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SOYBEAN UPDATE 

Dr. Ward C. Stienstra 
Extension Plant Pathologist 

Professor Department of Plant Pathology 
University of Minnesota 

St. Paul Campus 

The major soybean topic of 1990, after the high yields reported when soybeans were not 
expected to produce so well is the Soybean Cyst Nematode. The efforts of MDA Survey 
Specialist, Robert Laudon, the Plant Disease Clinic, Jill Pokorny and Sandy Gould assisted 
by Dr. Dave MacDonald, the county agents and the many farmers and crop consultants 
who now are confident in their ability to recognize symptoms, now find SCN in 5 additional 
Minnesota counties. LeSueur, Murray, Nobles, Redwood and Renville are reported and 
confirmed, 23 counties as of this date. Symptoms in 1990 were not as early ,to appear and 
seldom were as yellow as 1989. The stunting however was clearly present and a trained 
eye could easily pick this out. A major factor in helping individuals recognize SCN 
symptoms was the colored folder produced by the Minnesota Soybean Research and 
Promotion Council on the SOYBEAN CYST NEMATODE covering: 

*What you should know, 
*Diagnostic field survey, 
*Predictive soil sampling, 
*Management options. 

The Soybean Cyst Nematode is a major limiting factor in many fields and will continue to 
increase in severity if our producers repeatedly plant Sb/Sb or even a Sb/C rotation. 
Losses of susceptible varieties in 1989 were reported as high as 64% when compared to 
the same lines in fields without the SCN problem. In 1990 the susceptible varieties yielded 
better on infested land, but still averaged 44% less. The resistant lines yielded better than 
susceptible varieties in 1990 when planted into infested sites. The average yield of resistant 
varieties (48.0) in non infested land was equal to susceptible varieties (48.7) in the same 
test site. SCN infested sites reduced yield of both resistant and susceptible varieties. The 
resistant varieties yield was reduced by 9.4 Bushels, while susceptible varieties averaged a 
21.3 Bushel loss. Nematicides improved yields of a susceptible soybean only in one site 
when SCN populations were low and failed to give an increase yield with higher levels of 
SCN or with a resistant soybean. A blend of a resistant and susceptible variety improved 
yields only in a site with no SCN population. The blends planted in either a low level or a 
high level SCN site did not improve yields. 

SCN symptoms are the result of chemical and mechanical damage to roots. This increases 
root rots, decreases root nodulation and decreases water and nutrient uptake. The 
resulting plant is stunted, sometimes chlorotic and has a lower yield. 
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SCN management is based on the following four points: 

*Determine extent and severity of the problem, 
*Develop an appropriate strategy, 
*Implement specific tactics, 
*Evaluate your SCN program. 

Your goal is to lower the nematode egg population below economic thresholds. The 
control tactics are: 

1. Field scouting, 
diagnostic surveys and field mapping 

2. Soil sampling, 
Egg population counts 

3. Crop rotation, 
4. Resistant varieties, 
5. Beneficial production practices. 

SCN will continue to be a major factor in Minnesota soybean production and will require 
your attention at some time, sooner or later. Early detection, appropriate use of rotation 
and resistant varieties offer soybean producers options to minimize losses. There are no 
simple solutions and you must make several informed choices as you implement specific 
tactics. 
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POTATO LEAFHOPPER MANAGEMENT IN ALFALFA: 
QUALITY & YIELD 

Bill Hutchison 
Extension Entomologist 

Department of Entomology 
University of Minnesota 

St. Paul, MN 55108 

The potato leafhopper (PLH) is probably the most important insect pest of alfalfa statewide. 
Despite its small size ( < 1/8 inch long), PLH has the ability to reduce dry matter yield of 
alfalfa early into the 2nd or 3rd regrowth periods. If infestations are allowed to continue to 
increase throughout the regrowth period, significant losses in protein content may also occur. 
In most "average" years it is estimated to result in annual losses of about $10.00/acre. With 
an average of about 1.8 million acres of alfalfa in the state, this translates to $18 million/yr 
in lost forage revenue. 

POTATO LEAFHOPPER IN 1990 

This year was clearly one of the worst years for PLH in Minnesota. However, because of the 
high infestations, many producers did decide to treat some of their acreage with appropriate 
insecticides to avoid yield losses. My informal survey of private consultants and county 
agents (north-central, south-central and southwestern Minnesota) indicates that about 50-
60% of the alfalfa acreage received at least one application (2nd crop), which was usually 
sufficient to provide excellent control. Primary insecticides used in 1990 included Lorsban 
4E in the north-central region, Cygon and Ambush (or Pounce) in the south-central region 
and Sevin XLR Plus and Malathion (Cythion 5E) in the southwestern part of the state. Some 
fields (10-15%) in central Minnesota received a second application, usually on the third crop. 
Given its status as a key economic pest on many agricultural crops, what exactly do we know 
about PLH? In this report I will attempt to highlight some of the major factors to be aware 
of when managing PLH in Minnesota forage production systems and what we currently know 
with regard to PLH impact on yield. 

BIOLOGY 

As indicated, PLH adults and nymphs are very small in size and may often go unnoticed if 
the producer does not know what to look for. Adult leafhoppers are light green and rapidly 
move about on the plant surface. Young nymphs are smaller and yellow to light green in 
color. Because the PLH does not overwinter in the upper midwestern states, it must migrate 
into the state each year from the gulf states, e.g., from Louisiana and Mississippi. Two 
primary factors that determine the timing of their arrival and intensity of PLH infestations 
each year include: 

1) How often the spring gulf-air jet streams (created by LOW pressure system from 
the western U.S. and a HIGH pressure system merging from the eastern U.S.) 
favor Minnesota. 

2) The magnitude of each Minnesota spring influx depends on the quality of 
overwintering hosts for PLH in the southern gulf states and severity of 
winter weather in the gulf coast states. 
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Usually, PLH arrives in central Minnesota between mid-May and early June. This year we 
documented a major influx on June 4th. PLH counts that had previously averaged 0.5/100 
sweeps on June 1st, increased to 40/100 sweeps on June 4th. By June 6th we were also 
averaging over 40/100 sweeps at the Rosemount Experiment Station and other observations 
confirmed this was not a limited local influx. Another key factor that favors spring 
establishment of PLH infestations is a female-dominated sex ratio, often approaching 5:1 
(~:d') or 10:1. Females lay their eggs in the stems of the alfalfa plant. Upon hatching, the 
nymphs (immature stage) begin feeding, primarily on the stems in the upper 2/3 of the plant. 
The nymphs develop through 5 nymphal instars, increasing in size after each molt until they 
reach the adult stage. Table 1 summarizes the time needed for PLH to complete its 
development under fluctuating temperature conditions and on a degree-day time scale. 

Table 1. Time required for PLH to develop at three fluctuating temperature regimes. 

Temp. Range (°F) 

55 - 75 "cool" 
64 - 84 "average" 
73 - 93 "warm" 

Days to Develop (Egg-Adult) 

32.6 
22.0 
15.6 

Degree-days* 

594 
600 
566 

*Lower threshold= 47°F. Data from: D. B. Hogg (1985). 

Females may live for 30-60 days in the field, laying an average of about 104 eggs/female over 
most of their life span (Hogg 1985). Given their longevity and relatively short developmental 
time of the eggs and nymphs, it is not uncommon to see considerable overlap in successive 
generations. For example, overlap would occur when newly emerged adults from the second 
generation begin laying eggs along with older, surviving adults from the first generation. 

IMPLICATIONS FOR MANAGEMENT 

Because of the ability of PLH to rapidly establish severe infestations, there are very few 
naturally occurring biological controls that can be relied on to suppress PLH 
outbreaks. Although the diverse complex ofbeneficial insects (lady-beetles, nabid bugs, etc.) 
feed on PLH in the field they usually do not have a significant impact. This is primarily a 
combination of the "generalist" feeding strategy of the beneficial predators (i.e., they feed on 
many other insects as well), the rapid reproductive potential of the PLH and the quick 
evasive movements of PLH adults and nymphs on the plant surface. Hard driving rainfall 
can have a significant effect on PLH, especially nymphal populations, and hard rains early 
into the regrowth cycle should be considered when making a treat/no-treat insecticide 
decision. Another important non-chemical, cultural practice that is detrimental to PLH is 
to cut the alfalfa as short as possible (e.g.,< 3"). This will effectively remove PLH eggs from 
the field that have been laid in stems. Equally important, is the timing of harvest after 
significant PLH infestations become established. Delaying harvest under these conditions 
will accentuate digestibility and protein quality losses. Cutting management is clearly 
the best non-chemical approach to minimize the chance of PLH outbreaks, but 
chemical control may still be needed on one or more fields within a given farm 
depending on the timing of each field harvest and how sequential cuttings 
influence local movement of PLH. 
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DAMAGE RESPONSE 

The most obvious sign of feeding damage by PLH is the characteristic "hopper burn", which 
is a V-shaped yellowing of the tips of the leaves. Despite this symptom, however, PLH adults 
and nymphs feed primarily on the stems of the alfalfa plant. PLH feeds by repeated 
insertions of the stylet (piercing-sucking mouthparts) and saliva into the cells surrounding 
the phloem stem tissue. The combined effect of continuous probing and injections of saliva 
result in a clogging and disruption of photosynthate and nutrients within the phloem which 
eventually results in the chlorotic hopperburn of the leaves. 

Phase - I Yield Loss Response: 

The initial response of the alfalfa plant to PLH feeding is stunting of the plants, due to 
reduced internode length. This response results in immediate reductions in dry matter yield 
and it is this damage that forms the basis of our current economic thresholds (or action 
thresholds). Research conducted in several midwestern states have documented the impact 
of continued feeding throughout the cutting (or regrowth) will result in $12 to $18losses/acre 
at only 0.5 - 0.6 PLH/sweep (standard "midwest" pendulum sweep; 15-inch diam. net). With 
most insecticide applications (material+ application cost) costing about $7.00/ac, and with 
higher hay prices (over $100/ton), it is reasonable to assume that insecticide application 
would be justified in many of these situations. 

Thresholds are also dependent on the maturity of the crop. Table 2 summarizes the 
thresholds for Minnesota based on plant height. 

Table 2. Action thresholds for PLH (adults+ nymphs) for different heights of alfalfa. 

Plant Height (inches) 

<3 
3-7 
8- 11 
> 12 

Threshold (PLH/Sweep) 

0.3 
0.5 
1.0 
2.0 

* For new or spring-seeded alfalfa these thresholds should be reduced by 112. 

These thresholds are based on research throughout the midwestern U.S. where studies were 
designed to create a gradient ofPLH infestation levels in the field (using different rates and 
of insecticides). An example of this type of data from a Minnesota study (Cuperus et al. 
1983) is shown in Table 3 where the value of alfalfa hay was estimated to be $65/ton. 
Monetary losses are based strictly on the loss in total dry matter yield. In this study, there 
were no significant losses in Dry Matter Digestibility (DDM) orin Crude protein (CP) content 
(averaged about 19% regardless of PLH infestation level). 

A secondary and equally critical component of the stunting response is that of delayed 
maturity. To maintain optimum forage quality (primarily to maintain crude protein at 
about 20%), each cutting in should be based on crop maturity. Several years of research in 
Minnesota indicates that for the 1st, 2nd, 3rd and 4th crops, hay should be harvested at 1st 
bud, 28-33 days after 1st cutting (unless the flowering is initiated sooner), 1st flower and 
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a final"dormant" cutting in mid to late-October, respectively. With many producers going 
to the 4-cut system, timely harvest is especially critical. Recent research at Iowa State 
University indicates that economic infestations can cause a 30-40% delay in maturity, which 
in Minnesota, strongly suggests that a 4th cutting would not always be possible if PLH 
infestations on the 2nd and 3rd crops were lefi unchecked. 

Table 3. Cumulative revenue losses as a result of increasing PLH infestation levels on dry 
matter yields of alfalfa. 

Cumulative$ Loss/Acre 
PLH/Sweep Cumu. Yield Loss $ 65/T Hay $ 86/THay $ 100/T Hay 

0.31 284lb/ac 9.23 11.40 14.20 
0.61 377 12.25 15.12 18.85 
0.92 431 14.00 17.28 21.55 
1.22 469 15.23 18.80 23.45 
1.83 524 17.02 21.00 26.20 
2.44 562 18.25 22.52 28.10 
3.06 592 19.22 23.72 29.60 

Data: Cuperus et al. (1983). Hay prices of $65, 86 and 100/Ton reflect average prices for hay 
with RFVs of 108, 125 and 135 at Minnesota hay auctions from 1985-1989. 

Phase - H Yield Loss Response: 

If populations are lefi unchecked, and allowed to increase above the economic thresholds 
listed above, reductions in alfalfa quality will also occur. However, based on our research in 
Minnesota, significant reductions in crude protein may not occur until some hopperburn is 
present. In addition, it appears that, at least with newly-seeded alfalfa, severely infested 
alfalfa may still be able to recover to the 20-21% crude protein level with an insecticide 
application 10-14 days before harvest. The preferred approach, however, would be to treat 
a field before symptoms of hopperburn are present so that plant maturity is not delayed. 
Table 4 summarizes several quality parameters estimated from a 1989 study in a newly 
seeded alfalfa field. 

Table 4. Impact of PLH infestations on new seeding alfalfa, St. Paul, Minnesota, 1989. All 
treatments applied August 11, 1989. 

Treatment PLH/10 Sweeps* %Protein DDM RFV 

Ambush 6.4 oz 48 a 19.2 a 69.6 a 195 a 
Ambush 9.6 oz 17 b 21.1 a 67.6 a 187 a 
Malathion 2 pt 156 c 16.1 b 70.1 a 195 a 
Untreated 296 d 15.8 b 69.3 a 188 a 

Late applic. 22.6 a 66.9 a 190 a 
Ambush 9.6 oz ** 

* Avg. number PLH Adults+ Nymphs on Aug. 25, 12 days prior to harvest on Sept. 6. 
** Block with similar PLH pressure as the untreated check; sprayed with Ambush on about 
Aug. 25. DDM = Digestible dry matter; RFV = Relative feed value, based on ADF (acid 
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detergent fiber) and NDF (neutral detergent fiber). 

Table 4 indicates that, under severe infestation pressure, PLH will result in significant 
protein losses. Digestibility parameters that determine the Relative Feed Value (RFV) are 
not affected. These RFVs are clearly indicative of "Prime" alfalfa (usually RFV@ 150) and, 
based on prices for the last 3 years, would be worth about $ 170/ton. The final hay price is 
presently determined primarily by the RFV and secondarily by% CP. 

These results also illustrate the ability of alfalfa to recover from PLH infestations. The "late" 
Ambush application, about 2 weeks after the Aug. 11 applications but still 2 weeks before 
harvest, resulted in a final Crude Protein level of 22.6%. As with the other treatements, 
there were also no significant differences in DDM or RFV. Again, however, the primary 
disadvantage of delaying the application of an insecticide, is that the maturity of the crop is 
also delayed, which can disrupt the optimum timing of subsequent cuttings. 

INSECTICIDE CONTROL 

Nearly all of the materials currently registered for PLH control provide excellent residual 
control so that only one application per 2nd or 3rd crop is usually necessary. As indicated 
in Table 4, the primary exception would be Malathion. Malathion provides good initial 
knockdown of PLH adults and nymphs, but does not provide good residual control necessary 
to keep nymphal populations below the economic threshold. Refer to the 1991 Insecticide 
Suggestions for Field Crops, AG-BU-500, Minnesota Extension Service, for recent changes 
in materials and rates. For specific insecticide efficacy information, contact me for copies of 
our 1989 and 1990 field studies. 
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EXTENDED DIAPAUSE IN NORTHERN CORN ROOTWORMS: 
ROLE AND USE OF INSECTICIDES 

Kenneth R. Ostlie 
Extension Entomologist 

Department of Entomology 
University of Minnesota 

Despite the widespread success of the corn/soybean crop rotation, persistent 
reports of isolated corn rootworm damage have surfaced over the last 20 years. 
In Minnesota, Iowa and South Dakota, the problem increased dramatically in scope 
and severity in 1985. In the following four years, Minnesota farmers saw the 
frequency of problems subside. This swnmer, the frequency of corn rootworm 
injury reports in rotated corn jumped again. For farmers who rotate corn and 
have forsaken soil insecticide use believing their fields immune from damage, the 
sudden appearance of lodging and the spectra of yield loss can be distressing. 
Crop consultant and agronomist who advise these farmers are at a loss to explain 
why and what to do. Resurgence of the problem in 1990 is prompting renewed 
concern. Typical questions entering the minds of farmers and their agronomic 
advisors include: 

What causes this problem? 
Why did it happen to my field? 
Will it get worse? 
What can I do about it? 

The knee jerk reaction is to prevent a repeat of the problem by turning to soil 
insecticide use on all first-year corn. The purpose of this presentation is to 
swnmarize what is know about corn rootworm injury in rotated corn and the 
management options, particularly the role and use of soil insecticides. 

A BRIEF HISTORY OF THE PROBLEM AND POTENTIAL EXPLANATIONS 

Northern corn rootworm problems in corn grown in rotation are not new. Only 8 
years after root injury to continuous corn was attributed to northern corn 
rootworms, root injury to corn grown in rotation was reported in 1888. In 1932 
root injury and lodging was reported from corn-oat rotation. Injury to corn 
following soybean was first reported in 1971. For the most part, these reports 
represented isolated incidents, a curiosity more than the norm. During the late 
1970s, damage and lodging problems were reported with increasing frequency in 
south central Minnesota and eastern South Dakota. Because northern corn 
rootworms disperse from corn fields to feed on a variety of pollinating plants, 
egg laying in weedy soybeans, near volunteer corn, and small grain stubble was 
suggested as the cause of these isolated problems. Crop consultants in SC 
Minnesota were quick to point out the lack of herbicide performance problems and 
volunteer corn in soybean preceding the damaged corn. Clearly something else was 
occurring that warranted investigation. 

Given the previous reports (<5/year), it wasn't surpr~s~ng to occasionally 
encounter corn rootworm damage to corn following soybean or small grain. 
However, the magnitude, severity, and geographical breadth of the problem in 1985 
and 1990 was completely unexpected. Surveys of affected farmers in 1985 
indicated 90% had never noticed previous lodging problems that might have tipped 
them off. Damage tended to occur in pockets with several nearby fields affected 
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in the area. Within problem fields, lodging was quite variable and seldom was 
the majority of the field lodged (Table 1). Within problem fields, northern 
corn rootworms were extremely abundant, averaging more than 5.4 beetles per 
plant. 

Table 1. Observations on corn fields experiencing corn rootworm damage that 
followed soybean or small grain in 1985. 

Attribute Sample size Mean Range 

Field size (acres) 60 71.4 8-200 
Lodged acreage 60 26.4 3-80 
Percentage lodged 60 36.8 3-95 
Adult population (#/plant) 12 5.4 2.9-12.5 
Species composition (NCR:WCR) 2 97:3 

DETERMINING THE CAUSE OF THE PROBLEM 

How can corn rootworm larvae appear in corn following soybean or small grain? 

Two explanations are possible, either the eggs were laid the previous summer and 
fall in the nonhost crop (soybean, small grains), or eggs were somehow carried 
over from the last corn crop. Two pieces of evidence led some entomologists to 
favor the first explanation. First, everyone knew that corn rootworms had an 
annual life cycle, which implies all eggs hatch the year after they are laid. 
Second, northern corn rootworms are commonly observed foraging for pollen in 
nonhost crops and around volunteer corn and presumably laying eggs where ever 
they go. However, the majority of current evidence favors the latter 
explanation, called "extended diapause". 

What is extended diapause? 

Northern corn rootworms have a life cycle that usually last one year: i.e., eggs 
laid late summer or early fall go into a resting stage called diapause , which 
allows them to survive the winter. Commonly, it was thought that all eggs die 
or survive to hatch the following spring. Then in 1965, H.C. Chiang, a Minnesota 
entomologist discovered that a small fraction of eggs (<0.3%) could survive two 
or more winters before hatching. The ability of northern corn rootworm eggs to 
survive two or more winters before hatching is called "extended diapause". 

What benefit does extended diapause offer northern corn rootworms? 

In continuous corn, extended diapause has no real benefit. In contrast, the 
trait offers the northern corn rootworm population a chance to survive when corn 
is grown in rotation with other crops. In corn/noncorn rotations, larvae 
hatching when the nonhost crop (soybean, small grains) is present starve because 
larvae can feed only on corn and roots of a few grasses. Larvae that hatch after 
extended diapause have an increased chance of encountering corn in the field. 
Thus, as crop rotation continues over time, the proportion of northern corn 
rootworms capable of extended diapause would be expected to increase since their 
offspring would live, reproduce, and eventually dominate the surv~v~ng 
population. Recent research on northern corn rootworm populations around 
Minnesota and South Dakota verify this hypothesis. For example Krysan et al. 
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(1986) reported 38% extended diapause in eggs from a corn/soybean rotation near 
Mapleton and only 9% in eggs from a continuous corn field near Rosemount. 
Similarly, Fisher (unpublished data) also found that the proportion of eggs 
capable of extended diapause was greater from fields with crop rotation. 
Thus northern corn rootworms can adapt to crop rotation. 

Can extended diapause explain problem fields? 

Confirmation that the damage results from extended diapause came from a survey 
of 60 farmers experiencing the problem in 1985. The farmers were questioned 
regarding their production practices and crop rotation on the affected field. 
The USDA diversion/PIK program of 1983 disrupted normal crop rotations for many 
of these farmers. Unwittingly, altered rotations provided the ideal situation 
to verify or disprove the extended diapause hypothesis. Nine fields had split 
crop histories in 1983, corn and set aside. Without exception, root injury and 
lodging in 1985 were only observed where corn was grown in 1983. A survey of 13 
Iowa fields with split field histories in 1983 revealed a similar pattern of 
damage and lodging in 1985. 

Why did it happen to my field? 

The first task is to make sure observed lodging is caused by corn rootworms. We 
commonly associate lodging with corn rootworm injury but the relationship between 
the two is not perfect. Root injury above a 3. 0 on the Iowa 1 to 6 scale 
increases the susceptibility for lodging but even with sufficient injury there's 
no guarantee that it will occur. Thus we may be seeing only the tip of the 
iceberg, those fields that lodge. The only essential ingredients for lodging are 
strong winds and rain (moist soil). Conversely, lodging can have many causes. 
For example besides corn rootworm injury, any factor that adversely affects root 
growth and health (e.g., compaction, shallow root system, herbicide injury, and 
root rots)can enhance lodging. To confirm whether or not lodging was caused by 
corn rootworm injury, its critical to dig up the roots of lodged plants, wash off 
the soil and examine for corn rootworm injury (Fig. 1). 

Fig. 1. Rating corn rootworm injury to corn roots using the Iowa 1 to 6 scale. 

1. No feeding damage 

2. 

3. 

1'/a Inches of plant 

4. One entire node 
of roots destroyed* 

Three or more nodes• 
destroyed 

Courtesy of Iowa State University 

• It is not necessary for all pruned roots to originate from the same 
node, just that the number of roots pruned 1s equivalent to a full 
node. 
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No one knows why the problem appears in certain fields but a history of 
predictable crop rotations may set the stage for problems. As to why an 
individual field expresses the problem before others farmed similarly by the same 
farmer or neighboring farmers, who knows? Besides field cropping history, 
relative maturity, planting date, and soil characteristics may be important but 
their contribution has not been explored. 

Will the problem occur again or get worse? 

This problem is extremely unpredictable in where it occurs and its severity. For 
example, let's examine the history of one field near Minnesota Lake, Fairbault 
Co. The field history is basically split with halves planted to corn and 
soybeans respectively and rotated each year for at least the last 20 years. Root 
injury from northern corn rootworm feeding has been evident each year but the 
severity has varied considerably (Fig. 2). As discussed previously, lodging is 
an unreliable indicator of the problem since it is imperfectly related to root 
injury. Basically, once an extended diapause field has been identified, the 
potential is there for the problem to repeat but the severity of root injury and 
the appearance of lodging will vary tremendously from year to year. 
Unfortunately, this variation in root injury and lodging does not follow a 
detectable pattern yet. 

Fig. 2. Severity of root injury (Iowa 1-6 scale) and lodging (%plants lodged) 
in extended diapause problem field near Minnesota Lake, Fairbault Co. 

Why does the incidence of extended diapause vary between years? 

One obvious contributing factor is weather, which can influence corn rootworm 
survival and whether lodging occurs. Compared to the two previous years, more 
thunderstorms with strong gusty winds and rain occurred in 1990. These storms 
increase the likelihood that lodging will occur and that we'll have a visible 
sign of the actual incidence of extended diapause. One could easily argue that 
differences between years merely represents variation in suitable weather for 
lodging. As noted in Fig. 2, variation in root injury not just lodging occurs. 
An additional factor that's important is variation in size of the northern corn 
rootworm populations, probably the result of weather-related mortality. Keep in 
mind that these northern corn rootworms eggs must survive through two or more 
winters and at least one summer before they hatch. 

Weather may play a third role. Jim Fisher, a USDA entomologist, conducted some 
preliminary research on the relationship of temperature to northern corn rootworm 
egg development. He hypothesizes that temperatures within a certain range cause 
egg development to proceed in the spring and fall. Rapid warming in the spring 
and rapid cooling in the fall allow little development to occur. In some years, 
the cumulative temperature effect on development may be just right for the bulk 
of larvae to hatch when corn is grown. In other years fewer larvae may hatch 
when corn is grown and instead hatch when soybeans of small grain are grown. At 
this time we can't predict when root injury may be more severe but Dr. Fisher's 
research may be offering a valuable clue to predicting extended diapause 
problems. One obvious pattern that emerges from the two flushes of problems in 
1985 and 1990: Drought years with warm hot weather preceded each flush for two 
years. 
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MANAGEMENT OPTIONS FOR EXTENDED DIAPAUSE SITUATIONS 

A farmer has basically three management options: do 
insecticide, or increase the length of crop rotation. 
research data on each option. 

nothing, use a soil 
I'll review available 

Option 1. Do nothing. 

This option's probably not your first choice after seeing the damage wrought by 
an extended diapause problem. However, don't be too quick to discard it. Root 
injury does vary between years. Just because a severe problem occurred one year 
does not mean it will occur two years later when the field returns to corn. 
Furthermore, the entire field is rarely affected with most fields having small 
lodged areas, if lodging even occurs. 

Option 2. Use a soil insecticide. 

This option, while attractive in eliminating concerns about extended diapause 
occurring, does introduce its own set of problems. These problems occur in three 
areas: equipment to apply soil insecticides, personal safety risks in handling 
insecticides, and environmental risks of using soil insecticides. In addition, 
the basic question of profitability of soil insecticide use must be answered. 
To answer the cost/benefit question, replicated soil insecticide and untreated 
strips were placed in 13 fields with a documented history of extended diapause. 
Trials covered a four-year period and Counter 15G was the insecticide used in 
this study. A summary of root injury ratings, lodging, and yield for Counter lSG 
and no insecticide treatments appears in Table 2. Soil insecticide use 
definitely reduced root injury and lodging as expected but did not significantly 
increase yield. The average return of 3. 4 bujacre does not justify soil 
insecticide use. Only 2 fields of the 13 studied produced a profitable return 
on soil insecticide use. Even if lodging is considered the picture wouldn't 
change for these 13 fields. None posed major harvesting problems. 
Similar results were reported in an Iowa study where only 1 of 9 fields reported 
a net profit on soil insecticide use. Clearly, previous history of the problem 
does not guarantee profitable insecticide use. 

Table 2. Benefits of soil insecticide use in extended diapause problem fields, 
1985-1988. Averages based on 13 field-years. 

Variable 

Root rating 
(Iowa 1-6 scale) 

Lodging (%) 
Yield (bu/acre) 

Averages 
Counter lSG Untreated 

2.41 
9.7 

156.8 

3.06 
27.4 

153.2 

Option 3. Lengthen crop rotation. 

Difference 

-0.65 
-17.7 
+3.6 

Significance 

.0001 

.0036 

.0771 

If the appearance of extended diapause represents an adaptation to predictable 
crop rotations, then it might be possible to manage the problem by altering crop 
rotation. A tantalizing glimpse into the possibility was offered courtesy of the 
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farm programs impacts on normal crop rotations at the Minnesota Lake site. In 
1987, three crop rotations appeared on the site (Table 3). Adult emergence and 
root injury were greatest in the normal rotation of the field, corn/soybean, and 
less in the altered rotations. These data indicate the extent of northern corn 
rootworm adaptation to the prevailing crop rotation and the potential for 
management through crop rotation. The data are limited to this single, 
unreplicated study. While altered crop rotations can reduce root injury as 
indicated in this study, keep in mind that one example of extended diapause 
problems in a three-year rotation was confirmed in 1986. 

Table 3. 

Can extended diapause problems be predicted? 

While some extended diapause problems tend to repeat in fields, the majority of 
farmers encountering the problem each year had little warning or did not 
recognize warning signs. Furthermore, data presented earlier in this 
presentation illustrate how unpredictable root injury varies between years. 
Reasoning that extended diapause problems might be predicted through adult beetle 
scouting, I investigated the potential of corn rootworm beetle scouting as a 
predictor. Root damage was examined in fields scouted two years earlier. Field 
locations and adult counts were generously supplied by Paul Miller, formerly of 
Agroeconomics, Inc. of Waseca. Table 4 summarizes three years of data. In 1986 
and 1988 an excellent relationship was found between adult counts and root injury 
two years later. In 1987, no relationship was found despite adult counts over 
12 beetles per plant in 1985. Beetle counts in the range of 4 to 5 beetles per 
plant were required to produce economic injury (rating of 3.0 on the Iowa 1-6 
scale. This threshold is supported by two studies. In Iowa, extended diapause 
fields with root injury ratings above 3.0 also had adult beetle counts between 
4 and 5 per plant. A South Dakota study of extended diapause fields found adult 
beetle counts of 4 or more beetles per plant in adjacent corn fields. Thus, 
scouting has the potential to identify fields likely to benefit from soil 
insecticide use or altered crop rotations. 

Table 4. Adult counts as predictive tools for corn rootworm injury in extended diapausE 
situations. 

Year 
Adult Counted 

1984 

1985 

1986 

Roots Rated 

1986 

1987 

1988 

1986 and 1988 Combined 

No. 
Fields 

11 

18 

11 

23 

Significance 
Predictive Model P > F 

Root Rating= 2.26 + 0.008 
0.046 * Adults 

Root Rating = 2.21 + 0.228 
0.046 * Adults 

Root Rating= 1.08 + 0.003 
0.401 * Adults 

Root Rating = 1.80 + 0.0007 
0.242 * Adults 

Economic 
Thresholds>'< 

4.11 

NA 

4. 70 

4.94 

*Adults per plant causing root injury rating- 3.0 on Iowa 1 to 6 rating scale. 
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RECOMMENDATIONS 

Recommendations for growers who have experienced extended diapause problems 
are as follows: 

1. Begin scouting fields for adult beetles. This week is an excellent time 
to scout. Use a soil insecticide in 1992 if counts exceed 4.0 or extend 
the crop rotation. 

2. Lengthen crop rotation if possible. Damage is relatively rare but 
occasionally occurs in three year rotations. 

3. Widespread use of soil insecticides on first year corn is NOT recommended. 

4. Use a soil insecticide in 1991 only if that field experienced a problem in 
1989 or was adjacent to field demonstrating a problem this year. The odds 
of an economical return to your soil insecticide use are not good. 

13-A 

--Ken Ostlie 
Extension Entomologist 



TOWARD MORE PRECISION IN FERTILIZER APPLICATION 

INTRODUCTION 

Dean Fairchild 
Consulting Agronomists 

Agri-Information Services 
White Bear Lake, MN 

Broadcasting, starter placement, sidedressing, deep banding, 
dual placement, strip split and site-specific applications 
are only a number of terms facing farmers and fertilizer 
applicators in the increasing complex world of fertilizer 
application. With increasing environmental pressures, 
economic fine-tuning of costs by farmers and rapid advances 
in application technology, the demand for more accurate and 
cost-effective application equipment will continue. These 
rapid application changes will create opportunities for in
creased profits for growers and custom applicators. The key 
will be evaluating various application technology and equipment 
and matching its capabilities to your soils, cropping patterns 
and customer needs. 

Today we will review the changes in application technology the 
past 5-10 years and look at changes in the next 5 years for 
application technologies. 

FERTILIZER PROFITABILITY 

The importance of proper fertilizer rates, products and 
placement in a crop production system cannot be over emphasized. 
Usage of fertilizer products will face increased accountability 
from water quality, LISA and sust~inable agriculture programs. 
This importance of fertilizer to profitable farming can be 
illustrated from University of Minnesota, Lamberton data. The 
check-no fertilizer portion of the field showed yield of 
81 bu/A while the fertilizer area (130+40+30/A) yield was 
133 bu/A. A 52 bu/A increase with fertilizer usage. 

Farmers need to continue to monitor the nutrient status of 
their soils with soil testing. A two year rotation of 140 
bu/A of corn and 40 bu/A of soybeans removes 276 lbs. N/A, 
88 lbs P205/A and 91 lbs of K20 in the grain portion, keeping 
in mind the soybean nitrogen was supplied as a legume. 

PRECISION APPLICATION OF FERTILIZER AND PESTICIDES 

Precision - Being exact, neither more or less, accuracy, 
excessively particular, mechanical exactness. 

Precision application of fertilizer entails the proper rate per 
yield potential, uniform application, proper placement and 
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timing. For today, we will concentrate on applying the correct 
rate uniformity. 

BOOM APPLICATORS 

The early 1980's saw the introduction of pneumatic boom 
applicators by LOR*AL Inc. The growth in air machines for 
dry fertilizer and herbicide granules resulted from: 

1. Claims of more accurate, uniform spread patterns, 

2. Effects of wind on pattern distortion is reduced, 

3. Herbicide/fertilizer combination can be applied in one 
pass, 

4. Swatch width, overlaps and skips can be avoided with foam 
markers. Although overlaps will be increased with boom 
applicators in 3 corners of fields with point rows, and 

5. Farmer demand and dealer marketing. 

Michael Broder, Agricultural Engineer for T.V.A. has tested 
boom applicators for uniformity of applications. Figures 1,2 
and 3 compare the patterns of air applicators with a double 
spinner 

TO.DAY 

Precision application the last 3-5 years has centered around 
field impregnation of fertilizer-herbicide mixtures in field 
with dry or liquid systems and site-specific applications 
with dry fertilizers, ammonia and herbicides. 

ANHYDROUS AMMONIA 

Two companies, Crop Technology Inc. and Soil Teq Inc., have 
developed technology to vary anhydrous ammonia rates. 

Crop Technology Inc. developed the Soil Doctor program designed 
to properly manage soil nitrogen status by measuring soil 
nitrate-nitrogen levels in the field. 

The components of this system include control consoles, soil 
sensor knives, solution kit, applicator kits and ground speed 
sensor. In field, a solution is injected on-the-go to read 
soil properties as nitrate-nitrogen. Results from this in
field analysis are transmitted to the control console resulting 
in rate adjustments. 

Approximately 50 units in southern Iowa and Illinois are 
operational this Fall. Purchase price for equipment ranges 
$12-$13,000. 
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Soil Teq Inc. tested a variable ammonia applicator on 5 fields 
for the University of Minnesota during the 1990 growing season. 
Nitrogen rates were varied from 0-220 lbs. N/A based on a 
nitrogen management map displayed in the cab of the tractor. 
The nitrogen map was developed from N03-N soil test levels, 
percent organic matter, yield goals and carryover nitrogen 
measurements. 

A point to discuss on future nitrogen variable applicators 
will be from what soil properties will the rate of nitrogen 
be determined. For example, if nitrate-nitrogen is the 
predominate measurement in this nitrogen determination, present 
soil samples are taken from 0-2' depths for corn and 0-4 foot 
for sugarbeets. If a unit measures nitrate at a depth of 4 
inches, will this accurately predict the N03-N level in the 
remaining parts of the soil profile. Table 1 shows how nitrate 
distribution will vary in a soil profile. This date is taken 
from various University experiments throughout Minnesota 

Table 1. Nitrate-Nitrogen levels at 0-4' depths 

Depth of Sample (ft.) 

0-1[2 1[2-1 1-2 2-3 3-4 Total 

lbs N03-N/Acre 
Locations 

1 14 9 18 31 34 
2 12 21 42 53 31 
3 31 13 17 25 31 
4 35 30 39 34 30 
5 32 12 14 16 24 
6 8 7 12 26 22 

DUAL APPLICATION OF FERTILIZER AND PESTICIDES 

Field impregnation of liquid and/or dry granule herbicides in 
combination with fertilizer continue to grow in popularity. 

In cooperation with various chemical companies, equipment 
manufacturers offer options that allow for dual application 
with either dry pneumatic applicators or liquid fertilizer 
injection systems. 

One option being tested by Tyler Inc., Benson, Minnesota is 
adjusting the rate of herbicide on-the-go based on organic 
matter readings. Utilizing a soil sensor developed by Purdue 
University, organic matter levels are measured by pushing a 

19 

106 
159 
113 
168 

98 
75 



soil probe with the sensor in front of the applicator. Rate 
adjustments for granular herbicide can be performed on-the-go 
based on soil color sensor readings. 

SOIL SPECIFIC MANAGEMENT 

Soil Teq Inc. continues development of variable dry fertilizer 
application concepts in their Soilection program. Manufacturing 
and marketing of this equipment is presently licensed to LOR*AL 
Corporation. 

This system functions with digitized soil maps from s.c.s., 
infrared photos or grid soil samples. Variable recommendations 
are determined from systematic soil testing and matching soil 
test results to yield potentials. Soilection applicators 
change the rate on-the-go based on the digitized soil map. 

Data from the 1989 experiments at University of Minnesota, 
Lamberton showed a $20/A advantage to utilizing this concept 
(Table 2). 

Table 2. Soil specific management, University of Minnesota, 
Lamberton 

Treatment 

1. Conventional - Uniform 
fertilizer and herbicide 
rate 

2 • Control - no fertilizer but 
uniform herbicide rate 

3. Variable fertilizer -
uniform herbicide 

4. Variable fertilizer and 
herbicide rates 

DRIVER TRAINING AND CALIBRATION 

Corn 
Yields (bu/A) 

133 

81 

139 

145 

Relative 
Net Returns/A $ 

$246 

$155 

$251 

$266 

The advancement of application technology and dual application 
of fertilizer and pesticide creates greater responsibilities 
for applicators. Managers of retail fertilizer business need 
to consider continuing training and updating of driver on new 
equipment. Pay scales and bonus pay may in the future be 
based on factors other than acres spread per day. 
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As units perform multiple field functions and vary rates to 
soil conditions, calibration of applicators, pumps and pattern 
testing increase in need and importance. 

IF AND WHEN I BUY? 

With application and product technology changing rapidly, 
farmer and custom applicators need to ask various questions 
on purchase of these technologies. 

FARMER ?? 

1. Do I have a strong crop production program in place? 

2. I move fields where yields, crop growth weed densities or 
crop damage vary within fields? 

3. Local dealer has options to custom apply with newest 
equipment or my farm size justifies purchase? 

4. Technology is agronomically sound? 

5. Concerned with environment? 

6. Concerned with net returns/A? 

RETAIL DEALER ?? 

1. Do I have a strong agronomic program in place? 

2. I sell a service and program marketing versus price? 

3. I charge for service and applications? 

4. My market is mainly a farmer or custom application market? 

5. I want to be first? 

6. Equipment is reliable and safe? 

7. Concerned with environmental image? 

8. What P/L Statement looks like on purchase? 

9. What's competition doing? 
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CLIMATIC CYCLES: UNCERTAINTIES FOR 1991 AND BEYOND 

INTRODUCTION 

M. w. Seeley 
Extension Climatologist 

Department of Soil Science 
University of Minnesota 

In conjunction with soil and water resources, climate determines 
both the composition and distribution of agricultural enterprises. 
Unlike other natural resources, climate can be quite unstable from 
year to year. Its variations, extremes and impacts make climate 
oscillate between friend and foe. 

In recent years, both the scientific journals and the more popular 
press have been full of articles about possible changes in climate 
due to greenhouse warming. Several of these have described some 
rather unfriendly climatic scenarios such as increased incidence of 
drought, dramatic rises in sea level, and significantly stronger 
hurricanes, all accompanied by larger climatic variability than we 
have experienced in our lifetimes. A number of other papers have 
presented evidence to suggest that there are definite cycles in 
climatic behavior which are predictable. This may be true to some 
degree if the context of the cycle is adequately framed in time and 
space (i.e. when and where it occurs) and if there is enough 
evidence to suggest a causative mechanism, whether man-made or 
natural. Here too, some of the predictions based on these cycles 
describe some very unfriendly climatic scenarios in the near 
future, such as droughts in the 1991 and 1992 seasons. 

However, both potential climatic change and climatic cycles are 
difficult to determine because of the large natural fluctuations 
and inherent variability in most climatic parameters. Examples of 
this are evident in examining any of Minnesota's daily, monthly or 
annual climatic data. For example, on March 30, 1968 at Fairmont, 
MN the temperature was 81 degrees F, soil conditions were well 
suited for tillage and farm tractors were in the field all over 
Martin County. On the same date in 1969, (one year later) the 
temperature was -3 degrees F with over 7 inches of snow cover on 
top of frozen soil. Another case shows that during June, 1988 (a 
time when sidedressings of fertilizer were being applied to corn), 
St Cloud reported a total of only 0.05 inches of precipitation; and 
in 1990 (this past growing season) the same site received a total 
of 10.15 inches of rainfall in June. Lastly, examination of the 
annual precipitation records for Minneapolis/St Paul shows that in 
1910 precipitation totaled only 11.59 inches (the all-time lowest 
amount), while one year later, the precipitation totaled 40.15 
inches (the all-time highest amount) . 
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Minnesotans are accustomed to this type of climatic fluctuation and 
are understandably hesitatant to risk management strategies based 
on long range weather outlooks. We also recognize that climate in 
an individual growing season rarely if ever behaves normally, yet 
we almost always hope that it will not deviate too far from normal. 

CLIMATIC FLUCTUATIONS AND VARIABILITY 

Most of the important climatic parameters are defined in terms of 
means and standard deviations which are computed from 30 years of 
of daily weather observations (standard climatological reference 
recognized by the World Meteorological Office). These relatively 
long term means are often referred to as climatic "normals." 
Engineers in agriculture, energy industries, construction, 
transportation and water management have often used climatic 
normals and extremes as design criteria for their structures and or 
systems~ The inferred rational for this use of climate data is 
that the variability about a long term mean is essentially 
unchanging even if there are slight changes in the mean itself. 

But this expresses only one view of climate variability, that of 
stationarity. There are other views as well. Figure 1 illustrates 
four views of the temporal variability of climate as described by 
Changnon (1987). The top two both show an unchanged interannual 
variability, but the second one also shows a cyclical pattern which 
may or may not be explainable. Over the years, attempts have been 
made to link the evidence for cyclical behavior in climate to other 
cyclical phenomena such as the Hale sunspot cycle, the Currie lunar 
cycle, the Chandler wobble of the Earth's poles, the Maunder 
minimum in solar output, the Milankovitch variation in Earth's 
orbit, and many others. More recently, climatologists have shown 
changes in climatic behavior to be linked to episodal events such 
as the El Nino/La Nina sea surface temperature anomalies, or major 
volcanic eruptions. 

The other two depictions in Figure 1 both show changes in 
interannual variability about a mean, but the last one shows a 
time-trend for the mean which is imbedded in the record. Several 
recent articles, including Schneider (1990), have discussed 
evidence for a warming trend in many long term temperature records, 
particularly in the northern hemisphere. Though there remains a 
good deal of debate, climatologists are linking this time trend in 
temperature to the build-up of "greenhouse gases" in the atmosphere 
through a global climate modeling effort. Most recently there is 
some evidence that at least in North American some of the warming 
trend is due to urbanization effects associated with where most of 
the temperature measurements are made. In any event, funding for 
global warming research is increasing significantly and it is 
likely to remain a "hot topic" for a number of years to come. 
However, global warming is not the focus of this disussion, but 
climate variability is. 

If we have the common goal of increasing our understanding of 
climate variability and its impact, then we should look at the four 
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viewpoints shown in Figure 1 in more detail. By looking at the 
past we can perhaps put some limits (bounds) on the uncertainty 
with which we face the future. We can do this by examining some 
additional data. 

Crop Yields 

Figures 2 and 3 show the trends in Minnesota and U.S. corn yields 
covering the period from the 1860s to 1989. Deviations about the 
trend lines are shown. A common goal in agricultural research is 
that of "weather-proofing" a sustainable production system. This 
implies that improved varieties and management strategies will 
economically utilize inputs which help keep yield levels high or 
continuing to rise, while at the same time buffer the impact of 
weather-induced stress on a crop. If this goal is achieved, the 
end result should be profitable sustained production which shows a 
positive trend line with reduced year to year variation. Figures 
2 and 3 show the trends in Minnesota and U.S. corn yields, 
respectively, covering the period from the 1860s to 1989. 
Deviations about the trend lines are shown as well. Note that the 
steep recent positive trend lines are of the same order 
(approximately 1.9 to 2.0 bushels/year), however the deviations 
about the trend line (in terms of bushels) are clearly larger in 
more recent times, even when expressed on a percentage basis (not 
shown) . Is this a sign that we are failing to "weather-proof" the 
corn production system? Such a question requires a closer look at 
climatic variability. 

The Eastern Minnesota Climate Record 

The eastern Minnesota record described by Baker et al (1985) is 
nearly 170 years old and represents one of the highest quality data 
records for climatologists to use. . This record is primarily a 
composite of the old Ft Snelling and Farmington records, the latter 
of which continues today on the Stoeffel farm in Dakota County. 
Figure 4 depicts the annual temperature and precipitation data from 
this record in terms of a moving 30 year annual average. This 
clearly shows how the 30 year mean has varied over the record 
period. In the case of temperature it has ranged from 41.5 degrees 
F to 44.5 degrees F with a positive trend (warming) indicated from 
the late 1800s to the late 1950s. Though it may be argued that 
this is due to global warming or urbanization, this trend may be 
part of a longer term natural variability as well. Examination of 
the 30 year annual precipitation mean shows that it has ranged from 
nearly 24.5 inches to over 28.5 inches. The pattern shows that 
there was no sustained period of dry years from the 1880s to 1920s. 
Then the decade of the 1930s brought the 30 year mean down and it 
remained down primarily through the 1950s (another dry decade). 
More recently it seems to be returning to a level that was more 
common before the 1920s. 

Another way of looking at climatic variability is to vary the time 
scales for calculating the means of an individual parameter. 
Figure 5 shows the eastern Minnesota precipitation record again, 
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only this time the values for individual years are shown along with 
the grand mean (152 years), some decadal means, the most recent 30 
year mean, and a running mean based on a 9 term weighted smoothing 
function. The data for individual years show the great variability 
associated with Minnesota precipitation data. The smoothing 
function suggests a somewhat irregular cyclical pattern at least in 
the first 70-80 years of the record, though it would appear less 
cyclical int he past 70 years. Relatively large decadal deviations 
from the grand mean are shown. The figure also shows that the most 
recent 30 year normal (1951-1980) which is used as the common 
climate reference is slightly less than the grand mean. This 
figure would suggest that the variability about the mean might be 
changing along with the mean. 

Figures 6 and 7 show changes in the standard deviation of 
precipitation and temperature, respectively, in this eastern 
Minnesota record using scales of 10, 30, and 100 years. Certain of 
these patterns may be important. The 100 year standard deviations 
have been relatively stable for precipitation but have been 
slightly declining for temperature. The 30 year standard 
deviations for temperature are also somewhat lower now than they 
have been in the past. The 30 year standard deviations for 
precipitation are clearly on the rise and are now higher than they 
have ever been historically. The decadal based standard deviations 
for both temperature and precipitation show higher values now than 
in recent decades though not historical highs. The end result of 
this examination shows that variability itself changes over time, 
though less so in periods as long as 10 0 years. In more recent 
times we have certainly been experiencing a higher degree of 
precipitation variability. 

Perhaps this changing variability can be used to go back and derive 
a possible explanation for the pattern in Figure 2. The larger 
more recent deviations in corn yield from the trend line may not 
indicate our failure to "weather proof" the production system, but 
may be due, at least partially, to having to deal with a greater 
amount of variability in moisture conditions for producing a corn 
crop. 

Soil Moisture and Climatic Predisposition 

With respect to climatic cycles, researchers in Minnesota know 
perhaps more than most about the annual cycle of soil moisture, 
thanks mostly to the relatively long and continuous measurements 
made at the Southwest Experiment Station at Lamberton. This annual 
soil moisture cycle results from a number of important processes: 
infiltration and storage of precipitation; evapotransipiration; 
runoff; soil freezing and thawing, and deep percolation among 
others. Soil moisture recharge occurs primarily in the fall and 
early spring, on either side of the period when most Minnesota 
soils are frozen and in somewhat of a static state. 

Figure 8 shows the typical pattern observed at the Southwest 
Experiment Station in terms of the mean and standard deviation. 
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The standard deviation is generally lowest in the late spring and 
highest in the fall. When the stored soil moisture on May 1 (near 
planting time) is near the long term mean, it can be said that 
the crops will be "insured" or buffered against moisture stress 
brought by a lack of precipitation during the growing season. 
Thus, under such initial moisture conditions even with highly 
variable growing season precipitation (there are nearly always dry 
spells of some sort), the climate is predisposed to deliver a 
reasonable crop. 

When the initial May 1 soil moisture conditions depart 
significantly from normal, certainly if they are beyond one 
standard deviation, then it can be said that the climate is 
predisposed to cause crop production problems. In the one case 
with very high levels of soil moisture, normal to above normal 
spring precipitation may cause severe delays in field work, or 
combined with high temperatures lead to rapid denitrification of 
nitrogen fertilizer, or make weed control very difficult. On the 
other end of the scale, very dry soil moisture conditions, as we 
saw going into 1988, can greatly amplify the effects of high 
temperatures or dry periods during the growing season, restrict 
root development, and make weed control difficult. Because of the 
relatively static state of soil moisture over winter due to soil 
frost, the most important times to evaluate the status of soil 
moisture reserves are in the late fall and early spring. 
Measurement and analysis at these times can at least help to 
categorically assess what type of crop production year might be 
expected. Some of this can already be done for the coming 1991 
crop season, but obviously better data will be available early this 
spring. 

CONCLUSIONS 

The large fluctuations and variability associated with Minnesota's 
climate make it difficult at best to provide climatological 
outlooks with any degree of confidence. Though some climatologists 
have suggested that there is evidence to link climate changes with 
cycles or episodal events of other physical phenomena, there are 
still great uncertainties. There is evidence in some Minnesota 
records to adopt a view that climatic means and the variability 
about them change over time, and that there are some problematical 
suggestions of cycles or trends in the data records. 

Because soil moisture condition is the composite result of a number 
of climatic elements and greatly influences the production 
potential of any growing season, it can be used in conjunction with 
a probability distribution for precipitation as an indicator of 
climatic disposition in the spring. 
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CORN PRODUCTION AND NITROGEN USE: 
ARE SOIL TESTS IMPROVING N RECOMMENDATIONS? 

M.A. Schmitt, G.W. Randall, G.W. Rehm, and G.L. Malzer 
Extension Soil Scientists and Soil Scientists 

Department of Soil Science and Southern Experiment Station 
University of Minnesota 

The use of soil testing for N has frequently been mentioned as a 
way to fine-tune N recommendations. In western Minnesota and the 
entire Great Plains a deep nitrate soil test has been developed 
and implemented that allows for maximum N efficiency. The 
incorporation of a soil test for N to refine Minnesota's N 
recommendations for eastern and central Minnesota seems destined 
in the future. Although the University of Minnesota does not 
formally endorse the use of soil tests for N (except in western 
Minnesota), there are many crop producers in Minnesota using 
various soil N tests with unknown consequences. The main topics 
addressed in this paper are an understanding of: 1) how N 
fertilizer recommendations are made with and without soil tests, 
and 2) how recent research results can improve our efforts for a 
soil N test. 

HOW N RECOMMENDATIONS ARE MADE? 

' 

Neighboring states to the east and the south have recently 
included N soil tests in their N recommendation equations for 
corn. Along with Minnesota, these three states now have three 
distinct methods for making N fertilizer recommendations. 
Understanding the components and conditions of each of these will 
be beneficial. 

The University of Minnesota (UM) N recommendations are always 
presented in tabular form, yet their calculations are based on 
Equation 1. In this equation, k is the amount of N needed to 
produce a bushel of grain, Y.G. is the realistic yield goal in 
bushels per acre, and Ncredit is the pounds per acre credit. This 
Ncrectu should account for organic matter contributions legume-N 
contributions, manure-N, and N from irrigation water. The 
greatest misuse of this system is from people not taking the full 
amount of credit or from having too high of yield goal. 

Equation 1: Nfertilizer = (k X Y • G.) - Ncredit 

The University of Wisconsin (UW) requires that one first arrives 
at aN recommendation based on the soil's organic matter, length 
of growing season, soil's yield potential category, and whether 
or not it is a sandy soil. After getting this value on medium to 
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fine-textured soils, a soil nitrate-N test is recommended on a 
sample taken to a depth of 3 feet (in 1-foot increments) before 
planting. This test is primarily for corn after corn since 
fertilizer N is not needed after alfalfa. Wisconsin's 
recommendations are then adjusted according to Table 1. 

Table 1. Adjustments based on 3-foot preplant soil nitrate-N 
test for N fertilizer recommendations for corn, University of 
Wisconsin. 

Soil Nitrate-N Test Fertilizer Recommendation 

--lb/acre-- ----lb N/acre----

0-50 Table recommendation (no adjustment) 

51-150 Table recommendation - (soil test value - 50) 

151-200 50 

>200 0 

In Iowa (ISU), theN recommendations are based on a soil test 
value, the yield goal, and the field's predominant soil series. 
The soil test value is from a soil sample taken to a 1-foot depth 
when corn is 6-12 inches tall. The resulting recommendations are 
listed in Table 2. While this test initially was not recommended 
if more than 50 lb N/acre was band-applied before sidedressing, 
recent information suggests this test can be used regardless of 
preplant fertilizer additions. 

Table 2. Fertilizer N recommendations to be applied sidedress 
utilizing the 1-foot pre-sidedress soil test, Iowa State 
University. 

Nitrate-N 

--ppm--

10 or less 
11-12 
13-15 
16-18 
19-20 
>20 

Fertilizer N Recommendation1 

---lb N/acre---

k X Y.G. 
0.8(k X Y.G.) 
0.6(k X Y.G.) 
0.4(k X Y.G.) 
0.2(k X Y.G.) 

no nitrogen 

1-where k is the amount of N needed to produce a bushel of corn, 
which is adjusted slightly for soil series. 
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When comparing and contrasting these three states' N 
recommendations for corn, a major difference between the UM and 
those that include a soil test is in the calculation of the 
Ncrectits. The UM recommendations adjust for all Ncrectits with set, 
tabled values. Nitrate test measurements replace some or all of 
these Ncrectit values. The UW nitrate test includes residual 
fertilizer-N and manure-N contributions. The ISU soil nitrate 
test also includes contributions from legumes and organic matter 
since it is taken later in the growing season. 

While neighboring states are improving and refining their 
recommendations with the addition of soil N tests, Minnesota is 
in the process of reevaluating its position on this issue. One 
year's data is not adequate to make any definitive conclusions or 
inferences due to climatic fluctuations. In 1989, most of the 
state was recovering from the drought of 1988. Very high 
rainfall amounts characterized 1990. Further discussion will be 
in the context of single year results, recognizing that a multi
year database is needed for new recommendations. 

RECOMMENDATIONS WHEN USING SOIL TESTS. 

The University of Minnesota initiated a study examining the use 
of soil N tests for making fertilizer N recommendations in 1989. 
This study is evaluating several depths of sampling (0-5 feet), 
three times of sampling (preplant, V2 and V6 corn stages) 
and numerous forms of N analyses. Nitrogen treatments included a 
control and a series of N rates applied after the third soil 
sampling time, which was about middle to late June. There were 
some sites that received preplant N treatments as well. 

The 1990 corn response to sidedress N rates is listed in Table 3. 
Yields from the control plots and/or the added yields when the 
optimum N rate was applied were respectable. It is noteworthy 
that 60 lb N/acre sufficed for optimum yields in 10 of 15 sites. 

Also in Table 3 are the N recommendations that would have been 
made if UW's and ISU's soil N testing programs had been 
implemented in Minnesota (using their existing recommendations) . 
In the southeastern part of the state, UW's preplant soil test 
and resulting recommendations best matched the actual N 
responses. The UM's and ISU's recommendations were higher than 
the corn yield response. In one case, ISU's rate underestimated 
the amount of N needed. 

In south central Minnesota, there was a large contrast in 
recommendations. Very low nitrates were found in June and hence, 
the ISU recommendations tended to be quite high relative to the 
optimum rates. The UM recommendations were, in general, higher 
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than necessary, but legume credits given made these 
recommendations lower than ISU's. Recommendations from UW were 
never too high, but were too low on limited occasions. 

In east central Minnesota, the coarse-textured nature of the 
soils precluded the use of UW soil N test, except in Isanti 
county where it best matched the actual N response. Both ISU and 
UM recommendations were similar. 

The goal of the UM research is not necessarily to adapt another 
state's N recommendation program, but rather to see how Minnesota 
can improve its own. Other parameters of available soil N are 
being tested and will be discussed in the next section. One 
major area of concern is the UM credit for organic matter in 
southeast Minnesota, which appears to be too low. The existing 
credits for alfalfa (both first and second year) and soybeans 
seem appropriate. It also may be necessary to reevaluate the "k'' 
factor in Equation 1 since application rates higher than needed 
were found. 

CORRELATING SOIL N TESTS AND YIELDS 

Based on the data collected from the 1989, several statistical 
analyses have been performed to provide some insight on the 
potential for soil N testing. One consistent finding was that 
best relationships between yield response and N test was 
dependent on the soil's parent material. The loess soils of 
southeast Minnesota, the outwash soils of east central Minnesota 
and the glacial till soils of south central Minnesota had unique 
characteristics when correlating and calibrating soil N 
measurements to yields. Note that this is consistent with the 
fertilizer recommendation trends discussed in an earlier section 
based on Table 3. 

In developing new fertilizer recommendations, regression 
equations are used with an existing database for the purpose of 
predicting future fertilizer responses. Based on the database 
collected in 1989, the best single variable regression parameters 
are listed in Table 4. All of these equations are quadratic 
(curvilinear) equations. Each parent material required a 
different N parameter to optimize the prediction equation. The 
combination of nitrate and ammonium N was best parameter for till 
soils, phosphate-borate buffer mineralization index was the best 
parameter for loess soils and nitrate was best single parameter 
for outwash soils. The R-square's were still quite low (46.1-
69.9%) however. The extremely poor fit of the ''combined" data 
initially lead to the practice of separating the sites by parent 
material. 
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Note: A mineralization test is a N analysis done that measures 
the relative amount of N that will be released from organic 
matter, legumes and manures. There are dozens of N 
mineralization tests, with the phosphate-borate buffer 
mineralization test being used in this study due to its rapidity 
and its laboratory results. 

Several other preliminary findings were made but the supporting 
data are not presented. 

1) There was a general correlation between the N levels in the 
deeper soil samples and the shallower samples. While more N was 
found as the sampling got deeper, there was a statistically 
significant correlation between the depths. Thus for the 1989 
set of data, sampling to a 3 or 5 foot depth was not always 
necessary. 

2) When broadcast fertilizer was applied preplant, the 
ammonium-N component best reflected these fertilizer additions at 
the V2 stage (5th leaf) whereas nitrate-N was more indicative at 
the V6 (9th leaf) stage. 

3) Samples should be dried with a day or two after being 
taken. Both dried and field moist samples were analyzed for all 
times and depths of sampling and N forms, except nitrate. There 
was not a good correlation between the wet and dry methods for 
ammonium-N. 

RECOMMENDATIONS AND CONCERNS 

Current research with soil tests confirm that there are 
situations where soil N tests can be used to reduce fertilizer N 
applications. Based on 1990 data, Wisconsin's preplant nitrate 
test and recommendation system matched fertilizer rates and 
responses quite well. The use of Iowa's in-season nitrate test 
did not improve fertilizer N recommendations over Minnesota's 
current program at most sites in 1990. 

Soil tests can be used to limit or eliminate fertilizer N in 
fields with high residual nitrates. Based on UW's guideline of 
over 200 lb/acre of nitrate-N in a 3-foot preplant soil sample or 
from ISU's guideline of over 25 ppm nitrate-Nina 1-foot pre
sidedress soil sample, further N additions are not necessary. 
Substantial applications of manure and/or limited yields due to 
dry weather are examples where these high nitrate conditions 
frequently exist. 

We also express a concern about the analytical quality of the 
nitrate data being obtained by some of the "quick" tests being 
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promoted. Since a 3 or 4 ppm analytical error can affect N 
recommendations by up to 80 lbs. N/acre, accuracy is extremely 
important. A professional soil testing laboratory is highly 
encouraged, especially if the quick test's results call for a 
partial change in the fertilizer N recommendation. 

37 



Table 3. Corn grain yield response to N fertilizer additions and N recommendations from three states along with 
pertinent information to calculate the recommended N rates, 1990. 

Minnesota Wisconsin Iowa 
recommendations recommendations recommendations 

Prev. Preplant Sidedress Yld Opt. Yld 
Site Crop O.M. Y.G. N rate 3' N03 -N N rate 1' NO.-N N rate 01N N Rate 1 Inc. 

bu/A lb/A lbs/A lb/A ppm lb/A bu/A lb/A bu/A 

Wabasha-B Corn Med 155 150 175 50 21.5 0 167 60 7 
Wabasha-H Peas Med 155 100 104 55 18.1 75 140 60 11 
Winona-D Corn Med 155 150 66 95 14.2 115 161 60 11 
Winona-T Corn Med 155 55 120 40 15.6 80 145 60 7 
Olmsted Corn Med 155 150 16 160 7.6 190 88 120 62 
Goodhue Oat Med 155 150 59 60 7.0 190 96 60 64 

w Waseca-C Corn High 150 150 39 120 4.3 185 80 120 71 co 
Waseca-S Soy High 150 120, 96 25 5.2 185 147 60 17 
Waseca-A Alf High 150 0 76 0 9.5 185 160 0 0 
Waseca-Sh Corn High 150 150 156 50 5.8 185 122 60 45 
Watonwan Corn High 150 150 115 5 5.2 185 106 60 45 
Isanti Corn Low 120 150 188 50 8.7 145 136 0 0 
Dakota Soy Med 200 180 52 200 2 11.8 195 107 150 90 
Chisago Soy Low 100 100 32 1202 2.7 120 41 150 76 
Sherburne Rye Low 180 220 27 200 2 4.3 220 81 120 52 

1 - Statistical calculations have not yet been complete, thus, this optimum N rate was based on economics of 
N fertilizer and corn grain. 

2 - The nitrate-N values were not used to adjust these rates due to UW's restriction on the use of the test with 
sandy soils. 



Table 4. The best single variable regression equations when grain 
yields are regressed as a function of soil N variables as 
a function of parent material, for all plots that had no 
preplant fertilizer, 1989. 

Variable 
Parent 
Material Nl Stage De:Qth R2 

% 

Till TIN V6 0-1' 53.3 

Loess PBD V6 0-1' 46.1 

Outwash N03 V2 0-1' 69.9 

Combined PBD V6 0-2' 29.0 

1N form abbreviations are: No3 is nitrate-N, PBD is phosphate 
borate extraction for Nmin on dried samples, TIN is total 
inorganic N (ammonium-N and nitrate-N) . 
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BEST MANAGEMENT PRACTICES FOR NITROGEN 
GROUNDWATER QUALITY IN MINNESOTA 

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

Extension Specialist, Dept. of Soil Science 
University of Minnesota 

The Comprehensive Groundwater Protection Act of 1989 (Minnesota Statute 1989 Chapter 
326) significantly altered the direction of water resource protection with regard to nitrogen 
fertilizer management. This was a result of three separate but related components of the Act: 
(1) the development of a groundwater protection goal, (2) the enhanced regulatory authority 
for fertilizer practices within the Minnesota Department of Agriculture (MDA) and, (3) the 
responsibility for development of a Nitrogen Fertilizer Management Plan (MFMP) by the 
Minnesota Department of Agriculture. 

Because of the complexity of nitrogen fertilizer effects on water resources, and the 
controversial nature of associated management decisions, the Legislature authorized the MDA 
to establish a Nitrogen Fertilizer Task Force to make recommendations to the Commissioner 
of Agriculture on the structure of the Nitrogen Fertilizer Management Plan. 

Legislative direction stated "the commissioner shall: ... appoint a task force to study the 
effects and impact on water resources from nitrogen fertilizer use so the best management 
practices, a fertilizer management plan, and nitrogen fertilizer use regulations can be 
developed". It also stated "the task force must include farmers, representatives from farm 
organizations, the fertilizer industry, University of Minnesota, environmental groups, 
representatives of local government involved with comprehensive local water planning, and 
other state agencies, including the pollution control agency, the department of health, the 
department of natural resources, the state planning (lgency, and the board of water and soil 
resources". 

The primary goal of the Nitrogen Fertilizer Management Plan (NFMP) developed by the N 
Task Force is to manage nitrogen inputs to crop production so as to prevent degradation of 
Minnesota water to resources while maintaining farm profitability. The central tool for 
achievement of this goal is the adoption of best management practices (BMPs) which must 
be based upon the concept of total nitrogen management. Because of the ability to manage 
and control plant nutrients, the primary focus of the BMPs is nitrogen fertilizer. However, 
consideration of other nitrogen sources and agronomic practices was necessary for an 
effective and practical total nitrogen management system. 
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BMPS AND TOTAL NITROGEN MANAGEMENT 

Best Management Practices (BMPs) are defined in Minnesota Statute as: 

" ... voluntary practices that are capable of preventing and minimizing 
degradation of groundwater, considering economic factors, availability, 
technical feasibility, implementability, effectiveness, and environmental 
effects. BMPs may be schedules for activities, design and operation standards, 
restrictions of practices, maintenance procedures, management plans, practices 
to prevent site releases, spillage or leaks, application and use of agricultural 
chemicals, drainage from raw material storage, operating procedures, 
treatment requirements, and other activities causing groundwater degradation." 

The nitrogen BMPs recommended by the task force are based upon research, particularly that 
which has been conducted at the University of Minnesota and other land grant universities, 
and upon practical considerations. This ensures that the BMPs are technically sound and, at 
the same time, likely to be adopted by growers. 

The BMPs are based, in part, upon the concept of total nitrogen management. Total nitrogen 
management consists of accounting for all forms of on-farm nitrogen in the development of 
crop management plans. 

THE TREE-TIER BMP STRATEGY 

The task force developed a three tier structure of BMPs for Minnesota. The first tier is a set 
of BMPs, which are not crop or region specific, to be adopted throughout the state. The 
second tier consists of five sets of regional BMPs, each designed to be adopted in one of the 
five general regions developed in Minnesota. The third tier consists of BMPs for special 
situations which exist and present unique environmental or management concerns. 

STATEWIDE BMPS 

Statewide BMPs can be considered to be "generic" in that they apply to all areas in the state. 
The succeeding tiers refine the statewide recommendations. In general, statewide BMPs are 
applicable to all cropping systems and agronomic practices. The statewide BMPs were based 
upon the concept that accurate determination of crop N needs is essential for profitable and 
environmentally sound N management decisions. The statewide BMPs are: 

1) Develop realistic yield goals. 

2) Develop and utilize a comprehensive record keeping system to record field specific 
information. 

3) Adjust nitrogen rate according to soil organic matter content, previous crop and manure 
applications. 
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4) Use a soil nitrate test when appropriate. 

5) Use prudent manure management to optimize nitrogen credit. 

a) Test manure for nutrient content. 

b) Calibrate manure application equipment. 

c) Apply manure uniformly throughout a field. 

d) Injection of manure is preferable, especially on strongly sloping soils. 

e) Avoid manure application to sloping, frozen soils. 

f) Incorporate broadcast applications whenever possible. 

6) Credit second year nitrogen contributions from alfalfa and manure. 

7) Do not apply nitrogen above recommended rates. 

8) Plan nitrogen application timing to achieve high efficiency of nitrogen use. 

REGIONAL BMPS 

In order to achieve a goal of minimizing environmental impacts while optimizing agricultural 
profits, BMPs must account, to some extent, for local variation in soils, hydrogeologic 
conditions, and climatic conditions. In this interest, the state has been divided into five 
regions based upon general climatic conditions, soil characteristics and the resulting 
sensitivity to groundwater contamination. Figure 1 depicts the locations of the five regions 
in the state. The regional BMPs refine the prescriptions of the statewide BMPs. 

SOUTIIEASTERN MINNESOTA 

Southeastern Minnesota is characterized by permeable, silt loam soils with underlying 
fractured limestone bedrock. This karst region is very susceptible to groundwater 
contamination. Average annual precipitation in the region is greater than 30 inches. 
Cropping systems include com, forages, oats and soybeans. Livestock production consists 
primarily of dairy, beef and hogs. 

1) Do not apply fertilizer nitrogen in the fall. 

The risk of leaching loss of nitrate from fall nitrogen application is heightened 
in southeastern Minnesota due to the high average annual precipitation, the 
well-drained and permeable nature of the soils and the presence of karstic 
terrain. Spring pre-plant or sidedress nitrogen applications provide for more 
efficient use of nitrogen. 
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Fig. 1. The five regions for which BMPs are formulated. 

2) Spring pre-plant application of anhydrous ammonia or urea are encouraged. 
Broadcast urea should be incorporated within three days of application. 

3) Apply sidedress applications to com prior to the V4 stage of development. 

4) Inject or incorporate sidedress applications of urea and UAN-28 to a minimal 
depth of four inches. 

5) Use a nitrification inhibitor with pre-plant nitrogen applications if soils are 
poorly drained and soil moisture levels are high in the upper portion of the 
profile. 
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6) Minimize direct movement of surface water runoff to sinkholes. 

Results from University of Minnesota field trials in southeastern Minnesota during the last 
few years reinforce the above BMPs. A continuous com study conducted in Olmsted County 
beginning in 1987 clearly demonstrates that N should not be applied at above recommended 
rates and not in the fall (Table 1). Highest 4-yr average yields occurred with the 150-lb N 
rate; however, N03-N concentrations in the soil water at 5 1 also began to climb rapidly at 
this rate. Perhaps a N rate of about 120 lb/ A would have optimized yield and profitability to 
the farmer while minimizing nitrates in the groundwater. 

Table 1. Effect of N treatments on the 1990 and 4-yr average com yields and N03-N 
concentrations in the soil water at 5 1 in Olmsted Co. 

Nitrate-WL 
Grain Yield Cone. in Water 

Tillage N rate Time[Method 1990 187-90 51 
lb/A --- bujA --- mg/L 

Chisel 0 76 84 1 
75 Spr. preplant 145 156 11 

150 II 155 172 29 
225 II 156 167 43 
150 Fall 145 169 43 
150 Fall + N-Serve 148 169 50 

75 + 75 Spr. + SD 154 168 47 
No till 150 S:gr. :gre:glant 140 168 20 
..!Lsept. 5, 1990 

Fall application (Nov. 13) of anhydrous ammonia with and without N-Serve gave yields in 
1990 that were 7 to 10 bu/ A less than with the same N rate applied in the spring before 
planting (Table 1). Moreover, N03-N concentrations in the soil water were 50 to 70% 
higher with the fall applications. Split application of anhydrous ammonia (50% preplant + 
50% sidedress at 8 to 10-leaf stage) did not improve yields over the preplant treatments but 
did result in higher N03-N concentrations in the soil water. 

Somewhat similar results were found in a continuous com study in Winona Co. (Table 2). 
However, a major differences between the two sites should be noted in that the Winona 
Study was conducted on a lower organic matter soil with a previous history of alfalfa and 
dairy manure. The Winona Co. site was much less responsive to N with a 3-yr yield 
increase of only 20 bu/ A but had much higher N03-N concentrations in the soil water at 5 1 • 

Similar to Olmsted Co., the split applications of N did not increase yields but did increase 
N03-N concentrations in the water. Sidedressing all of the Nat the 6-leaf stage was too late, 
resulting in somewhat lower yields. 
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Table 2. Effect of N treatments on the 1987-89 corn yields and N03-N concentrations in the 
soil water in Winona Co. 

3-Yr Nitrate-N!L 
N Treatment Yield Cone. in Water 

Rate Time[Method Avg. 5' 7.5' 
lb N/A bu/A mg/L 

0 130 13 
50 spr. preplant(PP) 146 

100 " 148 30 40 
150 " 150 34 36 
200 " 155 63 74 

50 + 50 Spr. pp + SD 9-lf 149 
50 + 100 " 152 64 59 

150 SD 6-lf 142 
11 Sept. 5, 1990 

SOUTH CENTRAL MINNESOTA 

South central Minnesota is characterized by fine-textured soils formed in glacial till and 
sediments. Most south central soils have naturally poor-to-moderate internal drainage and 
are tiled to improve drainage. Average annual precipitation in the region is 25 to 30 inches. 
Cropping systems are predominantly corn and soybeans. 

1) Spring pre-plant applications of nitrogen are highly recommended. 

2) If some nitrogen is to be fall applied, delay application until the soil 
temperature is below 50oF at a six-inch depth. The use of anhydrous 
ammonia is encouraged for fall applications. 

3) Spring pre-plant applications of anhydrous ammonia or urea are encouraged. 
Broadcast urea should be incorporated within three days of application. 

4) Apply sidedress applications to corn prior to the V4 stage of development. 

5) Inject or incorporate sidedress applications of urea and UAN-28 to a minimal 
depth of four inches. 

6) Use a nitrification inhibitor with fall and pre-plant nitrogen applications if soils 
are poorly drained and soil moisture levels are high in the upper portion of the 
profile. 

7) Carefully manage nitrogen applications on soils characterized by a high 
leaching potential. 

a) Do not apply fertilizer nitrogen in the fall to coarse textured soils. 
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b) When soils have a high leaching potential, application of nitrogen in a 
sidedress or split application program is preferred. Use a nitrification 
inhibitor with early sidedressed nitrogen on labeled crops. 

Results obtained at Waseca corroborate these BMPs's. Fall application of ammonium sulfate 
in early November resulted in significantly lower corn yields than spring applications 
(Table 3). Moreover, N03-N lost out of the tile lines was markedly higher with the fall 
applications. 

Table 3. Corn yields and N03-N lost thru the tile lines as influenced by N rate and time of 
application at Waseca. 

N Treatment 
Rate Time 
lb N/A 

0 
120 
120 
180 
180 

Fall 
Spring 
Fall 

Spring 

1978-82 
Yield Avg. 

bu/A 
66 

131 
150 
160 
168 

1978-81 
N03-N lost 

thru tile lines 
lb/A 

28 
107 

75 
136 
106 

Since the data in Table 3 were obtained using ammonium sulfate, many farmers questioned 
whether the same results would occur if anhydrous ammonia (AA) was used. Results 
obtained on a Webster clay loam at Waseca in 1990 show the highest N03-N concentrations 
in the tile water and greatest N03-N losses with the fall-applied AA without N-Serve (Table 
4). The addition of N-Serve to the fall AA reduced N03-N concentrations slightly but not to 
the level of the spring and split applications without N-Serve. Corn yields did not vary 
greatly among the four N treatments. 

Table 4. Nitrate-N losses through tile lines at Waseca during May-July, 1990 and corn yield 
as influenced by time of N application to corn following soybeans. 

Time of Application 
Fall Fall Spr Spr + so 

Parameter No N-S N-S No N-S 
Drainage (acre-in) 11.0 7.8 7.6 9.4 
N03-N Loss (lb/A) 93.1 58.1 49.8 61.6 
Flow-weighted 

N03-N Cone. (PPM) 
May 36 30 29 28 
June 38 34 30 29 
July 41 38 32 28 

corn yield (huLA) 146 146 142 151 
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SOUTHWEST AND WEST-CENTRAL MINNESOTA 

The Southwest/West Central region of Minnesota is characterized by soils of medium-to-fine 
texture which were formed in glacial till. Many soils in the region have naturally poor to 
moderate internal drainage and are consequently tiled to improve drainage. Average annual 
precipitation is less than 26 inches. Cropping systems are dominated by com, soybeans and 
small grains. 

1) Use a soil nitrate test with a two to four foot depth to determine nitrogen 
needs. Soil samples should be taken in the fall, after the soil temperature is 
below 50oF at the six-inch depth, or in early spring. 

2) Spring pre-plant applications of anhydrous ammonia or urea are recommended. 
Anhydrous ammonia and urea can also be applied in the fall; UAN-28 should 
not be fall applied. Broadcast urea and pre-plant applications of UAN-28 
should be incorporated within three days of application. 

3) In cases where fall nitrogen applications are used, delay application until the 
soil temperature is below 50°F at a six-inch depth. (Reminder: Nitrogen 
should not be fall applied on coarse textured soils.) 

4) Apply sidedress nitrogen to com prior to the V4 stage of development. 

5) Inject or incorporate sidedress applications of urea and UAN-28 to a minimal 
depth of 4 inches. 

Benefits from using the soil N03-N test to provide fertilizer N recommendations in western 
Minnesota can be readily seen from data collected at Lamberton in 1990 (Table 5). Soil 
samples taken this spring to a 5-foot depth and analyzed for NOrN show substantially more 
residual N03 in the profile following com compared to following soybeans in 1989. Based 
on N03-N in the top four feet and a yield goal of 140 bu/ A, fertilizer N recommendations of 
31 and 116 lb/ A for continuous com and com following soybeans, respectively, were 
applied. This amount for continuous com was 120 lb N/ A less than the recommendation 
without the soil NOrN test. Com yields for the two cropping systems were not different. 
Nitrate-N concentrations in the tile water reflected the accumulation of N~ in the soil profile 
for continuous com especially in May. 
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Table 5. Residual soil N03-N, com yield and N03-N losses from tile lines as influenced by 
continuous com compared to a com-soybean rotation at Lamberton in 1990. 

1989 Crop: 
Parameter 1990 Crop: 

Nitrate-N in 
top 5' of soil 

(lb/A) 

N recommended & 
applied based 
on soil N03-N (lb/A) 

N rate recommended 
without soil test (lb/A) 

1990 Corn Yield 
(bU/A) 

May-June 
Tile flow (ac-in) 
N03-N loss (lb/A) 
N03-N Cone. (PPM) 

May 
June 

corn 
Corn 

168 

31 

150 

120 

0.8 
5.3 

27 
34 

EAST-CENTRAL AND CENTRAL MINNESOTA 

Corn 
Soybeans 

136 

0 

1.1 
6.2 

20 
33 

Soybeans 
Corn 

75 

116 

120 

123 

0.7 
3.6 

16 
27 

The Central/East Central region of Minnesota is characterized by soils of coarse-to-medium 
texture. Most soils in the region were formed in glacial till. Outwash plains are common in 
this region. Many central/east central soils are moderately- to excessively- drained. 
Average annual precipitation in the region is greater than 25 inches. Cropping systems are 
dominated by com and forages. 

1) Carefully manage nitrogen applications on soils that have a high leaching 
potential. 

2) Spring pre-plant applications of anhydrous ammonia or urea are encouraged 
for fine and medium textured soils. Broadcast urea should be incorporated 
within three days of application. 

3) Inject or incorporate sidedress applications of urea and UAN-28 to a minimal 
depth of four inches. 
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NORTHWEST MINNESOTA 

The northwest region is generally characterized by fine textured soils formed in lacustrine 
deposits. The annual average precipitation in the region is less than 24 inches. The major 
cropping systems in the region are small grain, soybeans and sugar beets. 

1) Use a soil nitrate test to a two or four foot depth to determine nitrogen needs. 
Soil samples should be take in the fall after the soil temperature is below 50o F 
at the six-inch depth or early spring. 

2) Delay fall nitrogen application until the soil temperature is below 50oF at a 
six-inch depth. Use of anhydrous ammonia or urea is encouraged for fall 
applications. UAN-28 should not be fall applied. Broadcast urea and spring 
pre-plant applications of UAN-28 should be incorporated within three days of 
application. 

3) Nitrification inhibitors are not recommended on fine textured soils but are 
recommended on coarse-textured soils with high leaching potential. 

SPECIAL SITUATION BMPS 

The third tier of BMPs are referred to as Special Situations BMPs. The special situations are 
a result of certain combinations of management and environmental conditions that may render 
an area or site more susceptible to groundwater contamination than would be predicted by the 
general characteristics of the surrounding region. The third tier accounts for those 
management situations or sites which are interspersed throughout the state. 

IRRIGATED SOILS 

Irrigation, especially on coarse textured (sandy) soils and shallow rooted crops, may increase 
the leaching potential of applied nitrogen. Irrigation increases the soil water content of the 
root zone, thus enhancing mass and diffusive transport of nitrate in the subsurface past the 
zone of effective crop utilization. 

Irrigated soils in Minnesota were typically formed in outwash plains or alluvium and are 
consequently of coarse texture. Localized areas of irrigation occur throughout the state and 
water use in these areas is variable depending upon soil and geologic conditions and average 
yearly precipitation. Commonly irrigated cropping systems include corn and potatoes. 

1) Do not apply fertilizer nitrogen in the fall. 

2) Follow proven water management strategies to provide effective irrigation and 
minimize leaching. 

3) Test irrigation water for nitrogen content and adjust nitrogen fertilizer rates 
accordingly. 
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4) Application of nitrogen in a sidedress or split application program is preferred 
on irrigated soils. Use a nitrification inhibitor with pre-plant or early 
sidedressed nitrogen on labeled crops. For corn, include a nitrification 
inhibitor with all nitrogen applications prior to the V 4 growth stage. (Split 
applications utilizing fertilizer chemigation techniques require compliance with 
MDA regulations for spill and back flow prevention.) 

5) Include a small amount of nitrogen in starter fertilizer in most situations (10-20 
pounds/ acre). 

6) Do not delay nitrogen applications past optimum uptake period. 

7) Establish a cover crop following early harvest of crops. 

COARSE-TEXTURED <NON-IRRIGATED) SOILS 

Coarse textured soils need special management to prevent leaching losses. Coarse-textured 
soils are present in many different regions and can be found throughout the state in outwash 
plains, alluvial river valleys and ancient beach ridges. These soils have considerable 
leaching loss potential due to rapid infiltration characteristics and low water holding 
capacities which can easily be exceeded. Furthermore, these soils are often associated with 
unconsolidated sand and gravel aquifers that may have water tables that are near the soil 
surface. 

1) Do not apply nitrogen fertilizer in the fall to coarse textured soils. 

2) Apply nitrogen in a sidedress or split application program 

3) Use a nitrification inhibitor with early sidedressed nitrogen. 

TURF 

As a source of nitrates to groundwater, the lawn care industry has historically received less 
attention than the agricultural community. This is due, in part, to the reliance of rural 
populations on groundwater as a source of drinking water. However, fertilizer application 
rates to turf may be comparable to agronomic crops and urban fertilizer use is quite 
widespread. The resulting intensity of nitrogen application warrants the development and 
prescription of BMPs specifically for lawn care. 

Turf management presents its own unique nitrogen fertilizer concerns. The following BMPs 
are applicable to a variety of turf situations, including private lawns, commercial properties 
and most golf course turf. 

1) A void off-target applications. 
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2) With fall nitrogen applications, spring nitrogen applications can be reduced or 
discontinued. Light applications of nitrogen may be applied in mid-summer to 
high-use areas. 

3) Utilize a soil test to determine organic matter content which can be used to aid 
in determination of nitrogen needs; use the results of this test to adjust 
applications to the individual lawn. 

4) Leave grass clippings on mowed lawns and account for residue nitrogen 
content in determining nitrogen load rates for subsequent applications. 

5) Use a slow release fertilizer formulation when possible. 

6) Account for soil type in determining appropriate nitrogen application rate and 
frequency. 

7) Select (homeowners) and promote the selection of Qawn care industry) low
maintenance turf varieties which require fewer fertilizer applications and less 
watering. 

8) Do not apply insurance nitrogen to turf. Apply only the amount of nitrogen 
necessary to maintain plant nutrition. 

BMPS FOR AREAS NEAR SURFACE WATER BODIES 

Nitrogen from fertilizer as well as from other sources can have a direct impact on water 
quality of rivers and lakes. Nitrogen can move either through direct runoff, by means of 
erosion, via tile line drainage, subsurface flow, and shallow groundwater flow. Surface 
water is used for a public drinking water in a number of communities in Minnesota. The 
BMPs for the remaining sections will also protect surface water in areas where subsurface 
flow enters the surface water. 

BMPs for areas near surface water primarily control erosion and runoff from agricultural 
fields to streams and lakes. These BMPs focus on control of areas in the vicinity of the 
surface water bodies. 

1) Filter strips should be developed and maintained between open bodies of water 
and agricultural fields. 

2) Establish tillage and erosion control techniques, such as conservation tillage 
systems and terraces, where erosion contributes to surface water 
contamination. 
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3) For lawns located adjacent to surface water bodies, construct a berm (roughly 
six inches high) between the lawn and water body. The berm may also be 
covered in grass or turf. In addition to berms, an unmanaged fringe of natural 
vegetation may be utilized as a filter strip. 

4) For all urban turf, avoid stray application of any fertilizer to sidewalks, streets 
or directly into water bodies that abut lawn areas. 

FUTURE BMP DEVEWPMENT AND RESEARCH NEEDS 

In the review and development of the BMP recommendations, the task force identified 
aspects of nitrogen management that requires additional research. This research is necessary 
to further refine BMPs and enable nitrogen users to more precisely apply the optimum 
environmental and agronomic nitrogen practices. Funds should be directed to total nitrogen 
management research, especially that which incorporates water quality concerns. The 
following is a list of some of the needs identified by the task force. This list is not meant to 
be inclusive, but rather serves only to highlight some immediate needs. 

(1) Nitrogen interactions and credits from non-fertilizer sources such as organic 
matter, legumes and manure need to be more thoroughly understood. 

(2) Soil testing correlation and research into techniques useful in humid conditions 
needs to be accelerated. 

(3) Manure management research needs to be increased and accelerated due to the 
lack of research available and the potential major impact that manure 
management has on ground and surface water quality. 
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NEW DEVELOPMENTS IN SOIL SAMPLING AND FERTILIZER RECOMMENDATIONS 

John A. Lamb 
Associate Professor 

Soil Science Department 
University of Minnesota 

St. Paul, MN 55108 

Five years ago this topic would have been pretty dull. There have been signifi
cant changes in the last couple of years due to new technology. The changes to 
be discussed are soil sampling and fertilizing by soil type or grid, regiona
lized fertilizer recommendations and the change in reporting phosphorous (P) and 
potassium (K) soil tests from pounds per acre to parts per million (ppm). 

SOIL TESTING AND FERTILIZING BY SOIL TYPE OR GRID 

Soil sampling until recently consisted of taking 20 cores per 40 acres or more. 
Because of large sized fertilizing equipment sometimes the field size for one 
soil sample would be 160 or more acres. With the advent of computer technology, 
application equipment which can change rates on the go can accomplish the feat 
of fertilizing by the soil type. Soil sampling strategies are being studied 
again. Several studies in Montana, Missouri, North Dakota, and Minnesota (table 
1) have shown that there are economic advantages to fertilizing by soil type as 
opposed to uniform fertilizer application over whole fields. 

Table 1. Comparison of grain yields, income, and expenses of fertilizing by 
field or soil type (Robert et al., 1990). 

Control3 Conventional4 VariableS 

1Grain Yield (bu/A) 81 133 139 
2Gross Return ($) 191 313 326 
Input Cost ($) 36 68 75 
Relative Net Return ($) 155 245 251 

1 Dollar value at $2.35 per bushel or corn. 
2 Sum of input costs (fertilizer and herbicide), custom service charge, and dry-

ing costs. Identical management costs are not included. 
3 No fertilizer applied, herbicide broadcast at uniform rate across area. 
4 Fertilizer and herbicide broadcast at uniform rate across area. 
5 Variable fertilizer rates and uniform herbicide application. 

How should a field should be sampled to create a map for fertilizer applica
tions? The current options include sampling by soil mapping unit (series and 
slope) or with a grid method. Research is currently being conducted to answer 
questions such as 1.) does the soil productivity and fertility status follow 
with the mapping unit, and 2.) if grid sampling is better, what size grid is 
necessary to delineate changes in soil fertility? The answer to these questions 
is, "it depends". A situation where the landscape is rolling and the field has 
been fertilized in the past as one field, mapping units will generally delineate 
soil productivity (yield goal) and soil fertility status. Generally fewer soil 
samples would be needed to map the field as opposed to a grid system. In areas 
where the difference in soil productivity of the mapping units is small but the 
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soil fertility status caul d change drastically because of previous management, 
such as fertilizer of manure application, then the grid system of sampling would 
be most accurate. Recent research by Dahnke of North Dakota State supports this 
observation. In 1990 his studies indicate that a grid sampling method was 
superior to the soil type method. The next question is what grid spacing should 
be used? The size of grid effects the cost incurred by soil sampling. More 
research is needed in this area and no doubt the size of the grid will be site 
specific. 

REGIONALIZED SOIL TEST RECOMMENDATIONS 

Regionalization of soil test recommendation only makes sense. Just because the 
government drew a state line doesn•t normally split the land by a soil or 
cropping system difference. The soil test recommendations until recently were 
for within a state and when you crossed the state line they changed. An example 
is the nitrogen recommendation for spring wheat with a 60 bushel per acre yield 
goal. In Minnesota the recommendation was 120 lb N per acre opposed to North 
Dakota•s recommendation of 150 lb N per acre (soil test nitrate-N 0-24 inches 
plus fertilizer). Efforts have been made among land grant Universities and 
industry in Minnesota, North Dakota, and South Dakota to regionalize recommen
dations for major crops grown in common last summer. 

How should it be decided where to draw the regional lines? They have been based 
on factors that areas have in common such as rainfall, soil characteristics, and 
cropping systems. Regionalizing requires the testing laboratories to look at 
the type of soil test they use in each region. An example is the soil 
phosphorus test. Currently in the above region, western Minnesota, eastern 
North Dakota, and eastern South Dakota, we use two different soil tests, Bray 
and 01 sen. Soil pH is the determinant as to what test to use. Care must be 
used in determining which test should be used by fertilizer dealers and con
sultants for making fertilizer recommendations. Hopefully the regionalization 
will cause researchers in the region to work together with the result of less 
duplication of effort and a better database to formulate recommendations. 

PARTS PER MILLION (ppm) 

In 1990, a number of soil testing labs including the University of Minnesota•s, 
have started to report P and K soil tests in part per million (ppm) instead of 
pounds per acre. Why is this switch occurring and what does it mean the to the 
fertilizer dealers and crop consultants? To answer the first question, the 
switch is occurring because ppm is the actual unit measured by the soil testing 
lab for the P and K soil tests. Part per million refers to the concentration of 
the nutrient found in the soil solution extract. This number is used as an 
index of availability of the nutrient to the plant. When we reported that a 
soil had so many pounds per acre of P or K it was assumed that a six-inch slice 
of soil the size of an acre weighed 2 million pounds. If the extract from a 6" 
soil sample had five ppm then that would equate to 10 pounds per acre. 

(5 ppm X 2 million pounds = 10 pounds/acre) 

What does this mean to the dealer and consultant? Other than some confusion 
with customers and change in magnitude of soil test valves, there should be 
1 ittl e. . The laboratory procedure didn • t change nor did the recommendations. 
Table 2 compares the University of Minnesota broadcast P recommendation for corn 
using pounds per acre versus ppm for a 125 bushel per acre yield goal. Within a 
few years most of the soil testing labs will also convert to ppm. 
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Table 2. Broadcast P fertilizer reconmendation for a 125 bushel per acre yield 
goal for corn. 

Soil Test P 

lb/acre 

0 - 10 
11 - 20 
21 - 30 
31 - 40 
41 + 

ppm 

0 - 5 
6 - 10 

11 - 15 
16 - 20 
21 + 

Phosphate to apply 

lb/acre 

95 
65 
35 
10 
0 

These three areas are some of the current changes in soil samp 1 i ng and fer
tilizer reconmendations. In sunmary, the sampling systems whether it be mapping 
units or grid will continue to evolve along with further regionalization of soil 
test reconmendation in the midwest. The switch to ppm has happened and will be 
with us for quite a while. 
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IS THERE AN INCREASED NEED FOR SULFUR 
IN MINNESOTA? 

George Rehm 
Soil Science Department 
University of Minnesota 

The use of sulfur (S) for crop production in Minnesota has been a 
topic of interest for fertilizer dealers and consultants for a 
number of years. Following an extensive research project in the 
1960's, there was general agreement that the use of S fertilizers 
would increase alfalfa, corn, and small grain yields where soils 
were sandy. These research efforts showed that there was no yield 
increase when S was applied to fine textured soils in the state. 

Early Responses 

The results of earlier trials, where S was applied for alfalfa and 
corn production on sandy soils, are summarized in Table 1. Results 
of similar studies dealing with fine-textured soils are provided in 
Table 2. These data are typical of the results of several studies 
conducted during the 1960's and early 1970's. 

Table 1. The influence of broadcast applications of sulfur on 
the yield of alfalfa and corn grown on sandy soils. 

s Crop 
Applied (Bdcst) Corn (, 7 6) Alfalfa ('75-'77 Ave) 

lb./acre bu./acre ton/acre 

0 80 3.3 

25 98 3.9 

50 4.1 

Table 2. The influence of broadcast applications of sulfur on 
the yield of alfalfa and corn grown on fine-textured 
soils. 

s Corn Alfalfa 
Applied (Bdcst) Wabasha Co. Houston Co. Martin Co. 

lb./acre bu./acre ton/acre 

0 145 179 183 4.6 

50 150 180 180 4.6 
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A New Look 

More recently, there has been a renewed interest in S fertilizers. 
The amount of sulfur dioxide (S02 ) in the atmosphere has decreased 
and crop yields continue to increase. Some have also suggested 
that the rate of S needed in a fertilizer program be matched to the 
amount of nitrogen (N) applied. Because of this renewed interest, 
trials were started in 1984 to take a closer look at S use and also 
examine the effect of this nutrient on the quality of the crop that 
is grown. 

The trials with alfalfa conducted in the 1980's simply verified the 
results of the earlier studies (Table 3) • Sulfur use increased 
alfalfa production where soils were sandy, but not for the fine
textured soils. The annual broadcast rate of 25 lb. S/acre was 
adequate for optimum yield. The use of higher rates had no impact 
on production, even though the alfalfa was irrigated at the Staples 
location. 

Table 3. The influence of applied sulfur on yield of alfalfa. 

s 
Applied 

lb./acre 

0 

25 

50 

Wadena (85) 
County and Year 

Goodhue ( 85) 

- - - - - - - - - - ton/acre - - - -

2.6 

4.5 

4.7 

5.2 

5.4 

5.3 

Soil Test S (ppm) 5 8 

Soil Texture sandy loam silt loam 

Goodhue(86) 

4.1 

4.2 

4.0 

5 

silt loam 

The application of S produced a 1.0% increase in the crude protein 
of alfalfa at the Staples location (Wadena County) but the relative 
feed value (RFV) was not affected by S fertilization (Table 4). 
The use of S in a fertilizer program had no effect on the quality 
of the alfalfa grown at the other locations (data not shown) . 

It's important to note that the effect of S use on both yield and 
forage quality was not related to the soil test for sulfur. The 
soil test for S was 5 ppm at both the Staples (Wadena Co.) and the 
Goodhue Co. sites. Yet there was a response at Staples but no 
response to S in Goodhue County. 

The trials with corn involved the application of both N and S at 
several locations. Various N rates were included to determine if 
the need for fertilizer S varied with the rate of N applied. 
Trials were conducted at sites where soils were sandy as well as 
sites where the soil texture was a silt loam (southeast Minnesota). 
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Grain yield was measured and the quality of the forage produced was 
evaluated. 

Table 4. The influence of rate of applied S on the quality of 
alfalfa produced at the Staples site (Wadena County) . 

s 
Applied 

lb./acre 

0 

25 

50 

100 

Crude 
Protein 

g. 
0 

20.9 

21.9 

21.6 

21.9 

Relative Feed 
Value 

120 

122 

123 

121 

As would be expected, use of fertilizer S produced an increase in 
grain yield for sandy soils (Table 5) . The amount of S required 
for optimum yield did not vary with the rate of N used. A rate of 
20 lb. S/acre broadcast and incorporated before planting was 
adequate for optimum production. 

Table 5. The effect of rate of nitrogen and sulfur on yield of 
corn grown on an irrigated sandy soil. 

s N Applied (lb. /acre) 

Applied 0 75 150 Ave 

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

0 63 128 145 112 

10 79 143 153 125 

20 92 146 155 131 

40 82 129 149 120 

Ave.: 79 137 151 

s Test = 4 ppm; O.M. = 3.6% 

The use of S fertilizer had no effect on corn yield at the majority 
of the sites where the soil had a silt loam texture. The data from 
Wabasha County in 1986 is typical of the response to s for these 
soils (Table 6) . 
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Table 6. The effect of rate of applied sulfur on yield of corn 
grown on a silt loam soil. Wabasha County, 1986. 

s 
Applied Yield 

lb./acre bu./acre 

0 169 

10 170 

20 174 

40 173 

S Test= 6.0 ppm; O.M. = 2.7% 

Although the use of fertilizer S increased the yield of corn grown 
on sandy soils, there was no effect on the quality of corn silage 
(Table 7). Forage value was determined by measuring crude protein 
percentage (CP) the percentage of acid detergent fiber (ADF) and 
the percentage of neutral detergent fiber (NDF) . These measures of 
quality remained constant for all rates of applied S. 

Table 7. The effect of rate of applied S on the quality of corn 
silage grown on an irrigated sandy soil at Staples 
(Wadena County) . 

s Quality Measure 
Applied Protein ADF NDF 

lb. /acre - - - - - - - - % - - - - - -

0 7.1 27.4 44.5 

10 7.1 28.8 46.5 

20 7.2 28.5 46.2 

40 7.0 29.5 47.1 

Sulfur Management For Corn 

Sulfur, like nitrogen, can be mobile in sandy soils. Split 
applications of N applied to corn grown on sandy soils can increase 
yield and reduce the potential for leaching to the ground water. 
Consequently, it seems logical to expect that split applications of 
s might improve the yield of irrigated corn. A trial was started 
in 1986 in Wadena County to test this speculation (Table 8). 

There was a substantial yield increase resulting from the use of 
fertilizer S (Table 8). The method of S application had no 
significant effect on yield. It was apparent that the use of 
fertilizer s in bands are as effective as broadcast applications. 
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The corn crop has the greatest need for S early in the season. 
Therefore, starter applications of fertilizer S are suggested for 
corn production. 

Table 8. The influence of time of S application on yield of corn 
grown on an irrigated sandy soil. 

% of S Applied at: 

ST PE 

0 0 

100 0 

50 50 

50 0 

50 0 

33 33 

0 100 

8L 

0 

0 

0 

50 

0 

0 

0 

0 

0 

0 

0 

50 

33 

0 

Yield 

bu./acre 

131 

142 

145 

147 

148 

147 

143 

Y ST - starter; PE = preemergence; 8L= 8 leaf stage of development; 
TA = tasselling stage. 

Sulfur For Sugarbeets? 

There have also been some questions about the need for fertilizer 
S in sugarbeet production. Trials in Minnesota have shown that S 
usage has not affected the beet yield and the amount of sugar 
recovered per acre (Table 9) . These results should be expected 
because of the high organic matter content of soils where 
sugarbeets are grown. 

Table 9. The effect of rate of S in a fertilizer program on 
sugarbeet production - Crookston, 1987-88 Ave. 

s 
Applied 

lb. /acre 

0 

25 

50 

*Average of 5 locations 

Yield* 

ton/acre 

16.2 

16.1 

15.8 

60 

Recoverable* 
Sugar 

lb./acre 

5180 

5039 

4956 



Ammonium Sulfate and Iron Chlorosis of Soybeans 

In recent years, there has been some suggestion that the use of 
ammonium sulfate (21-0-0-24), a popular S fertilizer, would correct 
iron chlorosis in soybeans. These claims appeared to have no 
research base. Therefore, field trials were conducted in 3 
counties in 1990 in southwestern Minnesota in fields where iron 
chlorosis was known to be a problem. The results are summarized in 
Table 10. 

Table 10. The effect of the use of ammonium sulfate on yield of 
soybeans grown in southwestern Minnesota in 1990. 

Treatment 
County Variety with 21-0-0-24 no 21-0-0-24 

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

Yellow Medicine Pioneer 9091 44.3 43.0 

" " Pioneer 9111 4 6. 5 46.1 

Redwood Pioneer 9171 4 9. 2 55.4 

" Pioneer 9251 45.3 49.8 

Yellow Medicine Pioneer 9091 49.3 51.9 

" " Pioneer 9061 3.8 4.3 

Lyon * Pioneer 9091 38.7 37.5 

The 21-0-0-24 was broadcast at this location. This fertilizer 
was applied in a starter at all other locations. 

The yields show that the use of 21-0-0-24 had no significant effect 
on yield. Variety selection is important. The Pioneer 9061 is 
very susceptible to iron chlorosis conditions while the 9091 
appears to be tolerant (Yellow Medicine County data) . 

Summary 

Sulfur continues to be an important nutrient for crop production 
where soils are sandy with a low organic matter content. Past 
research trials had confirmed the importance of S fertilizers for 
these situations. Although research with S has continued through 
the years, the evidence shows that the extent of S deficiency has 
not expanded in Minnesota. The more recent research leads to the 
following conclusions: 

1. The broadcast annual application of 25 lbs. S/acre is 
adequate for alfalfa production on sandy soils. 

2. There is no need to add S to a fertilizer program where 
alfalfa is grown on fine-textured soils. 
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3. Except for a small increase in the crude protein 
concentration, use of fertilizer S had no effect on the 
quality and relative feed value of alfalfa hay. 

4. The rate of S needed for optimum corn production is not 
related to rate of N needed to attain this yield level. 

5. Use of S has no effect on the quality of corn silage. 

6. Sulfur fertilization has no influence on either the yield 
of sugarbeets or the amount of recoverable sugar produced 
per acre. 

7. The use of ammonium sulfate (21-0-0-24) has no effect on 
the ability of soybeans to overcome the iron chlorosis 
problem. 
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POSTEMERGENCE HERBICIDE INJURY 
IN SOYBEANS 

Kevin Cavanaugh 
Assistant Extension Specialist

Crop Pest Management 
University of Minnesota 

Jeffrey L. Gunsolus 
Extension Agronomist - Weed Control 

Department of Agronomy and Plant Genetics 
University of Minnesota 

During this past growing season numerous reports of soybean injury associated with 
Pursuit from American Cyanamid and Pinnacle and Classic from DuPont were 
documented by extension agents, crop consultants, industry representatives, and 
agrichemical dealers. Injury symptoms associated with this newer herbicide chemistry 
fell into two general categories, injury associated with the imidazolinone (Pursuit) and 
sulfonylurea (Pinnacle and Classic) chemistry and injury associated with the phenoxy 
herbicide, Banvel. 

IMIDAZOLINONE/SULFONYLUREA INJURY SYMPTOMS 

The imidazolinone and sulfonylurea families of herbicides affect plant growth and 
development in the same way. Therefore, injury symptoms will be the same for both 
families of herbicides. Mild injury symptoms include stunted soybeans with yellow leaves 
and, quite frequently, red leafveination. More severe injury symptoms include browning 
and decay at the node connecting the leaf petiole to the stem and the subsequent 
browning of the stem pith (mimicking brown stem rot symptoms). Severe injury from 
these herbicides may also result in the death of the terminal growing point. 

In most of the documented cases it appears that the most severe injury symptoms were 
associated with application made on days where temperatures exceeded gooF. In 1ggo, 
this relates to applications made during the week of July 4th. The severity of crop injury 
was also influenced by the adjuvants used, the rate of herbicide used, and in some cases 
stresses associated with iron chlorosis. 

With Pursuit, Pinnacle, and Classic, the use of a crop oil concentrate will result in more 
crop injury than the use of a nonionic surfactant. Do not use crop oil concentrate with 
Pursuit. Pinnacle and Classic are labeled for use with crop oil concentrate but it should 
not be used unless growing conditions are extremely dry. Research from DuPont 
indicates that greater crop injury potential exists when Pinnacle is tank mixed with 
Classic than when Pinnacle is used by itself. Also, there is greater crop injury potential 
when Pinnacle or Classic are tank mixed with liquid nitrogen and a nonionic surfactant 
than when only the nonionic surfactant is used. Therefore, unless you are targeting for 
velvetleaf control it would be best to leave the liquid nitrogen out of the Pinnacle or 
Pinnacle plus Classic spray mixture. Remember that for the purposes of this discussion, 
crop injury potential is framed in the context of stressful environmental conditions (eg. 
temperatures greater than gooF). 
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Besides high temperatures, another stressful condition that occurred in 1990 was iron 
chlorosis in soybeans. Many soybeans planted in high pH soils in 1990 experienced iron 
chlorosis problems. Iron chlorosis symptoms in soybeans appear as stunted and yellow 
beans. In several instances in southwestern Minnesota, application of Pursuit. Pinnacle, 
or Pinnacle plus Classic, to iron chlorotic soybeans resulted in severe stunting and 
yellowing problems and in a few cases. plant death. To what degree the herbicides 
enhanced the iron chlorosis problem is difficult to tell. However. application of any 
postemergence herbicide to soybeans that are already stressed is risky and should be 
avoided whenever possible. 

The margin of crop safety with Pursuit. Pinnacle, and Classic is not extremely wide, 
especially when temperatures exceed 90°F or the soybean plants are stressed in other 
ways. Therefore, it is very important that the field sprayer be well calibrated. One major 
issue that arose in 1990 involved the transition by many farmers from broadcast to over 
the row band applications of postemergence herbicides. When using a band sprayer it 
is extremely important that the proper spray nozzle be used. Band applications should 
use only even flat-fan nozzles. Even flat-fan nozzles are designated with an E following 
the nozzle size (eg. 8002 E). In 1990, many band applicators were sold with tapered flat
fan or hollow cane nozzles. Use of these nozzle types will result in an uneven distribution 
of the herbicide within the band. Research by Duane Rathman of American Cyanamid 
indicates that use of the wrong nozzle type can result in approximately 2.5 times the 
labeled rate of herbicide being applied directly over the soybean row and less than 0.5 
times the labeled rate being applied to the outside edge of the band. Such a 
misapplication could result in increased crop injury and poor weed control. the worst of 
both worlds. 

BANVEL HERBICIDE INJURY SYMPTOMS 

In 1990, shortly after postemergence herbicide applications, many soybean fields had 
cupped leaves and distorted plant growth. These injury symptoms are associated with 
Banvel drift onto soybeans. In many fields the injury was quite uniform and was not 
associated with Banvel drift from corn fields. In almost all cases the Banvel injury 
occurred shortly after applications of Basagran, Pursuit, Pinnacle, or Classic in tank 
mixtures with liquid nitrogen (28%N). After analyzing many field situations, the most 
probable cause for this crop injury involves liquid nitrogen's ability to effectively remove 
Banvel deposits from spray tanks. The longer the nitrogen solution was allowed to 
remain in the tanks (ie. overnight) the worse the Banvel injury that ensued when applied 
to soybeans. Even in tanks that appeared to be adequately cleaned, if left in the tank 
long enough, liquid nitrogen appears to be removing small amounts of Banvel from the 
tank. 

Sandoz and BASF chemical companies have done numerous tests regarding Banvel injury 
on soybeans. Their research has shown that as little as 0.000 1lb/ A ofBanvel can cause 
visual injury symptoms (ie. leaf cupping). However, it takes approximately 0.01 to 0.05 
lb 1 A of Banvel to cause crop yield reduction. In most instances, there will not be a crop 
yield loss attributed to Banvel unless the growing point of the soybean plant is severely 
injured. Also. injury to young soybean plants is less likely to result in yield loss than 
injury to older, flowering soybeans. 
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Phenoxy herbicides such as Banvel can bind quite tightly to surfaces in the spray 
systems. When the spray system is not properly washed after Banvel use, these residues 
can later dissolve into the spray solution especially if a liquid nitrogen fertilizer is added 
to the spray tank. The liquid nitrogen can readily dissolve Banvel residues and thereby 
contaminate the spray solution. Also, it may take more than one tankful of spray 
solution to break up pockets ofBanvel residue. As a result, Banvel injury symptoms may 
show up in later applications. 

Proper cleaning of the spray tank immediately after Banvel use is essential for avoiding 
crop injury. Tank cleaning tips are listed on the Banvellabel and require the applicator 
to fill the spray tank with water, adding 1 quart of household ammonia for every 25 
gallons of water, and to let the solution to stand for several hours, preferable overnight. 

BASF, the manufacture ofBasagran, recommends that you use more than just ammonia 
and water. The BASF technical bulletin number 8807 recommends the use of a 
commercial spray cleaner, household dishwashing detergent, or a surfactant. The 
dishwashing detergents and surfactants require about 2 quarts to clean a 500 gallon 
tank. After filling the tank with water and cleaner, circulate the cleaning solution and 
let it stand for 24 hours before draining. Remember to clean the nozzles and screens and 
replace sight-level tubes as these are good sources for contamination. Finally, do not let 
an uncleaned spray tank stand over the winter or any other extended period of time, as 
this will make tank cleaning extremely difficult next spray season. 

In addition to incomplete spray cleaning practices, there have been a few instances where 
liquid nitrogen was improperly stored in "clean" Banvel containers. This is obviously not 
a good idea and this problem can be easily solved via improved storage procedures. 

In summary, 1990 environmental conditions were conducive for enhancing the crop 
injury potential of Pursuit, Pinnacle, and Classic. These herbicides were applied under 
conditions that did not exist in previous years when these products were being tested 
experimentally. As a result, there has been a great deal of confusion surrounding the 
crop injury potential of these new products. Please read the 1991 herbicide labels for any 
changes the companies may make regarding the application of these herbicides. Also. 
1990 was the first year for banding postemergence herbicides for many crop producers, 
as a result there were many errors that led to rate of application problems. A greater 
awareness of potential application problems should go a long way toward eliminating 
these problems in the future. 
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NEW POSTEMERGENCE GRASS HERBICIDES IN CORN 

Cliff Watrin 
Assistant Extension Specialist
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Jeffrey L. Gunsolus 
Extension Agronomist - Weed Control 

Department of Agronomy and Plant Genetics 
University of Minnesota 

Postemergence grass control in corn is a very difficult and timely operation. Bladex 
and tank mixtures with Prowl or Tandem are effective on annual grasses that are less 
than 1.5 inches tall and at the 3-leaf stage or less. However, Bladex must be applied 
to corn before the fifth leaf emerges from the whorl and often, Bladex can cause crop 
injury problems. Atrazine and oil and tank mixtures with Prowl or Tandem are also 
effective on annual grasses at the 3-leaf (1.5 inch tall) stage, or less. Atrazine can 
cause severe crop rotation restrictions due to it's carryover potential. There is a need 
for postemergence grass herbicides that can be applied to larger grass weeds that do 
not have the carryover or crop injury problems associated with Atrazine or Bladex, 
respectively. 

Recently, there have been some important changes in the postemergence herbicide 
market for corn. Beacon from Ciba -Geigy and Accent from Dupont have both received 
federal labels for use on field corn. 

MODE OF ACTION 

Beacon and Accent are sulfonylurea herbicides, which are amino acid synthesis 
inhibitors. Amino acids are key building blocks for normal plant growth and 
development. Injury symptoms are slow to develop, generally taking one to two 
weeks. General injury symptoms include stunting or slowing of plant growth, 
yellowing, and slow plant death. Corn injury symptoms include stunting, yellowing of 
leaves in the corn whorl, wrinkling of leaf margins, and occasionally, excessive 
tillering. 

BEACON 

Beacon is an effective postemergence herbicide for control of some grass and broadleaf 
weeds in field corn. Beacon is not labelled for use in sweet corn, seed corn, or 
popcorn. Beacon has excellent herbicidal activity on weedy-sorghum species. In 
Minnesota the primary sorghum weed species is sorghum-almum. Beacon is also very 
effective on shattercane (Sorghum bicolor). Beacon has also been shown to be 
effective in controlling quackgrass and many broadleaf weeds. Weed height ranges for 
optimum control of sorghum-almum and shattercane are 4 to 12 inches, and 4 to 8 
inches for quackgrass. Split applications of Beacon may be more effective in 
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controlling quackgrass, especially under drought or stress conditions. Beacon is not 
effective in controlling any of the foxtail species, wild proso millet, or woolly cupgrass. 

Although Beacon's grass weed control is limited, it does have a broad spectrum of 
broadleaf weed control that includes cocklebur, wild mustard, Eastern black 
nightshade, pigweed, ragweed, smartweed, and sunflower. Its major weakness is 
lambsquarters and velvetleaf. 

Beacon is formulated as a 75% WG (water dispersible granule) and is packaged in 
water soluble packets. One packet treats 2 acres at the standard use rate of (0.76 
oz/ A). The standard use rate may be applied as a single application or a split 
application (2 applications of 0.38 oz/ A). Nonionic surfactant at a use rate of 0.25% 
vfv (2 pts per 100 gallons) or oil concentrate at less than 2.5% v/v (2.5 gals per 100 
gal of spray volume) are required for adequate weed control. Liquid nitrogen fertilizer 
may be added to the spray solution at 1 to 2 pints per acre. Beacon is most effective 
if applied to weeds that are actively growing and are not under stress due to drought 
or cultivation. 

Beacon may be tank mixed with Banvel (0.5 to 1 pt/A), Buctril (1 pt/A), or 2.4-D (0.5 
pt/ A) to increase the spectrum of broadleaf control. Do not use crop oil concentrate 
or liquid nitrogen as the spray adjuvant when using the above tank mixtures. Use 
only a nonionic surfactant, else crop injury could result. 

Corn can be replanted 14 days after a Beacon application. Winter wheat may be 
planted 3 months after a Beacon application. Alfalfa, dry beans, sorghum, soybeans, 
sunflowers, and spring seeded small grains can be planted 8 months after a Beacon 
application. However, if dry weather prevails during much of the time interval, 
sorghum and winter wheat injury may occur. All other crops may be planted 18 
months after a Beacon application. Beacon has no PH restrictions concerning 
performance or carryover at the present time. 

Beacon may be applied postemergence over-the-top to free standing field corn between 
4 and 20 inches in height. Beacon should not be applied if any formulation of 
Counter insecticide has been applied to the crop at any time during the growing 
season. This restriction includes all formulations of Counter including Counter 20CR. 
If other organophosphate insecticides (ie. Dyfonate or Thimet) are used at the time of 
planting, wait at least 30 days after planting to apply Beacon. Do not apply a foliar 
postemergence application of an organophosphate insecticide within 10 days before or 
after a Beacon application. 

Ciba -Geigy has shown that some field corn hybrids are potentially susceptible to 
injury following a Beacon application. It appears that the number of varieties 
susceptible to Beacon injury are low, and are mainly in varieties grown predominately 
in the southern U.S. However, a current listing of susceptible varieties should be 
obtained from your chemical dealer or seed supplier if you plan to use Beacon. 

ACCENT 
Accent is an effective postemergence herbicide for control of foxtail species, wild proso 
millet, woolly cupgrass, sorghum-almum, sandbur, and quackgrass, in field corn. 
Weed height ranges for optimum control with Accent are 1-4 inches for all foxtail 
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species, 2-4 inches for wild proso millet, woolly cupgrass, and sandbur, and 4-10 
inches for sorghum-almum and quackgrass. Weeds which exceed the height 
restrictions may only be partially controlled, even at higher use rates of Accent. 
Accent is not presently labelled for use in sweet com, seed com, or popcorn. 

The broadleaf weed control of Accent is limited to smartweed and pigweed and 
although it is not listed in the label, Accent does a good job of controlling wild 
mustard. 

Accent is formulated as a 75% WG and has a standard use rate of (0.66 oz/ A). The 
standard use rate may be applied as a single application or a split application (2 
applications of 0.66 oz/ A). Combined dosages for split applications of Accent cannot 
exceed 1.33 oz/A per growing season. Nonionic surfactant at a use rate of 0.25% vfv 
(2 pts per 100 gallons) or crop oil concentrate at 1% v/v (4 qts per 100 gallons) are 
required for adequate weed control. Liquid nitrogen fertilizer may be added to the 
spray solution at 4% v/v (4 gal per 100 gallons). Accent is most effective if applied to 
weeds that are actively growing and are not under stress due to unfavorable weather 
conditions or recent cultivation. 

By the 1991 growing season, Accent may be tank mixed with Banvel (0.5 to 1 pt/A), 
Buctril (1 to 1.5 pt/A), Buctril-Atrazine (1 to 1.66 pt/A), and Marksman (2 to 3.5 
pt/A). When tank mixing with the above herbicides use only a nonionic surfactant at 
0.25% v/v. Do not use crop oil concentrate or liquid nitrogen fertilizer with the above 
tank mixtures. Accent may also be tank mixed with Atrazine 4L ( 1 qt/ A). When tank 
mixing Accent and Atrazine, crop oil concentrate at 1% v /v and liquid nitrogen 
fertilizer at 4% v /v may be used as additives. 

DuPont is currently in the process of revising some of the crop rotational and PH 
restrictions for Accent. Special care should be taken in referring to the new Accent 
label to ensure that crop rotation plans are addressed. There are currently no 
restrictions on field com hybrids that may be used when applying Accent. 

Accent may be applied postemergence over-the-top to free standing com between the 
2 leaf and 6 leaf stage. To avoid possible crop injury and ensure weed coverage use 
drop nozzles to direct spray to weeds when com is between the 6leaf and 10 leaf 
stage. Research has shown that the crop injury potential is enhanced when Accent is 
applied over-the-top of com that exceeds the 6leaf stage. Accent should not be 
applied if any formulation of Counter insecticide has been applied to the crop at any 
time during the growing season. This restriction includes all formulations of Counter. 
including Counter 20CR. Do not apply Accent to com that has been treated within 
seven days before with foliar applied organophosphate insecticides, such as Lorsban, 
malathion, or parathion, or with the herbicides Basagran, Laddok, or Tandem. Do not 
apply these materials within 3 days after applying Accent, or crop injury may result. 

SUMMARY 

When applied according to label instructions, both Accent and Beacon should provide 
effective weed control without risk of crop injury or carryover to crops ~~ wh as 
soybean, alfalfa, and small grains. Crop safety can be enhanced by applying either 
product early in the growing season to corn less than 20 inches tall (Beacon) or 6 leaf 
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(Accent) and by watching which herbicides and insecticides are used in conjunction 
with the herbicide. Due to Beacon's limited grass weed control spectrum, Accent will 
have the greatest impact in fields where a mixed grass population exists. Both 
herbicides will begin to replace Atrazine as the "in season" quackgrass herbicide. This 
is due to the restrictions on the use rate of atrazine (3 lb/ A per calendar year) and its 
time of application (no fall applications of atrazine). Timing of application is extremely 
important with either Accent or Beacon and in comparison to Atrazine or Bladex the 
opportunity for weed control will be expanded by approximately 5 days for most grass 
weed species. 
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INTERACTION OF ACCENT AND BEACON WITH SOIL-APPLIED CORN INSECTICIDES 

K. R. Ostlie and J. L. Gunsolus 
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Departments of Entomology and Agronomy & Plant Genetics 
University of Minnesota 

ACCENT AND BEACON IN MINNESOTA 

Accent from DuPont and Beacon from Ciba-Geigy are two new postemergence 
herbicides that have been recently labeled for use on field corn. Neither 
product has received a label for sweet corn, seed corn, or popcorn. Of the two 
herbicides, Beacon is more limited in its spectrum of grass control. Beacon is 
labeled for control of problem grasses such as weedy-sorghum species (sorghum
almum and shattercane) and quackgrass, however, Beacon has a broad spectrum of 
broadleaf control. Accent is quite limited in its broadleaf control but will 
control the same grass weeds as Beacon plus foxtail species, wild proso millet, 
woolly cupgrass and several other annual grasses. 

Crop rotations for Accent and Beacon do differ, however, rotation to commonly 
planted Minnesota crops such as spring seeded small grains, alfalfa, dry beans 
and soybeans should not be a problem. Crop rotation restrictions often change 
each labeling year. Therefore, follow the instructions on the most current 
herbicide label. 

When applied according to label instructions both Accent and Beacon should 
provide effective weed control with little risk of injury to field corn. Crop 
safety can be enhanced by applying either herbicide early in the growing season. 
This would translate to 4 to 20 inch free standing corn for Beacon and 2 to 6 
leaf corn for Accent. It is also extremely important for you to watch which 
insecticides and herbicides will be used in conjunction with Accent or Beacon. 
Crop injury can be accentuated by certain organophosphate insecticides, notably 
Counter. Given the widespread use of organophosphate insecticides for corn 
rootworm control, we are concerned about the potential for crop injury and yield 
reduction if associated use precautions are not followed. The purpose of this 
paper is to warn you about the interaction of Accent and Beacon with soil 
insecticides, illustrate the potential for crop injury and yield loss, and advise 
you about use precautions designed to avoid this interaction. 

BEACON AND ACCENT INJURY 

Beacon and Accent are sulfonylurea herbicides. Sulfonylurea herbicides inhibit 
normal plant growth and development ... Therefore injury symptoms are slow to 
develop, generally taking one to two weeks. Corn injury symptoms include 
stunting, yellowing of l~'>ave:; in the cotn whorl, wrinkling of leaf margins, and 
occasionally excessive tillering. When injury occurs it's duration is often 
short lived and yield loss, if any, rarely matches the severity of injury 
symptoms. 
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Crop injury from Beacon or Accent is normally avoided because corn detoxifies the 
herbicide. However, crop injury can by accentuated when either herbicide is 
applied to corn that has been previously treated with Counter or certain other 
organophosphate insecticides. This enhanced herbicide injury response in the 
presence of organophosphate insecticides is the result of an overleading of the 
corn plants detoxification system. Apparently both Accent and Beacon and the 
organophosphate insecticides are degraded by the same detoxification system 
within the corn plant. When an organsphoshate insecticide, such as Counter, 
enters the corn plant it begins to be broken down by the plants degradation 
system. If Accent or Beacon are applied at a time when the degradation system 
is "busy" degrading the insecticide then the plant is susceptible to herbicide 
injury. 

INTERACTION WITH ORGANOPHOSPHATE INSECTICIDES 

Organophosphate insecticides are widely used in corn production. Common examples 
include granular insecticides, such as Counter, Thimet, Dyfonate and Lorsban, and 
liquid insecticides such as Lorsban, Cygon, malathion and diazinon. Phytotoxic 
interaction with sulfonylurea herbicides such as Accent and Beacon has been 
documented for several of these organophosphate insec.ticides. Other types of 
insecticides, notably carbamates (e.g., Furadan or Sevin) and pyrethroids (e.g., 
Asana, Ambush, Pounce or Force), have not accentuated Accent or Beacon injury in 
corn. 

Severity of crop injury varies with several factors: the insecticide, timing of 
insecticide application relative to Accent or Beacon application, weather and the 
corn variety. Each of these factors will be discussed below in more detail. 

Factor 1. Choice of Insecticide 
Accent or Beacon are most likely to be used against problem grasses in continuous 
corn or against foxtails. The primary situation generating concern involves 
granular soil insecticides used for corn rootworm, wireworm, or white grub 
control. Problems are most likely in continuous corn where organophosphate 
insecticides such as Counter, Thimet, and Lorsban are widely used for corn 
rootworm control. The risk of crop injury varies among corn rootworm 
insecticides. Ciba Geigy research ranks the potential risk of crop injury from 
Beacon interaction with soil insecticides as follows: High - Counter; Medium -
Dyfonate, Thimet; Low - Lorsban, Furadan, Force, Fortress, Mocap, Diazinon. 
Dupont research ranks the risk of Accent injury similarly: High - Counter; Medium 

Dyfonate, Timet, Lorsban; Low Furadan, Force, Fortress. Infurrow 
applications produced more crop injury than banded applications. American 
Cyanamid research also reveals a similar ordering of soil insecticides and 
placement differences. Regardless of who's doing the research, the threat of 
crop injury is greatest when either Accent or Beacon follow Counter lSG 
application. 

The general pattern among soil insecticides reflects the ability of the 
insecticide or its breakdown products to be taken up by corn and interfere with 
the corn plants ability to breakdown Accent or Beacon. Counter may offer the 
greatest risk because Counter and its breakdown products are readily absorbed by 
corn roots and move about the plant; that is, Counter has systemic activity. 
Note: this general pattern is based on extremely limited information and relative 
rankings of products may change as more information becomes available. 
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Crop injury can also result from foliar application of liquid organophosphate 
insecticides, such as malathion, diazinon, dimethoate (Cygon) or Lorsban, when 
it closely coincides with application of Accent or Beacon. Fortunately, few 
insect pests attack corn during the period when Accent or Beacon applications 
usually occur. Two exceptions come to mind: 1) control of stand reducers such 
as cutworms with Lorsban and 2) early grasshopper control with malathion, 
dimethoate (Cygon), or Lorsban. Fortunately excellent alternative products are 
available in each pest situation. Furthermore, the probability of these insect 
pest situations requiring control is dramatically smaller than with granular soil 
insecticides and corn rootworms. 

Factor 2. Relative Timing of Insecticide and Herbicide Applications 
For crop injury to occur, the OP insecticide must be present and absorbed into 
the plant to block the herbicide degradation. Two situations offer the greatest 
potential to trigger crop injury: 1) soil insecticides applied at planting and 
2) foliar applications of liquid insecticides either tankmixed or applied in 
close temporal proximity to Accent or Beacon. Neither herbicide should be applied 
if any formulation of Counter has been applied. The Beacon label also warns 
against Beacon application within 30 days of planting when other organophosphate 
soil insecticides are used. There is no timing restriction on Accent application 
following other organophosphates soil insecticides, although its label warns 
about temporary crop injury. 

The Beacon label carries a warning against foliar application of organophosphates 
10 days before or after the Beacon application. Similarly, the Accent label 
warns against foliar application of organophosphate insecticides or the 
herbicides Basagran, Laddock or Tandem 7 days preceding or 3 days following the 
Accent application. 

Factor 3. Weather 
Soil moisture and timing of rainfall also have a big influence on whether or not 
crop injury occurs and its magnitude. Because of this influence on rainfall, 
crop injury is not very predictable, even in the most likely situation ... Counter 
lSG with Accent or Beacon. The worst crop injury potential occurs when a three 
to four week period of low rainfall after planting is followed by heavy 
rainfalls. This rainfall activates the insecticide, moves it into the root zone, 
so concentrations are at their peak when Accent or Beacon are applied. To 
illustrate this point consider the Springs of 1989 and 1990. The relatively dry 
spring of 1989 produced very little injury (<10%) in trials conducted by Bill 
Lueschen at the Southern Experiment Station in Waseca. In contrast, wetter 
weather in 1990 produced up to 27% crop injury. 

Factor 4. Variety 
Sweet, pop and seed corn exhibit greater susceptibility to crop injury from this 
herbicide - insecticide interaction. Also, neither herbicide has currently 
received a label for use in these crops. Variation between field corn hybrid 
also has been noted. A supplemental Beacon label lists extremely susceptible 
varieties that should be avoided. Contact your herbicide dealer, seed dealer or 
Ciba Geigy representative for an up-to-date listing of susceptible field corn 
varieties. 
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1990 MINNESOTA STUDIES 

The greatest risk of crop injury and yield losses by Minnesota farmers will occur 
when Accent or Beacon is applied to control problem grasses or foxtail in 
continuous corn already treated with Counter or possibly with other 
organophosphate insecticides. Minnesota studies were designed to answer three 
basic questions about this herbicide - insecticide interaction. 

1. What are the risks of Counter, Lorsban, and Fortress inducing crop 
injury when Accent and Beacon are used? 

2. Can any aspect of Counter use (formulation, placement, rate) 
substantially reduce the risk of injury with Accent? 

3. How do timing and rate of Accent application affect its interaction 
with Counter? 

In each study, a representative Minnesota hybrid 'Pioneer 3751' was used. We 
deliberately avoided extremely susceptible or resistant varieties. All soil 
insecticides were applied at planting. Accent and Beacon were applied 
postemergence at 20 gpa when corn was between the third and seventh leaf stage. 
Data collected included visual crop injury ratings ca. 11-17 days after Accent 
or Beacon application and yield. We will briefly highlight our findings in these 
studies. 

Study 1: Accent/Beacon Interaction with Representative Soil Insecticides 

The general pattern of soil insecticide potential to induce Accent or Beacon 
injury, as discussed earlier, has not been verified under Minnesota conditions. 
The purpose of this study was to examine three organophosphate soil insecticides 
along the spectrum of interaction risk with Accent and Beacon: Counter - high, 
Lorsban - medium, Fortress - low. 

The 1990 growing season provided ideal weather and soil moisture conditions at 
Rosemount for crop injury from Accent and Beacon. To accentuate the potential 
for crop injury all insecticides were applied infurrow. Crop injury from the 
insecticide interaction with Accent and Beacon followed the trend discussed 
earlier (Fig. 1). Counter 15G was the most severe with Lorsban 15G demonstrating 
slightly greater crop injury than when the herbicides were used alone. Fortress 
SG, a new DuPont insecticide currently used under an experimental use permit, did 
not accentuate Beacon or Accent injury. Crop injury from the herbicide -
insecticide interaction (Fig. 1) was greater with Beacon than with Accent. 
Yields followed the same general pattern (Fig. 2), except for an unusually low 
yield with Counter applied without Accent or Beacon. Yield reductions were not 
as dramatic as early injury ratings. A high level of crop injury was required 
(>10%) before yield reductions were observed. 
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HERBICIDE X INSECTICIDE INTERACTION: 
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Fig. 1. Crop injury (% plants injured) observed in Accent and Beacon 
interactions with Counter, Lorsban, and Fortress. 

HERBICIDE X INSECTICIDE INTERACTION: 
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Fig. 2. Corn yields (bu/A) observed wnen sulfonylurea herbicides Accent and 
Beacon are used with organophosphate insecticides Counter, Lorsban, and 
Fortress. 
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Study 2: Counter Management Options with Accent 

Counter management options investigated included formulation (lSG vs 20CR), 
placement (7"surface band ahead of presswheel [-T-band] vs infurrow), and rate 
(1.2, 0.9, and 0.6 oz ai/1000 row-ft plus an untreated check). The purpose of 
this study was to investigate whether any Counter management options could 
significantly reduce the level of crop injury in this interaction with Accent. 
Accent was chosen for this study because of its broader grass control spec~um. 

Perhaps some background information on Counter 20CR is needed. Counter 20CR, 
labelled in 1990 is a new innovation in formulation technology that features a 
plastic granule. The formulation has excellent handling characteristics and its 
performance in Minnesota and Midwestern trials is equivalent to Counter lSG. One 
of it main advantages over lSG is greater applicator safety. The dermal LD~ for 
20CR is 190 mg/kg compared to 15 mg/kg for the lSG formulation; this is a 10-fold 
increase in handling safety. In addition, no dust and reduced odor lowers 
inhalation risks during handling. Because the Counter 20CR formulation offers 
a different release pattern than lSG, we were interested in whether or not it 
would reduce the crop injury potential with Beacon and Accent. The formulation 
will be available, (on a limited basis) to Minnesota growers in 1991. 

Crop injury levels in this study at Rosemount were slightly more severe than 
observed in the previous study (Fig. 3). As discussed earlier, banded 
applications of Counter lSG reduced crop injury compared to infurrow 
applications. Counter 20CR definitely reduced crop injury when compared to 
Counter lSG. In particular, when band applied, crop injury with 20CR was 
equivalent to Accent alone. Research by American Cyanamid throughout the Midwest 
has revealed similar trends, except that Counter 20CR infurrow injury rates are 
significantly higher than 20CR banded. In our study, reducing application rates 
of lSG also reduced crop injury whether applied infurrow or in a band ahead of 
the presswheel. In contrast, no difference in application rates were noted with 
Counter 20CR. 
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Fig. 3. Crop injury (%) from Accent under different Counter management options. 
IF - infurow Band - band application 
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Study 3. Timin~ and rates of Accent 

Accent is labeled for application up to the ten leaf stage (VlO) at rates ranging 
from 2/3 to 1 1/3 oz/acre. The purpose of this study was to examine how Accent 
applications at different growth stages and application rates would affect crop 
injury when Counter lSG was applied infurrow at planting. The study was 
conducted by Dr. Bill Lueschen at the Southern Experiment Station in Waseca. 

Two important findings were observed concerning Accent application regimes. 
First, older corn is more susceptible to injury than younger corn (V4 > V3) (Fig. 
4.). Secondly, no difference in crop injury between Accent application rates was 
detected. 

INTERACTION OF ACCENT RATES AND COUNTER: 
CROP INJURY 
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Fig. 4. Crop Injury (%) from different Accent management options and Counter. 

Research Summary 

The following conclusions can be derived from these three studies. 
1. Beacon interaction with soil insecticides produces greater crop injury 

than Accent interaction. 
2. Comparison of crop injury between soil insecticides confirmed these 

relative rankings: Counter lSG - high, Lorsban lSG - moderate to low, 
Fortress - low to none. 

3. Low levels of crop injury (<10%) did not produce yield loss. 
4. Crop injury was greater when Counter lSG was applied infurrow than in 

a T-band. 
5. Counter 20CR significantly reduced crop injury compared to lSG. 
6. \.;rop injury increased with application rate of Counter lSG but not 20CR. 
7. Accent application rate did not affect crop injury. 
8. Crop injury was more severe at later corn growth stages. 
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LABEL WARS 

Some organophosphate insecticides, notably Counter, accentuate crop injury from 
Accent and Beacon. That fact and its liability and market repercussions are 
generating widespread concern and some unique label precautions. On one hand, 
DuPont and Ciba Geigy want to minimize crop injury resulting from this herbicide 
by insecticide interaction. Minimizing crop injury preserves the reputation of 
the herbicides, reduces potential liability for crop loss. and frees sales and 
technical staff from handling an overwhelming complaint load. The result is 
label restrictions on organophosphate insecticide use, herbicide use and even 
corn hybrids. On the other hand, the companies whose products are singled out 
for label restrictions are justifiably concerned about market consequences and 
wonder if the restrictions are unnecessarily broad. 

Let's examine the Accent and Beacon label restrictions in view of our 1990 
research. Both Accent and Beacon labels prohibit application to corn previously 
treated with Counter. Our results, typical of recent research in the Midwest, 
illustrate the elevated injury potential associated with Counter lSG. While 
placement and rate influence crop injury, crop injury remains above acceptable 
levels for all lSG treatments. Since Counter lSG holds the largest market share 
of soil insecticides, the potential for widespread crop injury if farmers use 
Accent or Beacon in conjunction with Counter lSG is fairly significant. Since 
Counter 20CR is newly registered, the question arises "Do Accent and Beacon label 
prohibitions against Counter apply to Counter 20CR?" DuPont and Ciba Geigy say 
yes while American Cyanamid disagrees. Recent American Cyanamid advertizing 
portrays Counter 20CR applied as a T-band or band as a safe alternative with 
Accent. Their 1990 research results and our own illustrate that crop injury 
potential is clearly reduced with Counter 20CR. But is it enough? Given the 
unpredictability of weather conditions and variation in varietal susceptibility, 
crop injury is likely in some situations. The risk is unknown and pending 
additional data, we advise against Counter 20CR use with Accent in 1990. 

MANAGEMENT IMPLICATIONS FOR MINNESOTA FARMERS 

The risk of crop injury and associated yield loss with about this herbicide by 
insecticide interaction mean one thing ..... watch out! This is one situation 
where ignorance is not likely to be bliss. Based on our research and label 
precautions, we offer the following advice. 

1. When planning the use of Accent or Beacon on problem grasses, such as 
quackgrass, sorghum-almum, wild proso millet and woolly cupgrass, avoid using any 
formulation of Counter at planting. Use an alternative soil insecticide with low 
potential for interacting with Accent or Beacon, e.g., Force or Furadan. 

2. If Counter lSG or Counter 20CR is used, fields with problem grasses should 
not be treated with Accent or Beacon. Use an alternative herbicide strategy. 
Consult AG-BU-3157 Cultural and Chemical Weed Control Bulletin for the 
appropriate cultural and chemical options. 

3. The use of Accent or Beacon against foxtails will be largely dependent upon 
the effectiveness of weed control measures applied ealier in the growing season. 
If foxtails become a problem, choice of postemergence herbicide may not have 
initially influenced the soil insecticide selection, if one was used. Therefore, 
plan the postemergence grass control strategy (see AG-BU-3157)around that 
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insecticide selection that was made. If Counter, Thimet, Dyfonate or Lorsban 
were used, avoid Accent or Beacon unless you're prepared to risk crop injury and 
possible yield loss. Rely instead on Atrazine, Bladex or, Atrazine or Bladex 
combinations with Tandem or Prowl. If a low risk insecticide was used, the full 
range of postemergence options is available including Accent or Beacon. The 
critical factor will be remembering what soil insecticide was applied to the 
field. A field record of soil insecticide use may be invaluable in avoiding crop 
injury if a postemergence foxtail control decision must be made. 

In a sense, crop producers will be conducting a big experiment this spring 
regarding the actual risks of Accent and Beacon interaction with organophosphate 
soil insecticides. Protect against possible crop injury and yield loss! Follow 
label precautions and the advice just given. If using questionable combinations 
of Accent or Beacon with Counter 20CR, Dyfonate, Thimet, or Lorsban, leave an 
area untreated with soil insecticide or herbicide. Comparison of these areas may 
help determine whether crop injury can be attributed to the herbicide or an 
interaction with the soil insecticide. Next year we'll be able to provide more 
definitive answers about this herbicide X insecticide interaction. 

78 



-NOTES-



-NOTES-



-NOTES-




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	Blank Page

