyphosate), and are presented as relative to the lowest probability among weed management 
treatments for each species. 

 
Crop sequence and tillage effects on resistance probabilities varied among species (data not 

shown), but among weed management treatments, the lowest probabilities of giant foxtail (Table 
2), redroot pigweed (Table 3), and common lambsquarters (Table 4) resistance to glyphosate 
were associated with S-metolachlor PRE integrated with glyphosate POST or glyphosate POST 
rotated annually with non-glyphosate herbicides.  For giant foxtail and redroot pigweed, the 
relative probability of resistance was more than 20-fold greater for glyphosate POST, glyphosate 
POST fb LPOST, and glyphosate POST fb cultivation than S-metolachlor PRE fb glyphosate 
POST.   

 
Table 2. Relative probabilities of giant foxtail resistance among weed management 
treatments.  Data were pooled across crop sequence and tillage treatments.  

 
 

Weed management treatment 

 
Number of plants 
treated 1998-2005 

Relative 
probability of 
resistance H 

 Millions / 75 acres   
Glyphosate POST 388   47 c ‡ 

Glyphosate POST fb LPOST ' 303 37 c 
Glyphosate POST fb cultivation ' 220 27 c 
Glyphosate POST rotated annually with 
   non-glyphosate herbicides 

   
  83 

 
10 b 

S-metolachlor PRE fb glyphosate POST     8   1 a 
H Probability of resistance relative to the lowest probability among treatments. 
‡  Means followed by the same letter do not differ at the 5% level of significance. 
'  LPOST and cultivation in corn only. 

108 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47



Table 3.  Relative probabilities of redroot pigweed resistance among weed management 
treatments in a chisel plow system.  Data were pooled across crop sequence treatments.  

 
 

Weed management treatment 

 
Number of plants treated 

1998-2005 

Relative 
probability of 
resistance H 

 Millions / 75 acres   
Glyphosate POST   96  21 c ‡ 

Glyphosate POST fb LPOST ' 256 55 d 
Glyphosate POST fb cultivation ' 102 22 c 
Glyphosate POST rotated annually with 
   non-glyphosate herbicides 

   
  22 

 
  5 b 

S-metolachlor PRE fb glyphosate POST    4   1 a 
H Probability of resistance relative to the lowest probability among treatments. 
‡  Means followed by the same letter do not differ at the 5% level of significance. 
' LPOST and cultivation in corn only. 

 
 

Table 4.   Relative probabilities of lambsquarters resistance among weed management 
treatments in a chisel plow system.  Data were pooled across crop sequence treatments.  

 
 

Weed management treatment 

 
Number of plants 
treated 1998-2005 

Relative 
probability of 
resistance H 

 Millions / 75 acres   
Glyphosate POST 280   5 b ‡ 

Glyphosate POST fb LPOST ' 186   3 ab 
Glyphosate POST fb cultivation ' 189   3 ab 
Glyphosate POST rotated annually with 
   non-glyphosate herbicides 

 
 62 

 
1 a 

S-metolachlor PRE fb glyphosate POST  86 1 a 
H Probability of resistance relative to the lowest probability among treatments. 
‡  Means followed by the same letter do not differ at the 5% level of significance. 
'  LPOST and cultivation in corn only. 

 
 

Table 5. Relative probabilities of velvetleaf resistance among weed management 
treatments 1998-2005.  Data were pooled across crop sequence and tillage treatments.   

 
 

Weed management treatment 

 
Number of plants 
treated 1998-2005 

Relative 
probability of 
resistance H 

 Millions / 75 acres   
Glyphosate POST 29  2 b ‡ 

Glyphosate POST fb LPOST ' 34 2 b 
Glyphosate POST fb cultivation ' 39 3 b 
Glyphosate POST rotated annually with 
   non-glyphosate herbicides 

 
15 

 
1 a 

S-metolachlor PRE fb glyphosate POST 24 2 b 
H Probability of resistance relative to the lowest probability among treatments. 
‡  Means followed by the same letter do not differ at the 5% level of significance. 
'  LPOST and cultivation in corn only. 
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For common lambsquarters, the relative probability of resistance was five-fold greater for 
glyphosate POST than either S-metolachlor PRE integrated with glyphosate POST or glyphosate 
POST rotated annually with non-glyphosate herbicides (Table 4). However, the relative 
probability of common lambsquarters resistance did not differ among glyphosate POST fb 
LPOST, glyphosate POST fb cultivation, glyphosate POST rotated annually with non-glyphosate 
herbicides, and S-metolachlor PRE fb glyphosate POST treatments; this result was attributed to 
the limited efficacy of S-metolachlor on common lambsquarters and the relatively high number of 
common lambsquarters plants exposed to glyphosate in this treatment.  Other PRE herbicides, 
e.g. acetanilides, with greater efficacy on common lambsquarters would be expected to greatly 
reduce the number of common lambsquarters plants exposed to glyphosate, and thus, further 
reduce the likelihood of resistance occurring. 

 
The lowest probability of velvetleaf (Table 5) resistance to glyphosate was associated with 

glyphosate POST rotated annually with non-glyphosate herbicides.  In contrast, the probability of 
giant ragweed resistance did not differ among weed management treatments (data not shown); 
this result was attributed in part to greater variability associated with giant ragweed densities than 
with other weed species.  

 
Conclusions 

 
These results suggest that integrated weed management practices, particularly the use of 

effective non-glyphosate herbicides, are important for reducing the likelihood of weed resistance 
to glyphosate.  As such, these results provide quantitative support for recommendations that 
integrated weed management practices are critical for glyphosate resistance management. 
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INSECT RESISTANCE MANAGEMENT FOR CORN 
 

David W. Onstad1 
 

 
Corn insects have the capability to evolve resistance to insecticides, transgenic insecticidal 

corn, and crop rotation. The western corn rootworm is the poster pest for resistance evolution. I 
will present general arguments for resistance management, explain the likely reasons for 
resistance evolution by the rootworm in the past, and discuss future insect-resistance management 
(IRM) strategies for rootworm and corn borer. Effective IRM depends upon good IPM, adequate 
coordination and compliance amongst corn growers, consultants, and extension specialists, and a 
preventative/proactive approach. In essence, good IRM is IPM that is successful over a large 
region and remains effective for a decade or more. 
 
 

Reference 
 
Onstad, D.W. 2008. Insect resistance management: Biology, economics and prediction. Academic 

Press.  305 p. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
______________________ 
 
1 Associate Professor, Dept. of Natural Resources and Environmental Sciences, Univ. of Illinois, 
Urbana, IL 61801 
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MANAGING NEONICOTINOID RESISTANCE IN COLORADO POTATO BEETLE 
 

Russell L. Groves1/ and Scott A. Chapman2/ 
 
Cooperator (s): 
Ed Grafius and Adam Byrne, Department of Entomology, Michigan State University, 243 Natural 
Science, East Lansing, MI  48824. grafius@msu.edu, byrnea@msu.edu. 
 
Background and Rationale 

The Colorado potato beetle (CPB), Leptinotarsa decemlineata, the potato leafhopper, Empoasca 
fabae, and colonizing aphid species remain as the major insect pests of potato in commercial as well as 
seed production in Wisconsin. If left unchecked, feeding by both the larvae and adults of the CPB alone 
will completely defoliate plants.  Potato growers have struggled to control this problematic insect pest 
since 1865 when the first broad-spectrum insecticide, Paris green (lead arsenate), was dusted onto potato 
leaves to protect the foliage from CPB.  Since that time, maintaining control of this insect remains at the 
forefront of our efforts to protect potato from damaging insect pests. 
 

The Colorado potato beetle is truly one on a short list of “super” pests in commercial agriculture that 
includes, among others, the diamondback moth. The CPB has developed resistance to most insecticides 
and great care must be used when targeting this insect and making choices to select an appropriate 
material, or sequence of materials for its control.  It is important to recognize that once you begin to 
observe reductions in the time interval over which a particular material works effectively against CPB or 
you must increase the rate to get adequate control, insensitivity (resistance) to that insecticide is likely 
present in the population.  Because of the difficulty faced in controlling populations of CPB, future 
production and revenue increases in Wisconsin will remain challenged by these persist insect pest 
populations.  Recurrent populations of these insect pests demand the development of efficient and 
effective integrated pest management (IPM) and insecticide resistance management (IRM) strategies 
which out of necessity need to not only enhance environmental quality but also reduce risks in potato 
production systems. 
 

The Wisconsin Eco-Potato Collaboration between the Wisconsin Potato and Vegetable Growers 
Association, the World Wildlife Fund, and the University of Wisconsin has embraced this concept and 
has taken a leadership role in the promotion and support of research to encourage the adoption of pest 
management alternatives to minimize the reliance on high-risk pesticides and incorporate safer and more 
selective pest control products which have less adverse environmental impacts.  The goals of the 
collaboration have been directly focused on the development of biologically-based, pest management 
strategies that produce a safer food supply for consumers, reduce the risk to agricultural producers, and 
enhance environmental quality. 

 
Wisconsin potato growers rely heavily on neonicotinoid insecticides for the control of damaging 

populations of the Colorado potato beetle.  Reported at-plant applications of soil-applied neonicotinoid 
insecticides have occurred on greater than 80% of all acres planted through the five year interval 2002-
2006 under the Wisconsin Eco-Potato Collaboration and likely reflect use rates on the remaining potato 
acreage in the state.  The potential for resistance due to the frequent and now widespread use of these 

________________________ 
 
1/Entomology Extension Specialist, 537 Russell Labs, Univ. of Wisconsin-Madison, Madison, WI, 53706 
groves@entomology.wisc.edu (608) 262-3229. 
2/Associate Research Specialist, 537 Russell Labs, Univ. of Wisconsin-Madison, Madison, WI, 53706 
chapman@entomology.wisc.edu (608) 262-9914. 
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compounds has recently been investigated by our laboratory as well as cooperating scientists at Michigan 
State University, East Lansing, Michigan.The development of insecticide resistance is one of the key 
factors which limit the range of available products for controlling insect pests in potato.  In Wisconsin, 
localized resistance by Colorado potato beetle to some organophosphates, carbamates, pyrethroids, and 
organochlorines has resulted in sporadic control failures.  Although this resistance is very discrete in its 
distribution, it stresses the need for continued vigilance in the management of insecticide resistance and 
strict adherence to IRM strategies which reduce the likelihood and onset of resistance development.  
Resistance monitoring among Wisconsin populations of CPB began with limited assays through the 
interval 2003-2005 in which no detectable increases in product insensitivity were observed.  In 2005, 
notable increases in insensitivity to both imidacloprid and thiamethoxam were observed in two 
populations in Michigan.  Although the magnitude of estimated resistance levels was not suggestive of a 
total control failure, the emerging, widespread insensitivity to neonicotinoid compounds raises serious 
concerns.  Recent topical bioassays performed on five adult populations in 2006 revealed a single 
population with measurable insensitivity. 
 

In 2007, we conducted a comprehensive, statewide survey of potential insensitivity to the 
neonicotinoids, specifically imidacloprid.  A letter was sent out in 2007 to request University and 
Extension personnel, consultants, agrichemical representatives, and growers to identify and send in 
suspect populations for testing.  The response received from the potato growing community was truly 
excellent.  Requests were made of agricultural practitioners representing 1) potato seed production, 2) 
commercial potato production, 3) Certified Healthy Grown production, and 4) sites where CPB 
populations were showing some level of insensitivity.  Furthermore, adult CPB were collected from a 
select number of sites (N=5) representing successive, within-season generations to compare changes in 
insensitivity between overwintered beetles and summer adults. 
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Briefly, adult bioassays were per-
formed by treatments with a topical 
application of technical grade insecti-
cide dissolved in acetone, 30 beetles/ 
dose, 5 doses causing between 0 and 
100% mortality, plus 30 beetles treated 
only with acetone.  Mortality was 
assessed after 7 days and data analyzed 
using log-probit regression analysis.  A 
highly susceptible CPB strain obtained 
from a New Jersey population was used 
as a reference control.  A subset of 
adults were also forwarded to coopera-
tors at Michigan State University for 
confirmatory topical bioassays for 
direct comparison to reference control populations.   
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Figure 1.  Imidacloprid bioassay results among 35 CPB 
populations collected in Wisconsin, 2007. 

 
In 2007, a total of 27 overwintered, CPB populations were assayed for imidacloprid sensitivity and an 

additional 8 populations of summer adult CPB populations were re-sampled for a total of 35 site/season 
samples (Fig. 1).  These samples were distributed among 6 potato growing Counties in Wisconsin 
including Adams, Columbia, Langlade, Oconto, Portage, and Waushara counties.  It is important to note 
that sites were not selected at random across these most areas.  A portion of candidate populations 
evaluated in this survey were included with the prior knowledge that some were difficult to control with 
neonicotinoid tools.  A total of nine populations were observed with estimated resistance ratios (LD50 test 
population / LD50 New Jersey reference population) exceeding 20-fold.  Of these, six populations resulted 
in estimated resistance ratios exceeding 30-fold.  Again in 2008, we will reinstitute this survey to 
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determine what, if any changes, have taken place to measure annual increases in neonicotinoid 
insensitivity. 

 
Managing Resistance 

Resistance develops over time in a pest population as a result of successive external population 
stressors (e.g. insecticide application(s)) resulting in a physiological or behavioral adaptation that can be 
passed to subsequent generations.  Pest management practitioners then continue to select for these 
individuals in the population when they fail to discontinue the use same insecticide or materials with very 
similar modes of action.  Key components of a comprehensive insecticide resistance management 
program should attempt, where possible, to embrace the following recommendations.  In turn, it is 
necessary to avoid the consecutive use of a particular product and/or products which possess similar 
modes of action.   
 
I.  Problem Identification:  If you suspect resistance, first eliminate other possible causes.  In many 
instances, lack of control can be attributed to application error, equipment failure, or less-than-optimal 
environmental conditions.  If these possibilities have been ruled out, work with local agricultural advisors 
and the manufacturer to confirm actual resistance to the compound applied.  In the event of a control 
failure due to resistance, do not repeat the application with an insecticide of the same chemical class and 
consult a pest control advisor or area extension specialist for up-to-date recommendations and advice on 
IPM and IRM options. 
 
II.  Product Rotation:  Avoid the consecutive use of a single product, or multiple products with similar 
modes of action.  To assist farmers, growers, advisors, extension staff, consultants and crop protection 
professionals, the Insecticide Resistance Action Committee (IRAC) has developed and updates a Mode of 
Action (MoA) classification system with a guide to the selection of insecticides or acaricides in an 
effective and sustainable insecticide or acaricide resistance management (IRM) strategy (Table 1).  This 
program was the direct result of the EPA’s voluntary pesticide labeling proposal (2001) for all registered 
insecticides to include the MoA in a particular numbered group.  To implement an effective IRM 
program, growers can consult this information and select a sequence of insecticides that represent 
different groups wit unique MoA’s.   
 
III.  Cultural Control(s):  Where possible, consider selecting early-maturing or pest-tolerant varieties of 
crop plants.  Adopt all non-chemical techniques known to control or suppress pest populations, including 
crop rotation in particular for managing resistance with the Colorado potato beetle.  Specifically, potato 
crops should be rotated > 400 m (¼ mile) away from a previous potato crop.  It has been well documented 
that overwintering adult Colorado potato beetles disperse only short distances after emergence from the 
soil. 
 
IV.  Preserve Natural Control(s):  Where possible, select insecticides and other pest management tools 
which preserve beneficial insects.  Natural mortality factors other than insecticides can significantly delay 
the onset and development of resistance.  The use of selective insecticides (e.g., spinosad, Bacillus 
thuringiensis) and the selective, well-timed use of low-dose strategies are feasible for specific pest targets. 
 
V.  Pest Surveillance and Scouting:  Monitor the pest population during the growing season.  Regularly 
monitor fields to identify pests and natural enemies, estimate insect populations and track stage of 
development.  Insecticides and acaricides generally should be used only if insect counts exceed action 
thresholds or the point where economic losses exceed the costs of insecticide plus application.  Time 
applications against the most susceptible life stages to gain maximum benefit from the product.  Where 
larval stages are being controlled, target younger larval instars where possible because these are usually 
much more susceptible and therefore much more effectively controlled by insecticides than older stages 
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VI.  Rates and Spray Intervals:  Use insecticides at labeled rates and follow prescribed spray intervals.  
Do not reduce or increase rates from manufacturer recommendations as this can hasten resistance 
development.  Use products at their full, recommended doses.  Reduced (sub-lethal) doses quickly select 
populations with average levels of tolerance, whereas doses that are too high may impose excessive 
selection pressures. 
 
VII.  Product Application:  Appropriate, well-maintained equipment should be used to apply insecticides.  
Recommended water volumes, spray pressures and optimal temperatures should be used to obtain optimal 
coverage.  Sprayer nozzles should be checked for blockage and wear, and be able to handle pressure 
adequate for good coverage.  Spray equipment should be properly calibrated and checked on a regular 
basis.  Use application volumes and techniques recommended by the manufacturers and local advisors. 
 
VIII.  Tank Mixes:  Mixtures may offer a short-term solution to resistance problems, but it is essential to 
ensure that each component of a mixture belongs to a different insecticide mode of action class, and that 
each component is used at its full rate.  Under certain circumstances, tank mix different chemicals for 
improved or broader spectrum pest control.  It is equally crucial that compounds should persist on the 
crop or surface for similar periods in order to expose insects to both modes of action for the same length 
of time.  Use of multiple products of the same mode of action in the spray tank will do little more than 
using an increased rate of a single compound of the same chemical class. 
 
IX.  Resistance Monitoring:  Consideration should be given to monitoring for the incidence of resistance 
in the most commercially important situations and gauge levels of control obtained.  Developing baseline 
susceptibility information for a particular population will provide a basis upon which further decisions 
can be made to extend the functional life of pest control products and minimize the onset of resistance. 
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Table 1.  Insecticide Resistance Action Committee Mode of Action Classification, May 2004. 
 

 
Group 

Sub-
group Primary Target Site of Action 

Chemical Sub-Group or 
Active Ingredient (product names) 

A Carbamates (Temik, Vydate, Lannate, Sevin, 
Furadan) 

1 * 

B 

Acetylcholine esterase inhibitors 

Organophosphates (Dimethoate, Diazinon, Di-
Syston, Mocap, Malathion, Methyl Parathion, 
Penncap-M, Thimet, Phorate, Monitor, Guthion, 
Imidan/Phosmet) 

A Cyclodiene organochlorines (Phaser, Endosulfan, 
Thiodan) 

2 * 

B 

GABA-gated chloride channel 
antagonists 

Fipronil  
3  Sodium channel modulators Pyrethroids, Pyrethrins, Esfenvalerate (Asana, 

Ambush, Baythroid, Delta Gold, Leverage, 
Pounce, etc) 

A Neonicotinoids (Platinum, Admire, Assail, Cruiser, 
Gaucho, Genesis, Leverage, Actara, Provado) 

B Nicotine 

4 * 

C 

Nicotinic Acetylcholine receptor agonists / 
antagonists 

Cartap, Bensultap 
5  Nicotinic Acetylcholine receptor agonists 

(not group 4) 
Spinosyns (Success, SpinTor, Entrust) 
Spinetoram (Radiant) 

6  Chloride channel activators Avermectins, Milbemycins (Agri-mek) 
A Juvenile hormone analogues 
B Fenoxycarb 

7 * 

C 

Juvenile hormone mimics 

Pyriproxyfen 
A Methyl bromide 
B Aluminium phosphide 

8 * 

C 

Compounds of unknown or non-specific 
mode of action (fumigants) 

Sulfuryl fluoride 
A Prokil Cryolite (Kryocide) 
B Pymetrozine (Fulfill)  

9 * 

C 

Compounds of unknown or non-specific 
mode of action (selective feeding 
blockers) Flonicamid (Turbine)  

A Clofentezine, Hexythiazox 10 * 
B 

Compounds of unknown or non-specific 
mode of action (mite growth inhibitors) Etoxazole 

A1 Bacillus thuringiensis var. israelensis 
A2 Bacillus thuringiensis var. sphaericus 
B1 Bacillus thuringiensis var. aizawai 
B2 Bacillus thuringiensis var. kurstaki (Agree, Biobit, 

Dipel, Javelin, Lepinox) 

11 * 

C 

Microbial disruptors of insect midgut 
membranes (includes transgenic crops 
expressing Bacillus thuringiensis toxins) 

Bacillus thuringiensis var. tenebrionensis 
(Novodor) 

A Diafenthiuron 12 * 
B 

Inhibitors of oxidative phosphorylation, 
disruptors of ATP formation Organotin miticides 

13  Uncoupler of oxidative phosphorylation 
via disruption of H proton gradient 

Chlorfenapyr, DNOC 

14  Inhibition of magnesium-stimulated 
ATPase 

Propargite (Comite, Omite) 

15  Inhibitors of chitin biosynthesis, type 0, 
Lepidopteran 

Benzoylureas 
Novaluron (Rimon) 

16  Inhibitors of chitin biosynthesis, type 1, 
Homopteran 

Buprofezin 

17  Inhibitors of chitin biosynthesis, type 2, 
Dipteran 

Cyromazine 

18  Ecdysone agonist / disruptor Diacylhydrazines 
19  Octopaminergic agonist Amitraz 
20  Site II electron transport inhibitors Hydramethylnon, Dicofol 
21  Site I electron transport inhibitors METI acaricides, Rotenone 
22  Voltage-dependent sodium channel 

blocker 
Indoxacarb (Avaunt) 

23  Inhibitors of lipid synthesis Tetronic acid derivatives 
24  Site III electron transport inhibitors Acequinocyl, Fluacrypyrim 
25  Neuroactive (unknown mode of action) Bifenazate (Acramite) 
26  Unknown mode of action Azadirachtin (Azadirect, Ecozin) 
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FUNGICIDE RESISTANCE IN VEGETABLES 
 

Deana Knuteson 1/ and Walt Stevenson 2/ 
 

Fungicide resistance has been increasing in severity and now is found in many registered 
products. Resistance is defined as an inherited change in pathogen’s susceptibility to a fungicide. 
The Environmental Protection Agency (EPA) has developed a voluntary pesticide labeling 
proposal that groups pesticides with similar modes of action and designates them with a number.  
The information for fungicides can be found at the Fungicide Resistance Action Committee 
website at http://www.frac.info/frac/index.htm. 
 

The genetic alterations that create resistant populations occur most rapidly when growers 
repeatedly apply pesticides with similar modes of action in consecutive sprays. Therefore, it is 
essential to not spray the same product or similar products against the same target pest in 
consecutive applications. Single-site fungicides are more likely to develop resistance by pest 
populations. Recommended product use for single-site fungicides (including many of the new, 
reduced-risk products) are to completely avoid consecutive sprays. This rule applies when premix 
products which include a single-site material are used, or if the applications are tank-mixed with 
single-site products. 
 

True resistance management must be used as part of an overall integrated pest management 
program which limit pest infestations, limit the number of applications needed, times the products 
appropriately, and target the vulnerable life stages. Fungicide chemical controls complement 
other control measures such as regulatory (quarantines, seed tolerances), cultural (planting date, 
rotation, sanitation, irrigation and nutrition management), host resistance, biological and physical 
methods. Growers can reduce the risk of pathogen resistance to fungicides by: 
 ● Using crop rotation - as long as possible 
 ● Using cultivars with resistance – fewer inputs 
 ● Using disease predictive models to time fungicide applications. 
 ● Scouting fields frequently 
 ● Practicing crop hygiene by elimination of primary inoculum sources, e.g. volunteer 
 management, proper cull disposal and alternate host management including weeds. 
 ● Monitoring factors such as soil moisture and crop nutrition to avoid crop stress 
 throughout the season. 
 ● Following label guidelines for application of all fungicides. Note label information 
 on resistance management. 
 ● Looking for the Fungicide Group Code on labels and on the fungicide containers. 
 

Research in Wisconsin has shown that fungicide programs that include multiple fungicide 
chemistries applied in a resistance management program greatly improve disease control, yield 
and profitability. It shows that resistance management pays dividends and dollars directly to 
growers. This shows that resistance management can benefit growers directly while also 
maintaining the chemistries in the toolbox for the future. 
_________________________ 
 
1/ BioIPM Field Coordinator for the WWF/WPVGA/UW Collaboration, UW-Horticulture - NPM  
   Program, 445 Henry Mall, Madison, WI, 53706, 608-265-9798. 
2/ Professor, Dept. of Plant Pathology, Univ. of Wisconsin-Madison, 1630 Linden Dr, Madison, 
   WI, 53706, 608-262-6291. 
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SNAP PLUS UPDATE - VERSION 1.122.4-2007.11.19 
 

Sue Porter and Laura Ward Good 1&2/ 

 
Introduction 

 
SNAP-Plus is a Microsoft Windows® based Nutrient Management Planning software 

program designed for the preparation of nutrient management plans in accordance with 
Wisconsin’s Nutrient Management Standard Code 590.  The program is available free of charge 
for download from the "Current Version" link.  This release of Snap-Plus addresses issues found 
since the September 2007 version 1.121.  SNAP-Plus will calculate:  

• Crop nutrient (N, P2O5, K2O) recommendations for all fields on a farm taking into 
account legume N and manure nutrient credits consistent with University of Wisconsin 
recommendations 

• A RUSLE2-based soil loss assessment that will allow producers to determine whether 
fields that receive fertilizer or manure applications meet tolerable soil loss (T) 
requirements. 

• A rotational Phosphorus Index value for all fields as required for using the P Index for 
phosphorus management. 

• A rotational P balance for using soil test P as the criteria for phosphorus 
management. 

Updates are released periodically to add new features and bug fixes.  The main 
changes and improvements available in the current version of Snap-Plus are listed 
below by the menu or screen where they appear in the program. 

 
File Menu 

 
Note: When you enter data for a new farm, select "New" which means a "New Client. 

"Split Multi-farm Databases – Some users have experienced problems caused by too many 
farms in one database.  This slows the program calculations, causes the computer to time-out 
during report construction, and makes sharing a single farm’s data electronically difficult.   
The solution is to multi-farm databases into single farms or operations using the Snap-Plus copy 
wizard.  The example below shows the Mayer and Ledeboer farms are included in a single 
database as shown in Figure 1.   

 
Figure 1.  Choose "File" then "Copy" for copying or splitting databases. 
 
1/ Nutrient Management Specialist, Wis. Department of Agriculture, Trade and Consumer 
Protection 
 
2/ Wisconsin Phosphorus Index and Snap-Plus Project Coordinator, Dept. of Soil Science, Univ. 
of Wisconsin-Madison, 1525 Observatory Dr., Madison, WI, 53706. 
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Split Multi-farm Databases Continued – Follow the steps below shown in Figure 2. 

 
Figure 2.  Select “Finish” to complete the database splitting or copying. 
 
 

Edit Menu 
 

Preparer Info – Nutrient management planners can place their contact information in this 
part of the edit menu as shown in Figure 3. 

 
Figure 3.  Nutrient management planners can place their contact information here. 
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Fertilizer List – The nutrient management planner has a single “master" fertilizer list for all 
Snap-Plus databases on a user's computer.  The list can be edited from the "Edit" menu shown in 
Figure 4. 

 
Figure 4.  Select Fertilizer List to add or delete fertilizers from the master Fertilizer List. 

 
 

Tool Menu 
 

Update all fields – Calculate soil loss, P management and other items on the “Cropping” 
screen using this tool shown in Figure 5.  All fields can be updated if all the required information 
is entered.  Also note that the Rotation Wizard can be accessed from the Tools menu as well as 
the Cropping screen. 

 
Figure 5.  Update all field calculations at once using this tool. 
 
 

Report Menu 
 

Spreading and NM Sorted by Crop – This report combines the reports of the spreading 
plan and the NM plan with specific nutrient credit information.  For each crop type the report 
includes: name, acres, field slope(%), soil series, map unit, N restriction, prior crop, the specific 
crop year and crop, yield goal, tillage, product and its analysis being applied, application rate and 
method, N-P2O5-K2O credit, total amount applied for the field, soil test P and K (ppm), UW soil 
test recommendation for N- P2O5- K2O, planned application and credits for N- P2O5- K2O, over 
or under UW recommendations for N- P2O5- K2O.  The report calculates total acres of each 
crop, total application volume of each source and the season in which it is applied.  The bottom of 
the report calculates the total planned acres, total planned applications by source for the farm, 
total manure volume (tons, gallons), total planned manure applications, and remaining manure. 
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Figure 6.  The Spreading and NM Sorted by Crop report provides easy-to-read nutrient 
recommendations.  Other useful reports are pointed out above. 
 

 Soil Test Report – The soil test report (not shown) has a Short Version option that will 
provide the following information for each field using the most recent soil test report entered for 
that field: field name, acres, soil map unit, soil name, soil test, soil test lab, lab sample number, 
number of sample, acres per sample, pH, OM%, P ppm, K ppm, S ppm, BpH, and CEC. 

 
Spreading Excess – This report lists the fields that have N applications in excess of 590 

Standard allowances for the report year along with the explanations for each over-application as 
shown in Figure 7.  This report can not be generated for crop years prior to 2008 which is when 
the excess N warning system began. 
 

Figure 7.  Snap Plus will highlight N applications that exceed t he 590 standard in red on the 
Cropping screen and in the Spreading Excess report.  
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Options Menu 
 

Check for new versions - Snap-Plus can automatically check for the most current version at 
startup, if your computer has a web connection.  This feature is turned off at the time of 
installation.  Users can turn it on from the "Options" menu item shown in Figure 8.  

 
Figure 8.  After Snap Plus installation, click to turn-on the “version upgrade check” so you will 
know if you are working on the latest version. 
 
 

Help Menu 
 

2005 NM Plan Checklist – Nutrient management planners should use this form as a 
minimum list of items that must be addressed in completing a 590 NM plan for local ordinances, 
USDA EQIP programs, DNR WPDES permits and cost share, DATCP programs, and voluntary 
farmer training.  This form and others are shown in Figure 9.   

 
Editable Emergency Response Form – To help make emergency response forms more 

accessible and easy-to-use, select the editable form from the Snap Plus References.   

 
Figure 9.  Choose "Help” then "References" to review nutrient management information that 
includes an editable emergency response plan form. 
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Field Screen 
 

NRCS Soil survey updates – The NRCS soil survey mapping unit lists for each county  are 
updated in Snap-Plus through February 2007.  

 
N Restrictions - The Field screen has a new "N Restrictions" column to help minimize N 

leaching to groundwater on high permeability soils, or soils with less than 20 inches to bedrock, 
or soils with less than 12 inches to apparent water table.  A list of soils with a high potential for N 
leaching to groundwater is provided in the updated, (4-20-2007) Appendix 1 of the Wisconsin 
Conservation Planning Technical Note WI-1 found at 
http://www.datcp.state.wi.us/arm/agriculture/land-water/conservation/nutrient-
mngmt/planning.jsp.   

 

 
Figure 10.  The N restrictions are shown in the Field and Cropping screens for each field.  Click 
on the “?” in the Cropping screen to have the restriction defined. New version adds new "N 
Restrictions" column & removes existing N restrictions in "Field notes" in the Field screen. 
 

NRCS Soil survey Maps – Farm maps can be retrieved from the NRCS Web Soil Survey via 
the internet link found on the Field screen (Figures 11, 12, 13, and 14). 

 
Figure 11.  Retrieving a combination topographic and soils map. 
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Figure 12.  Retrieving an N-restricted soil “R” bedrock map.  
 

 
Figure 13.  Retrieving an N-restricted soil “P” highly permeable soils map. 

 

 
Figure 14.  Retrieve an N-restricted soil “W” wet soils map. 

Field  
N-Restricted      
W soils (wet) 

12 inches to apparent water table. 

Field  
N-Restricted   
P soils 
(permeable) 

20 inches to bedrock is about 50 cm.

Field  
N-Restricted 
R soils 
(bedrock) 
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Note that the wet soils map in Figure 14 may include some soils with perched water tables that 
are not actually subject to N application restrictions. Compare this map to the N restrictions 
column on the Snap-Plus Field screen to ensure that no unrestricted soils are included. 

 
Soil Test Screen 

 

 
Figure 15.  Above shows that the most recent soil test is listed first. 
 

Nutrient Sources Screen 
 

Copy sources and fertilizer – Nutrient sources can easily be added and copied to any year in 
the future or past. 

 
Figure 16.  Select nutrient sources and the years where these sources should be copied as shown.  
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Livestock estimator & animal-unit-calculation – The livestock estimator has been updated 

to provide annual manure production estimates and animal units calculations.  You will also find 
web links at the bottom of the page for technical references. 

 
Figure 17.  The livestock estimator has improved animal unit calculations. 

 
Cropping Screen 

 
Note: When you enter data from the Cropping screen, you are applying manure and/or 

fertilizer for the current crop year and field only.   
 

Calculates manure nutrient applications to a field from rates, total manure applied, or 
from animal grazing –  
1.  You can enter the field rate (in tons/acre or gal/acre for manure— the appropriate manure and 
fertilizer units will appear automatically depending upon the source selected).  You can add as 
many separate applications as you like.   
2.  If you know the total amount of manure applied to a field in tons or gallons, click on the 
ellipse in the rate cell to enter this amount and the program will calculate the per acre application 
rate for the field as shown in Figure 18.   
3.  If you have chosen a grazing spread method, clicking on the ellipse allows the application rate 
to be calculated through the Grazing Nutrient Rate Calculator as shown in Figure 19.   

 
Figure 18.  Use the ellipse box to enter a total amount of manure for calculating a field 
application rate. 
 

Calculates Grazing Nutrient Rate – For operations needing to determine nutrient 
application rates for manure deposited by grazing animals, this calculator provides a method.  
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Rate calculations can be determined for a single application or for the entire season if you choose 
grazing as the nutrient source and spread method as shown in Figure 19.  

 
 
             Figure 19.  The use of the grazing calculator is shown above starting with the Nutrient 
Sources screen and then the Cropping screen to add nutrients. 
 

Biosolid nutrients - Nutrient credits for biosolids (sewage sludge) are calculated differently 
than for manures.  If you need to enter biosolids applications in Snap-Plus, get the explanation 
handout from the Snap-Plus download site.  Future versions of Snap-Plus will have a biosolids 
nutrient analysis data entry feature. 
 

 
Figure 20.  To find information on using biosolids nutrients go to http://www.snapplus.net/.  
 

Snap-Plus years are crop years - Crop years in Snap-Plus include the months from harvest 
to harvest.  Some of these months may actually be in the previous calendar year.  For the example 
shown in Figure 21, the 2007 crop year soybeans are chisel plowed on 11/3/2006; planted on 
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5/12/2007; and harvested on 10/14/2007.  This field is planted into corn in 2008.  For that crop 
year, manure is fall applied in 10/31/2007, planted in 4/20/08, and harvested in 10/24/08. 

 

 
Figure 21.  The Snap Plus cropping year is from harvest to harvest and usually includes months in 
the previous calendar year. 
 

Double crops – Double crops are when two crops are harvested in one crop year.  For 
example, the first crop could be a winter grain harvested for forage in the spring and the second 
crop of soybeans is spring-planted crop and harvested in the fall as shown in Figure 22.   

 
Figure 22.  Shown above is a winter rye forage to soybeans double crop.   
 

Cover crops – Cover crops are used to reduce soil loss and improve soil quality following 
low residue crops.  These crops are not harvested.  An example is winter rye planted after corn 
silage and killed in the spring without harvesting as shown if Figure 23. 

 
Figure 23. Cover crops are shown with corn silage above. 
 

RUSLE2 soil loss – As shown in Figure 24, Snap-Plus now predicts the average soil loss 
using the RUSLE 2 model for the crop rotation by treating the entire rotation as a continuous 
management string of crops following crops, rather than treating each year as its own rotation and 
the averaging as in past versions.  This is how a conservation planner currently uses the model to 
determine erosion rates. 

 
P Index - No longer takes a “worst-case” approach.  This model accounts for the likelihood 

of runoff following manure applications based on field conditions and seasonal precipitation 
volumes.  It no longer shows “Acute loss (unfrozen)” PI.  P in runoff immediately following 
manure applications to non-frozen soil are accounted for within the Particulate PI and the Soluble 
PI values.  These losses are small compared to the over-all increased annual P losses caused by 
the increased surface-soil-P from manure applications.  P losses in runoff from manure applied to 
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frozen soil can be comparatively high; therefore, the Acute Loss (frozen) PI remains as shown at 
the very bottom in Figure 24. 

 
Rotation Wizard – Shown at the top left hand corner of Figure 24 is the Rotation Wizard.  It 

allows Snap Plus users to develop crop rotations and field attributes such as contour farming, and 
to choose maximum return to nitrogen (MRTN) needs for multiple fields.  Field contouring can 
also be set for rotation in the “Rotation Settings” box on the Cropping screen.  The Rotation 
Wizard will fill-in the crop, yield, tillage, soil test date, and the soil test nutrient recommendation 
for each year of the rotation and for multiple fields at one time. 

 
Figure 24.  The cropping screen shows five years of crops in the crop rotation, field attributes 
such as contouring, and the rotation summary of average soil loss and P Index, P2O5 balance, 
K2O balance, and the details of the P Index.  
 

Corn Maximum Return to Nitrogen (MRTN) Application Recommendations – The 2006 
UWEX Publication A2809 has new N recommendations for crops.  In Snap Plus, the corn N 
recommendations default to high end Maximum Return to Nitrogen (MRTN) starting in the 2007 
crop year as shown in Figure 24.  In years when corn is planted, you can adjust the MRTN ratios 
based on corn and nitrogen price by clicking the MRTN ratio box under the soil test date as 
shown in Figure 24.  The table in Figure 25 will appear and can be adjusted based on the 
operations costs and sales.   

 
Figure 25.  Snap Plus will default to the high-end of the MRTN range for corn fields.  The range 
can be adjusted by clicking in the MRTN box under the soil test date. 
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Nitrogen Application Flags from Snap-Plus User’s Manual Appendix A and B 
 

Appendix A of Snap Plus User’s Manual MRTN Rates for Corn - For the 2007 cropping 
season, UW Extension instituted new, more flexible guidelines for determining the economic 
optimum nitrogen rate for corn based not only on soil characteristics but also on the previous crop 
and the nitrogen to corn price ratio ($/lb: $/bu). These recommendations are known as the MRTN 
rate, which stands for “maximizing economic return to nitrogen”. This system allows users to 
pick the appropriate N rate from within a range of rates that provide profitability within $1 per 
acre of the MRTN rate. A full description of this recommendation system can be found on p.29 in 
UWEX A2809 Nutrient application guidelines for field, vegetable and fruit crops (pp 29- 32) 
(http://learningstore.uwex.edu/pdf/A2809.pdf). A summary table of MRTN rates can be found 
under the Snap-Plus main menu by clicking Help, then References, then selecting 
NPM.MRTN.0307.pdf.  
 

When should you use the default MRTN price ratio? - UW-Extension recommendations 
suggest leaving the MRTN Price Ratio at 0.05 level if the crop is corn silage and it is being grown 
for maximum yields rather than maximum return to N or if manure is the primary N source and 
the land-base for spreading is limited  
 

When should I select the high or low end of the range for a given price ratio? - You may want 
to select the high end of the range in the following situations:  

 If there is more than 50% residue at planting  
 If all N is from organic sources (Legumes and manure)  
 On soils with less than 2% organic matter (applies to medium and fine-textured soils and 

medium yield potential coarse-textured soils)  
 If preplant soil nitrate test credits are used  

 
Select the low end of the range if the corn is on medium and fine textured soils with greater 

than 10% organic matter or if there is a likelihood of carryover N (residual N) from the previous 
year and the preplant soil nitrate test is not used  
 

Appendix B. of Snap-Plus User’s Manual Avoiding Excessive Nitrogen Applications in 
Snap-Plus - This appendix describes the maximum N application rates allowed under the 
Nutrient Management Standard 590 for different crops and nutrient sources.  Exceeding these 
rates will cause warning messages to appear in Snap-Plus.  
 
Allowed N applications for crops other than corn or legumes:  

If commercial fertilizer is applied:  
Total N applications, including N in starter, should not exceed the UW recommended rate for all 
crops. For non-legume crops other than corn, there is only one N rate recommended for a given 
crop or, in the case of potatoes, crop and yield range combination. Thus you will get an error 
message in Snap-Plus when fertilizer N is applied alone or in combination with legume credits or 
manure at a higher than recommended rate for any of these crops.  
 

If only organic sources are applied:  
The 590 Standard recognizes that there will always be some uncertainty in estimating manure N 
availability due to the effects of variability in manure nutrient contents, uneven application rates, 
and weather. As a result, if all of the N applied in a given crop year comes from organic sources 
(manure and/or legume credits), it allows estimated first-year available application rates to total 
20% more than the recommended rate.  
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Allowed N applications to corn:  
The MRTN rate for corn can vary from year-to-year, depending on field conditions and corn 

and N prices, and is therefore not suitable to use as standard maximum N allowance. The 
maximum allowable N rate for corn is set at the high end of the range for the 0.05 Corn: N price 
ratio (Figure 13a and Table 1, column 3). These are the highest N rates in the UW-Extension 
guidelines and are recommended where manure and legume credits are the only source of N for 
fields on farms where the land base for spreading is limited. These high rates already take into 
account the uncertainties in estimating N availability from manure applications. Therefore total N 
applications in excess of the rates shown in the third column in Table 1 are not allowed with the 
following exception; If only organic N is applied to meet this maximum rate, then up to 20 lb/a N 
can be applied in starter fertilizer. Therefore, where all the N applied up to the maximum shown 
in Table 3, column 1 is from organic sources, up to 20 lb/a commercial N can be applied and 
Snap-Plus will allow total N applications as large as those shown in the fourth column in Table 1.  
 

Note:  Snap-Plus will not generate an excess N message under any circumstances if the entire 
plant-available N in a crop year is from legume credits or 2nd and 3rd year manure credits 
because these N sources are not from current year applications.  

Table 1. Maximum allowable N application for corn 
Soil  Previous crops  Maximum plant-available N 

rate (fertilizer, 1st yr available 
manure, and legume credits) 
combination of 1st year 
available N in manure  

Maximum plant-
available N rate if ≤ 
20 lb starter N and 
all other N is 
organic 

  lb/acre   
High/Very high yield 
potential  

Corn, forage legumes, legume 
vegetable, or green manures  

190  210  
 

 Soybean or small grains 160  180  
Medium/low yield 
potential  

Corn, forage legumes, legume 
vegetable, or green manures  

140  160  

 Soybean or small grains 110  130  
Sands/loamy sands-
irrigated  

All  230  250  

Sands/loamy sands-
non-irrigated  

All  140  160  

 
 Allowed N applications on legume crops:  

Most legume crops can fix sufficient N from the air to ensure adequate growth without 
applying additional N to the soil; recommended N fertilization rates are therefore zero. Legumes 
will use available N in the soil, however, in preference to fixing their own. Thus manure N 
applied to legume crops is not considered to be at risk of leaching loss if it does not exceed the 
crop N removal rate. The 590 Standard allows applications of manure to legume crops that do not 
exceed the annual N uptake by the legumes or first year removal by seeding year legumes and 
companion crops. Table 2 shows the first-year available manure N application rate allowed for 
each of the legume crops in Snap-Plus. Due to the difficulty that sometimes occurs in obtaining 
P2O5 fertilizers without N, Snap-Plus does not give an excess N warning if up to 35 lb of the 
legume N allowance (removal rate) is applied as fertilizer. Commercial N should not be applied 
to legume crops that do not have an N requirement unless it is an unavoidable ingredient of a 
fertilizer needed to provide other required nutrients.  
 

Allowed N applications on soils with a high nitrate leaching potential:  
Soils that have a nitrate leaching potential are identified in the N restrictions box on the field 

and cropping screens. If a summer or fall manure or fertilizer application is made on a field with 
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N restrictions, the following notification appears in the Nutrient Application Planner. “This soil is 
restricted for late summer and fall N applications.” See Nutrient Management Standard 590 
criteria B on page 5.  
 
N applications restrictions on high nitrate leaching potential soils for fall applications are:  
1.  No fall commercial N applications except for no more than 30 lb/acre on fall-seeded crops. 
Late-summer or fall manure applications when soil temperatures are greater than 50º, are allowed 
only if you use a nitrification inhibitor with liquid manure and limit N rate to 120 lb available 
N/acre; or if you apply after September 15 at no more than 90 lb available N/acre; or if you apply 
to perennial or fall-seeded crops at rates to meet the crop N requirement but not exceeding 120 lb 
N/acre.  
N applications restrictions on high nitrate leaching potential soils for fall applications are:  
2. Fall manure applications when soil temperatures are less than 50º are allowed at rates not 
exceeding 120 lb N/acre.  

Table 2. First-year available manure N app. rates allowed for legume [& companion] crops 
Crop  Yield range  Manure N allowed (lb/acre) 

Alfalfa, alfalfa/brome, red clover  all 110 
Alfalfa, alfalfa/brome, red clover seeding  No harvest 60 
 1.0 - 2.5 ton 190 
 2.6 – 3.5 ton 220 
 3.6 - 4.5 ton 280 

25-50 bu 150 

51-75 bu 180 

Barley w/ alfalfa, alfalfa/brome, or red clover seeding  

76-100 bu 210 
10-20 cwt 60 
21-30 cwt 100 

Dry beans  

31-40 cwt 140 
30-60 bu 150 
61-90 bu 170 

Oats w/ alfalfa, alfalfa/brome, or red clover seeding  

91-120 bu 190 
Pasture seeding, grass/ legume  0.5 - 1.9 ton 80 

2 -3 ton 110 
3.1 - 4.0 ton 150 

Pasture, not-rotational or rotational, grass/legume  

4.1 - 5.0 ton 200 
Small grain silage underseeded with alfalfa  2 - 3.5 ton 170 
Small grain & legume silage  2 - 3.5 ton 210 
Small grain & legume silage underseeded with alfalfa  2 - 3.5 ton 210 

15-25 bu 80 
26-35 bu 120 
36-45 bu 160 
46-55 bu 200 
56-65 bu 240 

Soybean  

66-75 bu 280 
*Some Snap-Plus legume crops such as peas and snap beans are not included in this table because N 

removal in the harvested portions of the crop is similar to their N fertilizer recommendation.  
The above restrictions allow some flexibility in making late-summer and fall manure 

applications, but do not under any circumstances allow more than 120 lb available N per acre to 
be applied at that time. If fall available N applications total more than 120 lb N per acre, the 
following message will appear in the Nutrient Application Planner, “Excess N according to limits 
set in the Wisconsin Nutrient Management Standard 590: This field has fall or late summer N 
applications in excess of what is allowed for soils with a high N leaching potential.” These 
applications will appear in red on the cropping screen.  
 

References 
Good, L.W., and P. Kaarakka. 2007. Snap-Plus user’s manual, Vers. 1.122.  Revised September 
2007.  Available at: http://www.snapplus.net/manual.php . 
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EFFECTIVENESS OF AVAIL FOR IMPROVING POTATO YIELD 
 

Matthew J. Repking and Carrie A.M. Laboski1 

 
 

Introduction 

Potato plants are very inefficient in their ability to utilize soil phosphorus (P) on some soils 
(Kelling et al., 1997). The optimum soil test P category for potato is more than three times greater 
than for other crops (Laboski et al., 2006).  Being a high value crop, potato growers generally 
tend to apply more P fertilizer than recommended because it is inexpensive insurance if a yield 
response to applied P would occur.  State nutrient management regulation requires growers to 
write and follow a nutrient management plan.  This regulation also requires that nutrient 
application rates should conform to University of Wisconsin Extension (UWEX) guidelines. The 
potato growers feel that UWEX fertilizer recommendations for P are too low and could 
potentially reduce potato yield and quality.   
 

Avail® is a relatively new fertilizer product that claims to improve P availability in the soil 
when coated on dry or mixed with liquid fertilizers.  Avail® has a high cation exchange capacity 
and it is hypothesized that calcium, iron and aluminum bind to Avail® instead of P, thus allowing 
P to potentially be more available to plants (Murphy, 2005).  Avail® coated MAP was shown to 
have some benefit for potato production in the calcareous soils of Idaho (Hopkins et al., 2005). 
 

The objective of the study was to evaluate the effect of P rate and use of Avail® on potato 
yield and quality. 
 
 

Materials and Methods 
 

In 2006, research was conducted at six locations: Hancock and Spooner Ag Research Station 
(H6 and S6), and three grower fields (CF, WS6, TW), and Antigo Airport (A). In 2007, research 
was conducted at five locations: Hancock and Spooner Ag Research Station (H7 and S7) and 
three grower fields (WS7, TW1, TW2).  Soil samples were collected prior to planting at 0-6” in 
each plot and composited within the replications.  These samples were analyzed for P, K, Ca, Mg, 
pH, and organic matter (Table 1).   
 

Potatoes were planted on 13, 27, 28 April and 3, 22, 23 May at H6, CF, WS6, S6, A, and TW 
locations, respectively in 2006. In 2007, potatoes were planted on 27, 30 April and 4, 23, 23 May 
at H7, WS7, S7, TW1, and TW2 locations, respectively.  Russet Burbank potatoes were planted 
at H6, H7, CF, WS6, WS7, S6 and S7, using cut seed.  Frito Lay 1867 was planted at A, TW, 
TW1, and TW2 locations using B size seed.   At all locations except CF, TW1, and TW2 potatoes 
were planted in 36” rows with seed pieces being spaced approximately 12” apart.  At CF, 
potatoes were planted in 30” rows with seed pieces being spaced approximately 12” apart.  At 
TW1 and TW2 locations, potatoes were planted in 36” rows with seeds pieces being spaced 9” 
apart.   Plot sizes were four rows wide and 20’ long in 2006 and 2007 at all locations, except 
TW1 and TW2, which were six rows wide.   The center two rows of each plot were harvest. 
Treatments are provided in Table 2.  At planting, furrows were left open so that treatments could 
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be applied; after treatments were applied the furrows were closed. The experimental design at all 
locations was randomized complete block with four replications.   
 

All non-fertility cultural practices, including irrigation, were based on standard potato 
production practices.  All potassium fertilizer was broadcast at planting as 0-0-60 at a rate of 100, 
260, 60, 100, 220, and 60 lbs K2O/a for H6, CF, WS6, A, S6, and TW locations, respectively in 
2006.  In 2007, 0-0-60 was broadcast at planting at a rate of 100 lb K2O/a at all locations.  In 
2006, the total amount of nitrogen fertilizer applied (preplant and in season) at H6, CF, WS6, A, 
S6, and TW locations was 235, 208, 242, 75, 168, and 102 lb N/a.  Nitrogen and potassium 
fertilizer rates varied by location based on soil test level and grower practices.     
 

In 2006 at location H6, the second application of nitrogen at tuberization never occurred.   
Potatoes looked deficient on 12 July and additional applications of ammonium nitrate were 
applied on 17 and 24 July at a rate of 50 lb/a on both dates (these amounts are included in the 
total above).  Early blight had already set in and these additional applications failed to revive the 
crop.  Vines had senesced by 7 August and tubers failed to bulk properly.       
 

Potatoes were harvested on 19, 26, 26 September and 2, 4, 6 October for S6, A, TW, WS6, 
CF, and H6 locations, respectively in 2006. Harvest dates for 2007 were 18, 20, 20, 26 September 
and 8 October for WS7, TW1, TW2, S7 and H7 locations, respectively.  All potatoes were graded 
and specific gravity measured at Hancock ARS with the exception of the potatoes at location S 
which were graded at Spooner ARS. The grading system at Spooner separates tubers into two 
classes (A and B) while the grading system at Hancock separate tubers in seven classes (B, < 4 
oz., 4 to 6 oz., 6 to 10 oz., 10 to 13 oz., 13 to 16 oz., and > 16 oz.). 
 

Tubers were analyzed by total yield, marketable yield (total yield – culls), and mean tuber 
size.  Mean tuber size (oz.) is the weighted average tuber size based on the proportion of 
marketable yield in each size class (Bussan et al., 2007). Mean tuber size was not calculated at 
Spooner because the tubers were not graded in enough different size classes to make the 
calculation useful.  A generalized linear model was used to assess source by rate interactions and 
the effect of rate.  Analysis were considered statistically significant if p<0.10.  The effect of 
source on yield was assessed with contrasts of MAP+Avail or TSP/MAP at the same rates 
applied. 
 

Results and Discussion 
 

The results presented below represent the 2006 and 2007 season.  For locations H6, H7, CF, 
WS6 WS7, A, TW, TW1, and TW2 the tuber classes analyzed were total tuber yield, marketable 
tuber yield, and mean tuber size.  At locations S6 and S7, the grading system doesn’t allow for 
tuber classes to be graded out. Yield differences between P treatments were generally not 
statistically significant (p<0.10). Thus, the discussion will focus on specific locations and yields 
where P treatments produced significantly different yields.  
 
Russet Burbank 
 

There were no significant source by rate interactions for total yield, marketable yield, or 
mean tuber size in 2006 (Table 3.)  Application of P (rate) significantly increased marketable 
tuber yield at CF and S6 and total tuber yield at S6.  At all other locations as P fertilizer 
application rate increased, yield or mean tuber size did not significantly (p<0.10) increase.  In 
2007 at locations H7, WS7, and S7 there was no significant source by rate interaction for total 
yield, marketable yield, and mean tuber size (Table 4) and application of P did not significantly 
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increase yield.  When compared to the control, addition of 65 lb P2O5/a as TSP or MAP positively 
increased marketable yield at five of seven locations, though not always significant. On average, 
marketable yield was increased by 40 cwt/a at five locations and decreased by 19 cwt/a at two 
locations. The large marketable yield increase that occurred at CF was unexpected because the 
soil test P level was excessively high (Table 1). The lack of a response to P fertilizer at location 
H6 was unexpected because the soil test P level was low; however, it must be remembered that 
tubers at this location failed to bulk, thus interpreting these results for processing potatoes may be 
limited. 
 

There was no significant increase in mean tuber size. Thus, the yield increases that did occur 
were the result of an increase in tuber number and not an increase in mean tuber size (Tables 3 
and 4).   
 

The effect of P source (Avail) on yield and tuber size was also assessed. Avail+MAP 
significantly increased yield compared to TSP at location S6 in 2006 (Table 3). At the other 
locations in 2006 (H6, CF, and WS6), marketable tuber yield was increased by 46.5 cwt/a on 
average with Avail+MAP compared to TSP, though these yield increases were not significant. In 
2007 Avail+MAP did increased yield on average by 4 cwt/a at H7 and S7 and reduced yield by 
15 cwt/a at WS7 compared to MAP; though none of these yield differences were significant.  The 
yield increases with application of Avail in 2006 may be caused by the fact that the Avail was 
coated on MAP and was being compared to P supplied from TSP. P uptake is often stimulated by 
ammonium. Thus yield increases may have been caused by supplying ammonium with the 
phosphate, even though rate of N supplied in every treatment was the same. 
 
Frito Lay 1867 
 

There was no significant source by rate interactions at any of the locations where Frito Lay 
1867 was grown (Tables 5 and 6).  Application of P fertilizer significantly increased marketable 
and total yield at location A and TW2.  The addition of 65 lb P2O5/a TSP or MAP increased 
marketable tuber yield compared to the control at all locations, though not always significantly; 
the average yield increase was 28.0 cwt/a. Mean tuber size was not affected by P fertilizer 
application rate. 
 

MAP+Avail was compared to TSP/MAP to determine the impact of Avail on yield and mean 
tuber size. Application of MAP+Avail significantly increased marketable yield compared to TSP 
at location A. The change in yield with MAP+Avail compared to TSP or MAP was 29.8, 2.6, -8.2 
and 9.4 cwt/a. Mean tuber size was significantly increased with Avail at location A and 
significantly decreased at location TW1. At TW and TW2 mean tuber size tended to be somewhat 
lower when Avail+MAP was applied compared to TSP/MAP.  A small reduction in mean tuber 
size coupled with slightly larger yields indicates that more tubers were initiated and tubers 
remained smaller in Avail  treated plots.  
 

Conclusions 
 

For Russet Burbank, yield increases in 2006 when Avail+MAP was applied compared to 
TSP may have been caused by not comparing the exact same fertilizer materials. In 2007, when 
Avail+MAP was compared to MAP, yield increases were small and yield decreased at one 
location when Avail was applied. Avail had no significant effect on mean tuber size for Russet 
Burbank.  
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For Frito Lay 1867, use of Avail resulted in increases and decreases in marketable yield 
compared to TSP or MAP. When Avail was applied with MAP compared to MAP or TSP alone, 
mean tuber size was smaller at three locations, though only significant at one location. Because 
this variety is grown for seed, a smaller tuber size is desirable. If Avail can consistently produce 
tubers with a somewhat smaller size, then the cost of Avail (approx. $5-7/a) may be an 
economical investment for seed potato growers. 
 

Marketable Russet Burbank tuber yield was maximized with application of 65 lb P2O5/a on 
coarse-textured soils with soil test levels ranging from very low to excessively high. On silt loam 
soils, marketable Frito Lay 1867 yield was maximized with application of 65 lb P2O5/a on high P 
testing soils and with application of 130 lb P2O5/a on low and optimum P testing soils. 
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Table 2. Treatments for all locations in 2006 and 2007. 
 

Treatment P source* P rate P timing† 
  lb P2O5/a  
2006-All locations except S6    

1 None 0 None 
2 TSP 65 Starter 
3 TSP 130 Starter 
4 MAP+Avail 65 Starter 

2006-S6    
1 None 0 None  
2 TSP 65 Starter 
3 TSP 130 Starter 
4 TSP 195 Starter 
5 TSP 260 Starter 
6 MAP+Avail 130 Starter 
7 MAP+Avail 195 Starter 

2007-All locations except S7    
1 None 0 None 
2 MAP 65 Starter 
3 MAP 130 Starter 
4 MAP+Avail 65 Starter 
5 MAP+Avail 130 Starter 

2007-S7    
1 None 0 None 
2 MAP 65 Starter 
3 MAP 130 Starter 
4 MAP 195 Starter 
5 MAP+Avail 65 Starter 
6 MAP+Avail 130 Starter 
7 MAP+Avail 195 Starter 

 
*TSP, triple super phosphate (0-46-0); MAP, monoammonium phosphate (11-52-0). 
†Starter, fertilizer applied at planting approximately 5 cm to the side of the seed piece.  
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Table 3.  Russet Burbank yield and specific gravity for locations H6, CF, WS6, and S6 in 2007. 
 

  Yield   
P source† P rate Total  Marketable‡ Mean tuber size S.G.§ 

 P2O5/a ------------ cwt/a ----------- oz.  
Location H6      

None 0 458.2 430.8 4.99 1.075  
TSP 65 441.2 416.9 4.38 1.075  
TSP 130 429.4 413.0 4.48 1.075  

MAP+Avail 65 492.1 455.1 4.25 1.079  
Source x rate p 0.248 0.457 0.683 0.013* 

Rate p 0.567 0.767 0.103 0.107 
Source p 0.234 0.281 0.599 0.0006* 
CV,%  11.35 11.67 8.18 0.138 

      
Location CF      

None 0 603.7 528.1 8.20 1.074 
TSP 65 625.6 610.3 7.95 1.079 
TSP 130 640.4 591.9 8.38 1.080 

MAP+Avail 65 703.8 651.5 7.92 1.079 
Source x rate p 0.287 0.344 0.526 0.923 

Rate p 0.413 0.048* 0.547 0.349 
Source p 0.205 0.428 0.938 0.799 
CV,%  10.45 8.93 7.69 0.367 

      
Location WS6      

None 0 511.5 427.5 5.71 1.058 
TSP 65 512.6 403.8 5.93 1.066 
TSP 130 513.8 413.5 6.04 1.063 

MAP+Avail 65 558.7 461.8 5.89 1.071 
Source x rate p 0.746 0.618 0.896 0.562 

Rate p 0.878 0.941 0.680 0.233 
Source p 0.387 0.307 0.937 0.529 
CV,%  18.01 20.34 7.85 0.982 

      
Location S6      

None 0 398.9  235.8 - - 
TSP 65 469.8  272.4 - - 
TSP 130 506.2  321.9 - - 
TSP 195 527.7  316.1 - - 
TSP 260 503.2  341.3 - - 

MAP+Avail 130 564.5  384.2 - - 
MAP+Avail 195 553.6  381.9 - - 
Source x rate p 0.126 0.176 - - 

Rate p 0.0007* 0.027* - - 
Source p 0.038* 0.062* - - 
CV,%  9.47 19.10 - - 

† TSP, triple superphosphate (0-46-0); MAP, monoammonium phosphate (11-52-0). 
‡ Marketable tuber yield = Total yield – cull tuber yield. 
* Values are significantly different at the p<0.10 probability level. 
§S.G., specific gravity. 
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Table 4.   Russet Burbank yield and specific gravity for locations H7, WS7, and S7 in 2007. 
 

  Yield   
P source† P rate Total  Marketable‡ Mean tuber size S.G.§ 
 P2O5/a ------------- cwt/a ------------ oz.  
Location H7      
None 0 532.3 495.1 5.83 1.080 
MAP 65 560.8 514.2 6.18 1.081 
MAP 130 556.3 515.7 5.74 1.082 
MAP+Avail 65 555.5 521.5 6.01 1.080 
MAP+Avail 130 559.3 519.6 5.77 1.080 
Source x rate p 0.997 0.939 0.486 0.929 
Rate p 0.501 0.529 0.367 0.836 
Source p 0.951 0.561 0.765 0.509 
CV,%  7.22 7.39 7.57 0.296 
      
Location WS7      
None 0 372.2 352.4 4.62 1.079  
MAP 65 428.3 398.1 4.70 1.082  
MAP 130 429.4 385.8 4.95 1.083  
MAP+Avail 65 393.3 369.1 5.30 1.083  
MAP+Avail 130 412.4 385.1 4.73 1.086  
Source x rate p 0.771 0.855 0.303 0.293 
Rate p 0.328 0.459 0.449 0.038* 
Source p 0.328 0.509 0.444 0.329 
CV,%  13.25 12.20 9.67 0.263 
      
Location S7      
None 0 384.2 310.2 - - 
MAP 65 404.9 327.5 - - 
MAP 130 383.9 307.8 - - 
MAP 195 402.6 356.9 - - 
MAP+Avail 65 391.3 326.2 - - 
MAP+Avail 130 380.6 321.2 - - 
MAP+Avail 195 393.9 352.3 - - 
Source x rate p 0.938 0.669 - - 
Rate p 0.777 0.197 - - 
Source p 0.412 0.910 - - 
CV,%  10.50 14.19 - - 

 
† TSP, triple superphosphate (0-46-0); MAP, monoammonium phosphate (11-52-0). 
‡ Marketable tuber yield = Total yield – cull tuber yield. 
* Values are significantly different at the p<0.10 probability level. 
§S.G., specific gravity. 
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Table 5. FL 1867 yield and specific gravity for locations A and TW in 2006. 
 

  Yield   
P source† P rate Total  Marketable‡ Mean tuber size S.G.§ 
 P2O5/a ------------- cwt/a ------------ oz.  
Location A      
None 0 223.6 189.3 6.25 1.075 
TSP 65 271.3 236.1 6.31 1.073 
TSP 130 284.7 225.6 6.32 1.080 
MAP+Avail 65 292.5 265.9 6.72 1.079 
Source x rate p 0.787 0.133 0.639 0.579 
Rate p 0.063* 0.012* 0.801 0.684 
Source p 0.105 0.018* 0.008* 0.489 
CV,%  15.30 10.74 10.46 0.836 
      
Location TW      
None 0 444.3 426.2 5.93 1.073 
TSP 65 476.0 438.7 5.80 1.070 
TSP 130 456.1 434.3 5.51 1.071 
MAP+Avail 65 465.1 441.3 5.59 1.074 
Source x rate p 0.579 0.858 0.450 0.749 
Rate p 0.277 0.514 0.159 0.912 
Source p 0.485 0.743 0.431 0.331 
CV,%  5.59 4.19 5.61 0.869 

 
† TSP, triple superphosphate (0-46-0); MAP, monoammonium phosphate (11-52-0). 
‡ Marketable tuber yield = Total yield – cull tuber yield. 
* Values are significantly different at the p<0.10 probability level. 
§S.G., specific gravity. 
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Table 6.  FL 1867 yield and specific gravity for locations TW1 and TW2 in 2007. 
 

  Yield   
P source† P rate Total  Marketable‡ Mean tuber size S.G.§ 
 P2O5/a ------------- cwt/a ------------ oz.  
Location TW1      
None 0 364.1 347.3 4.36 1.094 
MAP 65 394.2 380.3 4.68 1.091 
MAP 130 412.1 393.6 4.52 1.092 
MAP 195 410.1 393.9 4.54 1.095 
MAP+Avail 65 392.0 379.3 4.42 1.093 
MAP+Avail 130 391.9 377.9 4.23 1.094 
MAP+Avail 195 401.5 385.9 4.22 1.093 
Source x rate p 0.920 0.957 0.450 0.403 
Rate p 0.329 0.243 0.729 0.562 
Source p 0.437 0.497 0.051* 0.829 
CV,%  8.66 8.30 8.36 0.249 
      
Location TW2      
None  0 415.1  392.5 4.49 1.091  
MAP 65 435.9  412.3 4.59 1.094  
MAP 130 443.4  426.1 4.77 1.088  
MAP 195 438.9  421.3 4.66 1.091  
MAP+Avail 65 447.1  426.8 4.41 1.092  
MAP+Avail 130 431.2  407.4 4.57 1.096  
MAP+Avail 195 470.6  453.8 4.70 1.088  
Source x rate p 0.270 0.167 0.380 0.0007* 
Rate p 0.084* 0.048* 0.237 0.559 
Source p 0.318 0.391 0.257 0.499 
CV,%  5.30 5.71 5.10 0.222 

 
† TSP, triple superphosphate (0-46-0); MAP, monoammonium phosphate (11-52-0). 
‡ Marketable tuber yield = Total yield – cull tuber yield. 
* Values are significantly different at the p<0.10 probability level. 
§S.G., specific gravity. 
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ONION INSECT MANAGEMENT 
 

Russell L. Groves1/ and Scott A. Chapman2/ 
 
Cooperator (s) 
Brian A. Nault, Associate Professor, 525 Barton Laboratory, Cornell University, NYSAES, 630 W. North 
Street, Geneva, NY 14456 ban6@cornell.edu (315) 787-2354. 
 
Project History 

Results presented here are from a single season of field research completed during the (2007-08) 
growing season.  Objectives outlined in this research are directly related to the problematic re-occurrence 
of onion maggot (Delia antiqua) and seed corn maggot (Delia platura) in Wisconsin dry bulb onion 
production. 
 
Background and Rationale 

Effective, economical, and efficient long term management of both onion thrips and onion maggot 
continues to be a challenge in the production of dry bulb onion.  Both insects pests continue to be a high 
pest priority for Wisconsin onion growers.  Problematic populations of onion thrips are not regularly the 
result of warm summer time temperatures combined with insensitivity to the standard insecticides.  
Furthermore, many of the currently registered products for control of onion maggot are not equally 
effective against the seed corn maggot which is becoming locally abundant.  As a result, thrips and seed 
maggot management is a top priority and an improved understanding of the ecology and management of 
these pests is essential towards the development of long-term control methods. 
 
Experimental Site 

Dean Kincaid Farms, Jefferson, Wisconsin. 
 
Project Objective 

To evaluate new potential insecticide seed treatments (N=4) from 2 seed treatment sources targeting 
problematic populations of onion thrips and seed maggots and compare these against currently registered 
control standards. 
 
Onion Crop 

Allium cepa L. ‘Millennium’ 
 
Experimental Design 

The experiment was conducted in a single commercial muck field in the southeastern quadrant of the 
Wisconsin in 2007.  The field site was selected based on a field history of known pressure from both the 
onion maggot and seed corn maggot.  The experiment was established on 6 April at the experimental site 
in Jefferson County, Wisconsin.  The experiment was arranged as a randomized complete block design 
with 5 experimental replications of the (insecticide seed treatment / seed treatment vendor) main effects:  
1) spinosad (Entrust): Incotec, 2) fipronil (Regent 500): Incotec, 3) clothianadin (Poncho 600): Incotec, 4) 
spinosad (Entrust): Seed Dynamics, 5) fipronil (Regent 500): Seed Dynamics, 6) clothianadin (Poncho 
600): Seed Dynamics.  These experiment combinations were directly compared to registered standards  
_______________________ 
 
1/Entomology Extension Specialist, 537 Russell Labs, Univ. of Wisconsin-Madison, Madison, WI, 53706 
groves@entomology.wisc.edu (608) 262-3229. 
 
2/Associate Research Specialist, 537 Russell Labs, Univ. of Wisconsin-Madison, Madison, WI, 53706 
chapman@entomology.wisc.edu (608) 262-9914. 
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including: 7) Trigard 75WP (cyromazine): Incotec, 8) chlorpyrifos (Lorsban 4E), and 9) UTC.  The Lorsban 
treatments were applied at a prescribed rate of 1.1 fl oz / 1,000 feet or row.  All seed received an 
additional seed treatment amendment of Raxil and Thiram to aid in the control of early season disease.  
Each plot consisted of a single, 25-foot row planted at 9 seeds per foot of row and rows were spaced 
approximately 15” apart on 30” planting beds. 
 

Approximately 3 weeks after planting, initial stand counts were obtained to determine and estimate of 
baseline plant emergence.  At weekly intervals after this count, the number of damaged or missing plants 
was recorded over the entire 20 feet of row.  Stand counts were recorded on 25 April, 1, 8, 15, 22, and 29 
June, and 5 and 12 July throughout the time interval when 1st generation larvae are present.  Each 
damaged seedling was pulled, inspected for damage, and recorded for cumulative counts to be compared 
against a final stand count.  A final stand count was determined near the end of the season on 3 August 
and the final percent damage was estimated against the sum of the final stand count plus total number of 
damaged plants in each plot.  In addition to counts of damaged seedlings presumably resulting from 
infestation by seed maggots, immature onion thrips counts were non-destructively obtained from a sub-
sample of growing plants in each of the treatment main effects.  Specifically, the number of immature 
onion thrips larvae were recorded weekly for 3 consecutive weeks through the interval 15-29 June, 2007. 
Data were analyzed using ANOVA, with mean separation by Fisher’s protected LSD at P <0.05.  
Immature thrips and maggot count data were transformed using a log10 (x + 1) function before analysis, 
and untransformed means are presented in the attached tables. 
 
Results and Discussion 

During the 2007 season, we observed very good control of onion maggot populations through the 
duration of the 1st generation with the seed treatments obtained from both companies including the 
Entrust, Poncho, and Mundial treatments (Table 1).  Numerically, the Mundial seed treatments resulted in 
the least total stand loss by the end of the season.  Both the Trigard and the Lorsban registered standards 
performed less effectively.  Very limited numeric responses were detected between the seed treatment 
vendors in this study suggesting that the effect of the active ingredient was similar between locations and 
over dates with no significant date by vendor interaction observed in this study (F=0.096, df=1, 6, 
P=0.3342).  Presumably, some proportion of the infesting population observed in this study may have 
been constituted by the seed corn maggot (D. platura).  With a larger proportion of seed corn maggot 
infestation, the Trigard standard would be expected to perform with less effectiveness similar to that 
which we observed in the present study.   
 
Table 1.  Mean percent of onion plant stand loss resulting from infestation(s) by a combination of either 
onion or seed corn maggot in a commercial onion field in Jefferson County, Wisconsin. 
 
Treatment/formulation Seed trt. company Rate (a.i. / unit seed)  Mean % stand loss H 
 
UTC   N/A    --    10.9 bc 
Lorsban 15G  N/A   476 g a.i./1,000 seed   37.2 c 
Trigard 75WG  Incotec   5.0 g a.i./100 g    5.7   b 
Entrust   Incotec   0.3 mg a.i./seed    0.4   a 
   Seed Dynamics  0.3 mg a.i./seed    0.6   a 
Poncho   Incotec   0.2 mg a.i./seed    0.6   a 
   Seed Dynamics  0.2 mg a.i./seed    0.7   a 
Mundial  Incotec   2.5 g a.i./100 g    0.2   a 
   Seed Dynamics  2.5 g a.i./100 g    0.3   a 
H Means followed by the same letter are not significantly different (P>0.05; Fisher’s Protected LSD; n=5) 
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Onion thrips populations did not exceed established action thresholds (3 immature thrips / leaf) in the 
experimental plots over the course of this week examination.  Most seed treatments appeared to suppress 
immature thrips populations compared with the untreated control and the at-plant, Lorsban standard, with 
an exception being a lack of apparent control with the Trigard seed treatment (Table 1).  This was likely 
due to the fact that cyromazine, the active ingredient in Trigard, has not been previously documented as 
an effective thrips control product.  The most effective insecticides for suppressing early season thrips 
population densities included the Mundial and Entrust seed treatments (Table 1).  Although we observed 
some early-season control with these seed treatment applications, the reduction in immature thrips 
population densities did not extend over more than 2 successive weeks.  This level of suppression was 
likely insufficient to maintain populations below damaging levels so often reached in early July when 
thrips populations rapidly increase and have adverse effects on the crop.  Furthermore, the response of 
each insecticidal seed treatment appeared consistent between the 2 seed treatment companies examined in 
this experiment.  Although early season treatments significantly suppressed immature thrips populations, 
the rational for recommending these treatments should be timed and focused on the control of seed 
maggots, including seed corn and onion maggots in dry bulb onion production. 
 

Table 2.  Mean onion thrips per leaf observed from weekly counts among plants treated with 
selected seed treatment insecticides in a commercial onion field in Jefferson Co., 
Wisconsin. 

 
   Mean immature thrips / plant 
Treatment 
Formulation 

Seed Treatment 
Company 

Rate (a.i. / unit 
seed) 

15 June 22 June 29 June 

UTC N/A  4.2 b 3.4 b 4.3 a 
      
Lorsban 15G N/A 476 g a.i./1,000 

seed 
5.2 b 1.7 ab 4.2 a 

      
Trigard 
75WG 

Incotec 5.0 g a.i./100 g 3.8 ab 3.7 b 4.6 a 

      
Entrust Incotec 0.3 mg a.i./seed 1.4 a 2.1 ab 3.7 a 
 Seed Dynamics 0.3 mg a.i./seed 1.2 a 1.7 a 3.2 a 
      
Poncho Incotec 0.2 mg a.i./seed 2.8 ab 2.2 ab 3.9 a 
 Seed Dynamics 0.2 mg a.i./seed 2.2 ab 4.1 b 2.6 a 
      
Mundial Incotec 2.5 mg a.i./seed 1.6 a 1.6 a 2.9 a 
 Seed Dynamics 2.5 mg a.i./seed 0.7 a 0.9 a 2.9 a 
H Means followed by the same letter are not significantly different (P>0.05; Fisher’s Protected 
LSD) 
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PROSPECTIVE HERBICIDES FOR VEGETABLE CROPS: RESEARCH UPDATE 
 

Daniel J. Heider and Jed B. Colquhoun1 
 

Research was conducted in the 2007 growing season to evaluate potential herbicides in 
several vegetable crops, including cabbage, table beets, carrots, and snap bean.  The intent of this 
paper is to provide an update on these research projects.  However, keep in mind, the majority of 
the herbicide products mentioned are NOT labeled on these crops.  As always, check and read the 
label prior to any herbicide use.  A summary of these projects is included below. 
 

Transplanted cabbage.  Research continued in 2007 to evaluate the prospective herbicide 
Chateau (flumioxazin) and an unregistered post-transplant Spartan (sulfentrazone) application 
timing in transplanted cabbage.  Both herbicides are PPO-inhibitor herbicides that provide 
residual control or suppression of several broadleaf and grass weed species that are problematic in 
cabbage production.  Chateau was evaluated at three experimental use rates (1, 2, and 4 oz 
product/A) and at three application timings (immediately post-transplant, 3 days post-transplant, 
and 7 days post-transplant).  Spartan was evaluated at similar application timings but only at a 
single application rate (4 oz product/A).  Injury from Chateau applied at the 4 oz product/A rate 
was excessive regardless of application timing.  Common lambsquarters, redroot pigweed, 
velvetleaf, and yellow foxtail control was excellent where either Chateau or Spartan were applied.  
Season-long weed control was slightly greater where Chateau was applied at the 2 oz product/A 
rate compared to the 1 oz product/A rate.  Cabbage yield was related to season-long weed control 
and comparable to the standard treatment (Treflan/Goal) for Chateau at the 2 or 4 oz product/A 
rates and Spartan. 
 

Table beets.  Research continued to identify potential herbicides that would expand the 
weed control spectrum in table beets.  In 2007, crop safety was excellent where Dual Magnum (s-
metolachlor) was evaluated at rates ranging from 0.67 to 1.0 pint product/A.  Minor injury was 
observed with Pyramin (pyrazon).  This injury was slightly increased and crop stands were 
reduced when Betanex (desmedipham) was included in the weed control program.  Weed control 
in programs that relied heavily on pre-emergent herbicides was compromised by droughty 
weather following herbicide application. 
 

Carrots.  Two herbicide trials were conducted in carrots in 2007.  In the central sands 
production area, Dual Magnum was evaluated at three application rates (0.25, 0.5, and 1.0 pint 
product/A) applied alone and in combination with Lorox (linuron).  No carrot injury was 
observed in this trial.  In the Two Rivers area, a trial was conducted to evaluate several 
unregistered  herbicides in carrots (or in the case of Dual Magnum, available only through an 
indemnified 24c Special Local Needs label).  Injury was minimal where Dual Magnum was 
applied pre-emergence followed by Lorox post-emergence.  In post-emergent applications, injury 
was greatest where Everest (flucarbazone) was applied at the 0.6 oz product/A rate.  Other 
unregistered post-emergent herbicides evaluated included Chateau, Goal (oxyfluorfen), Nortron 
(ethofumesate), and Define (flufenacet).  Carrot yields were generally variable but comparable to 
the standard Lorox program.  Further research will be conducted to incorporate these experi-
mental herbicides into current programs, thus expanding the weed control spectrum and providing 
weed resistance management strategies.       

                                                 
1 Senior Outreach Specialist and Extension Weed Scientist, Dept. of Horticulture, Univ. 
of Wisconsin-Madison, 1575 Linden Dr., Madison, WI, 53706 
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Snap bean.  Over thirty current and potential herbicide programs were evaluated in snap 
beans in Arlington and Hancock, Wisconsin.  In particular, Reflex (fomesafen) was evaluated 
alone and in combination with current herbicides with the goal of expanding the current 
registration to include a greater geographic portion of the snap bean production in the upper 
Midwest.  Weed control was excellent where Reflex was applied, and snap bean yield was 
comparable to the hand-weeded check.  Future research will focus on the potential for Reflex 
carryover in multiple soil types and crop rotations. 
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SWEET CORN HERBICIDE TOLERANCE AND RECOMMENDATIONS 
 

Joe Bollman1, Chris Boerboom2, Roger Becker3, and Vince Fritz4 
 

Sweet corn weed management can be challenging because of the limited number of 
postemergence herbicides, the potential for these herbicides to cause injury, and the weed 
spectrum to be controlled. Currently, Callisto and Impact are labeled for use in sweet corn while 
Laudis is nearing registration and Status is being evaluated for postemergence use in sweet corn. 
Sweet corn hybrids have had limited evaluation to determine tolerance to Impact and Laudis. We 
are not aware of any public testing to determine the tolerance of sweet corn hybrids to Status. 
Therefore, three field studies and one greenhouse study were conducted to evaluate hybrid 
tolerance to Status, Impact and Laudis applied postemergence.  
    

Multi-State Hybrid Tolerance Evaluation 
 

The first study evaluated hybrid tolerance to Impact and Status in 2007 experiments with a 
strip-plot arrangement and a single replication at sites in Oregon, Minnesota, Wisconsin, Illinois, 
New York, and Delaware. Hybrids were planted in 20 ft long single-row plots and hybrid order 
was randomized among sites. Seed companies entered hybrids to be evaluated for each herbicide 
treatment. Treatments are listed below: 
 

Impact at 1.5 fl oz/a + 1% v/v crop oil concentrate (COC) + 8.5 lbs ammonium sulfate 
(AMS) / 100 gal water. 
Status at 10 oz/a + 2 pt/a COC + 8.5 lbs AMS / 100 gal water.  

 
Herbicide rates were twice the labeled or anticipated labeled rate to differentiate among 

tolerant and susceptible hybrids.  Herbicides were applied at the V3 growth stage. Crop injury 
ratings were taken at 3, 7, and 14 days after treatment (DAT). For all evaluations, a 0 to 100% 
scale was used to evaluate injury with 0% representing no injury and 100% representing total 
plant chlorosis, all plants leaning, or all plants exhibiting leaf wrapping. 
    

Full-Season Hybrid Evaluation 
 

The second study was designed as a preliminary study to determine the potential need for 
future hybrid tolerance testing to Laudis and if Status affected late-season sweet corn 
development.  This 2007 study had a strip-plot arrangement with a single replication at sites in 
Minnesota, Wisconsin, New York, and Delaware. Twenty-eight hybrids were planted in 20-ft 
long single-row plots and hybrid order was randomized among sites. Treatments are listed below: 
 

Laudis at 6 fl oz/a + 1% v/v COC + 8.5 lb AMS / 100 gal water. 
Status at 10 oz/a + 2 pt/a COC + 8.5 lb AMS / 100 gal water. 
Nontreated control.  

 
 
 
____________________ 
1 Crops and Soils Agent, Jefferson County, Univ. of Wisconsin-Extension, Jefferson, WI. 
2 Extension Weed Scientist, Dept. of Agronomy, Univ. of Wisconsin-Madison. 
3 Extension Weed Scientist, Dept. of Agronomy and Genetics, Univ. of Minnesota, St. Paul, MN. 
4 Professor, Dept. of Horticulture, Univ. of Minnesota, St. Paul, MN. 
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Herbicide rates were twice the labeled or anticipated labeled rate to differentiate among 
tolerant and susceptible hybrids. Crop injury ratings were taken at 3, 7, and 14 DAT. For all 
evaluations, a 0 to 100% scale was used to evaluate injury with 0% representing no injury and 
100% representing total plant chlorosis, all plants leaning, or all plants exhibiting leaf wrapping. 
Green husk yields were taken at crop maturity. 

 
Illinois Disease Nursery 

 
The third field study (Illinois disease nursery) was conducted in 2007 by Dr. Jerald Pataky at 

the University of Illinois. Hybrid tolerance of 249 sweet corn hybrids was determined from 
postemergence applications of Callisto and Laudis. Treatments are listed below: 
 

Callisto at 6 fl oz/a + 1% v/v COC + 3.6% v/v urea ammonium nitrate (UAN).  
Laudis at 6 fl oz/a + 1% v/v COC + 2% v/v UAN. 

 
Herbicide rates were twice the labeled or anticipated labeled rate to differentiate among 

tolerant and susceptible hybrids. Treatments were applied at the V4-V5 growth stage. Crop injury 
ratings were taken at 7 DAT. Crop injury was rated from 0 to 10 with 0 representing no injury, 5 
representing moderate injury, 9 representing severe injury, and 10 representing dead plants. 
Injury was then transformed to a percentage. 
    

Greenhouse Evaluation of Hybrid Tolerance 
 

A greenhouse study was conducted at the University of Wisconsin to determine the tolerance 
of six sweet corn hybrids to increasing rates of Callisto, Impact, and Laudis. The six sweet corn 
hybrids evaluated were Cahill, Dynamo, GH 2042, How Sweet It Is, Marvel, and Merit. Each 
herbicide was applied at 0.5, 1, 2, 4, 8, and 16x the labeled or anticipated labeled rate. The 1x 
herbicide rates were Callisto at 3 fl oz/a + 1% COC, Impact at 0.75 fl oz/a + 1% COC + 3 pt/a 
28% UAN, and Laudis at 3 fl oz/a + 1% COC + 3 pt/a 28% UAN. Treatments were applied with 
a single track sprayer at the V3 to V4 growth stage. Crop injury was evaluated at 7 and 14 DAT.  
    

Results 
 

Multi-state hybrid tolerance evaluation.   
In the multi-state evaluation, 58 of the 87 Impact-treated hybrids had 1% or less chlorosis at 7 

DAT (data not shown). No hybrid exceeded 5% chlorosis when treated with Impact.  Of the 42 
hybrids, which were tested for tolerance to both Impact and Callisto in this same trial, 60% of the 
hybrids had intermediate, sensitive, or highly sensitive responses to Callisto whereas none of the 
hybrids responded to Impact (Figure 1).  All 72 hybrids treated with Status had lodging of at least 
10% of the plants within the plot at 3 DAT (data not shown). Stunting of at least 10% occurred in 
43 of the 72 hybrids by 14 DAT. At least 10% general leaf wrapping occurred in 42 of 72 
hybrids.  
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Figure 1. Classification of 42 sweet corn hybrids following treatment with a 2x rate of Impact or 

Callisto. Hybrid ratings are T = tolerant, I = intermediate, S = sensitive, and HS = 
highly sensitive. 

  
Full-Season Hybrid Evaluation 

In the full-season hybrid evaluation, Merit was the only hybrid of the 28 hybrids that had 
significant injury from Laudis and was killed. Merit was the only hybrid to have a yield reduction 
compared to the nontreated control when treated with Laudis (Table 1). 
 
Table 1.   Sweet corn yields of 28 hybrids following treatment with a 2x rate of Laudis with yield     

expressed as a percentage of the nontreated control of the same hybrid.  

Hybrid Yield 
(%) Hybrid Yield 

(%) Hybrid Yield 
(%) Hybrid Yield 

(%) 

GSS 2008 113 Overland 104 Cahill 97 Passion 95 

GSS 2914 112 DMC 21-84 103 Argent 96 Celestial 94 

Dynamo 110 Delectable 102 Early Gold 95 CSUWP1-7 93 

Trinity 109 How Sweet It Is 101 GH 2042 95 Suregold 93 

Legacy 108 Temptation 99 Basin R 95 GH 4927 91 

Hollywood 107 Rocker 99 Mystique 95 SS Jubilee Plus 89 

GH 2547 106 GSS 1477 98 GH 9597 95 Merit 0 

LSD (0.05) = 18 
 

Status caused greater than 10% lodging for 27 of the 28 hybrids in the study (data not 
shown). At least 10% stunting occurred in 17 of 28 hybrids at 14 DAT while leaf wrapping was 
observed on 23 of 28 hybrids at 30 DAT. Status reduced the yield of 11 of 28 hybrids as 
compared to the nontreated control of the same hybrid (Table 2).  
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Table 2.   Sweet corn yields of 28 hybrids following treatment with a 2x rate of Status with yield 

expressed as a percentage of the nontreated control of the same hybrid.  
 

Hybrid Yield 
(%) Hybrid Yield 

(%) Hybrid Yield 
(%) Hybrid Yield 

(%) 

GH 2547 107 Legacy 95 GH 4927 82 Overland 77 

Delectable 106 How Sweet It Is 91 Early Gold 82 Passion 77 

Temptation 101 DMC 21-84 88 CSUWP1-7 80 Hollywood 72 

GSS 2008 100 GSS 2914 87 Argent 80 Suregold 70 

Dynamo 100 GSS 1477 86 GH 9597 80 Mystique 68 

Rocker 98 Basin R 86 Cahill 79 SS Jubilee Plus 63 

Trinity 97 Celestial  84 GH 2042 79 Merit 0 

LSD (0.05) = 18 
 
Illinois Disease Nursery 

Laudis killed or severely injured 7 of 249 hybrids evaluated in the Illinois disease nursery 
(Figure 2). No injury was observed in the other 241 hybrids. Differential tolerance was observed, 
as expected with Callisto. Injury ranged from no injury to severe chlorosis. 

 
 
 
 

0
10
20
30
40
50
60
70
80
90

100

%
 o

f H
yb

ri
ds

0 < 10 10-50 > 50

% Injury

Callisto
Laudis

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Frequency distribution of injury for 249 sweet corn hybrids treated with 2x rates of 

Laudis and Callisto at the Illinois disease nursery in 2007.  
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Greenhouse Evaluation of Hybrid Tolerance 

Laudis killed Merit in the greenhouse evaluation at all rates, but did not cause more than 1% 
chlorosis among the other five hybrids regardless of rate (Table 3). Callisto caused greater than 
20% chlorosis on five of six hybrids when evaluated with a rate as high as 16x.  However, the 
hybrids did recover. Impact caused greater than 20% chlorosis for two of six hybrids and the 
hybrids also recovered. 
 
 
Table 3.   Rate of Callisto, Impact, and Laudis to cause 20% chlorosis (CHL20) at 7 days after 

treatment in the greenhouse. The 1x herbicide rates were Callisto at 3 fl oz/a + 1% 
COC, Impact at 0.75 fl oz/a + 1% COC + 3 pt/a 28% UAN, and Laudis at 3 fl oz/a + 
1% COC + 3 pt/a 28% UAN. 

Hybrid Callisto CHL20 Impact CHL20 Laudis CHL20 
Cahill 3.3x > 16x > 16x 
Dynamo 2.5x > 16x > 16x 
GH 2042 1.2x 5.5x > 16x 
How Sweet It Is 6x > 16x > 16x 
Marvel > 16x > 16x > 16x 
Merit 1x 4.2x < 0.5x 

 
Conclusions 

 
Status 

Status caused significant injury to most hybrids that were tested. Typical injury included 
lodging, stunting, and leaf wrapping. A yield reduction was observed for 11 of 28 hybrids when 
treated with a 2x rate of Status. Status will not be labeled for use in sweet corn in 2008. BASF is 
considering the potential of lower use rates in sweet corn. 
 
Impact 

Sweet corn hybrids exhibited excellent tolerance to Impact.  Many sweet corn hybrids had 
greater tolerance to Impact than Callisto. Rotational intervals restrict planting soybean at the 0.75 
fl oz/a rate and snap beans the year after applications of Impact, which may limit the use of 
Impact in some crop rotations. 
 
Laudis 

A federal Laudis label is expected for 2008. Sweet corn hybrid tolerance is excellent for all 
hybrids tested except for homozygous sensitive hybrids such as Merit. Many sweet corn hybrids 
had greater tolerance to Laudis than Callisto. Anticipated rotational restrictions on the Laudis 
label will allow peas, potatoes, and snap beans to be planted 10 months after application. This 
will allow greater rotational flexibility to major processing crops than Callisto or Impact.  
   
Accent and Callisto 

Field research has been conducted for 3 years to determine the postemergence tolerance of 
185 and 179 sweet corn hybrids to Accent and Callisto applications, respectively. The tolerance 
of the field-tested hybrids was classified as tolerant, intermediate, sensitive, or highly sensitive 
and the ratings are available from the authors. Guidelines to manage the risk of Accent or Callisto 
injury of specific sweet corn hybrids based on their tolerance have been developed to supplement 
guidelines on the label provided by DuPont for Accent or Syngenta for Callisto. Accent Q will be 
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available from DuPont starting in 2009. Accent Q contains the safener isoxadifen, which is also 
present in Laudis and Status. At this time, no evaluations have been conducted to determine the 
increased sweet corn hybrid tolerance when using Accent Q relative to Accent.   
 

The decision on whether to use Accent, Callisto, Impact, or Laudis depends on several factors 
such as hybrid tolerance to the herbicide, herbicide efficacy on the targeted weed spectrum, 
rotational crop flexibility, and herbicide price.  By considering all of these factors, sweet corn 
producers may improve their weed management while reducing the risk of injuring their sweet 
corn or rotational crops and maintaining profit potential. 
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COVER CROP MANAGEMENT IN PROCESSING SNAP BEAN 
 

A.J. Bussan, Michael Copas, and Michael Drilias1 
 

Vegetable crop production is the third leading agricultural industry in Wisconsin 
behind dairy and grain production.  The primary region for intensively managed 
vegetable cropping is located in central Wisconsin, with large production regions located 
near Spring Green, Janesville, Fond du Lac, Markesan, Manitowoc, and Cumberland also 
playing a vital role in the industry.  The current vegetable cropping system inherently 
demands high fertilizer inputs, specifically nitrogen.  Due to current global instability in 
oil producing regions, chemical nitrogen prices have risen drastically and the potential 
remains for future price volatility.  Exploring alternative cropping systems as a means for 
providing nitrogen as well as improving the sustainability of the cropping systems 
without limiting yield or quality of harvested crops is a rapidly developing area of needed 
research. 

 
Cover crops in vegetable production have been utilized by producers for years as a 

means of preventing wind erosion following harvest operations (Hurley et al., 1996).  
Cereal rye is the most common species used in production fields today.  Cereal rye is 
advantageous for erosion control due to its rapid establishment and ability to grow at 
cooler temperatures in fall following harvest.  The growth duration for fall planted cover 
crops can range from two months to a week.  Cereal rye has been identified as a potential 
cover crop for its ability to scavenge for residual nitrogen remaining in the soil following 
cash crop harvest.  Bundy and Andraski (1997) showed that despite the presence of a fall 
planted rye cover crop, 64% of the fertilizer applied to potato and 49% of fertilizer 
applied to sweet corn was lost from the system.  Furthermore, none of the applied 
fertilizer N in potato was recovered by the rye cover crop and less than 1% of the 
fertilizer applied to sweet corn was recovered by the rye.  Current University of 
Wisconsin nitrogen fertilizer recommendations are based mainly on soil type and the 
rates range from 180-230 lb/A for potato, 150 lb/A for sweet corn, and 60 lb/A for snap 
bean.  The potential to reduce or even eliminate some of the fertilizer nitrogen inputs and 
greatly enhance grower profitability through utilization of cover crops exists.  Many of 
the logistical issues associated with implementing such a system have not been studied or 
solved by previous research.  The lack of information on cover crop management 
strategies and nitrogen crediting has led to reluctance by producers to adopt these 
practices. 

 
Addressing key management issues is critical to developing a functional alternative 

cover cropping practices that can easily be implemented by producers without major 
modifications to their current cropping strategies.  Research was initiated in 2007 to 
increase sustainability, reduced environmental impacts, and enhanced profitability 
through the use of alternative cover crops.  The primary goal is to improve and capture 
nitrogen released from a spring planted cover crop.  Several key objectives were 

                                                 
1 Associate Professor, Graduate Research Assistant, and Associate Researcher, Dept. of  
  Horticulture, Univ. of Wisconsin-Madison, Madison, WI  53706. 
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identified to solve problems and issues surrounding cover crop systems.  Cover crop 
species were identified that will provide adequate levels of plant available nitrogen for a 
subsequent vegetable crop by scavenging and accumulating any residual nitrogen in the 
soil or by producing nitrogen through atmospheric nitrogen fixation.  This involves use of 
different cover crop species identified in previous research as having benefits such as 
fertility or disease management.  A second objective involves timing the soil incur-
poration of cover crops based on stage of development, so that the maximum amount of 
nitrogen is available to a subsequent vegetable.  This research will take into account total 
nitrogen, biomass production and the C:N ratio of the developing cover crops to 
determine the optimal growth stage for soil incorporation and the timing of nitrogen 
release from those residues.  In addition, this research will identify proper methods for 
incorporating cover crop residue to maximize nitrogen benefits, while minimizing residue 
interference with harvest yield and quality.  Meeting this objective requires managing 
cover crop residues through herbicide and tillage operations that would vary the timing 
and type of plant material incorporated into the soil prior to a vegetable cash crop. 

 
Two trials were initiated at the Hancock Agricultural Research Station to address 

questions related to alternative cover cropping strategies for vegetable systems.  The first 
examines spring planted cover crops, and the timing of their incorporation based on the 
stage of plant development and the subsequent yield and quality effects on snap bean 
production.  The second contrasts different cover crop species and various methods of 
plant residue management and their effects on yield and harvest quality of a subsequent 
snap bean crop.  The initial results in this paper were collected from a preliminary study 
that focused on different cover crop species and their effects on snap bean yield and 
quality.  Hopefully this research will spur interest in cover crop strategies and provide a 
viable alternative for vegetable producers looking to reduce fertilizer inputs and strive for 
a more sustainable and profitable system. 

 
Annual Cover Crop Species Evaluation 

 
Countless studies have focused on the use of multiple cover crops for potential 

benefits to subsequent crops or benefits to the cropping system.  Research has outlined 
potential cover crop species for their function as green manure, bio-fumigant properties, 
companion crops, elimination of soil compaction, and contributions to soil quality.  A 
preliminary study was conducted to determine which species would be feasible to 
implement into a Wisconsin vegetable rotation.  The study was conducted at two sites 
(Hancock and Arlington) and compared cover crop species effects on snap bean yield and 
grade, as well as the total nitrogen contributed to the soil system by the cover crop.  Eight 
cover crop species were spring seeded and allowed to reach pre-reproductive stages 
before being incorporated as a green manure.  Results indicated that field pea, hairy 
vetch, oats, and mustard provided not only the highest biomass amounts, but contributed 
substantial amounts of nitrogen to the soil upon incorporation (Table 1).  It is anticipated 
that much of this nitrogen was unavailable to the subsequent snap bean crop because of 
leaching, lack of mineralization, or immobilization because no response in yield or 
quality was noted. 
 

Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47 155



Nitrogen from plant residues may become available to plants at different times based 
on the species, the amount of soil to residue incorporated, and the environmental factors 
experienced during decomposition of the plant material.  It was determined that field pea, 
oats, and mustard had high potential as spring planted cover crops due to the high amount 
of nitrogen measured in above ground plant material.  In addition, mustard and oats 
provide the additional benefits of providing bio-fumigant properties.  Hairy vetch was 
determined to be too much of a risk to the current cropping system due to invasiveness 
and weed control issues if escapes from the system occurred. 
 

Biomass N Biomass N
Crop ton/A lb/A ton/A lb/A
No cover crop 1.00 89.73 0.93 66.12
Field pea 1.17 122.22 2.97 213.66
Hairy vetch 1.23 129.00 1.73 167.72
Oats 1.21 112.90 1.81 83.90
Oilseed rape 1.12 105.16 1.42 66.17
Oriental mustard 1.51 144.16 1.63 82.43
Sorghum x Sudangrass 1.33 105.30 1.11 74.84
Marigold 1.07 90.27 1.21 58.73

LSD (0.05) 0.14 1.03 0.33 2.00

Table 1.  Total aboveground biomass and total nitrogen content of 
aboveground biomass prior to soil incorporation at two locations in 2004.

Arlington Hancock
5/23 - 6/22 4/12 - 6/14

 
 
 

Snap Bean Yield and Quality Responses Following the Incorporation 
of Different Cover Crop Species at Various Growth Stages 

 
In current vegetable cropping systems, cover crops are utilized for wind erosion 

control.  As such, they are incorporated at vegetative growth stages of 8” in height or 
less.  The highest total nitrogen by weight in a plant occurs at physiological maturity, but 
the highest nitrogen content by weight occurs during early vegetative stages (Brady and 
Weil, 1996).  The challenge in this project is to determine the optimal developmental 
stage for soil incorporation of each cover crop species so plant available nitrogen is 
maximized during growth of a subsequent snap bean crop.  This experiment compared 
oats, field pea, and a 50:50 oat:field pea mixture that were soil incorporated at three 
different stages of development.  Snap bean yield response to 0 and 40 lb/A nitrogen 
fertilizer application were compared to determine the relative effect of each cover crop on 
snap bean nutrient uptake for crop productivity. 

 
The 50:50 oat:field pea yielded the highest biomass during the final two sampling 

dates corresponding to the pre-reproductive and reproductively mature stages of plant 
development (Table 2).  Pea was lowest during the final sample date because garden pea 
was planted instead of field pea and pods were harvested to mimic double crop system.  
Snap beans were planted ten days after the date of cover crop incorporation, and snap 
bean harvest occurred approximately 60 days after planting.  Preliminary analysis shows 
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obvious yield differences between 0 N and 40 lb N/A treatments (Table 2).  Within the 
data however, no difference was seen between 0 N treatments with a field pea and 50:50 
mixed species cover crop when compared to the 40 lb N/A with no cover crop in two of 
three harvest dates.  The third harvest date experienced much lower yields than the 
previous two dates.  This was due to the combination of high temperatures coupled with a 
missed irrigation, and an unusually high virus infestation in early August. 
 
 

Date
Biomass 
(Tons/A)

Biomass 
(Tons/A)

Biomass 
(Tons/A)

Cover Crop 0 N 40 N 0 N 40 N 0 N 40 N
Mix 0.37 2.71 3.57 0.97 a 2.81 3.56 2.94 a 1.27 1.44
Oat 0.34 2.59 2.99 0.70 b 2.64 3.62 2.28 b 1.26 1.50
Pea 0.37 2.68 3.02 0.88 a 3.21 4.03 1.03 c* 1.30 1.42
No Cover N/A 2.20 2.84 N/A 2.56 3.87 N/A 1.28 1.62

b a b a b a
Statistical difference in treatment means denoted by different letters
* Garden pea planted in place of field pea

Table 2. Dried weight of cover crop biomass and yield of snap bean in 0N and 40 lbs N/A as influenced by 
cover crop stage of development and planting date.

Snap Bean Yield 
(Tons/A)

Snap Bean Yield 
(Tons/A)

Snap Bean Yield 
(Tons/A)

June 6 June 15 July 5

 
 

Residue Management of Different Cover Crop Species Based 
on Stage of Development and Incorporation Method 

 
Residue management can be a challenge for vegetable producers and processors.  

Repeated cultural practices to manage cover crop growth in the spring and early summer 
prior to the main vegetable cash crop can be costly and labor intensive for producers.  
Heavy residue can limit vegetable producers’ ability to use cultural control practices to 
manage weeds within established vegetable crops later in the cropping season.  For 
vegetable processors, heavy residue in the field can be picked up during mechanical 
harvest activities and introduce foreign material into the harvest crop that causes 
difficulties at the processing facilities.  The cost to processors can be passed on to 
producers in the form of harvest dockage, that decreases profit.  This experiment was 
established to determine the effects of different management strategies on oat, field pea, 
and mustard cover crops.  Three soil incorporation methods (green manure, Roundup 
burndown with conservation tillage, and no-till) at vegetative and mature reproductive 
stages for the three cover crop species was evaluated prior to snap bean planting.  This 
project will focus on yield and quality of snap bean in response to cover crop, and residue 
persistence on the soil surface under the developing crop.  The project will also assess 
residue contamination of cover crop residues in the harvested bean crop. 

 
Biomass yield was highest in mustard during the vegetative stage and at reproductive 

stage samples (Table 3).  Reproductive stages provided high amounts of crop residue 
regardless of cover crop.  This residue caused problems with disking operations due to 
matting and clumping of plant material. Snap bean yields were highest in treatments 
where cover crops were soil incorporated with conventional tillage following a 
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glyphosate application (Table 4).  Yields were lowest in no-till treatments, part of which 
may be attributed poor seed-soil contact due to the inability of the planter to cut through 
the residue.  Preliminary analysis of harvest data show there was no apparent effect of 
these high levels of residue found in the harvested beans (data not shown).  

 
Developing an alternative cover crop system will provide many new management 

challenges for researchers and vegetable crop producers.  Diminishing profit margins and 
pressures to create a more sustainable cropping system may dictate management changes 
and cover crops could serve as a viable alternative to the current system. 

 
 

Vegetative Reproductive
Cover Crop
Oat 0.28 b 1.81 b
Mustard 0.47 a 2.24 a
Pea 0.22 c 1.90 b
Statistical difference in treatment means denoted 
by different letters.

Cover Crop Development Stage

Table 3.  Total dried weight of aboveground 
biomass in cover crop treatments at vegetative 
and reproductive development stages at 
Hancock, 2007.

Yield (Tons/A)

 
 
 
  

Yield (Tons/A)

Cover Crop No-Till
Conventional 

Green
Conventional 
+ Glyphosate No-Till

Conventional 
Green

Conventional 
+ Glyphosate

Oat 2.58 2.91 3.45 2.54 3.35 3.33
Mustard 2.65 2.98 3.91 2.14 3.21 3.58
Field Pea 2.06 2.92 3.45 2.40 3.38 3.35

c b a c b a
Statistical difference between treatment means denoted by different letters, significance at p<0.05 
level.

Vegetative Reproductive

Table 4.  Snap bean yield as influenced by stage of cover crop development and method of cover 
crop residue incorporation at Hancock, 2007.

Cover Crop Development Stage
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BALANCING BIOENERGY OPPORTUNITIES ON YOUR 
NATURAL RESOURCES BASE 

 
Douglas L. Karlen1 

 
Abstract 

 
American farmers are now being asked to produce food, feed, fiber, and fuel. My goal 

is to provide you, as soil and crop consultants, information that will help your clients 
achieve these multiple goals in an economically and environmentally sustainable manner. 
We will review the potential unintended consequences of increasing corn grain production 
for ethanol and discuss developments for harvesting corn stover as a cellulosic feedstock. 
The importance of maintaining or increasing soil carbon and its potential to limit the 
amount of crop residue that can be removed is discussed. Initial results from Iowa show a 
average yield penalty of 10% where corn (Zea mays L.) was grown for the third 
consecutive year and a 50% reduction in soybean [Glycine max (L.) Merr.], where corn 
stover was removed from a site with low soil-test P, K and organic matter. We’ll conclude 
with ideas for how producers might balance the multiple demands being placed on their 
time and natural resource base, thus enabling the nation to address bioenergy, water 
quality, carbon sequestration, erosion, wildlife and other community issues in a truly 
sustainable manner.  

 
Current Situation 

Grain Ethanol 
 

With an average 15% increase in corn planted in Illinois, Indiana, Iowa, Ohio, 
Michigan, Minnesota, and Wisconsin for 2007 (NASS, 2007), almost every Midwestern 
crop consultant has undoubtedly been affected by bioenergy or the bio-economy during the 
past year. For some this rapid increase in corn acreage may be reminiscent of the “fence-
row to fence-row” era of the 1970s, except perhaps that today, there are fewer fencerows! 
For others, this may just be the beginning of an era that will certainly be filled with change. 
Currently 97% of domestic ethanol production uses grain-based feedstocks but advances in 
research, science, and technology are expected to increase the use of biomass to produce 
ethanol. For the U.S. Corn and Soybean Belt, this may not create a noticeable change in 
current cropping practices, since corn stover is projected to be one of the first cellulosic 
feedstocks used for these new ethanol production processes and as a substitute for natural 
gas. But what about the externalities and what should you, as soil and crop advisors, focus 
on through your guidance and recommendations? 

 
Interest in the production of renewable fuels has been increasing since 1973 when an 

oil embargo sent fuel prices soaring. Development has expanded rapidly in recent years  
____________________________ 
1 USDA-ARS, National Soil Tilth Laboratory, 2110 University Blvd., Ames, IA 50011 
  Phone (515)-294-3336;  FAX (515)-294-8125;  e-mail Doug.Karlen@ars.usda.gov 
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because of steadily advancing technologies for converting crops into ethanol and bio-
diesel, strong support by commodity groups for biofuels as a market for corn and soybean, 
and our nation’s steadily increasing demand for liquid transportation fuels. Having been 
included in the U.S. President’s proposed budget for Fiscal Year 2008, bioenergy 
discussions seem to be occurring everywhere. Globally there is concern, uncertainty, and 
confusion raising questions such as: (1) whether for biofuels, the cure, is worse than the 
disease (Doornbosh and Steenblik, 2007); (2) how biofuels will affect food costs (Muller et 
al., 2007); and (3) whether or not agrofuels are truly sustainable (Biofuelwatch, 2007). 
 

In the upper Mississippi River basin, there is growing concern about the rapid increase 
in corn grain production for ethanol because continuous corn typically loses more N than a 
corn – soybean rotation. Weed and Kanwar (1996) reported losses of 52 lb N ac-1 from 
continuous corn receiving 143 lb N ac-1 compared to 26 lb N ac-1 from a corn – soybean 
rotation where corn received 120 lb N ac-1. Kanwar et al. (1997) showed that to achieve a 
20% reduction in N loss, N fertilizer rates had to be reduced to below recommended levels 
(i.e., 97 lb N ac-1 for continuous corn and 79 lb N ac-1 for rotated corn). Randall et al. 
(1997) also measured a 25% difference in nitrate-N (NO3-N) concentration between 
continuous corn (32 mg L-1) and a corn – soybean rotation (24 mg L-1), but their largest 
reduction in NO3-N leaching occurred when alfalfa (Medicago sativa) was incorporated 
into the rotation. Many other examples of how soil and crop management affect NO3-N 
leaching in Midwestern soils can be found in Dinnes et al. (2002). Similarly, Karlen et al. 
(2006) reported that lowest soil quality index values (SQI) and 20-year average profit 
(excluding government payments) were associated with continuous corn grain production. 
Rotations that included at least 3 yr of forage crops had the highest SQI values. 
Development and deployment of cellulosic technologies that could use forage crops as a 
feedstock would provide an important market and help re-diversify the Midwestern 
landscape. 

 
Not all of the projected increase in corn grain acreage for ethanol production will come 

at the expense of soybean because of the proven benefits of crop rotation for controlling 
disease and pest problems. Some, perhaps as much as 8 million acres, will come from land 
currently enrolled in the Conservation Reserve Program (CRP), idle, or being managed for 
pasture or hay (Wisner, 2007). Environmentally, this potential land use change is of 
concern because much of this land is also highly erodible and was intentionally taken out 
of row-crop production to reduce soil erosion losses. This would also increase the potential 
for P losses since the difference in annual P loss between perennial vegetation and row 
crops is often estimated at approximately 1 lb P ac-1 yr-1. 
 
Lignocellulosic Ethanol 
 

The “Billion Ton Report” (Perlack et al., 2005) provided estimates of the 
lignocellulosic materials potentially available for conversion to bioenergy and provided the 
spark for an exponential increase in the amount of research being conducted to more 
accurately quantify the sustainable amount of available materials. For the Midwest, corn 
stover was the initial material to be targeted. A study by Graham et al. (2007) identified 
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central Illinois, northern Iowa/southern Minnesota, and the Platte River Valley in Nebraska 
as sites with sufficient stover to allow 1.1 million tons to be harvested each year to support 
large biorefineries without causing erosion to exceed the tolerable soil loss (T). They also 
concluded that with current crop rotation and tillage practices, ~30% of all corn stover 
could be collected for less than $30 ton-1. A key “driver” in many assumptions such as 
these is that crop residue appears to some as a waste (or trash) that is not being used in 
modern corn grain production systems for anything other than protecting the land from 
ravages of wind and water erosion. 

 
Protecting soil resources from wind-, water-, tillage- or irrigation-induced erosion is 

important and can not be emphasized enough when advising land owners and operators. 
But it is not the only role that crop residues have in sustainable soil management systems. 
Crop residues are the main source of carbon returned to the soil and through which several 
essential plant nutrients are cycled (Wilhelm et al., 2004). It is well documented that crop 
production practices have resulted in the loss of soil carbon (Johnson et al., 2006) and that 
adoption of no-tillage or more diverse rotations that produce and retain more residue can at 
least sustain and often reverse this trend (Fig. 1). 
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Figure 1. Conceptual diagram of how agriculture has affected soil organic matter and 

what may occur following various strategies for crop residue removal. 
 
 

To quantify the full impact of harvesting crop residues on soil resources, the USDA-
ARS formed a multi-location Renewable Energy Assessment Project (REAP) team. The 
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research hypothesis for this team is that “biomass feedstock harvest rates and management 
strategies can be designed to ensure the soil resource meets the demands for food, feed, 
fiber, and fuel.” The team’s goals are to: (1) determine the amount of crop residue needed 
to protect the soil resource, (2) compare short- and long-term economic value of biomass 
as a bio-energy feedstock and as a soil carbon source, and (3) provide recommendations 
and guidelines for sustainable biomass harvest to the Department of Energy, producers and 
other cooperators. 

 
One of the first REAP team products was an assessment of the literature and erosion 

models to estimate how much corn stover is needed to not only limit wind and water 
erosion to within the tolerance limit (T), but also to maintain soil carbon (Wilhelm et al., 
2007). Many factors contribute to establishing these amounts, but among them the 
predominant form of primary tillage and crop rotation are two of the most influential. A 
general relationship illustrating the magnitude of stover retention required for these various 
purposes is shown in Fig. 2. For all tillage by crop rotation combinations, the amount of  
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Figure 2. The amount of corn stover required to limit wind and water erosion to tolerable 

(T) levels or to retain soil carbon (adapted from Wilhelm et al., 2007). 
 
 
corn stover needed to sustain soil carbon levels exceeded that required to limit soil erosion. 
The same data were subsequently used to produce a general graph illustrating the 
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relationship between grain yield and estimated amount of harvestable corn stover (Fig. 3). 
This example, currently based on very limited data suggests that if corn grain yields are 
less than 150 bu ac-1, there probably will not be sufficient crop residue to sustainably 
harvest some and still support all of the critical functions needed to sustain the soil 
resource. It also illustrates that as tillage intensity increases (e.g., moldboard tillage), corn 
grain yields may need to be greater than 250 bu ac-1 before sustainable stover harvest 
should be considered for a corn-soybean rotation. It should be noted, however, that this is 
not “the” harvest guideline for corn stover removal, but rather a model or template that will 
need to be adjusted for different climatic regimes, management practices, and perhaps even 
spatially across large fields. Additional REAP team projects are ongoing and can be 
followed by searching the ARS website http://ars.usda.gov using the keyword REAP. 
 

 
 

Grain yield (bu acre-1)

Figure 3. Generalized relationship between corn grain yield and harvestable corn stover 
for various primary tillage and crop rotation combinations (adapted from 
Wilhelm et al., 2007). 
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Biomass Research at Ames, Iowa 
 

Biomass studies were initiated with the Idaho National Laboratory and Dr. Stuart 
Birrell [Iowa State University (ISU), Department of Agricultural and Bio-Systems 
Engineering] in 2005. Corn stover was harvested from an ISU research farm site where 
bulk corn and soybean were being grown. Studies were established for both continuous 
corn and a rotated corn and soybean site. Using a one-pass harvesting system (Fig. 4), corn 
grain and (1) the top 50% of the plant, (2) the bottom 50% of the plant, (3) all harvestable 
stover, or (4) no stover were removed (Fig 5). For the continuous corn site, grain and  

 
 
Figure 4. A prototype one-pass grain and stover combine developed by Dr. Birrell at 

Iowa State University, Ames, IA. 
 

 
 
Figure 5. Stover remaining after collecting all harvestable material (left, next to standing 

corn) compared to removal of no residue (right) 
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stover were harvested again according to the same treatments in 2006. Meanwhile, soybean 
was grown without additional fertilizer inputs on the rotated site. Where corn was grown 
for the third consecutive year, the overall field average declined by 10%, reconfirming 
previous studies (Kanwar et al., 1997; Karlen et al., 2006) that continuous corn is not a 
sustainable farming operation. For the rotated site, soybean yield measurements in 2006 
showed a surprising 50% decrease where corn stover had been removed in 2005 compared 
to where it was returned to the soil (Table 1). Further investigations suggest the low soil- 
 
Table 1. Rotated corn grain, stover, and subsequent soybean yield near Ames, IA 

 ’05 corn ’06 soybean 
Stover harvest scenario Grain (bu/ac) Stover (t/ac) Grain (bu/ac) 
    
Whole plant 197 3.17 32.4 
Cob & top 50% 192 2.05 41.4 
Bottom 50% 221 0.80 40.9 
Grain only 239 ----- 46.7 

LSD(0.1) 26 0.47 8.9 
  
 
test P, K, and organic matter at this site before any stover removal treatments were 
imposed may have contributed to this response, even though soil-test levels among the 
treatments were not significantly different (Table 2). The rationale for this suggestion is 
that removing stover will significantly increase removal of nutrients such as P and K 
compared to harvesting only the grain. Also, without using other management practices 
such as cover cropping harvesting crop residue from soils that are already low in soil 
organic matter will be depleted even more rapidly. 
 
 
Table 2. Soil-test values when crop residues were first removed in autumn 2005. 

 
Stover harvest scenario 

 
Total organic C 

pH Mehlich 3 ext.  
P 

Mehlich 3 ext. 
K 

 --- % ---  --- ppm --- --- ppm --- 
     
Whole plant 1.92 6.65 24 100 
Cob & top 50% 1.87 6.72 19 80 
Bottom 50% 1.91 6.64 26 124 
Grain only 1.92 6.70 24 74 

LSD(0.1) ns ns ns ns 
 
 

What Lies Ahead? 
 

As soil and crop consultants, you will undoubtedly be drawn into a multitude of 
questions regarding bioenergy and the broader bio-economy. The sustainability of soil, 
water, and air resources as well as farm families, rural communities, and numerous 
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investment opportunities will be brought to your attention. In responding to these 
questions, the term “conservation” should be first and foremost. As outlined by the North 
Central Sustainable Agriculture Research and Education bioenergy position paper 
(http://www.sare.org/ncrsare/bioenergy.htm), I would encourage you to stress energy-use-
efficiency (including all aspects of energy conservation), strive to help identify bioenergy 
ideas and technologies that are truly sustainable, and actively participate in balanced 
discussions regarding the sustainability of current bioenergy investments. 

 
Also consider developing a holistic vision for addressing not only bioenergy issues, but 

also water quality, carbon sequestration, soil health, wildlife habitat, and rural 
communities. By starting with watersheds within which you advise your clients, begin 
introducing the merits of not tackling these problems independently, but as an integrated 
system. This will require being current with market opportunities that are outside the 
traditional commodity crops. As emerging technologies for using cellulosic feedstocks are 
developed, identify places for perennial crops that could perhaps stand “wet feet” during 
the spring yet be harvested for biomass during the fall near watercourses. Further away 
from the watercourses, develop transition strategies that include cover crops and/or 
intercrops to capture and recycle nutrients and reduce runoff and/or leaching of water that 
is not used by the primary crop. Finally, with environmental protection in place to protect 
water resources, strive for maximum sustainable production of commodity crops in areas 
where the leakage of the soil and crop production system can be captured before 
contaminating water resources and wasting essential plant nutrients. Such a change in rural 
landscapes would also enhance opportunities for wildlife to nest and reproduce, improve 
overall rural aesthetics, and increase economic opportunities within the rural communities. 
The path will not be easy, but the consequences of inaction are not tolerable!  
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SOIL MANAGEMENT FOR CONTINUOUS CORN 
 

Dick Wolkowski 1/ 
 

Introduction 
 

It is estimated that ethanol production will consume about 30% of the US corn crop 
by 2010.  This phenomenon is encouraging favorable grain prices and dramatically 
increasing corn acreage.  Recent USDA data show that corn production rose nearly 20% 
last year from 78 million acres in 2006 to nearly 94 million acres in 2007.  While farmers 
are expected to plant slightly less corn in 2008, in favor of wheat and soybean, it is 
anticipated that corn acreage could return to a level above 90 million acres in 2009.  A 
consequence of long-term continuous corn production could be the adoption of more 
aggressive tillage to manage large amounts of crop residue.  This could potentially lead to 
decreased soil quality and increased soil loss.  Research has shown that aggressive tillage 
systems such as moldboard and chisel plowing reduce aggregate stability.  Coupled with 
the lower surface crop residue resulting from tillage the affected soils are prone to more 
erosion than no-till or other low disturbance systems. Soil quality degradation and 
increased soil erosion would be a poor trade-off for fuel independence. Therefore, 
producers must carefully consider tillage options when growing corn on corn.  
Additionally nutrient management considerations within a continuous corn production 
may require some adjustment based upon tillage intensity and the need to incorporate 
manure or other amendments. 
 

Continuous Corn Production and Soil Quality 
 

There is considerable interest currently regarding the impact of crop production 
practices on soil quality.  Soil quality is a property of a soil that integrates a variety of 
biological, chemical, and physical properties.  Ideally a soil having a “high quality” 
would be fertile, have good structure, hold adequate plant available water, produce high 
yields, and be resistant to degradation from compaction and erosion. Qualitative assess-
ment of these factors is sometimes done to make comparison between fields or 
production systems.  
 

Karlen et al. (1994) evaluated several soil quality parameters in at a research site 
located at the Lancaster Agricultural Research Station that had been in continuous corn 
under moldboard, chisel, and no-till management for 12 seasons.  Averaged over the 12 
years, the grain yields were 140, 139, and 137 bu/acre in the moldboard, chisel, and no-
till systems, respectively.  They noted that following the 12 years of continuous corn the 
highest soil quality assessment was found in the no-till system.  Kladivko (1994) found 
that aggregate stability, measured as aggregate mean weight diameter, was greatest in a 
no-till system under continuous corn when compared to moldboard and chisel.   
___________________ 
 
1/ Extension Soil Scientist, Dept. of Soil Science, Univ. of Wisconsin-Madison, 1525 
   Observatory Drive, Madison, WI, 53706. 
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Aggregate stability decreased when soybean was introduced into the rotation.  Adding 
corn residue in the fall to a field where soybean was grown did not affect aggregate 
stability suggesting that factors such at the root contribution from corn were important for 
aggregate stability. 
 

Continuous corn grown in reduced system can be as profitable as conventional 
systems. The past several season have contained significant mid-summer drought periods.  
It is known that reduced tillage systems tend to store more soil moisture because they 
have more small pores (Datiri and Lowery, 1990).  They may also drain well following 
heavy precipitation events assuming that macro-pore from earthworm activity and root 
channels are open to the surface.  It would be appropriate to recommend that producers 
consider conservation tillage systems where continuous corn is to be grown to maintain 
or build soil quality.  If managed properly they are economically and environmentally 
sustainable. 

Tillage and Corn Yield 
 

Continuous corn production could be expected to increase crop residue level over 
time to an elevated level compared to that found in corn following soybean, especially in 
a reduced tillage system.  Because of the extra residue and concerns with plugging within 
tillage equipment, many producers elect to chop stalks to improve residue flow through 
the equipment.  Decreasing the size of the residue also makes it easier to bury residue by 
tillage.  An evaluation was conducted several years ago at the Arlington Agricultural 
Research Station where stalks were chopped or not chopped prior to no-till or chisel 
tillage.  Crop residue levels were 98 and 100% in no-till when stalks were chopped or not 
chopped, respectively.  The residue cover following chiseling was reduced to 42 and 
56%, for the chopped and not chopped treatments, respectively.  These measurements 
were taken immediately after chopping and tillage, so final residue values for the chisel 
system would be considerably lower following secondary tillage for seedbed preparation.  
 

Successful conservation tillage systems must overcome soil environment limitations 
that may be found; such as greater bulk density, and cooler and wetter soil conditions.  
Certain hybrids have been suggested to perform better in this environment.  Kaspar et al. 
(1987) examined four hybrids in no-till, disk, and moldboard plow systems and found 
that while there were differences in the vegetative phase of growth grain yield was not 
affected by tillage.   Most modern no-till planters are adapted to planting in high residue 
conditions.  Newer planters are heavy and most employ row clearing coulters.  Strip-
tillage implements are also being modified to handle more crop residue. Producers should 
be able to find equipment that can perform well in high residue conditions. 
 

There are few long-term Wisconsin studies that examine tillage management in con-
tinuous corn.  One example is a study that this author has overseen since 1997 that has 
included fall chisel, fall strip-till, and no-till in continuous corn and corn/soybean 
rotations, along with several fertilizer placement treatments.  Data for the main effect of 
tillage in the continuous corn portion are shown in Table 1.  The no-till system in this 
study did not employ any in-row residue management to move residue from the row area.  
Yield was not measured in 2000.  Over the 10 years that these tillage treatments were 
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compared, significant yield differences were observed in only three seasons, each time in 
favor of the chisel system.  The yield in the strip-till system was superior to the no-till 
system in 2 of the 3 years.  Averaged over the 10 years, grain yield was 4 and 8% lower 
for strip-till and no-till, respectively.  A detailed economic analysis is required to deter-
mine the overall profitability between tillage systems, however more soil loss could be 
anticipated for the chisel system, especially if stalks were shredded prior to tillage and an 
aggressive chisel implement were used. 
 

There are likely soil conditions where no-till will not be the best tillage system 
choice.  West et al. (1996) evaluated continuous corn production in Indiana over a 20-
year period on a poorly drained soil and found stand reductions that lead to a consistent 
yield reduction.  This result conflicts with others in that state that showed no-till yield 
began to increase after 3 years after conversion from conventional tillage. 
 
Table 1.  Tillage effect on corn grain yield in continuous corn, Arlington, Wis. 1997 -

2006 (Wolkowski, unpublished data). 
 Tillage   

Year Chisel Strip-till No-till Pr>F LSD 
 --------------------------------------- bu/acre---------------------------------------- 

1997 190 178 176 0.37 -- 
1998 161 160 164 0.85 -- 
1999 147 135 147 0.34 -- 
2001 189 182 151 <0.01 11 
2002 181 175 174 0.41 -- 
2003 161 157 149 0.26 -- 
2004 187 178 159 <0.01 17 
2005 182 187 176 0.19 -- 
2006 210 181 166 <0.01 15 
2007 212 204 205 0.58 -- 

Average 182 174 167 -- -- 
 

Soil Loss in Continuous Corn 
 

Soil loss can be predicted using RUSLE2, the most current erosion prediction model 
utilized by the USDA-NRCS.  Components of this program run within the Snap-Plus 
nutrient management program and produce an estimated soil loss for a given cropping 
system based on soil type and slope, rotation, conservation practices, and tillage.  A simu-
lation of the soil loss for six common Wisconsin soils was conducted over a 4-year 
continuous corn rotation for an 8% slope of 150 ft in length.  Table 2 shows the soil loss 
estimates for these six soils.  As expected, there was variation in soil loss between soils, 
but in all cases the moldboard system exceeded allowable soil loss.  Using a chisel 
system substantially reduced soil loss but depending on the soil type the loss was still 
relatively high.  No-till generated very little soil loss, but some producers may not be able 
to produce sustainable crop yields using strict no-till and will likely opt for some form of 
tillage, which could include strip-tillage or other methods of in-row residue management. 
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Table 2.  Estimated average soil loss for four years of continuous corn using three tillage 

systems on six Wisconsin soils. 
 State Tillage Allowable 

Soil location Moldboard Chisel No-till soil loss (T) 
   ----------------------------tons/acre/year ------------------------- 

Plano SC 6.3 2.8 0.1 5 
Fayette SW 10.4 4.6 0.2 5 
Norden WC 9.2 4.1 0.2 3 

Kewaunee NE 4.1 1.8 0.1 3 
Loyal NC 5.4 2.4 0.1 5 

Hochheim SE 6.4 2.9 0.1 5 
Slope = 8%; slope length = 150 ft. 
 

Producers and their consultants need to balance the aggressiveness of the selected 
tillage system with its effect on soil quality and soil loss.  A return to clean tillage 
systems will not be sustainable and will likely result in soil loss values exceeding “T”.  
While the increase crop production for biofuels is offering opportunities to producers care 
must be taken to avoid “back-sliding” into practices that in the long term will reduce 
productivity and impact water quality. 
 

Nutrient Management Considerations 
 

The major nutrient management concerns that relate to continuous corn production 
arguably revolve around N management and the need for starter fertilizer.  Professor 
Larry Bundy’s research program examined several soil fertility issues in continuous corn 
production systems in his 25 year career at the University of Wisconsin.  One of his early 
studies (Bundy et al., 1992) examined N source, placement, and timing at sites near 
Janesville and Oshkosh in continuous corn using several different tillage systems.  This 
work confirmed the observation that a higher N rate is required for continuous no-till 
corn, compared to plowed.  The lower availability of N is likely a combination of 
increased denitrification and immobilization of N in no-till.  The recent adoption of the 
MRTN approach for corn N recommendations suggest that producers use the high end of 
the range for a given nitrogen:corn price ratio.  Dr. Bundy also developed the preplant 
and pre-sidedress nitrate tests that are well suited to determining the in-season availability 
of N in continuous corn and refining the N application rate.   
 

Another question that producers often ask relates to the need for supplemental N to 
encourage stalk decomposition that they perceive to be a hindrance in continuous corn 
production.  Dr. Bundy and his research associate Todd Andraski conducted a 3-year 
study where they evaluated the use of a modest application of N fertilizer to crop residue 
in the fall (Bundy and Andraski, 2002 unpublished research report).  The study showed 
that fall N applications designed to promote residue decomposition were not warranted 
and did not enhance residue decomposition and N mineralization, increase spring surface 
soil temperature, or increase yield.   
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The final components of Dr. Bundy’s research that relates to continuous corn 

production are the factors that contribute to the use of row-placed starter fertilizer.  Many 
producers are moving away from the use of starter fertilizer because of the cost the 
attachments add to the planter, the practicality of mounting starter attachments on modern 
corn planters, and the time required to tend and fill fertilizer boxes or tanks during 
planting.  He conducted an on-farm assessment of the use of starter fertilizer at 100 sites 
over a 3-year period.  The greatest potential for an economic response was found where 
the sum of the planting date (days from 1 January) and the RM of the hybrid exceeded 
235 (Bundy and Andraski, 1999).  Their study also found a greater potential for response 
when the soil test K was below 140 ppm.  The response to row-placed fertilizer has 
generally been greater in conservation tillage systems having minimal soil disturbance. 
 

A final issue related to nutrient management would affect the tillage choice in 
continuous corn is for situations where manure is applied.  Manure would be expected to 
increase surface residue and inhibit soil drying, such that aggressive tillage may be 
considered to minimize these effects.  A study conducted by the author in 2002 and 2003 
examined this issue and a summary of the yield response is shown in Table 3.  These data 
show considerable variation by site, which was due to soil conditions, manure con-
sistency, year, and spreading characteristics. While aggressive tillage tended to produce 
the highest yields, it is likely that conservation tillage systems such as moderate chiseling 
or strip-till may be the better economical and environmental choice. 
 
Table 3.  Main effects of straw-bedded manure and tillage on the corn grain yield at four 

study locations in Wisconsin, 2002 – 2003 (NS = not significant). 
 Arlington Lancaster Marshfield Spooner 

Treatment 2002 2003 2002 2003 2002 2003 2002 2003 
 --------------------------------------- bu/acre -------------------------------------- 
Manure (t/a)         
   0 147 157 224 125 181 97 167 180 
   15 175 174 232 138 172 113 173 194 
   30 182 178 236 145 146 104 178 185 
   LSD (0.05) 25 16 7 NS 19 15 NS NS 
Tillage         
   No-till 164 161 234 143 156 96 126 172 
   Strip-till 166 168 229 143 172 108 173 190 
   Disk 162 169 236 137 153 100 179 191 
   Chisel 170 172 229 135 165 110 189 195 
   Moldboard 178 178 225 122 183 109 198 183 
   LSD (0.05) 11 8 NS 12 14 NS 25 NS 
Pr>F         
   Manure 0.03 0.03 0.03 0.21 0.01 0.01 0.36 0.40 
   Tillage 0.04 <0.01 0.11 <0.01 <0.01 0.20 <0.01 0.22 
   M*T 0.99 0.23 0.17 0.03 0.47 0.11 0.91 0.60 
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Summary 
 

Currently the high demand for corn grain for ethanol production is encouraging the 
production of more continuous corn in Wisconsin, at the expense of soybean, processing 
vegetable crops, and small grains.  Continuous corn presents a challenge relative to 
tillage such that concerned producers may be more likely to use aggressive tillage 
systems to manage residue and incorporate amendments.  Such practices could increase 
soil loss on sloping soils and considering current fuel prices add substantially to 
production costs.  Producers should be encouraged to adopt conservation tillage manage-
ment systems that will lessen the risk of soil loss and improve soil quality.  More detailed 
attention to nutrient management will also be required. 
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IMPACT OF LATE WINTER MANURE SPREADING  
ON SURFACE WATER RUNOFF QUALITY 

 
Kevan M. Klingberg 1 

 
 

Four years (Nov. 03 – Oct. 07) of discharge and water-quality data were collected from three, 
adjacent, cropped basins on a private southwest WI farm.  Field edge discharge through grassed 
waterways was monitored continuously and composite water samples for rainfall and snowmelt-
induced runoff events were collected and analyzed for nutrients and sediment.   
 

Farm management was no-till corn or soybean on 4-6% slope silt loam soil with terraces and 
grassed waterways in place.  For study purposes, livestock manure was applied at typical rates in 
either fall or late winter, just before snowmelt.    
 

Four years of field edge runoff water monitoring shows, 82% of annual surface-water runoff 
occurred between January and March, when ground was frozen.  The remaining runoff occurred 
in spring when vegetative cover was minimal and soils were wet (Table 1). 
 

 
 

Despite varying types, rates, and timing of manure applications, no significant differences 
were detected in the volume of runoff between basins in any frozen ground period. 
 

Through the frozen ground period, suspended sediment loss ranged from 0 – 60 lb/ac/yr, less 
than 10 % of annual sediment loss (Table 2).  Most total P lost through the frozen ground time 
period was dissolved; not associated with sediment loss. 
 

Each basin with manure applied approximately 1 week before snowmelt had wintertime total 
P losses (1.9 – 3.7 lb/ac) that were higher than basins with fall applied manure (0.1 – 0.4 lb/ac).  
Through the study, over 80% of annual P loss occurred when the ground was frozen (Table 2). 
 
_____________________________________________________ 

 

1 Sr. Outreach Specialist, Univ. of Wisconsin – Extension, Discovery Farms Program, P.O. 
Box 429, Pigeon Falls, WI, 54760. 
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Similarly, basins with manure applied approximately 1 week before snowmelt had wintertime 

total N losses (5.0 – 7.8 lb/ac) that were higher than basins with fall applied manure (0.1 – 1.0 
lb/ac).  In all cases, total N loss where manure was applied immediately before snowmelt was 
primarily in organic and ammonium forms.  Through the study, over 75% of annual N loss 
occurred when the ground was frozen (Table 2). 

 
 

 
 
 
 

Livestock manure applied to snow covered and frozen ground within 1 week before and 
during periods of surface water runoff caused a substantial increase in total P and N losses from 
these fields. The fact that these nutrients are mostly dissolved P and organic / ammonium N 
suggests their origin is from the manure.  Both liquid and solid manure applications resulted in 
nutrient loss to surface water runoff.  Livestock manure applied in late fall and early winter, even 
at higher rates, had less impact on P and N loss in snowmelt runoff.  Fall and early winter applied 
manure likely had sufficient time and necessary conditions before snow melt and runoff to 
facilitate sorption, infiltration, volatilization and/or immobilization that provide alternate 
pathways for nutrient transport. 
 

This study suggests that late winter in Wisconsin, especially the week before and during 
snowmelt, is a critical time to carefully manage field applications of manure to minimize off-site 
nutrient movement.  When possible, manure applications should be timed to avoid periods right 
before significant late winter snow melts.  On farms where manure must be spread during this 
critical time, farm managers should identify fields that are located high in the landscape with 
minimal contribution toward surface water runoff.  When possible, save these fields by not 
applying fall and early winter manure, in the event that they are needed for late winter manure 
spreading.     
 

Understanding the relationships between water quality and timing, rates, and methods of 
manure application, particularly in the winter, is a big step toward understanding the impact of 
livestock agriculture on the environment. 
 

Further study is needed to understand surface water quality impacts of early and mid-winter 
manure applications.  Similarly, for manure applications to frozen and/or snow covered cropland, 
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more research is needed relative to manure interactions with snow pack, ice layers, and the soil; 
nutrient transformations; soil biology; application distances from concentrated water flow paths; 
and differences between solid, liquid and animal species manure. 
 

The team for this project includes the participating agricultural producer, UW-Discovery 
Farms staff, and U.S. Geological Survey (Middleton, WI) staff. 
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IMPROVING COMMUNICATION TO AVOID AGRONOMIC 
PROBLEMS RELATED TO CUSTOM MANURE APPLICATION 

 
Panel Members: Tim Ranson1, Ernie Sundstrom 2, Brandon Vogel3 

Moderator: Kevin Erb4 
 

Applying just over 3 billion gallons of liquid manure annually, Wisconsin’s 119 for-hire 
manure applicators are a key component when it comes to implementing the 590 nutrient 
management plans you write. Yet to the typical professional applicator, the plans they receive 
from the farmer are hard to interpret and implement. The Professional Nutrient Applicators 
Association (PNAAW) and UW Extension surveyed Wisconsin’s applicators in the summer of 
2007, and more than half of the applicators gave us their opinion of the industry, it’s needs, 
nutrient management plans, and the future. 
 

Looking at the more than 2,500 farms served by the professional applicators, the farmer or 
their CCA is determining the application rate 79% of the time—the rest of the time the applicator 
is making the rate determination. Often, the rate a CCA provides is not the rate the farmer tells 
the applicator. Twenty percent of the applicators say they have never seen a nutrient management 
plan, and the vast majority see a plan on only a handful of their farmer clients—usually the 
CAFOs. 
 

Another concern cited by the applicators in the survey was the lack of understanding by plan 
writers of the capabilities of their equipment. Lower application rates can dramatically increase 
application costs (mileage/fuel/time for tractors and tankers, wear & tear on equipment and setup 
time for dragline). The lowest practical application rate ranged from 2,500 gal/acre for tankers to 
10,000 gal/acre for dragline operations. Applicators prefer consistent, reasonable rates (not 8,289 
gal/acre on this field, 11,000 on the next, 6,686 on the third and 11,800 on the fourth). 
 

The top suggestions from the survey and the PNAAW board include: 
 

1. Give the farmer a boiled down plan to give to the applicator. Handing an applicator 
their own copy of a - inch binder is not an efficient use of time or resources. At a 
minimum, the boiled down copy should include: 

a. Basic field maps with field names clearly identified. 
b. Field by field breakdown of rate to be applied and basic field information. 
 

2. Highlight basic field information. 
a. Restrictions that may be in effect (incorporation, no frozen soil application, etc). 
b. Mark hazard areas (tile inlets, streams, wells) not only on field planned, but in 

neighboring fields/road ditches as well. 
 

3. Talk to the applicator when writing the plan. Find out: 
a. What the equipment limitations are. 
b. What are the most efficient rates of application. 

                                                 
1 Tim Ransom, co-owner, T-K Ag Works, Darien, WI  608.676.5218 
2 Ernie Sundstrom, co-owner, Sundstrom’s Pit Pumping, Colfax, WI 715.962.4061 
3 Brandon Vogel, co-owner, Right Way Applications, Reedsville, WI 920.901.0192 
4 Kevin Erb, CCA, UW Extension, Green Bay, WI  920.391.4652 

178 Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47



c. Ask if the applicator wants a boiled down copy of the plan for the crew chief, or 
a copy for each driver. 

 
4. Note conservation information. If the field needs 30% residue or is no-till, let the 

applicator know so they can help keep the farmer in compliance. 
 
 

5. Early communication is essential. Providing the information to the applicator a few 
weeks before the pumping date increases the chances of the plan being followed (rather 
than the farmer trying to find it at 6 pm on a Friday night). Several suggested providing 
maps to applicators on CD a month or two before application begins. 

  
6. Help the farmer choose an applicator based on their ability to do the job right.  The 

best applicators have a niche – some offer as applied GPS mapping of applications, 
others focus on their capability do the job quickly to minimize neighbor concerns, and 
others pride themselves on never having any manure spilled on the outside of the tanker. 
If your plan calls for manure to be injected but the applicator does not have the right 
equipment, there may be a problem down the road. 

 
When asked “What could Nutrient Management Plan writers do to make your job easier,” 
applicator responses included: 

• Need to see one first before I can answer this question. 
• Have not seen one. 
• Don’t know - No clients have given us a plan to look at. 
• Make sure I get to see the plans. 
• Tell the farmers to give us the plans. 
• Farmer tells us, “This is what my plan calls for.” We probably won't see the plan. 
• Make plans simple. 
• Better maps, more defined. 
• They could help by suggesting manure storage facilities and by helping to eliminate 

winter spreading. 
• Better communication. 
• Standardize maps and recommendations. 
• Give fields a number and then give the rate next to the field number. 
• Make the field maps larger i.e. one or two fields per page instead of 20 or 30. 
• Give us rates and fields. 
• Simple plans. 
• Use more common sense. 
• Better maps (a universal map system) some farms are easier to read. 
• Have the hauler in on meeting with producer and plan writer. 
• Provide all applicators with maps with acreage and rates (legible). 
• It would be nice if they gave us a specific rate for each field. 
• Do more on follow-ups, post application. 
• I think what is lacking in a professional nutrient management plan is the cost benefits of 

applying manure where soil fertility levels are low as opposed to the lowest cost of 
pumping out the pit. Generally spending money to put manure further out (show me the 
money, the cost benefit). This will provide several critical things: (1) a solution. Our 
customers hire us to solve problems. (2) showing this cost benefit gives a client the 
thought, which is the first step. 
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About the Association 
 

The Professional Nutrient Applicators Association of Wisconsin is the professional trade 
association of Wisconsin’s manure applicators. Resources available to nutrient management plan 
writers can be found on the www.wimanuremgt.org website, and include: 
 

• County by county summary of the regulations 
• Cost of application by distance calculators 
• Listing of members and their certification status 
• Updates on association projects, including the Upper Midwest Manure Handling Expo, 

live action manure spill response demonstrations, and the regional farm equipment road 
weight study 
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2007 PNAAW membership map 
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WISCONSIN INSECT SURVEY RESULTS 2007 AND OUTLOOK FOR 2008 

Krista L. Hamilton1/ 
 

Corn Rootworm 
 
 Analysis of the annual corn rootworm beetle survey revealed a state average population of 1.0 
beetle per plant. This represents a decrease from 1.4 per plant in 2006 and 1.6 per plant in 2005. 
Averages by agricultural reporting district were as follows: northwest 0.4 per plant; north central 
0.7 per plant; northeast 0.5 per plant; west central 0.4 per plant; central 0.8 per plant; east central 
1.4 per plant; southwest 0.4 per plant; south central 2.2 per plant; southeast 1.0 per plant. The 
western species was dominant on a statewide basis, while populations of the northern species 
were higher in the cooler and more northern counties, including Barron, Chippewa, Door, Dunn, 
Clark, Green Lake, Juneau, Lincoln, Marathon, Marinette, Oconto, Pepin, Polk, Portage, Rusk, 
Shawano, Taylor, Vernon, Waupaca, Winnebago, and Wood.  About 39% of the 222 corn fields 
surveyed had economic populations of 0.75 or more beetle per plant.  The largest increase from 
1.7 to 2.2 beetles per plant was documented in the south central district, while the largest 
decreases from 2006 to 2007 were noted in the southwest (2.2 to 0.4 per plant), northeast (1.8 to 
0.5 per plant), and east central districts (2.2 to 1.4 per plant).  An average of 0.75 or more beetle 
per plant indicates the potential for feeding injury by corn rootworm larvae in multi-year corn. 
 
 The use of transgenic Bt corn rootworm hybrids was also measured this season.  The 
percentage of survey sites that were Bt corn rootworm fields nearly doubled from 14% in 2006 to 
27% in 2007.  For the second year, Monsanto's YieldGard was the more prevalent of the two 
technologies. A total of 23% of the fields tested positive for the YieldGard Bt-Cry3Bb1 protein, 
while just 4% tested positive for the Herculex Bt-Cry34/35Ab1 protein. More Bt-rootworm corn 
was planted in the southwest and south central districts in 2006 and 2007 relative to the other 
districts.  The maps below summarize the results of the annual corn rootworm beetle survey. 
 

   

1/ Plant Pest and Disease Specialist, Entomologist, Wisconsin Department of Agriculture, Trade and 
Consumer Protection, 2811 Agriculture Drive, Madison, WI 53708 • Krista.Hamilton@wisconsin.gov 
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European Corn Borer 
 

The fall abundance survey of 230 fields of grain corn registered a minor increase in larval 
populations compared to the fall of 2006.  The state average number of European corn borers 
entering the winter of 2007 increased to 0.31 per plant from 0.29 per plant in 2006.  This average 
is equal to the 10-year average of 0.31 per plant and below the 50-year average of 0.48 per plant. 
Increases were noted in the southwest (0.20 to 0.28 per plant), west central (0.42 to 0.52 per 
plant), east central (0.11 to 0.21 per plant), and north central (0.16 to 0.35 per plant) districts.  
Decreases were documented in the remaining five agricultural reporting districts. 

 
Approximately 53% of the fields had no 

detectable larval population; some of these 
unquestionably were Bt hybrids.  Roughly 23% 
of the fields had populations exceeding 0.50 
borer per plant and 8% had populations above 
the economic threshold of 1.0 borer per plant. 
Three counties -- Eau Claire (1.7 per plant), 
Pierce (1.14 per plant), and Waupaca (1.9 per 
plant) -- had average densities greater than 1.0 
borer per plant.  The state mean percentage of 
corn plants infested with second generation 
larvae was 28%. 

 
Many instances of ear shanks being infested 

with corn borer were noted during the fall 
survey.  This feeding behavior, which resulted in 
hollow, weakened shanks and eventual ear drop, 
may have been due to borers finding the shanks 
more desirable than the saturated, rot-infected 
stalks.  Stalk rot was widely prevalent this fall 
because of stress from drought early in summer 
followed by late season rains. 
      

Results of the 2007 survey suggest another light first flight of moths should be expected next 
spring.  Planting Bt hybrids for European corn borer management in 2008 may be unwarranted in 
many areas (except those represented by red or yellow circles on the map), considering that borer 
pressure is expected to be very low. 
 
Table 1.  European corn borer fall abundance survey summary 1998-2007 (Average no. borers per plant). 
 
District 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 10 Yr Ave
NW 0.02 0.15 0.24 0.33 0.44 0.20 0.13 0.01 0.27 0.24 0.20
NC 0.01 0.03 0.04 0.05 0.26 0.14 0.20 0.36 0.16 0.35 0.16
NE 0.01 0.18 0.03 0.07 0.75 0.23 0.22 0.33 0.23 0.07 0.21
WC 0.02 0.30 0.31 0.67 0.71 0.16 0.05 0.24 0.42 0.52 0.34
C 0.02 0.30 0.41 0.48 1.21 0.44 0.06 0.44 0.51 0.42 0.43
EC 0.03 0.25 0.19 0.33 0.44 0.20 0.22 0.25 0.11 0.21 0.22
SW 0.17 0.57 0.39 0.87 0.65 0.34 0.10 0.49 0.20 0.28 0.41
SC 0.10 0.61 0.33 0.48 0.86 0.51 0.05 0.67 0.38 0.33 0.43
SE 0.10 0.31 0.16 0.36 0.61 0.21 0.02 0.35 0.16 0.12 0.24
State Ave. 0.05 0.30 0.24 0.40 0.66 0.30 0.10 0.40 0.29 0.31 0.31
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Western Bean Cutworm 
 

A network of 103 pheromone traps in 27 counties provided data on the distribution, 
emergence, peak flight, and abundance of the western bean cutworm in 2007.  DATCP survey 
specialists, in collaboration with 15 Pioneer Hi-Bred regional representatives and four 
cooperators, monitored milk jug traps from mid-June through early August and reported counts 
weekly as part of a multi-state monitoring network.  DATCP has conducted a formalized trapping 
program for this pest since 2005. 

 
Emergence of western bean cutworm moths was first noted on June 20 near Arcadia in 

Trempealeau County.  Captures in pheromone traps peaked between July 12 and August 7. Black 
light trap captures escalated around the same time and registered a similar flight period. The 
highest single nightly capture of 83 moths was documented on July 13 at Princeton in Green Lake 
County.  This location also registered the highest seasonal cumulative capture of 448 moths 
between July 12 and August 9, with peak activity between July 12 and 21 when nightly captures 
averaged 29 moths.  The second and third highest seasonal cumulative captures were 131 moths 
at Lancaster and 78 moths at Randolph.  The 103 pheromone traps captured a total of 2,178 
western bean cutworm moths during the 2007 season, and roughly 21% of these were reported 
from Princeton.  A total of 17 traps, primarily those in the east central counties of Brown, 
Manitowoc and Sheboygan, captured no moths during the trapping program. 

 
 

    
 

The presence of this late-season corn pest in Wisconsin and the Midwest since the late 1990s 
is evidence of an eastward expansion in its geographic range, which was once limited to Colorado 
and Nebraska.  Consecutive years of trapping have not found populations of adults comparable to 
those registered in Iowa where cumulative captures have numbered as high as 2,069 moths per 
trap.  No heavy larval infestations were reported this season and western bean cutworm does not 
yet represent a significant threat to corn in Wisconsin.  
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Variant Western Corn Rootworm 
 

The Wisconsin Variant Western Corn Rootworm Trapping Network monitored 53 soybean 
yields in 2007 and found no fields with populations above the economic threshold of 5 Beetles/ 
Trap/Day (B/T/D) for the four week sampling period.  Of the 53 soybean fields in Buffalo, 
Columbia, Dane, Dodge, Green, Jefferson, La Crosse, Monroe, Rock, Sauk, Sheboygan, Vernon, 
Walworth, Washington, and Waukesha counties, the highest averages of 3.05 B/T/D and 2.17 
B/T/D were found in Columbia and Rock counties, respectively.  Western corn rootworm beetle 
numbers were generally lower in southern Wisconsin this year due to heavy rains and standing 
water during the peak period of beetle activity in August.  Averages in Rock and Walworth 
counties fell below the 5 B/T/D threshold for the first time since 2003.  These results indicate that 
first-year corn planted after soybeans in the areas monitored is at a low risk for economic damage 
from larval rootworm feeding in 2008.  The 2007 network trapping results are provided in the 
map on the preceding page.   
 

Soybean Aphid 
 
 The annual soybean aphid survey is 
conducted during the R2 to R4 stages of soybean 
growth to detect peak seasonal soybean aphid 
densities and to assess fields while treatment 
may still be beneficial.  Examination of 227 
soybean fields between July 12 and 31 found 
non-economic soybean aphid populations at 
83% of the survey sites.  Treatable or economic 
populations were detected at 17% of the sites, 
located principally in the west central district 
and portions of the southwest, south central, and 
central districts.  Individual fields with high 
populations were found in Columbia, Crawford, 
Richland, Vernon, La Crosse, Marquette, 
Monroe, Juneau, Jackson, Buffalo, Trempealeau, 
Walworth, and Wood counties. Average soybean 
aphid densities in these areas ranged from 253 to 
1,071 soybean aphids per plant.  Moderate 
populations were detected in the central and 
north central districts, and low populations were 
found over much of the southeast, east central, 
northwest, and northeast districts.  The 2007 
statewide average number of soybean aphids  
per plant was 164.  This compares to 69 aphids per plant in 2006, 118 aphids per plant in 2005, 
11 aphids per plant in 2004, and 758 aphids per plant in 2003.  The highest average number of 
aphids per plant recorded was 3,250 in a Columbia County field.  Final survey results are 
summarized by agricultural statistics districts in the table on the following page. 
 

Bean Leaf Beetle 
 
 The fifth annual spring survey found the highest number of overwintered bean leaf beetles 
since surveys began in 2003.  Pest survey specialists sampled 183 first crop alfalfa fields between 
May 9 and June 13, and collected 509 beetles from 86 of the sites (47%).  Counts ranged from 0 
to 26 beetles per site, with the greatest numbers swept from fields in Lafayette, Rock and 
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Walworth counties.  Although fewer beetles were found per site as the survey progressed 
northward, this insect appeared to have wintered successfully across much of central Wisconsin. 
Overwintered adults were detected in Buffalo, Jackson, La Crosse, Manitowoc, Outagamie, and 
Trempealeau counties for the first time in the history of the survey.  Ordinarily very few bean leaf 
beetles survive the winter months north of the southern three or four tiers of counties. 
 
 Subsequent to the field portion of survey, the beetles were tested for Bean Pod Mottle Virus 
(BPMV) at the DATCP Plant Industry Laboratory in Madison.  ELISA testing determined that 
overwintered beetles from 11 alfalfa fields in Iowa, Lafayette, Racine, Rock, and Walworth 
counties carried BPMV.  This is the most sites with bean leaf beetles carrying BPMV 
documented since 2003.  Despite the higher number of surviving beetles, no increase in the 
incidence or severity of BPMV was noted this season.  A follow-up soybean virus survey in 
August found BPMV in a single Grant County field (of 220 fields tested).   
 

     
 
 

Table 2.  Soybean aphid survey summary 2003-2007 (R2-R4 stages of growth). 
 

District

Ave no.soybean     
aphids per plant 

2007

Ave no.soybean    
aphids per plant 

2006

Ave no.soybean    
aphids per plant 

2005

Ave no.soybean    
aphids per plant 

2004

Ave no.soybean     
aphids per plant 

2003
Northwest 13 56 306 1 566
North Central 109 22 113 7 93
Northeast 13 58 42 25 170
West Central 356 101 198 9 632
Central 170 44 175 43 680
East Central 10 159 124 5 968
Southwest 302 55 44 2 149
South Central 188 30 75 11 993
Southeast 54 23 91 6 1268
State Average 164 69 118 11 758  

Wisconsin Department of Agriculture, Trade and Consumer Protection • Bureau of Plant Industry     
2811 Agriculture Drive • Madison, WI 53708 • email Krista.Hamilton@wisconsin.gov 
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CURRENT AND DEVELOPING SOYBEAN APHID SCOUTING PROTOCOLS 
 

Eileen Cullen 1/ 

 

Presentation Overview 
 

Soybean aphid, Aphis glycines, is capable of reducing soybean yield by 20-40% during severe 
outbreaks in the North Central growing region of the U.S. (McCornack et al., 2007). Since 
soybean aphid was first documented in Wisconsin in 2000, a common University research 
protocol was adopted by entomologists in six North Central states (MN, IA, WI, MI, ND, and 
NE) who provided data from 19 yield-loss experiments conducted over a 3-year period. Results 
of this research validated the soybean aphid economic threshold (ET) recommendation to treat 
within 7 days when aphid density exceeds 250 aphids/plant.  
 

The ET is the pest density at which management action should be taken to prevent an 
increasing pest population from reaching the economic injury level (EIL). The EIL is the lowest 
population of insects that will cause economic damage, i.e., yield loss that equals the cost of 
control. In 2003, a preliminary EIL of 1,000 aphids per plant was reported based on research from 
the University of Minnesota. Since then, data from additional states (2003-2005), including 
Wisconsin, have refined the EIL at 674 (± 95) aphids/plant during the R1 – R5 soybean growth 
stages (Ragsdale et al., 2007). 
 

Based on these data from multiple states, doubling times for field populations of soybean 
aphid averaged 6.8 (±0.8) days. By contrast, in controlled laboratory environments soybean aphid 
populations can double in 1.5 days (McCornack et al., 2004), but these high rates of increase are 
only observed under ideal conditions where aphid population growth is not constrained by 
soybean host plant quality, effects of weather, or natural enemies. Setting an ET too low by using 
population doubling times based on laboratory-derived aphid reproductive rates or those that 
occur in caged field populations which exclude natural enemies will result in an artificially low 
ET and insecticide treatment without realizing an economic benefit (Ragsdale et al., 2007). Due 
to dynamic changes in soybean aphid populations on a field by field basis within one season (e.g., 
time of aphid colonization, soybean host plant quality, effects of temperature and rainfall, and 
natural enemies), repeated field sampling is required to determine if aphid populations are 
reaching the ET of 250 aphids/plant.  
 

Populations that average less than 250 aphids/plant should not be sprayed. It is important to 
remember that the ET of 250 aphids/plant is set several hundred aphids below the EIL and this 
ET incorporates a 5- to 7-day lead time before the aphid population would be expected to pass the 
economic injury level and cause economic damage. There is little to no University research 
evidence that populations below 250 aphids/plant result in significant yield loss. Current research 
on soybean yield gain equal to the lowest treatment cost is approximately 1 bushel/acre, and 
significant yield differences this small were not measurable from any of the 19 location-years in 
treated versus untreated plots (Ragsdale et al., 2007). Similarly, Myers et al. (2005) showed that 
application of insecticides to vegetative growth stages for soybean aphid control had no 
measurable impact on yield, so any plant injury caused by aphid populations below ET feeding on 
vegetative growth stage soybeans in their study was likely immeasurable.  
 
 
___________________________________________ 

1/ Extension Specialist/Assistant Professor, Dept. of Entomology, Univ. of Wisconsin-Madison, 
1630 Linden Dr., Madison, WI 53706. 

Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47 187



Two established and one developing soybean aphid scouting protocol(s) are discussed in this 
presentation. In all cases, weekly scouting for SBA should begin no later than when soybean 
plants are in the late vegetative (pre-reproductive) to early reproductive R1 (i.e., flowering) 
growth stages and continue through the R5 (full size pod) stage. As a result, agricultural 
professionals are spending significant amounts of time making treatment decisions for soybean 
aphid. Current and developing research on soybean aphid scouting protocols addresses time 
constraints faced by farmers and agricultural professionals given the large acreages they are 
responsible for managing. 
     
Whole Plant Count Soybean Aphid Sampling Protocol 

The ET of 250 aphids/plant is strongly supported by research data through the R5 (full size 
pod) soybean growth stage (Ragsdale et al., 2007). The ET is based on whole plant counts from at 
least 20 plants randomly sampled throughout a soybean field on a repeated basis, i.e., weekly or 
as close to weekly as possible, from late vegetative/R1 to R5. Whole plant counts, the most 
reliable soybean aphid sampling method, serve as the basis for the ET and the metric against 
which other soybean aphid sampling protocols are measured.  Full details on whole plant count 
soybean aphid sampling are available on pages 123-124 in UWEX Publ. A3626 Pest 
Management in Wisconsin Field Crops 2008 (http://learningstore.uwex.edu/pdf/A3646.PDF) and 
the University of Wisconsin Madison Soybean Plant Health Soybean Aphid web site 
(http://www.plantpath.wisc.edu/soyhealth/aglycine.htm). 
 
Speed Scouting Soybean Aphid Protocol 

In an effort to reduce the time required to make treatment decisions, a binomial sequential 
sampling protocol called “Speed Scouting” was developed for soybean aphid. The sampling plan 
that underlies Speed Scouting was derived from commercial field-collected data in Minnesota 
from 2001 to 2003 and computer-simulation of the sampling effort using a software program 
(Hodgson et al., 2004).  
 

Speed Scouting is based on the mathematical relationship between the proportion of infested 
plants, the density of aphids per plant, and an ET of 250 aphids/plant. Instead of counting every 
aphid on a plant, a more convenient tally (set at 40 or more aphids/plant) is used to score plants as 
“infested” or “not infested.” Only 11 plants are needed to make a treatment decision with Speed 
Scouting. Plants are sampled for soybean aphid presence (presence = “infested” at 40 or more 
aphids/plant) or absence (absence = “not infested” at 0-39 aphids/plant) with three possible 
outcomes: treat, do not treat, or resample. If the decision after 11 plants is to resample, sets of 5 
plants are sampled and scored as infested or not until a decision is made. If a decision cannot be 
made after sampling 31 total plants, the field should be re-sampled in 3 to 4 days because the 
aphid population is likely close to the ET of 250 aphids/plant.  Full details on Speed Scouting are 
available at the University of Minnesota Extension Service Soybean Aphid: Speed Scouting web 
site (http://www.soybeans.umn.edu/crop/insects/aphid/aphid_sampling.htm). 
  

In 2005, University research validated Speed Scouting using commercial fields in Minnesota 
and replicated small plot trials in Iowa, Michigan, Minnesota and Wisconsin (Hodgson et al., 
2007). Speed scouting resulted in the same treatment decision as using the 250 aphids/plant ET 
whole plant count protocol in 79% of commercial fields sampled in 2005. Yield (bushels/acre ± 
S.E.) was not significantly different between areas of the field treated based on 250 aphids/plant 
ET whole plant counts and areas of the field where treatment was applied based on Speed 
Scouting. On average, yields following treatment with either scouting method were significantly 
higher (50.7 ± 1.7) compared to untreated controls (46.9 ± 1.6).  By contrast, when incorrect 
(21% of the time), Speed Scouting was conservative and recommended a treatment before aphid 
densities reached the ET of 250 aphids/plant.  
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Speed Scouting is a cost-effective sampling method and saves time, especially at low aphid 

densities and at very high aphid densities. However, Speed Scouting is a conservative method 
which may result in unnecessary insecticide applications in years when aphid populations are 
increasing slowly. To avoid over-application, Hodgson et al. (2007) report that some crop 
consultants base treatment decisions on two consecutive “treat” decisions from Speed Scouting 
because they believe this method recommends treatment too early in some field situations (C.D. 
DiFonzo, E.W. Hodgson, D.W. Ragsdale; personal communications).  
 
Node-Based Sample Units for Estimating Whole-Plant Aphid Densities in Soybean 

It has been observed that soybean aphids are found predominantly in the top portion of the 
plant through mid-July, after which point aphids redistribute to lower parts of the canopy. This 
aphid behavior has thus far prevented sampling from a single leaf or node to accurately estimate 
whole plant aphid density. Entomologists at the University of Minnesota have conducted 
intensive field sampling research to describe and quantify within-plant distribution of soybean 
aphid over time during the growing season, define optimal sample units of varying sizes, and test 
the ability of selected sample units to estimate whole-plant aphid densities (McCornack et al., 
2007). For example, node-based sample units are defined as the trifoliate leaf, petiole, internode 
(stem between nodes) and pods (if present). Aphids on all of these component parts are counted 
as one node-based unit. Ideally, as few as 3 node-based sample units could be counted on each 
plant to accurately estimate whole-plant aphid population densities relative to the 250 
aphids/plant ET and reduce sampling time by 50-60%.   
 

In 2007, entomologists conducted validation experiments comparing node-based sampling 
and whole-plant counts to determine if this relationship holds for other parts of the North Central 
region. Data analysis from this multi-state experiment is underway. If this validation confirms 
that a node-based sample unit is appropriate across soybean varieties and maturity groups tested 
in 6 states in 2007, University of Minnesota and cooperating states on this protocol will move 
forward with developing a sampling plan. This sampling method is under research development 
and not yet recommended for commercial use. 
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POTATO LEAFHOPPER – ALFALFA’S #1 INSECT PEST 
 

Richard T. Proost1 
 

Introduction 
 

Alfalfa is a critically important forage crop to Wisconsin’s dairy industry. According to 
Wisconsin Agricultural Statistics Service, in 2005 Wisconsin farmers produced 8.53 million tons 
of alfalfa forage annually on 2.45 million acres. Using an average price of $87.00 per ton, total 
crop value, if sold, would be $742 million dollars. Wisconsin farmers place a substantial 
investment into the production of alfalfa. The UW-Madison Center for Dairy Profitability 
estimates variable production costs of $241.13 per acre to establish a stand of alfalfa. Bearing in 
mind that Wisconsin farmers establish 500,000 of alfalfa acres annually, out of pocket expenses 
for alfalfa establishment reaches nearly $121 million dollars. Despite alfalfa’s importance, dairy 
farmers have been reluctant to scout alfalfa. The last Pest Management Summary published by 
the National Agricultural Statistics Service in 2001 indicated that only 31 percent of the farms in 
the North Central Region scout alfalfa fields, and only 11 percent used scouting information to 
make insect management decisions.  

 
Recently a number of UWEX Agriculture Agents have noted there is a rapidly increasing 

trend toward the application of insecticides to control potato leafhopper (PLH) on a preventive 
basis. This PLH management program can be best coined as the “Cut, Bale and Spray System” 
(CBS). Just as it sounds, alfalfa is cut, baled or chopped, and with an insecticide applied shortly 
after the forage has been removed. This is not recommended practice for a number of reasons. 
The obvious problem is the additional cost associated with unnecessary insecticide use. Potato 
leafhoppers are usually not present immediately after cutting due to harvest mortality or 
migration out of the field because of the lack of food or cover.  An insecticide application 
(product plus the cost of application) can increase production costs between $10.00 and $15.00 
per acre, potentially increasing production costs $20.00 to $30.00 per acre annually. Secondly, 
due to the non-selectivity of insecticides, the reduction of beneficial insect populations in alfalfa 
is a concern. Beneficial insects that remain in the stubble, such the larvae of lady beetles and 
lacewings, are at risk, plus beneficials that may colonize or recolonize fields during early 
regrowth are exposed to any residual toxicity. Loss of beneficial insects can potentially lead to 
secondary pest outbreaks like pea aphids. A final problem with the CBS system is that it can give 
farmers a false sense of long term PLH control. The insecticides used for PLH control have 
relatively short residual properties, providing control for perhaps10 to 14 days. However, if 
farmers believe PLH are being controlled for a longer period of time and may not be 
conscientious about monitoring their alfalfa fields. Consequently PLH can migrate back into 
fields and build up quickly, causing additional damage to the alfalfa stand. Considering these 
problems with the CBS system, there is a need to get back to the basics of potato leafhopper 
management in alfalfa.  
 

Identification of PLH Adults and nymphs 
 
Adult PLH are small, about 1/8 inch long, wedge shaped, fluorescent green in color and have 

wings. Nymphs are similar in appearance except they are smaller, but range in color from 
yellowish-green to fluorescent green and they do not have wings.  

                                                 
1 Regional Agronomist, Nutrient and Pest Management Progr., Univ. of Wisconsin-Madison,  
   445  Henry Mall, Suite 318, Madison, WI 53706. 
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Life History 
 

Adult potato leafhoppers are migratory insects that over winter in the southern gulf states and 
Mexico. Wisconsin winters are too cold for PLHs to overwinter here. In early spring, storm fronts 
move PLHs from southern states into the Midwestern states. Strong low pressure systems to the 
west and high pressure systems to the east of the Mississippi River Valley are especially 
conducive for the northward migration. Models suggest that storm fronts can transport PLHs from 
the southern states to Wisconsin in a matter of a few days. The downdrafts ahead of the storm 
fronts deposit adult leafhoppers into alfalfa fields or alternative hosts such as apples, beans, 
clover, potatoes, soybeans, strawberries, ornamentals and deciduous trees. Alternate hosts are 
currently thought to be sites where migrating adults feed and reproduce with their offspring 
moving into alfalfa fields.  

 
Of the migrating adult leafhoppers, about 70% of them are fertilized, ready to lay eggs. 

Potato leafhoppers deposit their eggs in the stems and leaf vein of alfalfa as soon as they reach an 
alfalfa field. A female PLH typically lays 3 to 7 eggs per day for a period of 30 days or more 
resulting in over 200 eggs being deposited. The nymphs hatch from the eggs 7-10 days later and 
go through five molts before turning into adults. So it takes a little over three weeks for new PLH 
adults to appear. There are typically two generations of PLH per year and these generations 
overlap resulting in all stages of the insect appearing at the same time. However, there can be 
upwards of four to five overlapping generations per year. Under normal temperatures, 
overlapping populations can double in less than 10 days.  
 

Damage and Loss 
 

Both the nymphs and adult PLH cause damage by inserting their mouthparts into the vascular 
tissue of the plant and extract sap. The primary damage to the plant is not from the removal of 
plant sap, but from blocking the vascular tissues.  During feeding, PLH inject digestive toxins 
into the plant, which constrict the phloem tissues effectively blocking the transportation of sugars 
produced in the leaves to the roots. Damage from PLH first appears as “hopperburn”, the 
characteristic V-shaped yellowing of the leaf staring at the leaf tip. In severe cases, these leaves 
may turn completely yellow or reddish. 

 
In perennial forage such as alfalfa, loss from PLH can occur in both yield (stunted plants) and 

quality (reduced protein), as well as the effect insect feeding injury can have on stand longevity. 
Estimates for Wisconsin from the 1980s indicate damage losses to alfalfa from all insect pests in 
the $2.2 -$32.5million dollar range annually (Hogg, 2004). Yield losses of up to 30-40% have 
been reported due to PLH feeding in the establishment year and yield reductions of 25% are 
possible in established stands under severe PLH pressure. University of Wisconsin researchers 
(Hogg et al., 1997) have shown that severe PLH infestations in the seeding year can also have a 
significant, negative carry-over effect on alfalfa yields for the life of the stand.  

 
Scouting and Economic Thresholds 

 
The only reliable way to determine if PLH populations are high enough to cause plant 

damage is by scouting. Potato leafhoppers are rarely a problem in the first crop of alfalfa. 
Scouting should begin about 5-7 days after the first cut, and continue into late August-early 
September on established fields. Start scouting new alfalfa seedings in mid-May. 
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The only thing you need in order to scout alfalfa is a standard 15-inch sweep net. All 
thresholds are based on a 15-inch net, so using your baseball cap won’t work. Sweep nets can be 
purchased from a variety of suppliers. (County Extension offices may have sweep nets that can be 
lent out.) Hold the net perpendicular to the ground with a slight angle forward. Swing the net like 
a pendulum from side to side taking one stroke for each step you take. Walk a “W”-shaped 
pattern in the field and take 20 consecutive sweeps in five randomly selected areas. Count the 
number of PLH you find in the net after each set of 20 sweeps. Keep a running total of PLH 
numbers. Divide the total number of PLH by 100 (20 sweeps X 5 areas) to get the field average. 
Measure the alfalfa height and compare the PLH field average with the threshold for that height 
of alfalfa.  
 

Table 1. Potato leafhopper threshold for conventional alfalfa varieties.  
 

Alfalfa height (in) Potato leafhoppers/sweep 
3 0.2 
6 0.5 

8-11 1.0 
12 + 2.0 

 
 

Management Tactics 
 

If the PLH field average is higher than the threshold number for the appropriate alfalfa 
height, action must be taken to avoid economic damage. Management options are harvest or 
insecticides. Biological control is not mentioned here because while PLH does have natural 
enemies, they are usually not present in high enough numbers to provide control, or they are slow 
in reducing the population before damage occurs. If PLH thresholds are reached within 7 days of 
harvest, cutting the alfalfa a few days ahead of schedule is the best option. If harvest is more than 
7 days out then an insecticide application is warranted. For a listing of recommended insecticides, 
see UWEX publication Pest Management in Wisconsin Field Crops, number A3646. Another 
option for managing PLH is to choose a glandular-haired alfalfa variety. Glandular-haired 
varieties have shown promise in managing PLH and are recommended to farmers who are 
unwilling or unable to apply insecticides to control PLH. Currently (5th generation) PLH resistant 
varieties are more costly then their conventional counterparts; running about $5.00 more per acre 
for seed.  

Summary Comments 
 

Potato leafhoppers are not difficult to manage in alfalfa if timely scouting information is used 
to make decisions. A properly timed scouting schedule will avoid unjustified insecticide 
applications, protect beneficial insects and protect alfalfa quality, yield and stand longevity. 
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POTATO LEAFHOPPER RESISTANT VARIETIES 
 

Dan Undersander1 
 

Resistance to Potato Leafhopper in alfalfa was discovered over 40 years ago but this trail has 
been slowly incorporated into alfalfa varieties and those available have been underused by 
farmers.  This occurred because the first varieties with this trait had low levels of resistance and 
did not perform well in the field.  Also this resistance is not complete; it raises the spray threshold 
and reduces the need for spraying but, if insect levels become sufficiently high, fields may still 
need to be sprayed.  Later generations have had good resistant but some yield drag (reduced yield 
in the absence of the insect compared to nonresistant varieties).  The latest generation of potato 
leafhopper resistant varieties has both good resistance and little yield drag (Table1).   

 
Table 1. Performance of PLH resistant alfalfa varieties (% of trial mean) in absence of PLH 
 54H91 Enforcer FSG 400LH WL345LH WL346LH WL347LH 
Age 
of 
stand 

% of 
trl 
mn 

site-
years 

% of 
trl 
mn 

site-
years

% of 
trl 
mn 

site-
years

% of 
trl 
mn 

site-
years

% of 
trl 
mn 

site-
years 

% of 
trl 
mn 

site-
years

1 102 22 99 4 100 6 100 2 103 3 96 1 
2 98 54 101 3 96 12 98 4 99 7 100 1 
3 93 42   91 6   96 4   
4 92 33       94 1   
Data from ‘Compare Alfalfa Varieties’ at www.uwex.edu/ces/forage  

 
Potato leaf hopper damage in the first year can reduce yield for the life of the alfalfa stand.  

Thus controlling potato leafhoppers on new seedings is crucial.  Resistant varieties are especially 
useful when spraying is not feasible (e.g., when establishing alfalfa under a cover crop). 

 
Resistance to this insect does not 

give total resistance but will allow 
alfalfa to tolerate low levels of insect 

without needing to spray, possibly 
reduce the number of sprayings 
needed.  Research, resulting in the 
recommendations in Figure 1, has 
shown that the threshold for 
spraying highly resistant (HR, >50% 
resistance) alfalfa varieties can be 
raised to three times that of 
susceptible varieties (e.g., the 
spraying threshold of 1 insect per 
inch of alfalfa height in 10 sweeps 
for susceptible varieties can be 
raised to 3 insects per inch of alfalfa 
height in 10 sweeps for HR resistant 
varieties).  It should be noted that 
these spray guidelines are based on 
                                                 
1  Forage Extension and Research, Dept. of Agronomy, Univ. of Wisconsin, 1575 Linden Dr., 
Madison, WI 53706, djunders@wisc.edu. 
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average costs of insecticide treatment and average hay value. Growers should consider spraying 
at lower action thresholds this year, when hay costs are high. 

PLH resistance level is determined in a test where alfalfa varieties are rated for yellowing and 
stunting relative to check varieties when potato leafhopper is present 
(http://www.naaic.org/stdtests/potatolhres.htm).   

This test is quick and is helpful but does not tell the whole story.  In coordinated tests run at 
Iowa State and Ohio State over the last few years, yield of HR resistant varieties was compared to 
susceptible checks when potato leafhopper was present.  The data in the table 2 show the percent 
yield advantage of the alfalfa varieties with HR resistance over the susceptible checks.   

These data tell two important things: first, yield advantage was consistent between the 
seeding year and first production year.  
This means that the resistance 
develops early and is available in the 
seeding year, unlike some had 
thought. 

However, the most significant 
finding is that some HR varieties 
yielded 40 to 50% more than the 
susceptible varieties when potato 
leafhopper was present while some 
HR varieties showed less yield 
advantage.  This means that, while all 
alfalfa varieties with HR resistance 
will yield better than susceptible 
varieties when potato leafhopper is 
present, some show much greater 
yield advantage.   

Farmers can best select potato leaf 
hopper resistant varieties by looking 
at yield data from unsprayed trials in 
the UW variety trials available in UW 

extension publication A1525 from local county extension offices or on the web at 
http://learningstore.uwex.edu/Forage-Variety-Update-for-Wisconsin2007-Trial-Results-
P175C40.aspx or from your local county extension office.  Then, if a PLH resistant variety is 
desired and, especially, if alfalfa is planted with an oat or barley cover crop, use the table above 
to select a variety that had the greatest yield advantage over susceptible checks. 

Table 2. Yield increase of Potato Leaf Hopper Resistant 
varieties over susceptible check varieties when insect 
was above recommended spraying threshold. 
Variety Potato leaf hopper 

resistance yield index H 

Seeded in 2005  2005 2006 
54H91 50 36 
WL347LH 41 35 
FSG 400LH 34 32 
Enforcer 33 27 
WL345LH 15 18 
Bluebird HR 20 15 
Seeded in 2006 2006 2007 
53H92 50 45 
6426PLH 39 37 
4P424 38 38 
Evergreen 3 29 30 
54H91 28 28 
GH773LH 17 25 
H Percent yield increase above susceptible checks 
when potato leaf hoppers caused injury to alfalfa 

As you are selecting alfalfa varieties to plant this spring, remember the value of potato 
leafhopper resistance.  Alfalfa varieties with high resistance (HR) to potato leafhopper will cost 
very little, if any, more than alfalfa varieties susceptible to this insect.  Resistance or good 
scouting and spraying is particularly important for seeding year stands to ensure that future yields 
are not reduced.  This means that potato leaf hopper resistance is critical when planting alfalfa 
with a cover crop where spraying is not an option, but leafhopper can infest and damage the 
stand.  Also, potato leafhopper resistance may reduce the number of sprayings needed in new or 
established stands but, more importantly, will give a wider window for spraying without damage 
due to the higher threshold. 
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WISCONSIN DEPARTMENT OF NATURAL RESOURCES 
NUTRIENT MANAGEMENT REGULATIONS 

 
Tom Bauman1 

 
Abstract 

 
 

The state of Wisconsin has a number of voluntary and regulatory programs at the local, state 
and federal level that are intended to ensure that nutrients from all sources are applied properly 
and in manner that protects waters of the state.  The Wisconsin Department of Natural Resources 
(WDNR) has a number of voluntary and regulatory programs designed to promote the creation 
and implementation of nutrient management plans (NMP).  The primary WDNR regulatory tools 
for NMP implementation are as follows: 
 

• Water quality protection permits, called Wisconsin Pollutant Discharge Elimination 
System (WPDES) permits, issued by WDNR to larger-scale livestock operations known 
as Concentrated Animal Feeding Operations (CAFO).  These permits are issued under ch. 
NR 243, Wis. Adm. Code, and are based on EPA delegation of Clean Water Act 
permitting authority to WDNR and other state water quality protection authority. 

 
• Statewide Agricultural Performance Standards and Prohibitions contained in ch. NR 151, 

Wis. Adm. Code.  This rule is implemented in concert with the Department of 
Agriculture, Trade and Consumer Protection (DATCP) and local units of governments 
(i.e., towns and counties). 

 
The WDNR recently completed revisions to CAFO permit requirements contained in ch. NR 

243.  These revisions include requirements for phosphorus-based nutrient management, additional 
restrictions when CAFOs apply manure and process wastewater near lakes, streams and their 
conduits, and additional restrictions on CAFO applications of manure on frozen or snow-covered 
ground. 

                                                 
1 Coordinator, Wisconsin Department of Natural Resources, Agricultural Runoff Program, 101 S. Webster 
St. – WT/3, Madison, WI  53703 
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AMMONIA EMISSIONS FROM FIELD-APPLIED MANURE:  
MANAGEMENT FOR ENVIRONMENTAL AND ECONOMIC BENEFITS 

 
Bill Jokela1 and Jack Meisinger2 

  
 

Livestock manure has the potential to provide significant benefits for soil health and crop 
nutrient supply; but it also can contribute to a range of environmental problems, including 
ammonia emission. In particular, maximizing crop utilization of manure N requires careful 
management to control N losses.  
 

Manure N can be lost by several different 
processes—nitrate leaching, gaseous denitrification, 
and surface runoff of N. But the process that 
commonly has the potential for the greatest N loss 
from manure – and the one most readily controlled by 
management – is ammonia volatilization (Fig. 1). 
Besides the obvious economic loss requiring 
replacement with purchased fertilizer N, there are 
potential environmental concerns as well. Ammonia 
emission can contribute to eutrophication of surface 
waters (esp. marine and estuarine) via atmospheric 
deposition. The decreased amount of available N in 
manure reduces the N:P ratio and leads to a more 
rapid build-up of P in the soil for a given amount 
available N. And ammonia in the atmosphere can 
form fine particulates that lower air quality. 
 

Most ammonia emissions are from livestock 
production, with cattle farming, especially dairy, 
regarded as the largest source (Bussink & Oenema 
1998). Land application of manure contributes the most 
ammonia emissions from cattle in the UK, with animal 
housing a close second (Fig. 2; Misselbrook et al., 2000). 
This article will focus on ammonia volatilization of manure 
N, in particular the management practices to control 
ammonia loss and increase the benefits for crop production. 
Most examples will be with dairy manure. 
 

Nitrogen Content of Manure 
 

Improving the management of manure N starts with 
knowing the N content of manure and the relative amounts 
of the different forms. The total ammoniacal N 
(ammonium-N plus ammonia-N plus urea-N) is the portion 
of manure N that is immediately susceptible to loss. We 
                                            
1 Research Soil Scientist, USDA-ARS, Dairy Forage Research Center-IEIDM, 8396 Yellowstone 
  Dr., Marshfield, WI 54449. 
2 Research Soil Scientist, USDA-ARS, Beltsville Agric. Research Center, Bldg. 163-F BARC- 
  East, Beltsville, MD, 20705-2350. 

What happ

Figure 1. Processes that contribute to 
losses or crop availability of manure N. 
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Figure 2. Ammonia emission from 
different segments of cattle farming 
in the UK (Misselbrook et al., 2000. 
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will refer to the combination of these forms as simply ammonium-N, or NH4-N. The NH4-N 
fraction is readily available to plants or quickly mineralizes to plant-available ammonium (NH4

+) 
in the soil, so it is essentially equivalent to fertilizer N. As manure left on the soil surface dries 
and the pH rises, NH4

+ can rapidly convert to ammonia gas (NH3), which is readily lost to the 
atmosphere.  
 

The nitrogen content of manure varies 
greatly from farm to farm depending on 
animal diet, amount and type of bedding 
added, water added from rain or milk house 
waste, etc. For example, a random set of 30 
liquid dairy manure samples from Vermont 
farms showed greater than a four-fold range 
of both ammonium and total N (Fig. 3: Jokela 
and Meisinger, 2004). As is typical for liquid 
dairy manure, the ammonium fraction 
comprises about 50% of the total N. Despite 
the wide range of values, the average 
approximates typical book values. Because of 
the great variability in manure nutrient 
content, the only way to know the nitrogen 
content of the manure on your farm is to 
sample it and have it analyzed. Then it can be 
used as the basis for determining the manure 
rate to meet the crop N need. 

N Content of Liquid Dairy Manure
30 random samples, UVM Lab
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Figure 3. Nitrogen content (NH4-N and organic 
N) of 30 random dairy manure samples analyzed 
by the Agricultural and Environmental Testing 
Lab, University of Vermont (Jokela and 
Meisinger, 2004). 

 
Pattern and Magnitude of Ammonia Volatilization 

 
Ammonia volatilization occurs because ammonium-N (NH4

+-N) in manure or solution is 
converted to dissolved ammonia gas (NH3), by the reaction: 
 

NH4
+-N   W   NH3 + H+ 

 
The reaction produces more NH3 as pH or temperature increases, and as the NH4-N concentration 
increases.  
 

Ammonia volatilization losses vary greatly under field conditions depending on soil and 
environmental conditions and on management. Ammonia losses can range from over 90% of the 
applied NH4-N for surface application under high loss conditions, to only a few percent when 
manure is injected or incorporated immediately into the soil. Under typical conditions, losses 
from dairy manure left on the soil surface are commonly 30 to well over 50%. The ammonia 
volatilization rate is usually greatest during the first few hours after application, as shown in an 
example from Vermont where dairy slurry (9% DM) was broadcast at 7000 gallons per acre on 
silage corn stubble (Fig. 4: Jokela and Meisinger, 2004). This temporal pattern emphasizes the 
importance of timely incorporation of manure to prevent substantial losses of N. 
 

The extent of ammonia volatilization depends on a number of factors: a) manure 
characteristics (dry matter content, NH4-N content, pH), b) soil conditions (soil moisture, soil 
chemical properties, plant/residue cover), c) environmental factors (temperature, wind speed, 
rainfall), and d) application management (especially incorporation and timing). For example, 
manure dry matter content affects ammonia emission, slurries with higher dry matter content 
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generally showing greater ammonia loss 
(Meisinger and Jokela, 2000; Jokela et al., 2004). 
This is due to the fact that slurries with lower 
solids tend to infiltrate more readily into the soil 
where ammonium is protected from volatilization 
by adsorption onto soil colloids. This explains 
why solid manures tend to volatilize a higher 
percentage of the NH4-N than liquid manures, 
although solid manures lose less N the first day. 
While all of the manure, soil, and environmental 
factors play a role in determining the ammonia 
loss, application management is probably the 
biggest factor. It also offers the greatest potential 
for reducing NH3 loss and improving N 
utilization by the crop. (For a more 
comprehensive discussion of the factors affecting 
ammonia volatilization, see Meisinger and Jokela 
(2000)). Management practices designed to 
reduce ammonia loss from manure provide other 
benefits too, such as controlling odor and 
incorporating phosphorus, which limits runoff 
losses. These benefits are often as important to 
livestock producers as the nitrogen savings. 

Figure 4. Rate of NH3 emission from dairy 
slurry surface-applied at 7000 gal/acre. 
Williston, VT. (Jokela and Meisinger, 2004). 
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Manure Incorporation by Tillage 

 
If manure is mixed into the soil, ammonium-

N is adsorbed onto the exchange complex of the 
soil and retained. The rapid initial loss of 
ammonia from dairy slurries (Fig. 4) emphasizes 
the need for timely incorporation. Even a one-day 
delay in incorporating manure slurries can lead to 
loss of over 50% of the NH4-N. Most 
common tillage methods will effectively 
control ammonia losses from manure if done 
immediately after manure is applied. In 
general, the effectiveness of tillage in 
controlling ammonia emissions is a function 
of how thoroughly the manure is covered and 
mixed with the soil. Research with dairy 
slurry in Maryland showed reductions in NH3 
loss of 80 to 97% from immediate tillage 
with chisel, disk, or moldboard plow (Fig. 5; 
Thompson and Meisinger, 2002). Cultivating 
before slurry application can also reduce 
ammonia emissions because of increased 
infiltration into the soil.  
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Figure 5. Ammonia loss from dairy slurry after 
immediate tillage by several common implements on a 
silt loam soil, Beltsville, MD. (Thompson and 
Meisinger, 2002). 

 
Reduction of ammonia loss by timely 

tillage greatly improves N availability, which 
can be reflected in increased yields or lower 
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fertilizer N need. For example, in a field 
study in Vermont, semi-solid dairy manure 
incorporated by plowing within a few 
hours of application supplied adequate N 
for a 25 ton/acre corn silage crop; but when 
the same manure rate was surface-applied 
in the no-till system an additional 50 
lb/acre of fertilizer N was needed (Fig. 6.; 
Jokela, 2004a). The difference can be 
attributed to N loss via ammonia emission 
in NT and conservation of N where manure 
is incorporated by tillage.

Figure 6. Corn silage yields as affected by tillage, 
manure, and N fertilizer rate. MB=moldboard plow, 
NT=No-till, +M=manure applied at 25 ton/acre. 
Fertilizer N rate in legend; all treatments received 20 
lb N /acre as starter. (Jokela, 2004a) 
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For solid manures, a separate tillage 
operation is the main avenue for incur-
poration, but for slurries there are several 
other application options for conserving 
ammonia.  
 

Direct Incorporation Methods 
 
Annual Cropping Systems 

A range of equipment options 
are available for direct incorpora-
tion of liquid manure. Direct 
incorporation refers to any method 
that incorporates manure directly 
into the soil without a separate 
tillage operation, most commonly 
with knives, chisels, disks, or other 
tillage tools mounted in the front or 
rear of a tank spreader (Jokela & 
Côté, 1994). Injection of manure 
below the soil surface is an 
effective method for controlling 
ammonia volatilization since there 
is no exposure of manure to the 
atmosphere (assuming no surfacing 
of slurry) and NH4+ is adsorbed 
onto soil colloids; but there are also 
other equipment systems for use in 
annual cropping systems (Fig. 7). 
Deep injection with a knife or 
chisel (6 or more inches) has 
produced large reductions in 
ammonia emissions from slurries 
applied to corn in the US (Hoff, et 
al., 1981). The reduced ammonia volatilization is generally reflected in improved N utilization 
and increased yields. Higher corn yields and improved N efficiency were reported in Ontario 
from liquid cattle manure when it was injected at either pre-plant or sidedress time compared to 

Figure 7. Equipment options for direct incorporation of liquid 
manure in row crops or on bare ground (Jokela & Côté, 1994). 
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surface application (Beauchamp, 1983). Increased corn yields from sidedressed injected dairy 
manure were observed in New York (Klausner and Guest, 1981).  
 

In recent years, a horizontal sweep injector that operates at a shallower depth (4 to 6 inches; 
Fig. 7b) has become more popular because it provides more even distribution of manure, 
improves N availability, and requires less power (Schmitt et al., 1995). Increased N availability 
has been reflected in higher Pre-sidedress Nitrate Tests (PSNT) and higher corn grain yields. A 
relatively new design, now available commercially from a few companies in Canada and the U.S., 
does not actually inject the manure but mixes and covers it with soil using either "s-tine" 
cultivator shanks or pairs of concave covering disks. (Figs. 7 c, d) These shallow incorporation 
methods require less power than deep injection tools, can be operated at faster ground speeds, and 
have fewer problems in stony soils.  
 

In a 2-year trial in Vermont we compared application of liquid dairy manure in the fall 
(surface-applied, sweep injection, and s-tine cultivation) and spring (s-tine cultivation). Nitrogen 
availability, as indicated by PSNT values (Figure 8: Jokela et al., 1999), was higher for the 
incorporated treatments, with spring greater than fall application. Fall manure left on the surface 
was the same as the no-manure treatment. Corn silage yields followed similar trends.  
 

Another option that has seen some use, 
especially in Canada, is direct incorporation 
of liquid manure at sidedress time (12 to 24 
inches corn height). Advantages are that the 
timing is closer to the time of increased corn 
N uptake, thus avoiding potential N loss early 
in the season from denitrification or leaching, 
and it allows use of the PSNT (pre-sidedress 
nitrate test) to estimate N need and, therefore, 
manure rate. Researchers in Ontario (Ball-
Coelho et al., 2005) sidedressed liquid swine 
manure on corn with a coulter-injector shank-
disk hiller system. They obtained excellent 
yields and found that the PSNT was an 
effective tool for determining optimum 
manure rates. They used similar equipment to 
combine manure injection and zone tillage, 
maintaining residue cover and creating a good seedbed in a conservation tillage system (Ball-
Coelho and Roy, 2004). Another study that sidedressed liquid swine manure on corn in Quebec 
(Côté et al., 1999) showed better utilization of N from manure applied with "s-tine" incorporation 
than with deep injection. Dairy manure sidedressed with s-tine cultivation in Vermont gave 
equivalent corn silage yields as fertilizer N at similar rates of NH4-N (Jokela et al., 1995).  
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An ongoing study in Wisconsin (Powell and Misselbrook, unpubl.) compares two direct 

incorporation methods – narrow-shank injection, and broadcast incorporation with aeration tines 
(AerWay)3 – to surface broadcast of liquid dairy manure on no-till silage corn stubble. 
Preliminary results, which include only one of three application periods for each year, show a 
typical pattern of ammonia emission with most of the loss occurring in the first day (Fig. 9). Both 
direct incorporation methods reduced ammonia losses significantly; but the magnitude of 
                                            
3 Equipment name is used for informational purposes only and does not imply the endorsement of  
   the USDA-ARS or the University of Wisconsin. 
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ammonia emissions and the relative 
effectiveness of the two direct incorpora-
tion methods varied with each study period. 
This likely reflects differences in the 
specific soil, manure, and weather condi-
tions during each application day.  For the 
3-year period, injection showed the lowest 
NH3 loss, surface broadcast the highest, 
and AerWay intermediate (Fig. 10). 
  
Perennial Forage Systems 

There are situations where standard 
injection or incorporation by tillage is not 
practical, e.g., manure applied to grasslands 
or to a no-till field. In these situations 
modified application equipment is needed. 
Because of root damage and yield 
reductions with deep injection, shallow 
injection systems (2-inch depth) have been 
developed (Fig. 11d) which reduce 
ammonia emissions but produce less soil 
disturbance and crop damage, although 
some yield reductions have been observed 
(Misselbrook et al., 1996). Ammonia 
volatilization has been reduced by 40 to 
95% by shallow injection in various trials 
in the Netherlands and the UK (Missel-
brook et al., 1996; Huijsmans et al., 1997). 
An approach that avoids soil disturbance 
entirely, while still reducing ammonia 
losses, is application of slurry in narrow 
bands either directly from the spreader hose 
or through a sliding shoe that rides along 
the soil surface (Fig. 11 b, c). The intent is 
to place the manure in a band close to the 
ground below the crop canopy, providing 
less surface exposure and some wind 
protection and preventing contamination of 
foliage with slurry. This equipment reduces 
ammonia volatilization, especially in the 
first few hours after application, though not 
as effectively as with injection. Most 
studies in Europe have reported 
volatilization reductions of 30 to 70% 
compared to surface application 
(Huijsmans et al., 1997; Pain & 
Misselbrook, 1997).  
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Research with a trailing 

foot application system in 
Vermont gave ammonia loss 
reductions of 30 to 90% com-
pared to broadcast application, 
most of the difference occur-
ring in the first several hours 
after application (Fig. 12; 
Jokela et al., 1996). Small, but 
significant, yield increases of 6 
to 14% resulted from band 
application in two of four site-
years (Carter et al., 1998). A 
three-year study in British 
Columbia showed greater grass 
yields and N recovery from a 
sliding shoe system (Bittman et 
al., 1999), the difference 
attributed to reductions in 
ammonia emissions. The same 
researchers applied dairy slurry 
to grass using a new 
implement, an AerWay SSD 
(sub-surface deposition appli-
cator), which applies manure in 
narrow bands directly over 
vertical slots created by the 
aerator tines (Bittman et al., 2005). They 
reported ammonia emission reductions of 
over 50% compared to surface broadcast, 
as well as decreased odor and nutrient 
runoff losses. They also found the system 
effective for reduced-till annual crops, 
since it caused minimal residue 
disturbance (Bittman et al., 2004). 

Figure 11. Equipment options for injection or direct in
in grassland or no-till crops (Jokela & Côté, 1994). 
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Matching Manure Application Rate to 
Crop Nutrient Need:  Brdcst High

Band High
How much difference does manure 
incorporation make? 

Let’s look at an example of two 
scenarios for manure management for 
corn production – spring-applied dairy 
manure incorporated either within 1 hour 
(or injected) (Case 1) or after 7 days 
(Case 2). See text box for other specifics 
(Jokela, 2004b). 

Figure 12. Cumulative NH3 emission from dairy slurry 
applied as broadcast or banded with a trailing foot (Jokela 
et al., 1996). 

 
Based on university recommendations (a composite of several north central and northeast 

states), manure in the example would provide approximately 13 lb of available N (fertilizer 
equivalent) per 1000 gallons if incorporated immediately; so 7900 gallons per acre would be 
required to meet the crop need of 100 lb N per acre. Because of the greater ammonia loss with 
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Example: Comparison of Time of Manure 
Incorporation for Silage Corn 
• Nutrient Recommendation: 100 lb N, 40  lb 

P2O5 /acre (after accounting for starter N, 
previous crop, and past manure N) 

• Dairy Manure Analysis, lb/1000 gal. 
– Total N: 23; NH4-N: 11; P2O5: 10 
– 8% DM 

• Fertilizer prices: N $.50/lb, P2O5 $.38/lb 

delayed incorporation, the second scen-
ario would require about 14,500 gallons 
per acre to meet the same N need. If there 
is additional land available with N and P 
need, the difference in application rates 
(6600 gallons/acre) would have a poten-
tial nutrient value of about $67/acre ($42 
for N and $25 for P2O5). Both manage-
ment options supply excess phosphorus, 
but only 39 lb P2O5 /acre in the first case 
compared to 105 lb lb P2O5 /acre in Case 
2.  
 

While manure has historically been applied to meet the crop need for N, concerns about 
runoff of phosphorus from fields into surface waters has led to a need to apply manure on a P 
basis on some fields. How would the two scenarios compare in this regard? In both situations the 
manure rate required to meet the P recommendation would be the same – 4000 gallons per acre 
(assuming 100% fertilizer equivalent for manure P). In scenario 1 (quick incorporation) 49 lb/acre 
of additional fertilizer N would be needed; but in the delayed incorporation case 72 lb N/acre 
would be required. The difference in cost would be about $11 per acre, based on a price of $.50/lb 
N. 
 

Summary 
 

Ammonia volatilization can be a major nitrogen loss pathway for field-applied manure, and 
can have both economic and environmental consequences. Fortunately, there are effective and 
practical management practices to address these concerns – manure analysis as a basis for 
application rate, timing manure application to better coincide with crop N uptake, and timely 
incorporation of manure by tillage or one of several direct incorporation methods. Because of the 
temporal pattern of ammonia emission, most loss occurring in the first few hours after 
application, incorporation of manure immediately or shortly after application is particularly 
important to cut N losses, thereby saving fertilizer expense and minimizing undesirable 
environmental impacts. 
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DEVELOPING A NUTRIENT MANAGEMENT PLAN FOR A  
LIVESTOCK SITING APPLICATION:  LESSONS LEARNED 

 
Mike Murray1 

 
The Livestock Siting Law (s. 93.90 Wis. Stats.) and Rule (Ch. ATCP 51 Wis. Adm. Code) 

establish the framework local governments must use if they elect to regulate the siting of new and 
expanding livestock operations (typically over 500 animal units). The state standards and process 
have been incorporated into 20 county and 24 town ordinances, more are expected. To obtain a 
conditional use permit or license in these jurisdictions, new and expanding operations must show 
that they meet state requirements for waste storage, odor, nutrient and runoff management. What 
does this mean for nutrient management planners? 
 
1.  Nutrient management requirements for livestock siting applications 

Plan like you always have – according to NRCS Technical Standard 590 Nutrient 
Management (Sept. 2005). The 590 plan must account for all nutrient sources e.g. all animal 
types at the facility, commercial fertilizer, biosolids. To be enforceable any local requirement for 
nutrient management requirement beyond the 590 standard must be adopted into an ordinance 
(e.g. winter spreading restrictions). This means that local governments cannot rely on 590 
Standard V.A.2b(2) (related to additional requirements imposed by local conservation plans). In 
addition, ATCP 51 exempts these sections of the 590 Standard V.D (additional criteria to 
minimize nitrogen and particulate air emissions), V.E (additional criteria to protect the physical, 
chemical and biological condition of the soil) and VI (considerations).  
 

When applying for a siting permit, producers are required to complete Worksheet 3: Waste 
and Nutrient Management (http://www.datcp.state.wi.us/arm/agriculture/land-
water/livestock_siting/applic_matls_tech_assist.jsp) to demonstrate that their nutrient 
management plan will meet the 590 Standard. Worksheet 3 is comprised of three parts: 

• Part A - Waste Generation and Storage Summary: Account for how much waste (manure, 
wastewater, leachate) is generated and where will it be stored. 

• Part B - Land Base for Applying Nutrients: Account for the land base where the waste 
will be applied, and/or describe alternatives to spreading (e.g. sold under a fertilizer 
license). Operations over 500 AU that exceed the acreage per animal unit ratio in Table 1 
are required to complete Part C. 

• Part C - Nutrient Management Checklist: This checklist is similar to the checklist used by 
other programs however there are some differences. A qualified nutrient management 
planner other than the landowner must sign Part C. If needed, soil tests according to 
A2100 can be completed within 12 months of permit approval, and the plan updated 
accordingly.  

 
By signing Worksheets 3, consultants or other professionals are attesting to the fact that they 

have applied their technical knowledge and expertise in the preparation of these worksheets and 
are prepared to stand behind the assertions in those worksheets. They are not promising that 
applicants will maintain practices in the future.   
 

If the facility has been issued a DNR WPDES permit for the same or greater number of 
animal units, the producer may elect to substitute the WPDES permit information for Worksheet 
3. In this case the landowner is still required to sign Worksheet 3 and check the box noting that 
                                                 
1 Livestock Facility Siting Program Manager, Department of Agriculture, Trade and Consumer Protection,  
Division of Agricultural Resource Management, 2811 Agriculture Drive Madison, WI 53708 

 
Proc. of the 2008 Wisconsin Fertilizer, Aglime & Pest Management Conference, Vol. 47 209

http://www.datcp.state.wi.us/arm/agriculture/land-water/livestock_siting/applic_matls_tech_assist.jsp
http://www.datcp.state.wi.us/arm/agriculture/land-water/livestock_siting/applic_matls_tech_assist.jsp


their DNR permit is attached. Substitution with the WPDES permit is not required; it is only an 
option for the landowner. 
 

In addition, planners may assist landowners in calculating the odor score or developing and 
implementing the required management plans. A plan for training employees and another to deal 
with environmental incident responses must be submitted with the siting application worksheets. 
If you work in these areas, you should become familiar with the state requirements. Model plans 
are available from this web site: http://www.datcp.state.wi.us/arm/agriculture/land-
water/livestock_siting/training_materials.jsp  
 
2.   Know the local process for obtaining a permit 

Make sure the producer you are working with is aware of all applicable regulations and how 
to demonstrate compliance. It is important to check with both town and county officials for the 
presence of not only a siting ordinance, but for zoning, floodplain, weight limits on highways and 
so on. 
 

The siting law mandates a process to review applications that includes certain key deadlines. 
Local governments must decide if an application is complete within 45 days. While a 
completeness determination is not a permit approval, it is an important step in the process and 
creates a presumption in favor of approval. It is important to make sure the producer submits an 
application that is complete, credible and internally consistent.   
 

Once an application is deemed complete neighbors will be notified about the expansion. 
ATCP 51 only requires that the adjacent property owners receive notification, yet local 
ordinances may contain provisions for broader public notice. Similarly, many local processes 
include public hearings or comment procedures. You may need to testify at a hearing to clarify 
questions about your nutrient management plan.  
 

Before making a permit decision local governments will scrutinize applications, particularly 
the manure and nutrient management materials. You should be prepared to explain any plan 
component that may raise doubt about the credibility or consistency of the plan. For example, be 
prepared to explain how the plan meets standards if the farmer relies on a land base that has fewer 
acres to animal units than the ratio in Worksheet 3.   
 

After an application is determined to be complete a decision to grant or deny the application 
must be made within 90 days. If additional information is needed to review the material, or the 
applicant modifies the application, the deadline may be extended.  
 

It is critical that applicants submit everything required of them to avoid delays during the 
permitting process. The importance of providing accurate information at the initial stage of the 
permit application cannot be understated. If your plan is unclear or questions cannot be answered 
based on the material submitted it is possible for local government to delay the decision making 
process and even deny the permit. 
 
3.  Understand potential obstacles 

Siting can be a lightning rod. The process for obtaining a permit may be used as a public 
forum for individuals or organizations to express concerns about large scale livestock operations 
and changing land uses.  
 

Nutrient management is the most controversial siting standard. The dynamic nature of 
nutrient management planning provides opportunities for challenging conclusions asserted in an 
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application. Local governments can request the documentation a planner relied upon to answer 
questions in the checklist. An application can be denied if the documentation upon which the 590 
plan is based does not substantiate answers provided in the application. 
 

The public may demand answers about how your plan provides a level of environmental 
protection. Fear of change sometimes generates resistance to an expansion, a wind farm or other 
transforming land use. Encourage the landowner to talk with neighbors prior to applying for a 
permit. If neighbors first learn about an expansion from a public notice, chances are they will not 
be happy. Having the support of the immediate neighbors is a benefit, especially when contracts 
for land spreading acreage are necessary. 
 

Public perception reflecting opinions that a big farm will have negative consequences on the 
neighborhood are often expressed. It is important for the landowner to consider how they will 
explain their expansion and answer questions from not only local government, but the public as 
well. While social issues such as impacts on the rural character or quality of life fall outside the 
scope of a siting permit, others are directly related to the standards applicants are expected to 
meet. Concerns related to manure spills, fish kills or well contaminations raise performance 
expectations.  
 

Demonstrating that the farm will meet the permit requirements and clearly explaining how 
this will be accomplished can alleviate some fears. Consider how to describe what will occur 
without using too much jargon. How will the new manure pit compare to the storage located on 
neighbor’s farm for the past 10 years? How does the nutrient management plan deal with 
sensitive areas? Karst features? Odors? Groundwater? Economic return and crop yield? Even 
though you may not be required to go beyond the 590 Standard, you should work with the 
producer to develop a plan that effectively protects sensitive areas such as karst.  
 

The state siting standards are designed to protect our natural resources as well as the health of 
our citizens. Developing a nutrient management plan and following through with implementation 
can reduce the risk of non-point pollution (Shepard, 2005). The challenge is conveying this 
information to people unfamiliar with agriculture and manure management. 
 
4.  Help producers with compliance after a permit is issued   

Under the siting law, local governments have extensive authority to ensure compliance with 
permit requirements. Annual nutrient management plan updates may be required. The local siting 
ordinance should describe what information, if any, must be submitted. The operator will need 
your help to update their nutrient management plan and practices to maintain compliance with the 
590 Standard. In addition to plan preparation, planners can help producers manage erosion 
control to account for rotation changes, maintain manure spreading and other records, and carry 
out manure and soil tests as needed.  
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SOYBEAN YIELD LOSS BY GROWTH STAGE 
 

Shawn P. Conley1 and John Gaska2 
 
Drought Stress in Soybean 

Moderate to severe drought stress afflicted much of Wisconsin’s soybean crop in 2007.  In 
soybean there are two growth periods for which soil moisture is critical for optimum growth and 
development: at planting and during the reproductive stages from bloom through pod fill.  The 
time period from stand establishment to bloom is not as critical.  Drought stress during this time 
period will often shorten internodes; however yield loss rarely occurs.  In Wisconsin the main 
reproductive growth in soybean occurs from early July to mid-September.  Soybean in this phase 
use about 1/4 to 1/3 inch of water per day.  Lack of sufficient water can cause flowers and young 
pods to abort reducing the number of seeds per plant.  Also, soybean plants reduce the size of 
their leaf pore openings to reduce the loss of water vapor.  This also reduces the intake of carbon 
dioxide and the manufacturing of photosynthates which slows plant growth.  When normal soil 
moisture returns, normal growth is resumed.  This ability to reduce metabolic activity allows 
plants to tolerate dry spells without dying or harming their ability to resume growth when normal 
moisture returns. 
 

In most years, water is not a major factor limiting the yield of soybean on medium and fine 
textured soils in Wisconsin.  Research conducted between 1996 and 2000 at the Arlington 
Research Station shows no yield difference between irrigated and non-irrigated soybeans.  
However there was significantly more biomass (total plant weight) per acre in the soybeans that 
received regular irrigation.  The extra biomass was concentrated in the leaf and stem portion of 
the plants, and not in the seeds. 
 

Managing soybeans for drought tolerance involves using the same sound growing practices 
that would normally be used for high yields.  Soil fertility, especially pH levels are important for 
good root growth and proper nodulation.  Low soil pH inhibits nodulation and uptake of essential 
micronutrients which make soybeans more susceptible to drought injury.  Healthy soybean plants 
will also have deep root growth which enables to plant to take advantage of deeper moisture 
supplies.  Where hardpans or compacted zones are a problem, deep tillage should be used to 
break these up and allow root growth into subsoil moisture.  Conservation tillage can help the 
crop withstand the effects of drought by providing residue cover to reduce soil moisture 
evaporation.  Long term conservation tillage also improves soil tilth which helps rainfall 
infiltration and water movement.  Finally, narrow row spacings should be used since the canopy 
formed by the plants increases competition with weeds and acts as a barrier to evaporative soil 
moisture losses. 
 

If drought has severely affected pod set and seed fill, and if livestock feed is needed, 
soybeans can be harvested as a forage for ensiling.  Highest protein and yields are obtained from 
soybean harvested at the R6 to R7 growth stage.  Harvesting soybeans for forage between the R1 
and R5 stage will result in a very high quality silage, but dry matter yields will be reduced 
significantly.  Forage quality will be reduced from R5 soybean forward if a conditioning process 
is used during harvest.  Conditioning will cause significant seed shattering.  
 

                                                 
1 State Soybean and Wheat Extension Specialist, Dept. of Agronomy, Univ. of Wisconsin-Madison, 
Madison, 1575 Linden Dr., Madison WI 53706.  spconley@wisc.edu  
2 Outreach Specialist, Dept. of Agronomy, Univ. of Wisconsin-Madison, Madison, 1575 Linden Dr., 
Madison WI 53706.   
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Germination 
In 2007, variable and delayed emergence in conventional (more common) and no-till soybean 

raised several questions across the Midwest.  If soybean was planted into dry soil and had not 
imbibed water (seed did not swell) then there is little to no concern for growers.  Once a 
significant rainfall event occurs the soybean will imbibe water, germinate, and emerge as normal.  
For yield estimates we would assign the day it rained as the new planting date.   
 

The more difficult question to answer was how viable was the soybean seed once imbibition 
and/or germination has begun.  The critical seed moisture content for soybean is 20% moisture.  
A soybean seed that has imbibed water, has a split seed coat, or has an emerged radicle will 
continue to germinate and grow as normal once the seed is re-hydrated if the seed (germ) remains 
above 20% moisture (Senaratna and McKersie, 1983).  If the moisture content within a soybean 
seed falls to 10% then a dramatic difference exists among the different seed germination stages.  
If the seed has imbibed water for 6 hours (I am assuming this means the seed has swelled but the 
seed coat has not broken) then the seed is dehydrated to 10% moisture, germination is not 
affected.  If the seed has imbibed water for 12 to 24 hours (seed coat broken, but prior to radicle 
emergence then germination is reduced to 60 to 65%.  If the radicle has emerged and seed 
moisture levels drop to 10% then no survivors can be expected.  To test seed viability growers 
can conduct a simple germination test.  First excavate 100 soybean seeds and wrap them in a 
damp paper towel.  Place these seeds in a warm location and after 24 to 36 hours count the 
number of seeds that have germinated.  Remember that a typical soybean percent germination is 
90%. 
 
Frost Damage 

Unlike corn, the growing point on a soybean plant is exposed to the environment when it 
emerges. Soybean plants can withstand temperatures down to 28°F.  When inspecting a soybean 
plant for frost injury, first inspect the hypocotyl region (the area above ground but below the 
cotyledons). If the hypocotyl region is water soaked or discolored, then the plant is dead.  If the 
hypocotyl and cotyledons remain green, but the unifoliate leaves appear dead, then the plant will 
most likely survive. Soybean axillary buds develop at each leaf axil, including the cotyledon 
axils. If these axils survive, the plant will continue to grow.  
 
Cotyledon Loss 

When soils are crusted, the soybean hypocotyls will swell and increase the force it exerts to 
break through the crust. If that force is too great, the hypocotyl can snap, killing the plant. The 
cotyledons can be damaged during emergence in a crusted field. If a plant loses one cotyledon 
yield loss is rare, but if a plant loses both cotyledons, yield could fall by 2-7 percent.  
 
Defoliation 

Yield loss associated with defoliation or hail varies based on growth stage and % defoliation; 
however stem and leaf area loss during seed development and grain fill (R5 to R 6.5) is the most 
destructive (Table 1). During this time period pods can be removed from the plant either from 
hail or through pod abortion caused by significant leaf loss. Direct damage to the pods can also 
lead to increased disease incidence and seed germinating in the pod. 

 
Wheel Track Damage 

Sprayer wheel traffic can damage soybean plants and reduce yield from first flower (growth 
stage R1) through harvest.  Research suggests that an adequate soybean stand (more than 100,000 
plants per acre) planted in late April though mid-May can compensate for wheel tracks made 
when a field is sprayed at R1 (Hanna et al., 2007). Yield loss can occur, however, when wheel  
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Table 1. Yield loss associated with soybean leaf defoliation based on soybean growth stage.  
Growth stage 50 60 70 80 90 100 
 ------------------------------------------% Yield loss------------------------------------------ 

R3 8 11 14 18 24 33 
R4 12 16 22 30 39 56 
R5 17 23 31 43 58 75 
R6 14 18 23 31 41 53 

R6.5 4 5 8 13 18 23 
Adapted from National Crop Insurance Publication 6302, Soybean Loss Instructions 
 
tracks are made at R1 or later in thin soybean stands (less than 100,000 plants per acre) or late 
planted soybeans.  Regardless of stand, plants could not compensate for wheel tracks made at R3 
(early pod development) or R5 (early seed development).  
 

Soybeans planted in narrow rows (≤15 inches) always experienced yield loss in the wheel 
track area.  However, yield loss did not increase when multiple trips were made along the same 
wheel tracks.  The amount of yield lost due to wheel-track damage decreased as spray boom 
width increased (Table 2).  Larger spray booms required fewer passes through the field by the 
spray rig.  This decreased the number of wheel tracks in the field and reduced the amount of 
damage caused to the soybean crop by the wheels.  Additional sprayer trips made using existing 
wheel tracks caused no additional yield loss at any location. 
 
Table 2.   Estimated impact of boom width on grain yield loss due to wheel-track damage in 

soybean at the Davis-(DPAC), Northeast-(NEPAC), and Southeast-(SEPAC) Purdue 
Agricultural Centers.  

 Boom width (feet) 
 30 60 90 120 
 --------------------------------------Yield loss (%)------------------------------------- 
DPAC 2005 5.5 2.8 2.1 1.4 
DPAC 2006 6.7 3.4 2.6 1.7 
NEPAC 2006 4.3 2.1 1.6 1.1 
SEPAC 2005 3.2 1.6 1.2 0.8 
Average 4.9 2.5 1.9 1.3 
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WHY PLANT WINTER RYE AFTER CORN SILAGE? 
NUTRIENT MANAGEMENT IMPLICATIONS 

 
Kevin Shelley and Jim Stute1 

 
Introduction 

Planting a winter rye cover crop after corn silage is an easily implementable conservation 
practice. Harvest as forage the following spring can generate income which should make the 
practice even more appealing for producers. Forage best management practices can be found in 
an NPM Program publication: Planting Winter Rye after Corn Silage, Managing for Forage 
(http://ipcm.wisc.edu/Publications/tabid/54/Default.aspx). Managing rye for optimum forage 
yield and quality will maximize conservation benefits including nutrient management. In this 
paper we will discuss nutrient management implications and opportunities. 
 
Rye Nutrient Removal 

Estimated nutrient removal by rye harvested in boot stage is shown in table 1. The Wisconsin 
information represents trial data from three locations in Southern Wisconsin (Arlington, 
Janesville and Lancaster, 11 site-years) and is comparable to values published by the National 
Research Council (NRC, 2001). 
 
Table 1. Estimated nutrient removal by rye forage harvest,
Wisconsin data compared to values published by the National Research Council.

Wisconsin NRC*

N 52
P2O5 18 19
K2O 80

n 212 1155
* Source: NRC, 2001 (values rounded). All values on a dry matter basis.

lb/ton
52

81

 
 

Rye nutrient removal values reported here exceed those published in University of 
Wisconsin-Extension (UWEX) publication A2809 “Nutrient application guidelines for field, 
vegetable, and fruit crops in Wisconsin”. This new data will be incorporated into the next 
revisions of UWEX A2809 and SNAP Plus for use in nutrient management planning. Both of 
these resources are revised periodically as new information becomes available.  
 

Under the NRCS 590 (9/05) standard (V.A.1.a), use of plant tissue analysis is permissible for 
nutrient application decisions if plant sampling and testing are done following University of 
Wisconsin recommendations. Documentation of rye dry matter (DM) yield with approved tissue 
testing to establish removal rates could serve nutrient management planning purposes until 
revisions are made. This is also recommended based on the discussion of nutrient variability 
below, especially on high test soils. Nutrient management planners may want to contact county 
plan reviewers (NRCS or Land Conservation departments) to determine what’s permissible for 
plans submitted in that jurisdiction. 
___________________________ 
1  Senior Outreach Specialist, U.W. Nutrient and Pest Management Program, 455 Henry Mall, 
Madison, WI 53706 (608) 262-7846 and Crops and Soils Educator, Rock County UW-Extension, 
51 S. Main St, Janesville, WI 53545, (608) 757-5696. 
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Nutrient Removal Variability  
Wisconsin data indicate that rye tissue levels of phosphorus (P) and potassium (K) are 

variable and significantly related to soil test levels of these nutrients. Figure 1 shows the 
relationship when trial data are controlled to remove the effect of all other variables. The 
correlation is stronger for P than K, although soil test K levels had less of a uniform distribution 
across experimental sites compared to soil test P. 
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Figure 1. The relationship between soil test level and rye tissue nutrient concentration. Data 

points represent trial means, n=184. 
 

Variable (and elevated) levels of tissue nutrients will impact total nutrient removal. Table 2 
shows the influence of tissue nutrient concentration and forage yield on total nutrient removal 
across the range of values observed in our trials. The implication of this data is that rye harvested 
from soils with elevated levels of nutrients will have greater nutrient concentration and following 
cultural practice which optimize forage yield will enhance nutrient removal. Rye forage should be 
tested so that true removal can be estimated and accounted for in nutrient management plans. 
Dairy producers should also monitor forage K levels to avoid related metabolic disorders.  
 
Table 2. Per acre nutrient removal based on tissue nutrient level and dry matter yield.
Tissue
concentration 1 2 3 4
P (%)
0.25 11 23 34 44
0.30 14 27 41 56
0.35 16 32 48 64
0.40 18 36 55 72
0.45 20 41 61 80*

K (%)
2.00 48 96 144 192
2.50 60 120 180 240
3.00 72 144 216 288
3.50 84 168 252 336
4.00 96 192 288 384*
*, values at this level have not been observed in Wisconsin research. All values on a DM basis. 

P2O5 (lb/a)

Forage yield (t/a)

K2O (lb/a)
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Total Annual Nutrient Removal 
Rye harvest as forage contributes significantly to total annual nutrient removal when 

combined with nutrient removal by the following crop. Table 3 shows the contribution and total 
removal (2-year) when corn silage is followed by silage again, soybean or alfalfa, three likely 
cropping sequences, as calculated by SNAP Plus (version 1.121) and using actual removal, 
calculated from tissue testing results. This example demonstrates the advantage of documenting 
removal rates with tissue sampling when developing nutrient management plans. 
 
Table 3. Impact of rye on nutrient removal for various crops following corn silage, 
calculated by SNAP Plus (version 1.121) compared to tissue sampling to estimate removal.
Crop Rotation

P2O5  K2O
Year 1 Year 2 balance balance P2O5  K2O P2O5  K2O
SNAP Plus
Corn silage Corn silage -160 -370

Rye - Corn silage -190 -490 -30 -120 38 65

Corn silage Soybean -120 -255
Rye - Soybean -150 -375 -30 -120 75 171

Corn silage Alfalfa seeding -105 -290
Rye - Alfalfa seeding -135 -410 -30 -120 120 114

Tissue testing
Corn silage Corn silage -160 -370

Rye - Corn silage -210 -590 -50 -220 63 119

Corn silage Soybean -120 -255
Rye - Soybean -170 -475 -50 -220 125 314

Corn silage Alfalfa seeding -105 -290
Rye - Alfalfa seeding -155 -510 -50 -220 200 209

Yield goals: corn silage, 21-25 t/a; rye, 2-3.5 t/a; soybean, 46-55 bu/a; alfalfa seeding, 1-2.5 t/a. 
Tissue sampling example uses means of observed values, Table 1.

(lb/a) (lb/a)

(year 2) with rye
Annual increase

%

Impact of rye

 
 

Enhanced nutrient removal presents both opportunities and challenges to nutrient 
management planning. Enhanced phosphorus removal can be used on soils exceeding 50 ppm to 
maintain nitrogen (N) based manure application rates in absence of prolonged periods of P 
drawdown (alfalfa). The combination of corn silage and rye will use both first and second year N 
credits from manure rates supplying the N requirements of corn. Combined P2O5 removal exceeds 
the P contribution from that manure application. On soils requiring P drawdown, the rate will be 
accelerated with enhanced P removal. Growing a non-forage crop such as soybean after rye will 
also help with whole-farm nutrient budgeting as a portion of the P will leave the farm as grain. 
Inclusion of rye as a forage source may make this possible by its contribution to total farm forage 
inventory, reducing the number of acres devoted exclusively to forage production. 
 

Potassium removal may be more problematic. Although it will be recycled through manure 
applications, enhanced removal could result in the need for increased K2O application rates in 
situations of long drawdown in absence of manure applications, such as rotating to alfalfa. This 
should be considered when developing nutrient management plans. 
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Optimizing Nutrient Removal 
Nitrogen availability has a significant impact on DM yield and by association nutrient 

removal because removal is based on yield and tissue nutrient concentration. Rye is moderately 
responsive to applied N. Multi-year, multi-site N response trials have found that DM yield is 
maximized at 80 lb/a, and that the slope of the response curve is moderate (Figure 2). 
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Figure 2. Response of DM yield and nutrient removal to added N, 

expressed as percentage of maximum yield. 
 

For economically optimum forage production, we’ve recommended N rates of up to 80 lb/a if 
legume and/or manure credits are used, and 40 to 60 lb/a if fertilizer sources are used. Fertilizer N 
rates take into account the moderate slope of the response curve as well as fertilizer price and the 
value of the forage produced. Economically optimum nitrogen rate for a range of prices and 
values can be found in Table 4. Rates beyond 80 lb/a are not recommended because of yield 
reduction from lodging. 
 
 
 
Table 4. Economically optimum nitrogen rates (EONR) for fertilizer applications to
to winter rye for forage production.
Forage
value

($/ton) 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70
50 49 44 40 35 30 26 21 17 12
60 53 49 46 42 38 34 30 27 23
70 56 53 50 47 43 40 37 34 30
80 59 56 53 50 48 45 42 39 36
90 61 58 56 53 51 48 46 43 41
100 62 60 58 55 53 51 49 46 44

Nitrogen price ($/lb N)
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The influence of added N on nutrient removal can also be seen in Figure 2. Although 
maximum P2O5 and K2O removal occurs at N rates of 80 to 90 lb/a, approximately 90% of total 
uptake can be achieved at 40 lb/a (one-half the maximum rate, or the low end of the 
recommended range) because of the slope of the response curve. The likely explanation for this is 
that rye is an excellent scavenger for residual soil nitrate-N (McCracken et al, 1994; Shipley et al 
1992), capturing this nutrient source for crop/livestock use while reducing leaching potential. 
This has also been demonstrated in Wisconsin (Stute et al., 2007). 
 

It may be possible to manage rye’s ability to achieve near maximum removal at one-half 
maximum rate N fertilization to optimize nutrient removal. This would allow flexibility in 
nutrient management planning, depending on manure availability and soil test levels. In situations 
where manure availability is limited, or soil P is to be drawn down, second year credits from 
manure applications to meet the N demand of previous corn silage will supply sufficient N to 
achieve 80 to 90% of DM yield and P2O5 removal without adding P, accelerating drawdown. In 
situations where higher manure rates are desired to reduce inventory, rye will accommodate an 
additional 40 lb N acre (manure equivalent rates: 10 t/a solid, incorporated or 4,000 gal/a liquid, 
incorporated) and still balance P2O5 based on current recommendations (UWEX A2809). Loading 
N to removal rates is risky because of lodging potential and will over-apply P2O5, unless planning 
for rotation drawdown with long-term alfalfa stands. Long-term nutrient management planning is 
recommended so manure application strategies can best use the flexibility of rye. 
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MANAGING INVASIVE PLANTS AND OTHER UNDESIRABLE VEGETATION 
ENROLLED IN THE CONSERVATION RESERVE PROGRAM  

Mark J. Renz1 

Conservation Reserve Program (CRP) policy has historically and continues to require 
participants to maintain/manage CRP cover throughout the life of the contract.  However, often 
invasive and/or undesirable plants have established and threaten desirable plants that provide 
cover for wildlife.  Contracts require that these unwanted plants are managed, but management 
activities are restricted so that wildlife and cover for wildlife are not disturbed during critical 
periods.  Often these restrictions limit the effectiveness of many common management methods 
resulting in poor control. This can frustrate landowners and often leads to them not managing the 
unwanted vegetation.  This has resulted in many CRP fields in Wisconsin with extensive weed 
populations.  When the contract for these fields expires NRCS and FSA staff have found it 
difficult to allow for reenrollment given the level of these infestations and in some cases have 
cited landowners for not managing/maintaining desirable cover as stated in their contract.  This 
has caused a great deal of frustration between all parties involved.  To provide further 
clarification, NRCS has developed additional guidelines to assist land managers to improve and 
better define what weed species are of concern and what population(s) size will be considered 
acceptable within enrolled acreage.   

NRCS has classified species of concern (see table 2) into four categories which are defined in 
table 1 with acceptable population levels and sizes within each category.  A NRCS jobsheet will 
soon be available providing specific detail with regards to this information (Wisconsin jobsheet # 
397 Maintenance on Established CRP).  

In addition a series of factsheets to help land managers improve management of these plants 
under the restrictions of the CRP contract are being developed.  The factsheets will focus on 
timely management of species under specific life histories (annuals, biennials, simple perennials, 
creeping perennials, and woody vegetation) and provide advice and resources to develop specific 
management plans for plants within each life history.  They will be available winter of 2008 on 
the Integrated Pest and Crop Management website (http://ipcm.wisc.edu). Below are some 
key aspects to consider when developing a management plan for unwanted vegetation.  For 
specific management questions please refer to the factsheets mentioned above as they will contain 
considerable information for landowners, agencies that work with CRP lands and companies that 
work on CRP lands. 

Keys to successful management of unwanted vegetation enrolled in the Conservation Reserve 
Program. 
 

1. Identify the weed(s) species that are present.  Management methods that are effective 
are species specific, and therefore proper identification is a critical first step to managing 
undesirable vegetation. 

 
2. Learn about how and when the plant reproduces and spreads.  The key to managing 

any weed species involves preventing its reproductive parts from being spread.  An 
understanding of how this occurs and at what time of the year can help in determining 
when to manage the species present.  This also will prevent further spread. 

 
                                                 
1 Extension Weed Scientist;  University of Wisconsin-Madison, Dept of Agronomy 1575 Linden Dr., 
Madison WI, 53706. mrenz@wisc.edu  
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3. Try to determine where the source of the infestation is.  While many of the weeds take 
advantage of degraded and disturbed lands, others are extremely aggressive and can 
invade healthy, undisturbed areas. Identifying the source of the infestation will increase 
awareness of when and how the weeds are being introduced.  If possible try to remove 
sources, or at least prevent plants from reproducing as this will reduce the spread of the 
population and prevent introduction to other areas. 

 
4. Select a control method that fits your situation. Management is specific to an area, and 

often several options exist.  In land enrolled in CRP this can be difficult to conduct as 
restrictions in the timing and intensity of the management exist.  Recommendations target 
small populations before they get large, as management/maintenance is expected 
annually if unwanted vegetation exists.  Depending on the species, these small 
infestations can typically be managed within the confines of the contract with limited to 
no disturbance in cover.  When populations increase in size it becomes difficult to 
manage them without disturbing cover and methods for successful management typically 
need to be approved by FSA. 

 
5. Monitor sites extensively. The easiest stage to manage invading plant populations are 

when their size is small and are just establishing, therefore early detection and rapid 
response is the most effective management approach.  Frequently monitor sites that are 
prone to invasion and areas adjacent to weedy areas as this will prevent plants from 
establishing.  Monitoring should occur at least annually to ensure weed populations don’t 
get established requiring additional control.  

 
 Table 1. Categories of invasive and/or undesirable plants within NRCS jobsheet #397. 
 

Category Tolerance for individual or combination of 
species Comment 

1. New 
invaders None can be present, must attempt to eliminated  

2. Species 
known to be 
troublesome 

Keep coverage <10% with no patch > 1 acre  

3. Species of 
concern Keep coverage <30% with no patch > 1 acre Should not be an issue in 

properly established fields 

4. Woody 
species 

Keep cover <5% with plants < 5ft tall.  No 
patches > 1 acre 

All woody species except 
leadplant and & New Jersey 
tea 
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Table 2. Invasive and undesirable plants listed within NRCS jobsheet 397. 
 
Common name Scientific name Life history Category 
Chinese lespedeza Lespedeza sericea simple perennial 1 
crown vetch Coronilla varia creeping perennial 1 
cutleaf teasel Dipsacus laciniatus biennial/ monocarpic 

perennial 
1 

common teasel Dipsacus fullonum biennial/ monocarpic 
perennial 

1 

giant hogweed Heracleum mantegazzianum simple perennial 1 
hill mustard Bunias orientalis simple perennial 1 
Japanese knotweed Polygonum cuspidatum creeping perennial 1 
multiflora rose Rosa multiflora woody species 1 
poison hemlock Conium maculatum biennial 1 
wild chervil Anthriscus sylvestris simple perennial 1 
Canada thistle Cirsium arvense creeping perennial 2 
common tansy Tanacetum vulgare creeping perennial 2 
field bindweed Convolvulus arvensis creeping perennial 2 
garlic mustard Alliaria petiolata biennial 2 
Hawkweeds Hieracium spp. creeping perennial 2 
Japanese hedge parsley Torilis japonica biennial 2 
knapweed spp. Centaurea  spp. simple perennial 2 
marsh thistle Cirsium palustre biennial 2 
musk thistle Carduus nutans  biennial 2 
plumeless thistle Carduus acanthoides biennial 2 
purple loosestrife Lythrum salicaria simple perennial 2 
reed canary grass Phalaris arundinacea creeping perennial 2 
common reed grass, 
phragmites 

Phragmites australis creeping perennial 
2 

leafy spurge 
Euphorbia esula & 
cyparissias 

creeping perennial 
2 

Cypress spurge 
Euphorbia esula & 
cyparissias 

creeping perennial 
2 

white clover Melilotus alba biennial 2 
yellow sweet clover Melilotus officinalis biennial 2 
wild parsnip Pastinaca sativa biennial/ monocarpic 

perennial 
2 

Burdock Arctium minus biennial 3 
Canada goldenrod Solidago Canadensis creeping perennial 3 
curly dock Rumex crispus simple perennial 3 
dames rocket Hesperis matronalis simple perennial 3 
giant ragweed Ambrosia trifida annual 3 
Queen Anne’s Lace Daucus carota biennial 3 
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FERTILIZING WEEDS FOR A PROFIT? 
 

Chris M. Boerboom, Timothy L. Trower, Carrie A.M. Laboski, and Todd W. Andraski 1 

 
Introduction 

 
The question “Fertilizing weeds for a profit?” certainly seems illogical because a corn 

grower would never intentionally fertilize weeds.  However, the potential exists that 
weeds are being fertilized unintentionally in hundreds of fields in Wisconsin each year.  
The weeds that emerge and grow early in the season are competing with the corn for 
nutrients, but the amount of competition may not be fully understood.  Considering the 
high cost of nitrogen, perhaps a more refined question to ask is “How do weeds and weed 
management affect a corn grower’s profitable use of nitrogen?”  The University of 
Wisconsin and other Midwest universities have introduced new nitrogen use guidelines to 
maximize the returns to nitrogen inputs.  At the same time, many corn fields are being 
treated with postemergence herbicide programs, which increase the potential for early 
season weed competition.  This increases the potential that weeds may compete and limit 
the nitrogen available for the corn.  This may not be a concern when excess nitrogen is 
applied, which would be more affordable at lower nitrogen prices.  However, this could 
be a significant concern when nitrogen rates are being optimized.  Because of this 
concern, we wanted to determine if early season weed competition shifted the economic 
optimum nitrogen rates in corn.   
 

Materials and Methods 
 

Field studies were conducted at Arlington, WI in 2006 and 2007 to determine if the 
economic optimum nitrogen rate (EONR) in corn was affected by early season weed 
competition.  To determine the nitrogen response of corn, nitrogen was applied preplant 
as 28% UAN at 0, 40, 80, 120, 160, and 200 lb/a and incorporated prior to planting 
glyphosate-resistant corn.  The previous crop was soybean.  Four weed management 
treatments were applied to each of these nitrogen rates.  In one treatment, weeds were 
allowed to compete with corn until they were 4 inches tall, which is the timing when we 
typically recommend that they are controlled.  A second treatment allowed weeds to 
compete until they were 12-inches tall to test the effect of a delayed postemergence 
herbicide application.  These two timings were created by treating the weeds with 0.75 
lb/a glyphosate at these weed growth stages.  In both years of the study, the 12-inch 
timing was made 8 days after the 4-inch timing.  These treatments were compared to corn 
that was grown under weed-free conditions, which was created by applying a 
preemergence herbicide after corn planting.  Lumax was applied preemergence at 3 qt/a 
in 2006 while Camix at 2.4 qt/a was tank mixed with Princep at 1 qt/a and applied 
preemergence in 2007 for the weed-free control.  Glyphosate was applied postemergence 
at 0.75 lb ae/a following the 2007 preemergence treatment due to poor activation, which 
was caused by low rainfall.  The fourth treatment was a nontreated, weedy control.  Weed 
____________________ 
1 Professor, Senior Outreach Specialist, Assistant Professor, and Researcher, Depts. of 
Agronomy and Soil Science, Univ. of Wisconsin-Madison, WI 53706. 
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biomass was collected from 0.25 m2 quadrats on the dates when the weeds were 
controlled.  Corn and weed biomass collected in 2006 was analyzed for nitrogen 
concentration.  Samples from 2007 are still being analyzed.  Corn was harvested for yield 
and grain was adjusted to 15.5% moisture. The study had a randomized complete block 
design with four replications. 
 

Results and Discussion 
 

Giant foxtail and common lambsquarters were the predominant weed species in both 
years.  Weed densities averaged 890 and 390 plants/m2 in 2006 and 2007, respectively, at 
the 4-inch weed control timing and 1,090 and 660 plants/m2 in 2006 and 2007, 
respectively, at the 12-inch weed control timing.  Weed biomass at the 4-inch weed 
control timing averaged 52 and 67 g/m2 in 2006 and 2007 and 96 and 183 g/m2 at the 12-
inch weed control timing in 2006 and 2007.  In general, weed growth nearly doubled in 
the 8 days between treatments in 2006 and was about 2.5 fold greater in 2007.   
 

Weeds accumulated 12 lb/a of nitrogen at the 4-inch weed control timing compared to 
25 lb/a of nitrogen at the 12-inch weed control timing in 2006 when averaged across all 
nitrogen rates.  Corn biomass was sampled at tassel and nitrogen accumulation was 85 
lb/a for the weed-free control, 82 lb/a for the 4-inch weed control timing, and 70 lb/a for 
the 12-inch weed control timing when averaged across all nitrogen rates.   
 

When the main factors in this experiment are summarized, the general effects of weed 
management and the general effects of nitrogen rate can be reviewed and the results are 
as expected.  Specifically, corn grain yields did not differ between the weed-free control 
and the 4-inch weed control timing, but were reduced 7 and 11% with the 12-inch weed 
control timing compared to the weed-free control in 2006 and 2007, respectively (Figure 
1).  These results are similar to previous experiments where weed control at the 4-inch 
timing is statistically similar to the weed-free control, but noticeable yield losses occur 
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Figure 1.   Corn yield with three weed control timings compared to a weedy control when 
averaged across nitrogen rates ranging from 0 to 200 lb/a. 
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with later weed control timings.  The yield of the weedy control was reduced an average 
of 37 and 56% in 2006 and 2007, respectively, compared to the weed-free control.   
 

The corn yield response to increasing nitrogen rates when averaged across the weed 
management treatments also fits our expectations with increasing yield with increasing 
nitrogen rate (Figure 2).  However, the question is whether or not this nitrogen response 
shifts because of the early season weed competition. Therefore, the nitrogen response of 
each weed management treatment needs to be examined and the results for 2006 are 
shown as an example (Figure 3).  The nitrogen response differs among the treatments. 
For corn without weed competition, yields begin to plateau at moderate rates of nitrogen 
and the corn yield response with the 4-inch weed control timing is similar.  However, the 
corn yields with the 12-inch weed control timing are noticeably different. At low nitrogen 
rates, corn yields are significantly lower than the weed-free corn.  With higher nitrogen 
rates, the corn yields begin to “catch up” with the yields of the weed-free corn.  At the 
160 and 200 lb N/a rates, the corn yields of all of the treatments with weed control were 
similar.  
 
However, considering the cost of nitrogen, the original question needs to be asked “How 
do weeds and weed management affect a corn grower’s profitable use of nitrogen?”  The 
EONR was determined using a nitrogen fertilizer to corn price ratio of 0.15.  In 2006, the 
EONR was 96 and 97 lb N/a for the weed-free corn and the 4-inch weed control timing, 
respectively, and 200 lb N/a for the 12-inch weed control timing (Table 1).  In 2007, the 
EONR was 39 lb N/a for the weed-free control, 79 lb N/a for the 4-inch weed control 
timing, and 220 lb N/a for the 12-inch weed control timing.  These results demonstrate 
that the optimum nitrogen rates were significantly affected by the timing of the weed 
control.  Although high corn yields could be obtained with the delayed 12-inch weed 
control timing, the economic optimum nitrogen rate was increased by 100 lb N/a or more. 
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Figure 2.  Corn yield with increasing nitrogen rates when averaged across weed control 

timings. 
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Figure 3.  Corn yield with four weed management treatments and increasing nitrogen 

rates in 2006.  
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Table 1.  Economic optimum nitrogen rates in corn with four weed management 

treatments at a 0.15 nitrogen:corn price ratio.  
 Economic optimum nitrogen rate (lb N/a) 
Weed management treatment 2006 2007 
Weed-free (preemergence) 96 39 
4-inch weed control timing 97 79 
12-inch weed control timing 200 220 
Weedy (nontreated) 200 193 

 
We certainly cannot afford to “fertilize weeds.”  These results demonstrate that early 

season weed competition for nitrogen can contribute to corn yield loss when 
postemergence herbicide applications are delayed and may increase the EONR. Weed 
management programs such as using preemergence residual herbicides that limit early 
season weed competition or provide complete control will optimize nitrogen use.  
Considering herbicide and nitrogen prices, it should be more profitable to use a 
preemergence herbicide than to compensate for a delayed postemergence herbicide 
application with an over-application of nitrogen.  
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