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SECTION 18 EMERGENCY EXEMPTION AND 
24(0) SPECIAL LOCAL NEED REGISTRATION 

MINNESOTA DEPARTMENT OF AGRICULTURE 
JOHN C. SIERK 

The federal agency that has the responsibility for regulating 

pesticides is the u.s. Environmental Protection Agency {EPA) and 

the federal law regulating pesticides is called the Federal 

Insecticide, Fungicide, and Rodenticide Act, or FIFRA for short. 

One of the requirements of FIFRA is that a pesticide must be 

registered by EPA before it can be distributed or sold. 

Registration is based on required scientific data provided by the 

pesticide manufacturer that demonstrates that the product will not 

cause adverse effects to people or the environment. Once a 

pesticide product receives full federal registration, it can be 

used in all states unless of course the label states otherwise. 

In contrast to the federal registration there are two types of 

pesticide registrations where the pesticide may be distributed and 

used only within the registering state. One is a Section 18, also 

called an Emergency Exemption, and the other is a 24(c) also called 

a Special Local Need or SLN. These registrations are named from 

the part of FIFRA where they're found, namely section 18 and 

section 24, part (c). 

Section 18 of FIFRA exempts state and federal agencies from the 

requirements of FIFRA if emergency conditions exist. EPA defines 

"emergency condition" as a situation where: 

1 



No registered pesticide is available to cover the conditions of the 

emergency, 

No feasible alternative practices are available and 

The situation includes a new pest or presents a significant risk 

to human health or the environment or will cause a significant 

economic loss. 

Almost all emergency exemptions issued in Minnesota are based on 

this last criteria that the situation would cause a significant 

economic loss. 

There are two types of Section 18 1 s most commonly used in 

Minnesota: A Specific Exemption and a Crisis Exemption. 

In the case of a Specific Exemption, the state must submit a 

written request to EPA and then EPA approves or denies the request. 

The written request for a specific exemption must explain or 

describe: the events which brought about the emergency, the pest 

to be controlled, the pesticide proposed for use, the nature of the 

use including sites, total acres, and method and rate of 

application, why alternative practices or pesticides won't work, 

effectiveness of the pesticide proposed for exemption, amount of 

residues expected in food or feed, risk information, anticipated 

economic losses, coordination with other affected state or federal 

agencies, and the proposed enforcement program. 

Specific exemptions last only for as long a period as needed to 

treat the emergency situation but are never given for longer than 

one year. Specific exemptions usually last for only a few weeks or 

a few months. 

2 



Anyone can ask the state to apply for a specific emergency 

exemption but the requests usually come from a university person, 

a company rep, or a growers group. No matter who applies, we 

usually require support of the university and the company whose 

product is involved. 

Specific emergency exemptions typically take 2-3 months to process. 

The other kind of Sec. 18 sometimes used is called a Crisis 

Exemption. This is used only rarely in emergency situations where 

there is not sufficient time to apply for a specific exemption. 

If possible, the state must notify EPA at least 36 hours in advance 

of declaring a crisis exemption and in no case should the state 

notify EPA later than 24 hours after declaring a crisis exemption. 

Crisis exemptions last for 15 days unless an application for a 

specific exemption is submitted within that time. 

The second type of state registration is called a 24(c) or Special 

Local Need or SLN. 

Section 24(c) of FIFRA states that a state may provide registration 

for addi tiona! uses of federally registered pesticides for use 

within the state to meet special local needs. In the case of a SLN 

it is the state, not EPA, that issues the registration. This is 

one of the main differences between Sec 18 and SLN. 

Special Local Need is defined as an existing or imminent pest 

problem within a state for which the state has determined that an 

appropriate federally registered pesticide product is not 

sufficiently available. Basically, this means there is a pest 
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problem and no registered pesticide available to control that pest. 

The critical requirement for an SLN registration is that a residue 

tolerance must be established if the use will be on a food or feed 

crop. 

A tolerance is the legal maximum residue level of a pesticide 

allowed in a food or feed. These residue tolerances are 

established by EPA. 

In addition to the requirement that there be an established residue 

tolerance, other things required by the state for an SLN 

registration would include: efficacy data, a proposed label, and 

evidence of University support. 

The state reviews the application and if it is approved the state 

notifies EPA. EPA has ninety days to disapprove. 

Just like Sec. 18's, anyone can apply to the state for an SLN but 

requests usually come from the university, industry, or a growers 

group. Also like Sec. 18 1 s, it takes 2-3 months to process an SLN 

application. SLN registrations continue for as long as somebody 

supports them. 

To review, the main differences between a Sec. 18 and an SLN are: 

SEC 18: 

EPA makes decision 

Last for less than one year 

Residue tolerance not needed 

SLN: 

state makes decision 
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Last for as long as supported 

Must have residue tolerance if on food or feed crop 

In conclusion, I'd like to give some examples of things that we do 

not consider for Sec. 18's or SLNs. 

We would not issue a Sec. 18 or SLN registration for a product just 

because growers think it works better than another product. 

Secondly, Sec. 18's are not intended to be used to enable the 

quicker use of a new chemical that is awaiting registration, and 

lastly, Sec. 18's and SLNs are not intended to be used to make up 

losses due to obvious mismanagement. 
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DO WE NEED A SOIL TEST FOR NITROGEN? 

G. W. Randall and M. A. Schmitt 
Soil Scientist, Southern Experiment Station and 

Extension Specialist, Dept. of Soil Science 
University of Minnesota 

Nitrogen (N) is applied for crop production in Minnesota in quantities greater than any 
other nutrient. Unfortunately, N as nitrate (N03) is mobile and can be leached from the 
rooting profile and discharged into tile drainage and subsequently into surface waters or into 
groundwater deep beneath the soil surface. 

Application rate of N is the primary factor contributing to high concentrations of N03 both 
in the rooting profile as well as leaching from the soil profile. Nitrogen applied at rates 
exceeding N requirements results in high concentrations of N03 that are not needed by the 
plant. This excess N is highly susceptible to leaching loss and is an ENVIRONMENTAL 
RISK. On the other hand, application rates that are insufficient to meet crop demand result 
in an ECONOMICAL RISK. Since N application rate is critical for good N management, 
the question becomes "can a soil test for N lead to more precise application rates that are 
both economically and environmentally sound?" 

In most of Minnesota, fertilizer N recommendation rates for com have been based on yield 
goal, soil organic matter content, and previous crop. Under the drier conditions of Western 
Minnesota, the soil N03 test has been available to determine fertilizer N recommendations 
for small grains, sugar beets and com. 

The following discussion will outline Minnesota's current status regarding a soil N test as 
well as describe some plant tissue tests that may help us to arrive at better N 
recommendations. 

Soil N Tests 

Beginning in 1989, experiments to develop a soil N test have been conducted at 57 sites in 
19 counties (Figure 1). These sites covered a wide range of soil types, previous crops and 
climatic conditions. This diverse nature of soil-crop-climatic histories should allow us to 
select a test that fits a wide variety of Minnesota conditions and at the same time identify 
situations where the test will not work. The end-product of this research is to offer a soil N 
test which will be used by Minnesota farmers because of their confidence that it will 
provide better N rate recommendations than presently offered. 

Presented at the Soils, Fertilizer, and Agricultural Pesticide Shortcourse and Exposition, 
St. Paul, MN, 15 Dec. 1992. 
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Figure 1. Counties where soil N test studies were conducted in 1989-92. 

Soil samples were taken from various depths at four different times during the season at 
each site and were analyzed for various forms of N. 

Sampling depth recommendations vary from 0-1' in many northeastern U.S. states and 
Iowa, to 0-2' in western Minnesota and the Dakotas, to 0-3' in Wisconsin to as deep as 
6' for sugar beets in Nebraska. Because of this wide range of suggested sampling 
depths, we took samples in 1-foot increments to the 4-foot depth. 

Sampling time recommendations range from late fall in some Great Plains states and 
western Minnesota, to preplant in Wisconsin, to late-spring/pre-sidedress in Iowa and 
the northeastern U.S. states. Therefore, we sampled at the preplant, emergence (V1), 
6" to 12" high corn stage (V4}, and after harvest. The first three samplings were to 
determine available soil N at each time so that spring or sidedress N applications could 
be made following theN test recommendations. The post-harvest sampling was done 
to determine carryover of fertilizer N as N03 in the soil. 

Fonn of N recommended for analyses by all states using anN test is N03• In addition 
to N03, we analyzed the soil samples for ammonium N, hydrolyzable N, total Nand 
organic matter. 

This combination of depths, times and N forms should allow us to select the best single 
depth and time to sample and the best form or forms of N to analyze. In addition, a series 
of fertilizer N rates, usually 0, 30, 60, 90, 120, 150 and 180 lb N/A were applied to plots 
replicated four times at each site. Harvesting the plots for grain yield allowed us to 
determine the optimum N rate at each site. 
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Soil N data from the control plots (0 lb N/ A) for each depth and sampling time were 
compared to the control plot grain yield at each site. Because yields of the control and 
optimum treatment varied among the 57 locations, it was necessary to calculate relative 
grain yield (control yield divided by optimum yield) for each site. This allows us to 
evaluate all soil N test data against a yardstick common to all sites -- relative grain yield 
(RGY). 

After evaluating the data from 40 sites in 1989-91, it appears that a preplant sample taken 
to a 2-foot depth and analyzed for N03 provides greater predictability (fewer errors and a 
higher degree of fit) than other sampling schemes. In a nutshell, significant amounts of 
N03 were found in the 1-2' depth and this accumulation would not have been detected in a 
0-1' sample recommended by some states. (Our results also suggest that sensing the N03 

concentration at the 6-inch depth as recommended by some on-the-go field applicator 
advocates would not provide good available soil N information.) On the other hand, 
sampling to a 3-foot depth did not improve the predictability and would be viewed as a 
limitation to soil N testing because of the difficulty in obtaining these deep samples under 
wet conditions in many Minnesota soils. Preplant sampling provided good predictability on 
most soils and would be an advantageous time for sampling by the 
grower/consultant/dealer. Soil N03 appears at this time to be a significantly better 
predictor of soil N availability than the other N forms. 

The relationship between preplant soil N03 concentration in the 0-2' layer and RGY for the 
40 sites is shown in Figure 2. These data suggest that no grain yield response would be 
expected at a critical level of ~ 14.4 ppm N03-N. However, as NOrN concentrations 
decreased from 14.4, relative grain yields of the control plots decreased substantially. 
Development of the relationship between N03 test and RGY shown in Figure 2 also allows 
us to determine where the most serious errors are. Fortunately, no site appeared in the area 
to the right of 14.4 and below 90% RGY (0.9). Errors in this zone are of economic 
significance to the farmer because the high soil test N value would suggest that no fertilizer 
be recommended; yet a yield response toN would have occurred. On the other hand, 
errors of an environmental and economic significance occur when sites are found to the 
left of 14.4 and the RGY is close to 100% (1.0). Figure 2 shows some of these non
responsive sites where the low soil N test value would have recommended fertilizer N; yet 
no yield response was obtained. 

Closer examination of the data revealed that previous crop markedly affects the relationship 
between preplant soil NOrN concentration and RGY. When alfalfa preceded com within 
the past two years, soil N03-N was < 14.4 ppm yet no yield response was obtained at six 
sites (Figure 3). Therefore, the preplant soil N03 test is not recommended for first year 
corn after alfalfa. 

Removal of the alfalfa history sites from the relationship shows a good fit between soil 
N03-N and RGY (Figure 4). However, there are still a few sites with low N03-N values 
and no yield response to N. Peas was the previous crop at one of the sites while a previous 
manure history (greater than three years prior to the study) may have explained the lack of 
response at the continuous com site. 
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Figure 4. Relationship between soil N03-N and relative grain yield for those 
1989-91 sites where alfalfa was not part of the crop history. 

Current recommendation 

At this time a preplant, 0 to 2' soil sample analyzed for N03-N is recommended in 
Minnesota to determine responsive from non-responsive sites. Based on our data and that 
from surrounding states we confidently feel that a corn yield response will not be obtained 
at >22 ppm NOrN (175 lb/A in the top two feet). At soil N03-N levels less than the 
threshold of 175 lb/ A, fertilizer N application rates should be based on conventional 
methods for eastern Minnesota. After the 1992 data are added to the data base shown in 
Figures 2-4, we may be able to lower the threshold N03-N level and provide fertilizer N 
recommendations that are based solely on soil N03 concentrations for given previous crop 
and soil conditions. 

Plant Tissue Tests 

Some plant tissue tests can provide useful guidance to better fertilizer N management, 
especially under soil/cropping conditions where a soil test may have limitations. A brief 
discussion of these tests follows: 
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Small plant stem nitrate 

Early investigations by scientists in Iowa, California and Pennsylvania indicated that the 
N03 concentration in the plant stem of 6" to 12" high corn was a good indicator of theN 
status of the crop. However, data obtained in the late 80's in Iowa, Minnesota, and 
Pennsylvania do not support this test to guide sidedress fertilizer rates for corn. There is 
too much variability cause by time of day when the sample is obtained, cloudy vs clear sky 
conditions, and differences among hybrids, tillage systems, soil moisture levels and soil 
parent materials. Consequently, this test is not recommended for corn. 

Petiole sap nitrate test 

Soil tests may have limited value for irrigated potatoes. Recent research in Minnesota 
indicates that the petiole sap N03 test can be used to determine the N status of petioles. 
This test appears to show a high degree of promise and after further calibration and 
evaluation, may be extremely useful in improving N management for irrigated potatoes. 

Leaf chlorophyll 

The leaf chlorophyll test for corn is another test that appears to have a bright future under 
irrigated conditions. Considerable research conducted in Nebraska indicates that the N 
status of the corn can be monitored with a simple chlorophyll meter and compared to 
reference strips or areas in the field where adequate N has been preplant or early sidedress 
applied. When the chlorophyll content dips below that obtained in the reference strips, 
additional N can be applied either as a late sidedress or through the irrigation system. 

LeafN 

Historically, N content of the ear leaf at silking has been used to document the N status of 
corn. Unfortunately, the timing of this test is too late to guide supplemental N additions. 
In addition, the test is not sensitive to over-application of N. This test is not recommended 
as a tool to improve in-season N management for corn. 

GrainN 

The N content of corn grain at harvest can be used as a general guide to look backward and 
determine if sufficient amounts of N were available for crop growth. Unfortunately, the 
grain N content can vary significantly among hybrids, and the test canno_t indicate where 
excess N was applied. Thus, it has little value for improving N management of corn. 
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Basal stalk nitrate 

The basal stalk N03 test is conducted on an 8-inch section of com stalk (between 6" and 
14" above the ground) taken 1 to 2 weeks after physiological maturity. Nitrate-N 
concentrations between 700 and 2000 ppm (0.07 to 0.2%) have been shown by Iowa 
scientists to be optimum. An advantage of this test is that it identifies N deficiency 
conditions at the end of the season ( < 700 ppm) as well as excess N in the system 
( > 2000 ppm). Thus, it can be used as a post mortem test to provide growers with 
feedback information regarding their past season's N management. Knowing this 
information from the previous crop may help growers adjust N management for the 
upcoming crop. 

Conclusion 

In answer to the question posed in the title of this paper, Yes, we do need a soil N test to 
provide us with more precise fertilizer N recommendations. At this time a soil N test 
appears to have the greatest immediate impact in those cropping systems that involve: 
(a) a past manure history, (b) sites where excessive N rates were applied the previous year, 
and (c) where a severe yield-limiting factor (drought, hail, etc.) resulted in low com yields 
in the previous year. 
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THE CHANGING TECHNOLOGY OF VARIABLE RATE 
FERTILIZER APPLICATION 

Gary L. Malzer 
Professor 

Soil Science Department 
University of Minnesota 

Should I use variable rate technology (VRT) in my business or farming operation? 
This question will probably be asked by more and more dealers, consultants, and 
farmers alike as the agricultural industry refines the way it currently makes fertilizer 
recommendations. The traditional manner of collecting one or a few random soil 
samples from a field and arriving at one rate of fertilization for a field may soon be a 
way of the past. Why? Because VRT may provide the mechanism whereby the 
fertilizer dealer/consultant and farmer can increase fertilizer use efficiency, increase 
profit, and provide a fertilizer management strategy that could be more 
environmentally acceptable. 

The main underlying concept associated with VRT is that not all the soil within a given 
field is the same, and because of these differences in soils and productivity they 
should be managed differently. The general approach, therefore is to put the fertilizer 
resources in the areas of the field where it is needed, and reduce or eliminate 
application in areas where the probability of response is minimal. This may increase 
the rate of fertilizer application in some areas of the field and reduce it in others. 
Although the general concepts associated with VRT are valid, the implementation and 
application of the technology are not without question. Some of the most common 
questions related to VRT are as follows: 

HOW CAN VRT TECHNOLOGY BE IMPLEMENTED? 

There are two general concepts related to the implementation of VRT. The first 
concept uses an on-the-go sensors approach, while the second method depends on 
the construction of a soil condition map before fertilizer application. It should be noted 
that VRT is not limited to fertilizer application. Systems are being evaluated that will 
allow VRT application for herbicides, plant population regulation, cultivar or hybrid 
selection, tillage, and other management parameters that can be changed. The best 
concept to use may depend on what application of VRT is desired. For example, if a 
weed problem existed in a field on an irregular basis, it might make more sense to use 
an on-the-go sensor that could detect the weed and activate the appropriate herbicide 
than to depend on a weed condition map. Within the fertilizer industry, at the present 
time, the use of a predetermined soil condition map is the most common method 
utilized. The discussion that follows will concentrate on questions that are frequently 
asked for VRT application of fertilizer. 
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WHERE DID VRT START AND HOW DOES IT WORK? 

The first equipment manufactured for fertilizer application that incorporated the use of 
VRT utilized granular fertilizer material. The technology associated with the 
development of large floaters that can change fertilizer rate and in some cases blend 
on-the-go has been expanded to allow variable rate applications of anhydrous 
ammonia and liquid fertilizers as well. Regardless of type of fertilizer material being 
applied the general concept of how the equipment applies a variable rate is similar. 
The systems require a digitized soil condition map, a computer interface that 
integrates the soil condition map, field position, and the application equipment, and the 
hardware on the application equipment to change the rate of fertilizer delivery. Field 
position is usually estimated by the use of a ground speed indicator, but in the future it 
is anticipated that global positioning systems (GPS) and the use of satellites will be 
used to more accurately determine the position of the fertilizer applicator in the field. 
As the applicator moves across the field the computer interface will determine the 
position on the map, and according to predetermined application rates on the map 
send the appropriate signal to the applicator. In addition to the hardware and software 
on the equipment the most important portion that will allow the positive benefits of 
VRT to the dealers and the producers is the soil condition map. THE BENEFITS OF 
VRT WILL ONLY BE AS GOOD AS THE SOIL CONDITION MAP THAT IS USED 
WITH THE APPLICATOR. 

WHAT IS A SOIL CONDITION MAP AND HOW IS IT DEVELOPED? 

The soil condition map is the digitized map that will be interpreted by the computer to 
change fertilizer application rates as the applicator moves across the field. This soil 
condition map is the fertilizer prescription for that field. There are probably as many 
different ways of developing a soil condition map as there are people that make the 
maps. These maps should integrate as much information as possible to predict the 
appropriate rate of fertilizer application. 

The most common methods for the development of a soil condition map include the 
use of the USDA soil survey maps and/or soil testing techniques. The actual methods 
used should depend on what nutrient is being considered. For example, in south 
central Minnesota soil testing techniques may be more important for a phosphorus 
fertilization map, while the soil survey may be important for the development of a N 
rate condition map. How an individual integrates the overall information is what is 
most important. How do you use soil testing? How do you integrate these results 
with the soil survey? 

Although soil testing seems to be straight forward approach, dealers and consultants 
have asked many questions. Should I sample on a grid pattern or according to soil 
type? If I sample by grid, what size grid should I use? Should I sample at the 
intersection of the grid or randomly within the grid cell. Does the current soil testing 
procedure provide adequate precision on a within field basis? With regards to the soil 
survey there are also many questions: How up-to-date is my survey--If I have one for 

14 



my county? Does it have the precision necessary to make variable rate applications 
in my field? Do I have different rates of fertilizer efficiency for the different mapping 
units? What parameters in the survey are most important and how do I relate them 
back to needed fertilizer rates? These are all valid questions and should be 
addressed on a site by site basis. 

Technology is developing rapidly that will allow yield measurement on the go. This 
would enable the development of a map of yield potential for each field. This could be 
very useful in establishing the differing yield potentials within each field. Can these 
yields be used in determining the amount of fertilizer needed? In most cases it would 
seem reasonable that areas that already have a high yield potential without added 
fertilizer would need less fertilizer, while lower yielding areas need more. These 
statements, however, may not always be true. 

YIELD VARIABILITY 

Most individuals that have operated a combine could easily point out certain areas 
within a field that are better or worst than the field average. The selection of these 
areas are one of the key components associated with getting VRT to work. In the 
past there has been very little opportunity to manage field variability even though most 
farmers know that it exists. Likewise, many people are surprised at the amount of 
variability that may be associated with a field that might otherwise look uniform. 

Field studies have been conducted for two years at two locations in Minnesota to 
evaluate the potential for variable on the go anhydrous ammonia application. The 
objectives of these experiments were to quantify yield variability within production 
fields, evaluate the yield response of applied N in different portions of the field, and to 
determine what measurable soil conditions were best suited for making site specific N 
recommendations for corn. 

Experimental production fields were 20-40 acres in size and were either in Sherburne 
(irrigated sandy soil) or Redwood county (dryland fine textured soil). All experimental 
sites had a new soil survey completed at a 1 :5000 scale, and were soil sampled to a 
depth of 3 or 4ft. (one ft. increments) on a 100ft. grid (approximately 4 samples to 
the acre). Samples were analyzed for pH, nitrate-N, ammonium-N, organic-C. 
organic-N, and two estimates of mineralizable N. Treatments were applied as 
replicated strips across the production fields. Treatments consisted of control (zero 
N), four constant N rate paired with a nitrification inhibitor and either one or two 
variable N rate treatments. At harvest segmented measurements were obtained every 
40 ft. the length of the treated strips. All data was gee-referenced so that a given 
yield could be associated with a given location in the field and likewise with the soil 
test information. Geostatistical techniques were used to evaluate data and interpolate 
estimates for the entire production field. 

The extent of yield variability found within the production fields were remarkably similar 
between the central and southwestern MN locations. At the Sherburne Co. location 
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when no fertilizer N was applied grain yields within the field ranged from 80-140 bu/a 
(fig. 1 ). When the farmer had a yield goal of 190 bu/a it would seem reasonable that 
less fertilizer N would be needed on that area of the field that would provide 140 bu/a 
without fertilizer N than on the area producing 80 bu/a. 

400 

Checl: PI o t Y LeI ds 01 son Ffirm ( Bu/A) 

Fig. 1. Grain yields from check (zero N) treatments, Sherburne County, 1991. 

The yield obtained from check plots, however, may not completely describe the 
appropriate N management for the area. Factors other than soil fertility often control 
productivity. The information presented in fig. 3 represents the field productivity when 
adequate fertilizer N was applied. The application of fertilizer N eliminated much of 
the yield variability, but certain areas of the field provided low yields regardless of 
fertilizer application. In that area past management history had a significant impact on 
production potential. 
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0 Gra Ln Y LeI ds 01 son Farm ( Bu/A) 

Fig. 2. Grain yields from adequately fertilized areas, Sherburne County, 1991. 

ECONOMICS OF VARIABLE RATE N MANAGEMENT 

The potential application of any new technology will depend on the bottom line. How 
much does it cost? How much will I get back in return? Several people have 
attempted to provide economic evaluations, but most information presented across the 
USA is incomplete. In other words, there may be good information available on the 
savings of fertilizer cost, but limited as to the overall evaluation of the treatment on 
crop production. The experiments conducted in Minnesota provide the opportunity to 
evaluate both. Care should be exercised in the evaluation of the information because 
it represents only one year of information with a limited number of geographic areas. 

The economic evaluation of the 1991 field information at the Sherburne and Redwood 
Co. locations are presented in tables 1 and 2. The cost associated with soil sampling 
(if necessary) and use of VRT equipment have not been factored in at this point since 
this may vary with the individuals and dealers. Current estimates would suggest that 
soil sample costs of $2-4/a, soil condition map development of $1-2/a, and the cost of 
VRT fertilizer application at $2.50 to $3.50/a more than conventional application. 
Estimated costs of using VRT at this time will probably range from $6-10 per acre. 
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The location in Sherburne Co. was irrigated corn following corn. The conventional 
practice with a 190 bu/a yield goal was 210 lbs of N/a as sidedressed anhydrous 
ammonia plus some N in the starter. Using existing technology and making fertilizer 
recommendations based on yield goal and soil mapping unit the recommended rate of 
application was reduced to average of 177 lbs N/a. Because of the high leaching 
potential the use of a nitrification inhibitor was also recommended. The latter 
recommendation resulted in an improved yield and a return of $9 per acre more than 
the conventional practice. In 1991 an average fertilizer N rate of 121 lbs/a would have 
been adequate and would have provided a return of $18/a more than the conventional 
treatment. This area of Minnesota also has a significant water quality problem with 
nitrates. The ability to reduce fertilizer N rates and increase profitability could be a 
win-win situation for agriculture in the environment. 

Table 1. 

Treatment 
Method 

CONV. 

VARADEQ 

VARSOIL 

Nitrogen management and economics of using VRT at Sherburne 
County, 1991. 

N-Rate N-Cost N-Serve Yield 

lbs/a - - - - - - $/a - - - - - - bu/a 

210 27 0 159 

121 16 0 162 

177 23 7 164 

N Cost = $0.13/lb, Corn = $2.45/bu, NFR = Nitrogen Fertilizer Return. 

NFR 

$/a 

108 

126 

117 

The location in Redwood Co. was corn following soybeans. A yield goal of 150 bu/a 
would provide a conventional recommendation of 120 lbs N/a. Two methods of 
variable rate N recommendations were evaluated. The first similar to the Sherburne 
location based on yield goal and mapping unit and the second based on the use of the 
nitrate soil test. Soil samples were taken in the fall of 1990. The two approaches 
provided different soil condition maps. Both approaches reduced the rate of fertilizer 
N, but did not necessarily increase yields or profit. The spring of 1991 was very wet 
at this experimental location. The soil condition map generated by soil test 
underestimated the amount of N needed on the more poorly drained area of the field. 
Loss of nitrate N via leaching or denitrification prior to plant growth is probably the 
major reason. The actual amount of fertilizer N required in the field ranged from zero 
to 150 lbs N/a. When properly distributed across the field total N rate was reduced, 
yields were increased, and an increased profit of $24/a could be realized above the 
conventional application. 
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Table 2. Nitrogen management and economics of using VRT at Redwood County, 
1991. 

Treatment 
Method N-Rate N-Cost N-Serve Yield NFR 

lbs/a - - - - - - $/a - - - - - - bu/a $/a 

CONV. 120 16 0 140 27 

VARADEO 84 11 0 148 51 

VARsoiL 98 13 3 141 30 

VARTEST 42 5 0 129 11 

N Cost = $0.13/lb, Corn = $2.45/bu, NFR = Nitrogen Fertilizer Return. 

COMMENTS AND CONCLUSIONS 

The potential economic benefits associated with VRT are substantial. In certain cases 
such as N management there may also be an environmental benefit. This is, 
however, a relatively new technology and it is developing very rapidly. Research 
information on application of the technology is limited. The general concept of utilizing 
fertilizer resources according to need within the field is a sound and practical 
approach. This approach brings with it a new level of crop production and fertilizer 
management. The development of the soil condition maps will require the integration 
of not only soil fertility parameters, but other factors such as soils type, drainage, past 
management and other factors that could influence crop production. Existing fertilizer 
management techniques should be adequate to provide a portion of the potential 
benefit associated with VRT. Users, however, should stay abreast of changes in the 
technology or applications of the technology so that the benefits associated with VRT 
can be further improved. 
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PERSONALIZING SOIL TEST INTERPRETATION 

Paul E. Fixen 
Northcentral Director 

Potash & Phosphate Institute 
Brookings, SD 

BACKGROUND 

The major objective in soil test interpretation is to offer 
information useful in making economic decisions about P or K 
management. Practical soil test interpretation must recognize 
the residual value of applied P or K, the limitations of soil 
tests, and the needs of today's soil testing clientele. 

Residual Value of P or K additions 

Only a fraction of the P or K applied in any one year is used 
by the crop in that year. In most soils, the majority of 
applied P or K remains in the soil in forms that are available 
for future uptake. Just as costs of installing tile drainage 
or irrigation do not need to be recovered in one year, the 
cost of fertilizer P or K does not need to be recovered in one 
year. In many cases, the residual response is equal to or 
greater than the first-year response. Thus, the optimum rate 
cannot be determined by simply evaluating yield response the 
year of application. 

Limitations of Soil Tests 

·A second complicating factor for interpretation of soil tests 
is that they are indices reflecting the average relative yield 
or probability of response at a given soil test level. They 
frequently do not accurately predict the rate necessary to 
give a certain yield in any given season. 

The data sets shown in Figures 1 and 2 can serve as examples. 
Figure 1 (after Halvorson, 1986) summarizes several long-term 
spring wheat studies from the northern Great Plains and is 
typical of calibration data. In the 5-10 ppm range, relative 
yield varied from 62% to 100%. The corn data set in Figure 2 
is from a long-term study at the Iowa state University 
Clarion-Webster Research Center. Although these data were 
generated by one experiment at one location, we again see a 
range in relative yield at 5-10 ppm of 62-100% across years. 
Clearly, numerous factors other than soil test P level 
influence supplemental P needs of a given crop in a given 
growing season and on a given soil type. 

Proceedings of the Soils Fertilizer and Agricultural 
Pesticides Short Course and Exposition, st. Paul, MN. December 
15-16, 1992. University of Minnesota Extension Service. 
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Figure 1. Spring wheat response to soil 
test P level in the northern Great Plains 

Fig. 2. Corn response to soli test P level on 
a Webster/Canisteo soil in north central Iowa. 
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Variability in response among years and the residual effects 
of fertilization suggest that P or K management should be 
viewed in the long term. An accurate estimate can be made of 
response averaged across years, however, accurate prediction 
of the rate needed in individual years to obtain a given yield 
level is seldom possible. 

TODAY'S SOIL TEST INTERPRETATION/RECOMMENDATION PARADIGM 

Joel Barker (1992) defines a paradigm as a set of rules and 
regulations (written or unwritten) that establishes or defines 
boundaries; and tells you how to behave inside the boundaries 
in order to be successful. Today's soil test interpretation 
and recommendation paradigm has changed very little since its 
development in the 1950's. Interpretation and recommendation 
writing are now done by computer rather than by ball point pen 
but the approach is still the same. A singular soil test level 
- fertilizer recommendation relationship is assumed to hold 
for all individuals with adjustments sometimes made for yield 
level and soil association. A soil test level goes into a 
"black box" and a recommended rate comes out. To be 
successful, the current paradigm says everyone should apply 
this singular rate. 

The contents of the "black box" are not known or understood by 
many of the users of soil testing causing great confusion when 
different labs using the same model or paradigm recommend 
different rates. When the contents of the box are understood, 
recommendation differences are easier to understand. The 
"black box" can be viewed as containing the following: 1. 
calibration data; 2. recommendation personnel, 3. institution; 
4. other data; 5. data manipulation; and 6. underlying 
assumptions. 

Calibration and other data 

Calibration data relating soil test level to relative yield or 
response to fertilizer additions are in the center of the box 
but the data are surrounded by a layer of other factors. The 
quantity of data available for each crop-soil-cultural 
practice-weather combination as well as the quality of the 
data influences the impact of the other factors in the box. 
Non-calibration data that are relevant to response and 
efficiency are also influential. 

Personnel and Institution 

The background, mentors, intuition, etc. of the individual(s) 
with the responsibility for recommendations influences the end 
result as does committee dynamics. In situations where 
historical calibration data are not well organized, the 
perception of calibration data is a factor. The traditions and 
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emphasis of the institution or organization within which the 
personnel function also influence the outcome. 

Data Manipulation 

The nature of data manipulation is also a factor influencing 
the recommendation. Selection of protocol for data selection 
and screening, outlier definition, statistical models, and how 
maximum yield is defined for each site year are examples of 
important decisions. 

Underlying Assumptions 

The current interpretation/recommendation paradigm requires 
the "black box" to contain a multitude of underlying 
assumptions about the soil and the grower. These include 
the degree of nutrient fixation by the soil and residual 
value, grower land tenure, the minimum acceptable return on 
investment, crop value, fertilizer cost, starter use, and many 
others. 

ARE WE READY FOR A SOIL TEST INTERPRETATION PARADIGM SHIFT? 

According to Barker (1992), a shift or change in a paradigm 
is caused by "very special problems that everyone in the field 
wants to be able to solve and no one has a clue as to how to 
do it". Since the existing paradigm can't solve these 
problems, they are placed on the shelf to deal with at a later 
date. The major problems that have accumulated on the shelf of 
our "black box" paradigm include: 

1. Unresolved recommendation differences caused primarily 
by the mysteries of the "black box". A change in 
recommendation personnel or in the perceived goals of the 
grower can cause a large over-night change in 
recommendations. We have wrestled with this issue for 
decades, sometimes in the public media, and the only 
outcome has been a loss of soil testing credibility. 

2. The need for personalization of recommendations 
continues to increase. The expertise usually exists at 
the local level to make refinements in fertilizer use 
that reflect the specific circumstances of the grower. As 
the CCA program becomes established and some states 
require documentation of the locally fine-tuned 
recommendation, the awkward nature of the existing 
approach will become increasingly obvious. 

3. Site-specific management. This focuses attention on 
soil test levels, optimization, and change over time. The 
existing paradigm doesn't lend itself well to this more 
rigorous application. 
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4. Keeping up with changes in knowledge and technology. 
The existing paradigm does not allow the user to 
immediately incorporate new relevant information. 

Much of today's soil testing clientele would be served better 
by an alternative paradigm. In addition to recognizing the 
inherent limitations of soil test indices and the residual 
value of P or K additions, the new paradigm should: 

1. Substitute site and grower information for as many 
assumptions as possible. 
2. Allow systematic local fine-tuning and feedback. 
3. Meet the needs of site specific management. 
4. Readily allow modification as new information and 
technology becomes available. 
5. Recognize long-term implications. 

AN ALTERNATIVE APPROACH 

The following is an alternative approach to soil test 
interpretation and recommendations that seems to at least 
partially meet the requirements listed above. A simple 
computer program was written that outputs the optimum soil 
test level for an individual's field and a rate table that 
over time will maintain that optimum level. The traditional 
black box was replaced by a set of mathematical assumptions. 

The major assumptions are: 

1. Long term relative yield is a function of soil test 
level. 

2. MEY (maximum economic yield) for the grower's farming 
system occurs at the soil test level where marginal 
return equals the minimum acceptable return on 
investment. This soil test level is termed the optimum 
soil test level. 

3. Soil test P and K are capital investments and build-up 
costs should be amortized. Since in most soils build-up P 
and K should not "wear out" if removed nutrients are 
replaced and erosion is controlled, the amortization term 
is the land tenure period. 

4. The optimum soil test level can be maintained over 
time if nutrients removed by the crop are replaced. 

5. MEY can be obtained at suboptimal soil test levels if 
sufficient fertilizer is applied. 
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Optimum soil test level. 

The most important output of the program is optimum soil test 
level. All commonly accepted P fertilizer recommendation 
systems maintain soil tests at some level whether 
intentionally or incidentally from rates recommended for 
various yield goals. Thus all at least imply an optimum soil 
test level. 

Inputs required for calculation of the optimum soil test level 
are: 

Calibration table. In this new paradigm, soil test calibration 
is moved out of the black box and treated as an input. The 
calibration table defines the relationship between soil test 
level and relative yield. The calibration data used should be 
the most appropriate available for the soil and cultural 
practices of the individual grower. A limitation in 
application of this approach today is the availability of such 
data - a problem that should be a challenge to those 
responsible for soil test calibration research in each state 
or province. It may be necessary to make educated guesses 
about necessary refinements in general calibration tables or 
curves to make them more appropriate for the specific grower. 
For instance, higher soil test K levels are required for 
reduced till systems on some soils in the northern corn belt. 

Minimum acceptable return on investment (ROil. The minimum 
acceptable return per dollar invested will vary with the 
attitude, investment opportunities, and financial condition of 
the individual. A value of 1.00 indicates that profit from P 
or K was maximized and the last dollar spent should increase 
crop value by one dollar. A value of 2.00 would return $2.00 
on the last dollar spent. The goal of a manager with limited 
capital is to maximize return on the last dollar spent 
considering all alternative investments and their associated 
risk. 

Annual interest rate for borrowed capital. The actual interest 
rate applicable if money is borrowed to purchase P or K. 

Land tenure. Land tenure refers to the period of time the 
grower will be farming the field. Since in most soils, 
residual P or K should not be depleted if removed nutrients 
are replaced, expected time of ownership or operation in most 
cases substitutes for the life expectancy of the capital 
investment in the amortization process. 

Quantity of fertilizer required to change the soil test 
(buffer potential). Soils differ in the amount of fertilizer 
required to change soil test levels. Soil test P or K levels 
are typically easier to change on coarse textured sandy soils 
than on medium or fine textured soils. Some low pH and some 
high pH soils fix applied P readily and increasing soil test P 
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levels is more costly, decreasing the optimum level. This 
assumes such soils have the same P yield response 
relationships as normal soils. 

Typically 14 to 22 lb P20s are required to increase the Bray 
P1 test by 1 ppm to a depth of 6 2/3 inches. A reasonable 
estimate of buffer potentials is 18 lb P205/ppm for P and 8 lb 
K2o;ppm ammonium acetate extractable K. If a good history of 
soil tests, crop removal, and fertilizer/manure application is 
available, this figure can be estimated for the field in 
question. Soil test procedures are also available to determine 
these values directly. 

When soil specific management is being used and soils of 
diverse texture, chemistry, or erosion potential are found 
within the field, buffer potential should be estimated for 
each soil within the field. Results of grid sampling of a 
field in central Minnesota are shown in Figure 3. In this 
field as pH increased soil test P decreased. Since past 
fertilization had been constant over the entire field and crop 
removal was the same or lower for the high pH areas, P buffer 
potential had to also vary with pH. In the estimation of 
optimum soil test P level is doesn't matter why the buffer 
potential appears higher in the high pH areas (ie P chemistry 
vs erosion). In this case, the apparent buffer potential for 
the high pH areas was over 4 times as high as in the low pH 
areas. 

Fertilizer cost. The average cost of the fertilizer to be 
purchased. 

Net crop price. The average market value of the crop over the 
land tenure period minus the cost of maintenance per bushel. 

Yield potential. Yield potential is the average yield over the 
land tenure period if the nutrient is question is not limiting 
yield. The yield potential is used to determine the economic 
value of a percentage change in relative yield. This is not 
the same as the yield goal used in most soil testing programs. 
Yield potential of individual soils would be used in the case 
of soil specific management. 

Impact of soil and grower differences on optimum levels. 

The impact of the factors mentioned above on optimum soil test 
levels will be illustrated using the calibration data for corn 
in Figure 2 mentioned earlier. Those interested in optimum P 
levels for spring wheat using the data in Figure 1 are 
referred to Fixen and Halvorson, 1992. 

Raw data to create Figure 2 were provided by Webb and Voss. 
The maximum yield used to calculate relative yield was 
determined by fitting a response curve to the data for 
individual years using the TableCurve statistical software 
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from Jande!. Relative yields for all years were then combined 
and the equation shown in the figure used to relate soil test 
level to long-t~rm average relative yield. Model selection 
criteria were r , lack of pattern in residuals, and 
simplicity. The curve-fit F statistic for the final equation 
was 123. The x-solution of the derivative was estimated using 
least squares techniques. 

The following 4 examples illustrate the impact grower 
differences can have on optimum P management. 

Average grower. The average grower in this case is described 
as an individual that grows 150 bu/A corn on owned land {Table 
1). This grower is well established and really has no cash 
flow problems. A $1.50 marginal return on investment is 
considered acceptable. The optimum soil test P level is 
estimated at 21 ppm. In other words, a maintenance rate of P 
should be applied at 21 ppm for this grower to be most 
profitable. Below this soil test level, more than maintenance 
P should be applied while less than maintenance may be applied 
at higher soil test levels. 

Well established irrigated grower. This grower is also well 
established and an excellent manager {Table 1). With the 
stabilizing influence of irrigation, yields average near 200 
bujA. Due to good marketing and purchasing skills, fertilizer 
is a little cheaper and grain is sold a little higher. No 
operating capital is borrowed, instead it is taken from either 
a money market or savings account set up for operating costs. 
Alternative investments are such that a $1.10 marginal return 
is considered quite acceptable. In this case the grower would 
be most profitable by maintaining a P soil test of 29 ppm. 

Young renter. In this case a young grower is in the early 
stages of a farming career {Table 1). A reputation has not 
been established and land is operated on a 3-year lease with 
no written or verbal commitment for renewal. Cash flow is very 
tight and insufficient capital is available to support all 
farm enterprises at an optimum level. The investment goal is 
to maximize return on the last dollar invested and the best 
estimate is that alternatives will return close to $3.00 per 
dollar. In such a situation, profit is optimized for the 
individual with very conservative P use. With existing 
restraints and uncertainties about future land use, it would 
be unwise to build P levels and the optimum soil test level is 
estimated at just 8 ppm. 

Crop advisors working with this grower would be wise to assist 
in removing profit reducing restraints. Removing those 
restraints would liking involve both the lender and the 
landlord as more capital is sought and an equitable 
arrangement is set up with the landlord to share in the costs 
of land improvement and resulting profits (Reetz and Fixen, 
1992) . 
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Table 1. Examples of the potential range of optimum soil test 
levels among growers. 

Grower type 
Factor Average Irrig. Renter 

Required return($/$): 
Annual interest(%): 
Land tenure (yrs): 
Buffer potential (lb P205/ppm): 
Fertilizer price ($/lb P205): 
Net corn price ($/bu): 
Avg Yield Potential (bu/A): 

OPTIMUM SOIL TEST (PPM) 
MAINTENANCE RATE, (LB P205/A) 

1.50 
9.0 
10 
18 
0.20 
2.00 
150 

21 
66 

1.10 
3.0 
10 
18 
0.18 
2.30 
200 

29 
88 

3.00 
10.0 
3 
18 
0.22 
1. 75 
130 

8 
57 

Soil specific manager. The soil test interpretation approach 
outlined here is quite applicable to soil specific management. 
This approach allows the user to establish target soil test 
levels based on yield potential and soil test P buffer 
potential for each soil area or grid section. Table 2 is a 
hypothetical illustration using the soil test P data graphed 
in Fig. 3. The long term goal would be to minimize the 
difference between optimum levels and existing levels. 

Table 2. Optimum soil test P levels in a grid-sampled field 
intended for variable rate application. 

Soil Yield Buffer Soil test level 
area potential potential Current Optimum 

bu/A lb P20s/ppm ppm 

A 160 12 39 24 
B 150 18 24 21 
c 110 40 9 13 

Value of other factors equal to the average grower in Table 1. 

Influence of Land Tenure and Acceptable Marginal Return. 

Except for unusual cases, optimum soil test level is most 
sensitive to land tenure and acceptable marginal return (Table 
3). These factors must be defined or assumed before any 
reasonable estimate of optimum soil test level can be made. 
Yield potential is also influential but not as much as land 
tenure and acceptable marginal return. 

28 



Table 3. Impact of land tenure and acceptable marginal return 
on optimum soil test P levels. 

Land Minimum acceptable marginal return 
Tenure 1.00 1.50 2.00 3.00 

Years 

3 
5 
10 
20 

17 
20 
24 
26 

14 
17 
21 
24 

ppm 

12 
15 
19 
21 

10 
12 
16 
18 

Value of other factors equal to the average grower in Table 1. 

Fertilizer rate determination. 

When a long-term basis is used in making rate decisions, the 
focus is on soil test level. Therefore, the first step in 
determining optimum fertilizer rate is determination of the 
optimum soil test level considering the factors discussed 
earlier. Then, a rate-soil test level relationship is used 
that maintains soil test levels at the optimum point. In other 
words, if the current soil test level is less than the 
optimum, the fertilizer rate should be greater than the 
quantity of nutrient removed by the crop to allow soil test 
levels to increase. If the current soil test level exceeds the 
optimum, the rate should be less than removal which will allow 
soil test levels to decline to the optimum point. 

A detailed example of this approach to determining optimum 
rates with various P placement methods for spring wheat is 
offered by Fixen and Halvorson (1991). The amount of nutrient 
that must come from fertilizer is estimated as the difference 
in nutrient content between the crop yield expected without 
fertilization (from the calibration curve) and the uptake of a 
crop at its full yield potential. Fertilizer to apply is 
calculated by dividing the resulting number by the expected 
first year fertilizer recovery (input by the user) for the 
placement method planned. The rate vs soil test level 
relationship is defined such that the rate needed for 
maintenance is recommended at the optimum soil test level. The 
rate drops to zero at a soil test level input by the user. 

SUMMARY 

The soil test interpretation paradigm may need to be shifted 
to better accommodate the more sophisticated needs of today's 
growers and crop advisors. The new model needs to recognize 
the short term limitations of soil tests and the residual 
effects of P or K additions while allowing for personalization 
at the local level. Thus, a long-term approach to management 
seems most appropriate that focuses on an economically defined 
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optimum soil test level. Land tenure and acceptable marginal 
return are critical factors when such an approach is used. 

Much of the personalization discussed here has been taking 
place for many years as growers and local experts mold the 
fertility program recommended by a lab into an action plan 
that seems most appropriate. The approach outlined here uses 
computer technology to systematically facilitate and document 
the local personalization of soil test interpretation. It also 
shows the linkage between research data and fertility 
management decisions and reveals all the assumptions in
between. That revelation in itself can be very helpful in 
directing future research efforts to strengthen the weak links 
in the process. 
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PROGRESS IN SOLVING THE IRON CHLOROSIS PROBLEM IN SOYBEANS 

David R. Huggins 
Soil Scientist 

Southwest Experiment Station, Lamberton 
University of Minnesota 

This past year large patches of yellow or chlorotic soybeans were 
commonly observed in southwestern Minnesota fields. These 
symptoms, expressed during the early growth of soybeans, were 
often associated with iron or lime-induced chlorosis. Typical 
questions that came to mind were: 

What is the cause of iron chlorosis? 
Why was it more prevalent during the past growing season? 
Is the problem becoming more severe and widespread? 
What are potential solutions to the problem? 

The purpose of this paper is to explore what factors cause iron 
chlorosis and to present management options to help solve the 
problem. 

A DESCRIPTION OF THE IRON CHLOROSIS PROBLEM 

Symptoms 

Iron chlorosis is related either directly or indirectly to a 
deficiency in iron. Symptoms of iron deficiency in soybean are 
stunted plants with pale yellow to white leaves over the entire 
plant with only the leaf veins remaining green. These symptoms 
usually appear early in the growing season and are nearly 
identical to manganese deficiency. However, manganese 
deficiencies occur mainly east of the Mississippi River (WI, IL, 
MI, OH, IN), whereas iron deficiencies occur mainly west of the 
Mississippi (MN, IA). Iron chlorosis should not be confused with 
symptoms of soybean cyst nematode, which also causes leaf 
chlorosis. 

Location 

Iron chlorosis has been observed in soybeans grown in southern 
and western Minnesota where approximately 400,000 acres are 
susceptible to chlorosis problems (Fig. 1). The chlorosis 
usually affects specific locations in a field and yield losses in 
these areas can be significant. 

THE CAUSES OF IRON CHLOROSIS 

Iron chlorosis is a very complex problem. To understand the 
causes, the interrelationships among plant, soil, and 
environmental conditions that influence the availability and 
plant uptake of iron must be considered. 
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Figure 1. Outline of possible iron deficient areas in Minnesota 
(after Randall, 1981). 

Soil factors that affect iron availability 

Low total iron content of the soil is seldom the basis for plant 
deficiencies of iron. Sufficient total iron is usually present, 
however, the availability of iron is affected by other soil 
factors such as pH, carbonates, excessive water and poor 
aeration, organic matter, and interactions with other nutrients. 

Soil pH In order for iron to be available for plant uptake it 
must be in the soil solution. Therefore, factors that affect the 
solubility of iron will directly influence its availability to 
plants. As soil pH increases from acidic to basic the solubility 
of iron decreases dramatically and reaches a minimum between pH 
7.4 and 8.5. It is within this pH range that iron deficiencies 
and symptoms of iron chlorosis occur. However, symptoms of iron 
chlorosis do not always develop in soils with a high pH 
indicating that other factors are also involved. 
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Carbonates and bicarbonate Symptoms of iron chlorosis in 
soybeans are most commonly observed on calcarious soils that 
contain high levels of calcium carbonate (CaC03 ) and bicarbonate 
ions (HCo3-) • Calcarious soils have a pH ranging from 7. 3 to 8. 5, 
which coincides with the lowest solubility of soil iron. The 
presence of bicarbonate ions, however, often aggravates iron 
deficiencies in soybeans suggesting that it plays an important 
role above and beyond simple pH effects on iron solubility. 
Bicarbonate ion (HCo3-) can be formed in calcarious soils by 
reaction of calcite (CaC03 ) with carbon dioxide (C02 ) and water 
(H20) : 

Excessive moisture and poor aeration When soils are poorly 
drained and excessively wet, carbon dioxide (C02 ) accumulates in 
the soil. Increased levels of carbon dioxide and water promotes 
the formation of bicarbonate ion as shown in the previous 
reaction. Consequently, iron chlorosis is often associated with 
excessively wet, calcareous soils. In addition, the lack of 
oxygen in poorly drained soil adversely affects root growth and 
the adsorption of nutrients, which can contribute to iron 
deficiency. Iron chlorosis will often disappear as problem soils 
dry out. Soil compaction that causes poor drainage and aeration 
can also be a factor. Field locations of poorly drained, 
calcarious soils that are most susceptible to iron chlorosis can 
be identified from county soil survey publications available from 
the Soil Conservation Service. Susceptible areas can also be 
identified from repeated field observations of iron chlorosis 
symptoms. 

Temperature extremes Cool soil temperatures are often considered 
a causal factor of iron chlorosis. Inskeep and Bloom {1986) 
reported increased chlorosis at relatively cool (54°F) and at 
relatively warm (80°F) soil temperatures, but not at intermediate 
temperatures (61 and 66°F). Cooler temperatures are likely to 
reduce root growth and function and result in decreased iron 
uptake. Warm soil temperatures would accelerate soybean growth 
and development, which would require more rapid iron uptake. 
Increased iron uptake may be difficult under conditions where 
iron deficiencies occur. 

Organic matter Additions of organic matter have been found to 
either correct or magnify iron deficiency problems. Organic 
amendments such as manure ~an supply chelating agents that vastly 
improve the solubility of 1ron. organic chelating agents 
surround the iron ion so that it is protected from reacting with 
the soil and maintained in the soil solution. organic amendments 
can also improve soil structure and enhance iron uptake by plants 
as a result of better aeration. Adverse effects from organic 
additions occur when stimulated microbial activity elevates soil 
carbon dioxide levels and increases bicarbonate ion 
concentrations. 
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Interactions with other nutrients The presence of high 
concentrations of ions particularly copper, cobalt, magnesium, 
manganese, zinc, and phosphate can induce iron chlorosis. The 
role of these ions in iron chlorosis is complex and not 
completely known. Phosphorus may impair iron nutrition by 
precipitating iron in the soil and at the root surface, or by 
interfering with the effectiveness of reductant produced by plant 
roots to increase iron availability (see following section). In 
addition, the use of iron by the plant following uptake may be 
inhibited by phosphates and other ions. 

Nitrogen nutrition can also influence the occurrence of iron 
chlorosis. Plant uptake of nitrate causes an alkalization 
(increase in pH) effect in the soil environment surrounding the 
root (the rhizoshere). The increase in pH can lower iron 
solubility and availability. In contrast, the fixation of 
atmospheric nitrogen by microbes in association with legumes 
acidifies the rhizoshere and can enhance iron availability. 

Plant factors that effect iron availability and uptake 

Plants differ in their ability to overcome scarcities in 
available iron. These abilities are mainly genetically 
controlled adaptive processes that allow the plant to respond to 
conditions of iron deficiency. Soybean varieties that are iron
efficient are able to alter the environment surrounding the root 
(the rhizosphere) to improve the availability and uptake of iron. 
Genetic selection for iron-efficient plants has produced soybean 
varieties that are tolerant of conditions that promote iron 
chlorosis. Several different strategies to increase the 
efficiency of iron uptake are used. 

H+ efflux from roots One response of iron-efficient soybean 
varieties to iron deficiencies is to decrease the pH in the 
rhizosphere. Decreasing the pH is accomplished by excreting H+, 
an ion that causes acidity. In turn, the more acidic condition 
in the rhizosphere increases the availability of iron and iron 
uptake by plant roots. 

Releases of organic reductant or chelates from the root When 
iron-efficient plants are stressed by lack of iron they are able 
to introduce organic reductant into the rhizoshere that enhance 
the solubility of iron. Again, as the amount of iron in the soil 
solution is increased, iron uptake is enhanced. An additional 
way in which the amount of iron in solution can be increased is 
through the release of iron chelates from roots. The iron 
chelates 'capture' iron that is in solution and maintains its 
solubility, thereby increasing the opportunity for plant uptake. 

Interaction of soil and plant factors 

It is apparent that iron chlorosis has multiple causes that 
result from complex interrelationships between plant and soil 
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conditions. Although many factors are involved, a high 
bicarbonate (HCo3-) concentration in the soil solution is often 
responsible for iron chlorosis. A high bicarbonate concentration 
in the soil solution creates and maintains a high pH that lowers 
the concentration of soluble iron. In turn, soybean responses to 
iron deficiency are severely inhibited by high bicarbonate 
concentrations. The bicarbonate neutralizes the H+ that is 
released from plant roots and also lowers the release of organic 
reductant. Furthermore, a high bicarbonate concentration 
inhibits root growth and the capacity for plants to absorb 
nutrients and water. 

What happened to increase iron chlorosis problems in 1992? 

The increased occurrence of iron chlorosis in soybeans during the 
1992 season was probably due to cool, rainy weather that created 
extended high soil moisture conditions, cold soil temperatures, 
and poor soil aeration. These conditions would all tend to 
promote iron chlorosis in soybeans. There is no evidence that 
iron chlorosis problems are generally increasing. 

MANAGEMENT OPTIONS FOR ADDRESSING IRON CHLOROSIS PROBLEMS 

General preventive medicine 

General approaches or preventive medicine that can be practiced 
include: 
1. Improve the drainage of areas where iron chlorosis occurs. 
2. Avoid creating soil compaction problems in susceptible areas. 
3. Do not over-fertilize with phosphorus or maintain excessive 

levels of soil phosphorus. 
4. Reduce carry-over of soil nitrate from the preceding crop. 
5. Be careful with manure applications in susceptible areas. 

Specific solutions 

Iron chlorosis is a difficult deficiency to correct in the field. 
Soil applications of iron salts are generally ineffective because 
the iron is quickly converted to less available forms. Foliar 
applications of iron chelates have been the most consistent 
treatment for correcting iron chlorosis. Research in Minnesota 
has indicated that band applications of 0.1 to 0.15 pounds of 
iron as iron chelate directly over the soybean plants can be 
economical. The material should be applied to the leaves within 
3 to 7 days after chlorosis symptoms appear. Furthermore, the 
applications should be made when soybeans are in the second 
trifoliate leaf stage. Waiting until the fourth or fifth 
trifoliate stage to apply foliar iron chelates seldom produces a 
yield response. 

Another viable option is to plant soybean varieties that are 
tolerant to conditions that produce iron chlorosis. Table 1 
scores soybean varieties according to their susceptibility to 
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iron chlorosis. The chlorosis score ranges from 1 to 5 and is a 
visual measure of how much leaf yellowing occurred in variety 
tests conducted on high pH, calcarious soil near Lamberton, MN. 
A score of 1 indicates that no yellowing occurred, whereas a 
score of 5 indicates severe yellowing with some necrosis (dead 
areas) occurred. Soybean varieties that are most susceptible to 
iron chlorosis include Corsoy 79 and Hardin. Tolerant varieties 
include Weber 84, Kate, Dawson, and swift. 

In a look towards the future it appears that genetic selection 
will continue to improve soybean tolerance to iron chlorosis. 
The development of tolerant soybean varieties coupled with 
precision or site specific farming techniques could facilitate 
'on the go' planting of different varieties according to soil 
condition. 

Table 1. Chlorosis scores of publicly developed soybean 
varieties, 1991 (after Orf, 1992). 

Chlorosis Score· 
1.5 - 2.0 
Swift 
Weber 84 
Dawson 
Kate 

2.1 - 2.5 
McCall 
Chico 
ozzie 
Proto 
Evans 
Dassel 
Hodgson 78 
Sturdy 
BSR 101 
Archer 

*1=excellent, 5=very poor. 
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2.6 - 3.0 3.1 - 3.5 
Maple Donovan Simpson 

Glenwood Maple Arrow 
Minnatto Sibley 
Kasota Hardin 
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3.6 - 4.0 
Corsoy 79 
Hardin 91 

Inskeep, w. P. and P. R. Bloom. 1986. Effects of soil moisture 
on soil pC02 , soil solution bicarbonate, and iron chlorosis in 
soybeans. Soil Sci. Soc. Am. Pro. 50:946-952. 

Marschner, H. 1986. Mineral Nutrition of Higher Plants. 
Academic Press, New York. 

Orf, J. H. 1992. Soybean. In L.A. Etkin (ed.), Varietal Trials 
of Selected Farm Crops. Minn. Ag. Exp. Station, University of 
Minnesota. Minnesota Report 223-1992 (AD-MR-5615-E). 

Randall, G. w. 1981. Correcting Iron Chlorosis in Soybeans. 
Agricultural Extension Service, University of Minnesota. Soils 
Fact Sheet No. 27-Revised 1981. 

Tisdale, s. L., w. L. Nelson, and J. D. Beaton. 1985. Soil 
Fertility and Fertilizers. Macmillan Publishing Co., New York. 

36 



FERTILIZER MANAGEMENT FOR RIDGE-TILL AND NO-TILL PLANTING SYSTEMS 

George Rehm 
Soil Science Department 
University of Minnesota 

There is considerable interest in using ridge-till and no-till 
planting systems for corn and soybean production throughout 
Minnesota. This interest is sparked by concerns for environmental 
quality, farm profitability, and conservation compliance. There 
are also several questions that need answers as farmers consider 
switching to conservation tillage production systems. Many of 
those questions involve fertilizer use. 

There's general agreement that some changes in fertilizer 
management practices are needed as growers switch to ridge-till and 
no-till planting systems. Some of these changes have been 
documented by research projects. There are also needed changes 
that have not been identified. The needed changes will also vary 
with nutrient. Therefore, this discussion will discuss the changes 
needed for nitrogen management from those needed for the management 
of phosphate and potash. 

Managing Nitrogen 

In recent years, a number of research projects have focused on 
developing nitrogen management practices that are appropriate for 
corn production in ridge-till and no-till planting systems. There 
is general agreement in most of these studies that were conducted 
throughout the United States. Some important points about nitrogen 
fertilizer management can be summarized as follows. 

There is no need to change the rate of nitrogen fertilizer 
needed when switching to ridge-till and no-till planting 
systems. In western Minnesota, suggestions for nitrogen 
rates should be based on the results of the soil nitrate 
test. For the remainder of the state, recommendations 
should be based on yield goal, the previous crop in the 
rotation, and the soil organic matter content. 

There is no need to change time of applications. In 
Minnesota, suggestions for timing vary with soils and 
climate. 

Placement is a major consideration. All nitrogen, 
regardless of the source used, should be placed below the 
soil surface in ridge-till and no-till planting systems. 
Nitrogen is lost or immobilized if nitrogen fertilizers 
(primarily 28-0-0) are placed in contact with crop residue. 
Some incorporation eliminates this possibility for loss. 

If incorporated, all nitrogen sources have an equal effect 
on yield. 
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Phosphate and Potash Use 

In contrast to nitrogen, there has been a limited amount of 
research devoted to developing management practices that will 
provide for the most efficient use of these two nutrients. These 
nutrients are not mobile in soils. Therefore, special 
consideration should be given to the most appropriate placement 
that will lead to effective and efficient use. 

In addition, there have been reports for several years of the 
appearance of K deficiencies in corn grown in ridge-till planting 
systems. These symptoms were noted even though soil test values 
for K were considered to be in the high category. The severity of 
the problem appeared to be related to hybrid. 

In the northern Corn Belt, the problem did not 
confined to specific soils or environments. Reports 
have come from a diversity of corn production 
Minnesota and neighboring states. 

appear to be 
of the problem 
situations in 

Emphasis on Banding 

As more research information is accumulated, there are strong 
indications that the banded use of phosphate and potash fertilizers 
will be superior to broadcast applications. Yields from a study 
conducted at the West-Central Experiment Station - Morris show the 
importance of the banded application of potash fertilizer (Table 
1) • 

Table 1. The impact of K20 placement and corn hybrid on yield of 
corn. Morris 1992. 

Hybrid 

Pioneer 3732 
" " 
" " 

Pioneer 3737 
" " 
" " 

Placement 

none 
band 
broadcast 

none 
band 
broadcast 

Yield 

bu. /acre 

54 
99 
58 

58 
102 

69 

The rate of applied K20 was 4 0 lb. I acre for both the band and 
broadcast placements. Yields were substantially higher for both 
hybrids when the banded placement was used. This would indicate 
more efficient use of the banded application of K20. Potassium is 
not considered to be mobile in soils, and, although yields were 
improved slightly with the use of a broadcast application, highest 
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yields were produced by the banded application. 
value for K was 161 ppm at this site. 

The soil test 

Research trials with the use of banded potash have also been 
conducted in Murray County starting in 1989. In these studies, 3 
rates of K20 (40, 80, 160 lb./acre) were applied in a band in the 
center of the ridge at a depth of 3 to 4 inches in the fall of 
1989. Three hybrids (Pioneer 3902, Pioneer 3732, Pioneer 3737) 
were also used. A control was used for each hybrid. Plant samples 
were collected during the growing season and analyzed for K to 
monitor K uptake. 

The effect of rate of potash applied on K uptake is summarized in 
Table 2. 

Table 2. The effect of rate of applied K20 on K concentration in 
corn tissue in 1989. 

K 20 Stage of Develo:ement 
Applied V4 V8 Ear Leaf 

lb./acre - - - - % K* - - - -

0 .91 1. 08 .95 
40 2.18 1. 49 1. 21 
80 2.57 1. 75 1. 37 

160 3.06 2.08 1. 46 

• Values reported are the averages for 3 hybrids. 

The V4 stage samples are whole plants collected at approximately 4 
weeks after emergence. The V8 stage samples were collected at 
approximately 6 weeks after emergence. The ear leaf (EL) samples 
were collected at silking. As might be expected, the K 
concentration in the tissue increased as the rate of K20 increased. 
This is rather clear evidence that roots of the corn plants are 
utilizing the K20 applied in the band throughout the growing 
season. 

Uptake of K from the band was also affected by the variety that was 
planted (Table 3). Throughout the growing season, the K 
concentration was lowest for the Pioneer 3732 variety. 
Concentrations are nearly equal when the other two varieties are 
compared. These observed differences in uptake among varieties 
indicate that there are some genetic differences in root structure, 
root hairs, root distribution in soils, etc. These differences, if 
they exist, are not known at this time. 
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Table 3. The effect of corn hybrid on K concentration in corn 
tissue. 

Hybrid 

Pioneer 3902 
Pioneer 3732 
Pioneer 3737 

State of Development 
V4 V8 EL 

2.23 
1. 90 
2.40 

% K* -

1. 71 
1.28 
1. 80 

1.23 
1.15 
1. 36 

• The 1 h f 11 f 1 · d va ues s own are averages or a rates o K20 app 1e . 

The differences in K uptake carried through to grain yield (see 
Figure 1). Even though the soil test for K was considered to be in 
the high range (145 ppm or 290 lb./acre), there was a substantial 
yield increase when the banded K was used. For the 3737 and 3902 
hybrids, optimum yield resulted from the use of 40 lb. K20 per 
acre. The application of 80 lb. K20 per acre was needed to produce 
the optimum yield of the 3732 hybrid. 

CORN YIELD, BU/A 
180~----------------------~ 

3737 

170/ • 
3~2 

• 

160 

150 

SOIL TEST K = 290 LBS/A 
140~1 ----~----~----~----~ 

0 40 80 120 160 
K20 APPLIED, LBS/A 

Figure 1. Effect of rate of banded K20 on yield of 3 corn hybrids. 

Response of Soybeans 

The plots at the Murray County site were planted to soybeans in 
1990 and frequency of application of K20 was evaluated. The rates 
of applied K20 remained the same. The effect of a single 
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application in the fall of 1988 was compared to the results from 
two annual applications in the fall of 1988, and fall of 1989 
(Table 4) . 

Table 4. The effect of frequency and rate of K20 on yield of 
soybeans planted in ridges (Murray County, 1990) . 

K20 Application 

1988 

1988, 1989 

Rate Applied 
Each Year 

lb./acre 

0 
40 
80 

160 

0 
40 
80 

160 

Yield 

bu. /acre 

49.6 
49.6 
49.7 
52.5 

49.5 
51.0 
51.5 
54.3 

Highest yield was produced by the annual application of 160 lb. K20 
per acre. The use of either 40 or 80 lb. K20 per acre on an annual 
basis produced yields that were equivalent to the yield produced by 
the use of 160 lb. K20 per acre in 1988 only. These limited data 
indicate that an application of K20 once every two years in a corn
soybean rotation should be adequate for optimum yield of both 
crops. 

Placement of the Band 

The results of research conducted in the past few years have 
emphasized the importance of the banded application of both 
phosphate and potash fertilizers in ridge-till and no-till planting 
systems. Some, however, question if there is an ideal location for 
the band with respect to the seed. 

The placement of banded phosphate fertilizers in a ridge-till 
planting system has been evaluated in trials at the West-Central 
Experiment Station at Morris and the Southwest Experiment Station 
at Lamberton. The phosphate fertilizer was applied in a band at 
various positions from the row. The yields are summarized in Table 
5. 
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Table 5. The influence of location of the band of phosphate 
fertilizer on corn yield at Morris and Lamberton in 1989. 

Band 
Placement 

starter 
ridge center 
ridge shoulder 

lb./acre 

23 
23 
23 

Soil Test P (Bray), ppm 

Location 
Morris Lamberton 

- - - -bu./acre - - - -

148 
151 
154 

5.5 

113 
112 
117 

5.1 

The position of the band had no major effect on yields at both 
locations. These results are consistent with grower experiences. 
Some choose the use of a starter fertilizer for placement of 
phosphate and potash, and are satisfied with the results. Others 
who use a ridge-till planting system prefer the banded application 
in the previous fall. 

The suggestions for rates of phosphate and potash needed are, at 
this time, the same for all band placements. For phosphate, 
suggestions are to use the rates that are recommended for a starter 
application. For potash, an annual rate of 40-50 lb. K20 per acre 
is suggested. This can be doubled and applied once every two years 
for the corn-soybean rotation. 

Summary of Suggested Fertilizer Management Practices 

Some changes in fertilizer management practices are needed when 
growers switch from the more conventional planting systems to 
ridge-till and no-till systems. A brief summary of these changes 
follows. 

Nitrogen: 

. no need to change rate of application for ridge-till 
systems; may need higher rates for continuous no-till corn . 

. no change in selection of sources; all sources should be 
placed below the soil surface. 

Phosphate: 

. no need to change rate of application 

. banding will.be more effective than broadcast applications 

. there are several possible locations for the band 
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Potash: 

. added K20 may be needed even though soil test values are 
high 

. banding will be more effective than broadcast applications 

Soil Sampling: 

. collect the sample from the ridge 6 inches to the side of 
the row 

. collect the sample to a depth of 6 inches for analysis for 
pH, organic matter content, phosphorus, potassium, and zinc 

. in western Minnesota, use the standard soil nitrate test (0-
6 and 6-24 inches); samples from 0-24 inches can also be 
analyzed for nitrate-nitrogen 
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Managing N-P-K In Livestock Operations 

Bruce Weller 
Acres Crop Monitoring, Inc. 

Belgrade, MN 

Making N-P-K recommendations where manure is used presents special challenges. The type 
of livestock raised, the type of equipment used, the soil types, as well as several other factors 
must be considered when adjusting and making applications of the manure as well as 
supplemental commercial fertilizer. It would also be helpful if you could predict the weather for 
the growing season, as this can have an impact, especially in the case of the mineralization of 
N. Following are some of the findings and considerations used when making recommendations 
for livestock producers. Although it takes an increased effort to supply the producer with some 
of this information, there is also an opportunity to provide services not available from all 
suppliers. That extra service may be the difference between who will survive and who will thrive 
in the future. 

WHAT IS MANURE WORTH? 

According to the University of Minnesota, some "rule of thumb" values for manure are as 
follows: 

Table 1. Average nutrient composition of manure. (Adapted from AG-F0-3553) U of M 
----- Nutrients (#I ton) ----- -- $ I ton --

ANIMAL N P205 K20 Approx. Value* 

Dairy cattle 11 5 11 4.00 
Beef cattle 14 9 11 5.50 
Hogs 10 7 8 4.00 
Chicken 20 16 8 7.50 

Nutrients ( # 11000 gallons ) $11000 gal. 
Dairy cattle 26 11 23 9.00 
Beef cattle 21 ·7 3 6.75 
Hogs 56 30 22 17.50 
Chicken 74 68 27 29.00 

* Values using the following prices for actual # : N -- $.15, P205 -- $.22, K20 -- $.12 
It is important to note the above figures are averages and do not lessen the importance 
of having a sample of the actual manure applied analyzed. These figures should be 
used if no analysis is completed. Also, because of volatilization, N values can vary 
significantly. 

When working with a producer, the last column makes an impact when explaining the need to 
manage the application of manure. A sixty cow dairy farm will generate close to a million 
gallons of liquid manure. The price tag in nutrient value; close to $9,000. Needless to say, if 
this resource is managed correctly, it can have a substantial impact on the producer's bottom 
line. 
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NITROGEN MANAGEMENT 

No other nutrient is as difficult to manage as the nitrogen supplied by manure. Availability and 
loss are the two main management hurdles. Without getting into the science of these factors, 
looking at the practical side identifies most all that can be accomplished with nitrogen. 
Already in the sixteenth century, English philosopher, Francis Bacon stated, ''The ordering of 
Dung is, if the ground be arable, to spread it immediately before plowing and sowing and so to 
plough it in. For if you spread it long before, the sun will draw out much of the fatness of the 
Dung:" Obviously, the fatness Bacon speaks of is the nitrogen and who would know better. 

Acres, Inc. has employed two tools to help manage nitrogen for the livestock farmer. Nitrogen 
credits as listed in Table 1 or obtained from an actual manure sample are used to calculate 
supplemental N needs for the first crop after application or a two foot N03-N sample is used 
where no manure was applied or alfalfa was not the previous crop. The two foot sample is 
taken prior to sidedress when the corn is 6- 12 "tall. No credits are used along with this test. If 
alfalfa was the previous crop, no N is recommended. Table 2 shows the results from the 24" 
N03-N tests for the last three years: 

Table 2. 24" N03-N test expressed in# I acre. 

Type of Operation #of Tests High Test Low Test Average Test 
=================================================================== 

Dairy I Liquid 
Hog I Liquid 
No Livestock 

Total 

Dairy I Liquid 
Dairy I Solid 
Hog I Liquid 
Poultry 
No Livestock 

Total 

Dairy I Liquid 
Dairy I Solid 
Poultry 
No Livestock 

Total 

66 
7 
11 

84 

62 
7 
4 
9 
5 

87 

39 
14 
7 
3 

63 

246 
128 
190 

248 

209 
149 
80 

198 
209 

209 

188 
94 

113 
21 

188 

44 
77 
70 

44 

8 
42 
2 

74 
1 

1 

1 
1 

16 
1 

1 

Starter fertilizer containing N was recommended in all cases. 

158 
97 

123 

148 

95 
83 
49 

126 
87 

94 

75 
35 
87 
10 

64 

Soil types were all medium to fine texture and generally considered to have minimal leaching 
concerns. 
*Previous year (1989) had sub-normal rainfall. 
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The inherent problem with the N03-N test is the organic N in the soil that may become available 
during the growing season and will not be detected. For that reason, Acres believes the pre
sidedress sample is a reasonable option. As for the possibility of early season N needs, 
a starter containing N-P-K is always recommended. 

The use of legume and manure credits has also worked well with the exception being 1992. 
What turned out to be one of the coolest summers on record in central Minnesota did not 
lend itself well to mineralization of organic N. Numerous incidents of yellow corn where credits 
were used to determine N needs has caused skepticism among producers. 

Until new research shows differently, Acres will use the following guidelines to determine 
whether to use the N03-N test or credits: 

1. Use N credits. 
a. First crop following application of manure. 
b. Manure was applied consistently across entire field. 
c. Manure was incorporated within a reasonable time. 
d. Coarse textured soils. 

2. Use N03-N test. 
a. After a below normal production year. ( drought) 
b. Previous cropping history not known. 
c. Manure was not applied evenly or incorporated properly. 
d. Medium to fine textured soil. 
e. Producer is not comfortable with N credit approach. 

P AND K MANAGEMENT 

It is not uncommon to find soil test readings of 50 ppm of P and 400 ppm of K on livestock 
farms in central Minnesota when a composite soil test is used. The continued application of 
manure from farms supporting 60 + head of dairy cows plus their offspring on their 160 to 
200 acres has built many soils to very high levels. It would seem not much can be done in the 
area of fertility management and certainly not fertilizer sales. 

When a closer look is taken, that is, fields are grid sampled, there are often surprises. Manuring 
patterns from perhaps 20-30 years gone by are detected. It is not uncommon to find 80 ppm of 
P close to farmsteads and going in each direction from field approaches. In the same field at 
the greatest distance from the buildings and from field approaches, levels are often found testing 
at less than 1 0 ppm of P. Much the same is found with K levels but usually at less dramatic 
differences. Anyone who has ever hauled manure during a Minnesota winter can understand 
the varying levels. 

Although most of the low testing areas can be ammended adequately using starter fertilizer in 
row crops, fields going into alfalfa offer the opportunity to individually correct these areas. This 
can be done with either commercial fertilizer or manure. 
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CONCLUSIONS 

Obviously, providing sound agronomic advice to livestock producers concerning N-P-K is 
challenging. Beyond the challenge is the opportunity to help them utilize the natural resource 
of manure. The opportunity is not just in selling product but also in service. The service is the 
utilization of the N03-N test or manure and legume credits when they apply. The service is in 
providing grid sampling or soil type sampling to pinpoint inadequate areas of fields. The service 
is in providing the application technology for these areas. That service may determine who 
survives in the coming years. 

"A big corporation is more or less blamed for being big, but it is only big because it gives 
service. If it doesn't give service, it gets smaller faster than it grew big".--W. S. Knudsen 
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INCORPORATING MANURE MANAGEMENT INTO 
YOUR DEALERSHIP PROGRAM 

Bernie Paulson 
Pro-Tech Crop Service 

Dill Company 
Janesville, MN 

You have made a commitment to your community to build a bulk chemical storage facility, 
rinse pad and loadout area for chemical and fertilizer. Doesn't it seem irresponsible for you 
to stand by as producers apply 1,000,000 gallons of liquid hog manure on the same 65 acre 
field year after year? 

Water quality concerns across the nation have prompted scrutiny of intensive agriculture. 
With this scrutiny comes increased regulation such as manure and nutrient management plans. 
Here is where a fertilizer dealership can fit into the picture. 

A question that needs to be addressed is this: "Why would a fertilizer dealership want a 
farmer to maximize his manure resource"? I believe the answer is: "If you want to continue 
to meet your customer needs, help them increase profits, and promote environmental 
stewardship, you should provide your customers with a manure management program". As 
dealers you may believe that this will take away any chance to make a profit on those acres. 
While that could be true, a grower who is put out of business cannot provide a profit 
opportunity at all. There are ways to turn manure into profit for both your customer and 
dealership. 

Where do you start? I believe the first thing to do is brush up on the agronomics of manure. 
In Waseca and Blue Earth counties, hog farms are responsible for the majority of the manure 
followed by dairy cattle lot operations. Your area may also include the poultry industry. 
There is a lot of information at the local extension office that can help you determine nutrient 
levels of the manures you may deal with. Familiarize yourself with the Best Management 
Practices that have been researched and established for your area. In short, become the 
"expert" on manure management. Once you have the information available and are 
comfortable with it, you can then present it to your customers. 

As you research the subject of manure management, you will realize that there are several 
procedures that you can use to build a solid information base for recommendations. These 
include: 

1. Manure sampling - Sample each storage facility to determine nutrient levels. The 
extension charts provide an average, however, each facility will have different values 
which need to be monitored. 

2. Soil sampling - Current soil tests are important to all aspects of manure 
management. Test results will help you map out areas for treatment. Grid sampling 
can prove very useful around buildings and other areas that have been heavily 
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manured. The grids, set up on approximately five acres, will clearly show the P + K 
levels around the buildings and the need to make applications to other areas. Soil 
nutrient levels can get high enough to cause yield reductions and ground water 
contamination. 

3. Nitrate sampling - A good way to monitor pre-plant nitrate levels the second year 
after application is a nitrate sample. These need to be taken at 0 - 12 inches and from 
12 - 24 inches in southeastern Minnesota. This test will tell you how much nitrate 
"N" is available and what level of commercial fertilizer to apply. 

4. Tissue samples - Later in the growing season you may want to check up on your 
program. A leaf tissue sample taken at silking in corn will let you know if you have 
sufficient nutrient uptake to optimize yield. A basal stalk nitrate test can be taken 
after black layer. This test will determine the accuracy of your nitrogen 
recommendation by letting you know how much is left in the plant at maturity. 

The reason you need to know what services you could provide is so you can research your 
associated costs and decide what you need to charge. Here is where your profit opportunity 
comes in. This is worth real dollars to your customers and if you are serious about making 
this program work, you will have to show them the value and charge for your efforts. When 
you are calculating costs, be sure to include mileage, lab fees, shipping costs, labor expenses, 
and any supplies you may use. 

The next step is to target key prospects to test your program. I have held two grower 
meetings over the last four years to promote the idea of manure management. This may not 
sound as exciting as the release of a new chemical or a new piece of equipment, but you will 
be surprised how many growers will come and want to learn about your program. You may 
incorporate this into a feed or chemical meeting if you think that would draw more people. I 
invited Mike Schmitt and Cindy Amevik from the extension service to discuss manure 
management and record keeping. After their discussion, I presented our program to the 
group. This was a good way to show the growers the value of their manure and our program. 
The response was positive. Most felt this was worth the time and many indicated an interest 
in discussing the program further. At this time, 22 of the 54 attendees use manure and soil 
sampling to manage their resource. 

It will be up to you to keep your customers on the program. Remind them to let you know 
when the pits are being pumped so you can gather samples. Urge them to take the extra time 
and apply the manure to the lower testing fields and try to generate some excitement about 
even application. Through field mapping, sampling, and record keeping, you can help your 
customers maximize their resource. 

A sampling service is not the only way to profit from these manured acres. Once you have 
determined which fields are to be manured and at what levels, you can balance their needs 
with other services. Agronomists agree that a band of starter fertilizer may be needed, 
especially when planting very early. Another thing to look at is the nitrogen need of the 
crop. An application of some N may be beneficial. This is a good place for a "weed-n-feed" 
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program. Custom applied 28% or Urea and ppi chemical can boost your sales and free up 
some time for your livestock producer. This would be profitable for both parties. Post
emergence chemical applications are another service busy dairy or hog farmers may need. 
We have been approached by growers to provide custom application of the manure itself. 
This may be another way to extend the use season on some expensive equipment you already 
own. 

I estimate that growers who utilize their manure resource may reduce fertilizer inputs by 
$20 - 40 per acre. This will free up dollars for other services you can provide. Given the 
increase in livestock numbers and regulation, the shift away from commercial fertilizer toward 
manure management is likely to accelerate in the near future. It will be up to you to find the 
profit opportunity in this latest trend. 
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Agricultural Container Collection and Disposal 

The agricultural industry recognized, through there pilot collection programs, that the 
collection and disposal of empty containers was a major challenge facing our industry. 
As a result of the industry's desire to take a proactive position a joint venture was 
formed in 1992. The Agricultural Container Research Council (ACRC) was formed by 
the major agricultural chemical producers and distributors/formulators servicing the U.S. 
ag markets. 

Pilot programs were conducted during 1991 and 1992 by the National Agricultural 
Chemical Association (NACA). It was from these efforts that the industry concluded that 
a more focused approach was needed to solve this complicated challenge facing our 
industry. 

Through the efforts of the Agricultural Container Research Council data will be 
generated to support the final disposition/end-uses for the collected containers. 
Potential uses include: fence posts, highway sign posts, energy recovery, reuse into 
pesticide containers and numerous alternatives are being explored. 

The ACRC has recently selected two contractors who will be responsible for working 
with the states and various independent contractors to remove collected containers from 
state approved collection programs. These contractors, SCT Environmental Inc. out of 
Pasadena, Texas, and Tri-Rinse Inc. out of St. Louis Missouri will assume responsibility 
for the collection and final disposition of containers from state sites. 

SCT Environmental has responsibility for Alabama, Arkansas, Arizona, California, 
Colorado, Florida, Georgia, Kansas, Louisiana, Mississippi, Nebraska, New Mexico, 
Oklahoma and Texas. 

Tri-Rinse will assume responsibility for the other 34 contiguous states and the District of 
Columbia. 

There are three essential elements to a state collection program for success. Container 
collection sites must be convenient for farmers. These sites must be carefully monitored 
to ensure that containers are properly rinsed, and granulation must occur. With proper 
training and encouragement farmers and applicators will understand the importance of 
immediate rinsing in the final success of collection efforts. 

With our entire industry working together the problem of container collection and 
disposal can be resolved. 

~41!~~ 
Horace J~;~~. -v -

Chairman 
Agricultural Container Research Council 
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The 1992 Season Disease Picture 

Ward C. Stienstra Extension Plant Pathologist 
Department of Plant Pathology 

University of Minnesota 

The 1992 season will be remembered as cool and wet, the year without a 
real summer day! The slowly developing crops had few temperature and 
moisture stress periods, but did have some disease problems. The disease 
picture for 1992 had some of the usual and some new, or little seen 
diseases and variations on the symptom expressed. 

The diseases to highlight for '92 (not a complete list of diseases seen) 
includes the following soybean diseases: Brown Stem Rot, Phytophthora 
Root Rot, Soybean Cyst Nematode and Sclerotinia White Mold, while the 
corn list includes: Root Rots, Northern Leaf Blight, Stalk Rot and Ear or 
Kernel Molds. The seed quality of soybeans maybe affected by several 
fungi ( Purple Seed Stain/ Cercospora kikuchii and Phomopsis Seed 
Decay jDiaporthe-Phomopsis Complex) also, but few seed lots have been 
observed at this time. 

BROWN STEM ROT 

Few plants show external symptoms before pod set. The dark brown to red 
discoloration of the vascular elements and pith is seen when the lower stem 
is split at growth stage 4, 5 and 6. The browning of the lower stem pith is 
first most prominent at the nodes and with time and progression of the 
disease more of the pith tissue is discolored. Losses may range upto 25% 
due to reduced seed number and size. Foliar symptoms may develop in 
dry weather as a sudden death of the leaves, giving the field a brown cast 
like frost damage in contrast to the normal yellow-green maturation color 
change of healthy plants. The fungus Phialophora gregatum survives in 
soybean debris in and on the soil. Survival is much greater when soybean 
straw is left on the soil surface. Resistance is reported to be found in a 
single dominant gene. Varieties that site tolerance to this disease may 
perform OK in years with low disease pressure but are not expected to 
perform well when the disease is high. 

PHYTOPHTHORA ROT 

This disease can be found on soybeans at any stage of development. 
Seedling death, pre- and post-emergence damping off can be identified as 
water damage. This loss of stand is difficult to correctly diagnose as few 
distinctive symptoms are present. Mid season wilt and yellow leaf death 
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resulting in brown leaves on standing stems is a good symptom for PRR but 
under wet and cool conditions the top death does not occur. Plants with 
adequate moisture and some resistance ;tolerant types may confine the 
damage to roots only and produce stunted plants with no other symptoms. 
These plants are not killed, only stunted and slightly chlorotic, like nitrogen 
deficient plants. The mild symptoms are referred to as hidden damage and 
are not readily identified as PRR infections. Phytophthora damage can be 
reduced by tile drainage to remove excess water and reduce the time of 
flooding, but in wet seasons this may not be adequate. Reduced tillage 
increases the damage. 

SOYBEAN CYST NEMATODE 

The development of this nematode is very temperature dependent and 
symptom expression is greatest in seasons when moisture is limiting. The 
nematode develops very slowly at 61 F and grows and develops best at soil 
temperatures of 75 to 82 F. Clearly our heavy wet soils were not supportive 
of active early spring nematode development. The nematode caused plant 
symptom expression was also decreased as little high temperature and 
moisture stress occurred. Soybean yields were lowest in plots with the 
highest nematode population. SCN race population patterns are another 
factor to consider when selecting resistance lines. The recognition of Race 
1 , suspected several years ago due to the failure of soybeans to form 
nodules which is a reported characteristic of Race 1, has increased. The 
number of sites with a Race 1 designation has increased and even sites 
with a Race 3 designation have in some tests a significant population of 
Race 1. 

Resistance while more available/more varieties is still based in the most part 
on a single source PI 88788 and the expected performance of this 
resistance source is limited. Population numbers must be lowered and for 
now rotations are the only effective method to accomplish this. Non-hosts 
such as corn are poor at lowering the SCN population. Poor hosts such as 
peas appear to be better at lowering the population, but this area needs 
more testing. 

SCLEROTINIA WHITE MOLD/STEM ROT 

This is for some a new disease, but it has been present in Minnesota for 
many years. The development of this disease was believed to be related 
to planting very susceptible crops such as edible beans or sunflowers. The 
fungus however has a very wide host range and in all likelihood has been 
present at low levels in many soybean fields. The explosive development 
of White Mold in 1992 is clearly related to the cool wet season. The 
symptoms of this disease will be reviewed. Infection and damage to 
soybean plants is dependent upon when the infection develops. Early 
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season infection results in much greater yield loss. The disease is 
dependent on moisture and management requires changes in crop 
production techniques. The expectation is that cool moist weather is 
necessary for spore production and blossom infection, but specific 
conditions that allow infection are unknown. The disease is reported to 
occur during periods of low rainfall when row spacings were less than 15 
inches. The early development of a dense canopy from either narrow rows 
or high plant populations can produce an environment favorable for 
infection. Since no soybean varieties are available with resistance to this 
disease cultural methods must be used. The sclerotia, the hard black 
material of the fungus can survive for in soil for many years and will 
germinate to produce spores even when 2 1/2 inches deep in the soil. 
Soybeans do differ in susceptibility to this disease, however the difference 
is believed to be due to plant architecture, flowering characteristics, maturity 
and lodging factors rather than specific resistance factors. 

ROOT ROTS 

Corn roots are susceptible to rots even when seed treatments are used. 
The early root ratters are favored when soil oxygen is limited due to 
compaction or excess water. Few descriptive symptoms exist on the roots 
or young plants. Yellow brown spots on roots, water soaking of root tissue, 
slow top growth and yellow jpale green leaves may be observed. Usually 
roots are completely dead when the top stops developing. Infection of the 
mesocotyl region removes the source of nutrients-seed from the developing 
plant-plumule. Loss of the primary root system makes the plant dependent 
on the secondary roots. This first and second root system usually is 
adequate for the plant the survive seedling root rots and adventitious are 
another back up root system. Later season root rots can become the entry 
points for stalk problems. The Fusarium Complex develops when plants are 
more mature, or when roots decline under field stresses. The entry points 
are not limited to root tissue, infection can follow injury /hail or insect feeding 
and direct penetration is reported at the leaf sheath base, progressing into 
the lower internodes. 

STALK ROTS 

Are nearly always present and losses are due to lodging and poor ear 
filling. The lodging loss is often small due to modern equipment and careful 
harvest procedures, while the direct loss from poor or incomplete filling can 
be significant. Strong stalks/rind strength often present the appearance of 
a healthy plant, but stem splitting is required to observe if the nodes and 
pith has decayed. Low yields and poor test weights can be indications of 
stalk rot problems. Several species of fungi can attack plants, making 
identification difficult. The conditions that favor stalk rot also reduce the 
plants ability to produce carbon such as leaf disease, cloudiness, insect 
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feeding on stem or roots and excess plant population for soil type, nutrient 
level and water supply. 

NORTHERNLEAFBUGHT 

Some corn hybrids exhibited symptoms of NLB or Turcicum Leaf Blight. 
This disease is believed to be controlled by resistance yet several fields had 
more leaf spotting than expected. The level of disease while not severe
yield reducing was significant in that the growers noticed the lesions on the 
corn leaves. Corn growers should be aware of this potential problem and 
select hybrids with adequate resistance. Fungus survival is on corn leaves 
and husks. 

EAR AND KERNEL ROTS 

This problem is not new but more common in '92 than in most years. The 
growing season with high rainfall and immature grain with tight husks favor 
the development of ear and kernel rots. Reports from mid November 
indicate many corn growers have seen kernel rots. The samples received 
were mostly infected with Cladosporium or Nigrospora. The black molds 
are not reported to be toxic to animals. The white and pink molds have the 
most mycotoxin potential. High concentrations of moldy grain can result in 
feeding problems, but the low levels observed should not be a problem. 
Molds can be expected to continue to develop as long as moisture and 
temperature remains favorable, those with corn contaminated with molds 
should be aware of potential problems. 
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Update on 2,4-D 

2,4-D and Reregistration 

The pesticide reregistration process in the United States involves hundreds of older 
compounds whose registration data packages fail to meet current EPA protocols. 
Generally these compounds are non-proprietary (i.e., the patents have expired), and 
often exist in highly competitive environments. This is good for growers and other users, 
since the costs of such pesticides are low and the utility of these older compounds is 
well understood. The producers, however, face a very different situation. Because 
prices are low for such compounds, profit margins are narrow, and the producers are 
limited in what they can spend on reregistration or product defense. This is why so 
many compounds facing reregistration will simply disappear from the market. To help 
put this in perspective, the EPA currently estimates that reregistration will require 35,000 
research studies. If 2,4-D costs are typical, the total cost for the reregistration of all the 
compounds involved will exceed three billion dollars. 

The reregistration process for 2,4-D began with the 1981 EPA data call-in {DCI) on the 
acid form. The Industry Task Force on 2,4-D Research Data, now known as Task Force 
One, was organized by 13 manufacturers or formulators to develop the data required by 
the DCI. That task force had spent $4 million when the 1988 DCI (registration standard) 
was issued on the acid, ester and amine salts forms. The original estimate of the cost of 
meeting the 1988 DCI was $10 million and membership in the new task force, now 
known as Task Force II, dropped to 6 members. Currently this is down to 4 as 
membership continues to decline due to rising costs to conduct studies. 

Current Use Patterns 

2,4-D has been widely used since 1948. It was the first selective herbicide developed, 
and was, until recently, the most widely used herbicide in the United States. It continues 
to be the most widely used herbicide worldwide. The reasons for its huge popularity are 
both economic and biological. 

2,4-D and the Safety Issue 

A recent (1992) comprehensive review of the safety issue4 noted that studies relating to 
the safety of 2,4-D now number in the thousands. Those reviewers looked at over 800 
such studies published in the last four years alone. That review, which represents the 
largest review of a pesticide yet undertaken, examined the chemistry, patterns of human 
exposure, metabolism and genotoxicity, and toxicological, epidemiological and other 
data related to carcinogenicity. The review concluded that, when the herbicide is used 
as labeled, it poses no unreasonable risk. With regard to epidemiology, the reviewers 
noted that more than 90 epidemiological studies pertinent to 2,4-D have been 
completed to date, and, following a review of those studies, concluded, "The findings 
have been inconsistent, indicating that evidence for a causal hypothesis is weak. Where 
adequate exposure data exist, no association between 2,4-D and human cancer has 
been observed. Studies alleging positive associations with NHL suffer from 
methodological flaws and weak study designs." 

An earlier (1990) "weight of the evidence" reviews conducted by a panel of experts, 
including a key investigator in the NCI studies, organized by Harvard University 
concluded that any link between 2,4-D and cancer "was far from established." 
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Questions about Methodology 

The NCI studies in questions1.2,3 developed a population of cancer patients, usually 
from state cancer registries, along with a control group developed by a random 
telephone method. Both groups were asked to complete a questionnaire about farm 
practices and pesticide exposure. The questions covered a period of 40 years or more. 
Since the majority of the cancer cases had died prior to the initiation of the studies, 
proxy or next-of-kin respondents were used to complete the questionnaires for those 
cancer cases. Many epidemiologists have two main concerns about this methodology. 
First, it does not consider the so-called "recall bias factor", or the tendency of cancer 
patients (and their families) to recall more about their past experiences (including 
exposure to hazardous substances) than do non-cancer or control populations. Cancer 
patients often try to recall their past history as they deal with their health condition. This 
is done prior to any interview in a research study. Because controls are not diagnosed 
with disease, they do not go through this recall process. In addition to the difference of 
recall is the questions of the reliability and validity of the information. Often, surrogates 
or proxy respondents are used because the cancer subjects are too ill or may have died 
prior to a research interview. The NCI studies relied heavily on proxy respondents to 
recall pesticide use data. Unfortunately, no studies were conducted to determine 
whether this method provides reliable and valid results prior to the three NCI studies. 

The National Cancer Institute did later conduct a data validity study which found 80% or 
better agreement between self respondents and their next-of-kin. However, the NCI 
study was conducted in the control group, rather than within the cancer case population, 
and the questions were limited to pesticide use previously identified by the self
respondents. Consequently, the NCI study did not address the complete issue. 

A recent study conducted by the U.S. Centers for Disease Controls shows very different 
results. They found less than 50% agreement between proxy respondents and self
respondents who were a variety of different types of cancer cases. These authors wrote, 
"The poor quality of surrogate (i.e. next-of-kin) information calls into question its use in 
edidemiologic studies." 

A similar, although more comprehensive, study just completed by the University of 
Minnesota School of Public Health? also found significant differences between proxy 
and self-respondent information. That study calls into questions research that assumes 
self and proxy respondent information is equally accurate. Yet NCI is currently 
embarking on several multimillion dollar pesticide studies using the same methodology. 

2,4-D and the Future 

The future of 2,4-D depends to a very real extent on the make up of the EPA review 
panel and the extent the panel is allowed to review sufficient literature to make a weight 
of the evidence decision. Clearly, the four NCI studies, of which only two suggest a 
possible association between herbicides and human cancer, represent only a small 
fraction of the total epidemiologic and toxicologic data concerning the safety of 2,4-D. 
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