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ISSUE MANAGEMENT AND CRISIS RESPONSE 
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WCPA’S CRISIS COMMUNICATION PLAN 
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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 
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NEW SEED TRAITS FOR FIELD CROPS {PANEL DISCUSSION} 
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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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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 
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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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