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USING BENTAZON EFFECTIVELY FOR THE CONTROL OF BROADLEAF WEEDS IN SOYBEANSl/ 

INTRODUCTION 

Robert N. Andersen, Plant Physiologist, 
Agricultural Research Service, U.S. Department of 
Agriculture; and Professor of Agronomy and Plant 

Genetics, University of Minnesota 

For several years, preemergence or preplanting herbicides have generally con
trolled grass weeds in soybeans. Although we obtained some broadleaf weed 
control with these preemergence or preplanting herbicides and with several 
postemergence herbicides, there was considerable room for improvement of 
broadleaf weed control in soybeans. Improving broadleaf weed control has 
been a primary objective of our research program for several years. 

In greenhouse studies during the winter of 1970-71, we obtained excellent 
control of broadleaf weeds with no injury to soybeans when we applied 3-
isopropyl-1H-2,1,3-benzothiadiazin-(4)3H-one 2,2-dioxide (bentazon) as an 
early postemergence treatment. Field studies with bentazon in 1971, 72, and 
73 at Minnesota Agricultural Experiment Stations at Rosemount, Waseca, Morris, 
and Lamberton, and in the fields of several farmer cooperators have been gen
erally successful; as have been those of research workers in other states. 

Bentazon is not currently registered for use on soybeans. During 1973 limited 
quantities were available under an experimental permit for use on farm field 
plots. The results of our studies may be helpful in the proper use of bentazon 
on soybeans, when it is finally registered for use. 

WEEDS CONTROLLED 

In our experiments, common cocklebur, wild mustard, and annual smartweeds were 
very susceptible to bentazon. Wild sunflower, velvetleaf, and common ragweed 
were somewhat less susceptible; but were readily controlled. Pigweeds were 
satisfactorily controlled when sprayed at an early stage (three true-leaf); but 
they became more resistant at later stages. Response of common lambsquarters 
was puzzling. Sometimes we obtained good control, and sometimes poor control; 
and we have been unable to associate success or failure with stage of the weeds 
or other factors. The broadleaf weeds mentioned thus far are the major ones 
concerning us in this region; however, some other broadleaf weeds are also con
trolled by bentazon. The ones mentioned are the only ones with which we have 
worked. Bentazon does not control grass weeds. 

llcooperative investigations of the Agricultural Research Service, U.S. Depart
ment of Agriculture and the Minnesota Agricultural Experiment Station. This 
presentation is based primarily on: 

Andersen, Robert N., William E. Lueschen, Dennis D. Warnes, and 
Wallace W. Nelson. 1974. Controlling broadleaf weeds in 
soybeans in Minnesota. Weed Science (In press). 
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SOYBEAN TOLERANCE 

We have not yet summarized the soybean yield data from our 1973 studies, so 
comments about soybean yields are based only on 1971 and 72 data. However, 
visual observations of soybeans in our 1973 field studies indicated nothing 
contrary to what we saw in 1971 and 72. We have data from eight yield studies 
on weed-free soybeans. Two of these studies included eight varieties of soy
beans. In none of these studies were yields of soybeans reduced significantly 
by 3 pounds of bentazon per acre. This was the highest rate used and is a rate 
three times, or more, greater than that needed for weed control. 

We have data from eight studies on soybeans infested with common cocklebur or 
velvetleaf. In these, weed control was generally excellent with 3/4 pound of 
bentazon per acre. When weed infestations were severe enough to reduce yields, 
bentazon treatments increased yields to levels comparable with those of hand
weeded check plots. One exception was where bentazon was applied to soybeans 
growing in a low area that was periodically flooded by heavy rains. In that 
study, soybeans were severely injured, and the benefit of controlling common 
cocklebur was offset by bentazon injury; yields from the treated plots were 
about the same as those of the weedy check. Except in this one study, bentazon 
treatments generally produced little or no visible effect on the soybeans. In 
some cases, soybean leaves contacted by the spray showed a slight discoloration 
(chlorosis or necrosis). Such visible effects soon disappeared or were masked 
by new, unaffected foliage. Stands of soybeans and date of maturity were not 
affected by bentazon treatments. Heights of soybean plants at maturity were 
slightly reduced in a few cases. Germination and emergence of seeds from 
treated plants in the greenhouse were not affected, and seedlings appeared normal. 

Except for the one instance of significant injury under extre~~ly wet conditions, 
soybeans showed excellent tolerance to bentazon. Researchers_/ in Illinois have 
tested a great number of soybean varieties for response to bentazon. All but a 
few were resistant to bentazon. None of the susceptible varieties are currently 
in production in the U.S. Hence, although soybeans appear to be generally very 
resistant to bentazon, the knowledge that susceptible types do exist makes it 
important that newly developed soybean varieties be evaluated for response to 
bentazon. 

PROPER USE OF BENTAZON 

Since bentazon does not control grass weeds, some other method for controlling 
them is needed. Bentazon has little or no activity through the soil, so weeds 
must have emerged before spraying can be effective. Bentazon is applied as a 
water spray over the tops of weeds and soybeans. In our studies we have used 
a spray volume of 17 to 20 gallons per acre and a spray pressure of about 30 

~Wax, L.M., R.L. Bernard, and R.M. Hayes. 197 . Response of soybean cultivars 
to bentazon, bromoxynil, chloroxuron, and 2,4-DB. Weed Science (In press). 
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pounds per square inch. Rates of bentazon should be about 3/4 to 1 pound of 
active material per acre. This rate is equivalent to 3/4 to 1 quart per acre, 
using the current 4 pounds per gallon liquid formulation. 

Although we have obtained satisfactory weed control by spraying at later stages, 
the first trifoliolate stage is clearly the optimum stage. At this stage, 
enough weeds have emerged to make spraying worth while, the weeds are not too 
large for effective control; and, probably most important, the soybean foliage 
is not yet so dense that it protects the weeds from the spray droplets. 

Even though more weeds emerge after spraying, we obtained excellent season-long 
weed control by applying bentazon at the first trifoliolate stage, cultivating 
about one week later and again later. The soybean plant, given an initial 
advantage by this procedure, is then able to provide its own weed control by 
competition. By this procedure, we obtained excellent season-long weed control 
even of velvetleaf, a weed that is notorious for germinating throughout the 
season. 

To reduce costs, it should be possible to spray bands over the soybean rows 
rather than using a broadcast application. If this is done, it is important 
to rig equipment so that the band is located precisely over the row. A shield 
to prevent wind from displacing the spray pattern is a wise precaution. 

Bentazon was less effective when fain fell within about 24 hours after spraying. 
Once rain fell about 2 hours after spraying, and we had a complete failure. 
Therefore, it will be important to consider weather forecasts and not to spray 
if rain is expected within about 24 hours, even if this means spraying later 
than at the optimum stage of soybean development. 

FUTURE POSSIBILITIES 

Bentazon may give considerable control of yellow nutsedge; it shows some promise 
for controlling Canada thistle. More research work is necessary on the proper 
rates and timing of applications for controlling these species. 

Adding vegetable or petroleum oils shows promise for reducing the rain-free 
period necessary for effective action of bentazon. Also, addition of oils to 
the spray mixture may improve the control of some species and perhaps make it 
possible to reduce the amount of bentazon required. However, more research is 
needed on these possibilities. 
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NEW TILLAGE METHODS FOR CORN AND SOYBEANS 

W. C. MOldenhauer, Soil Scientist, 
ARS-USDA, Morris, Minnesota, and 

Professor, Department of Soil Science, 
University of Minnesota 

A new cooperative tillage research program has been initiated between 
USDA Agricultural Research Service and the State Experiment Stations at 
Morris, Lamberton, and Madison, South Dakota. The objective is to get 
highest possible yields with minimum tillage and minimum erosion and 
runoff. 

At Lamberton deep (12 inches) fall plowing left as rough as possible 
has greatly reduced wind and water erosion and yields have been good. 
This system allows maximum soil warming in the spring and maximum early 
growth for the temperatures that occur. 

This deep plowing is not adapted to soils with a thin topsoil. On these 
soils as well as at Lamberton, we are experimenting with several systems 
of residue management ranging from fall chiseling to no tillage at all. 
Many soils become so dense through the growing season that they must be 
tilled to reduce excessive spring runoff. Fall chisel plowing is an 
alternative on these soils. 

We are experimenting with a ridge-furrow system where planting is done on 
the ridge year after year and crop residue collects in the furrows. This 
system will help alleviate the cool-wet conditions generally found with 
mulch systems in the northern Corn Belt. This seems to be a good 
alternative especially where row crops are grown continously. 

When conditions are too wet or too dry for fall tillage, spring plowing or 
even spring chiseling may be poor alternatives. The best alternative may 
be to plant directly into the previous year's residue. This can be done 
by using either a fluted coulter ahead of the planter shoe or double disk 
openers on the planter. On well-drained and moderately, well-drained soils 
which do not become too dense through the growing season, this coulter may 
be a logical one to use on a permanent basis. 

In conclusion, there is very likely a tillage system that controls erosion 
better and is more convenient than the one farmers are now using. Changes 
in tillage systems must be considered very carefully and preferably tried 
on a few acres until operators are able to handle them. 
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HIGH PROTEIN FEED FROM PEAT SOILS 

Charles A. Simkins and Robert P. Schaper 
Soil Science Department 
University of ~~i nnesota 

High protein feeds for animal consumption are in demand throughout the world. 
In the past, alfalfa and soybeans have furnished a large portion of our needs 
for plant proteins. In the future, it is unlikely that they will be able to 
provide all the needed plant protein for successful meat production. 

It has been recognized for some time that grass plants properly fertilized and 
harvested can also furnish feed with high protein content. The Netherlands, 
Northern Germany, Denmark, as well as several other countries in Europe, are 
currently using grass plants harvested at an early age as a source of high 
protein feed for livestock production. The soils and climatic conditions of 
these areas are unsuitable for the economical production of alfalfa or 
soybeans. 

The State of Minnesota also has certain soils and climatic areas where the 
production of grass as a crop would appear more feasible than other cultivated 
crops. One such area is the 7 1/2 million acres of peat soil of the state. 
Approximately 4 million acres has been, or can be, readily put into 
agricultural production of grasses. 

Grass seed production has already become a rather sizeable industry on the 
peat soils of Minnesota. Vegetable, wild rice and extensive forage production 
has also been established on peat soils. These soils, when drained and 
cultivated, are recognized as good suppliers of nitrogen for plant growth. 
Recently it has become of interest to determine the quantity and quality of 
high protein feed which might be produced from these soils through 
fertilization. 

METHODS AND MATERIALS 

A pasture near Gully, Minnesota in East Polk County, was chosen as an 
experimental site. The peat soil was 5 to 6 feet in depth, underlain for the 
most part by heavy clay soil. The pasture had originally been established for 
production of timothy seed. The subsequent invasion by Agropyron repens 
(quack grass) had resulted in the field being abandoned for timothy seed 
production. The field, at the time of establishment of the trial, contained 
several grass species, of which Agropyron repens made up more than 95 percent. 

In April 1973, the existing grass residue was burned off and fertilizer 
treatments were applied by broadcasting on the surface. 

Each plot was l/100 acre in size. Each treatment, as shm-m in the following 
table, was replicated four times. It was predetermined that the grass would 
be harvested when the first growth reached a height of 8-10 inches. 
Additional harvests would then be made on a monthly basis. The dates of 
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harvesting in 1973 were May 24, June 27, July 31, August 28 and October 2. 
The entire plots were harvested with a Taro mower. Green weights were taken 
in the field. Samples of the grass were dried to allow for calculation of 
dry matter yields and protein content. Fiber and fat content were determined 
on certain treatments at the 5 cuttings. Soil chemical analysis of the site 
showed the following: 

P.!i 
6.4 

N03N - 2 ft. 

128 lbs/acre 

Available Phosphorus 

2 lbs/acre P 

Exchangeable Potassium 

70 lbs/acre K 

The moisture obtained during most of the growing season was moderately low. 
From April 1 to September 1, less than 10 inches- during September, more 
than 11 inches were obtained in two days. 

RESULTS 

The yields of dry matter per acre obtained from the various treatments are 
shown in Table 1. These weights in pounds per acre are the totals obtained 
from the 5 cuttings for each fertilizer treatment. 

Table 1. Effect of various fertilizer treatments on yield of Agropyron repens 
(5 cuttings). Gully, Minnesota 1973. 

Treatment Grass Production 
1 bs/acre Drx Matter 

N f2Qs J$2Q 1 bs/ acre 

0 0 0 2,485 
30 15 15 3,797 

100 0 0 3,031 
*100 50 50 7,023 
*100 100 100 7,609 
*200 100 100 7,757 
*300 100 100 7,590 
*400 100 100 8,471 

* These plots received an additional 50 lbs. of N per acre after each 
cutting, or an additional 200 lbs. of nitrogen per acre for the season. 

The total pounds of protein per acre obtained from the various treatments are 
shown in Table 2. 
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Table 2. Effect of various fertilizer treatments on protein yield of 
Agropyron repens. Gully, Minnesota 1973. 

N 

0 
30 

*100 
*100 
*200 
*300 
*400 

Treatment 
1 bs/acre 
!:22.5 .!5.22. 

0 0 
15 15 
50 50 

100 100 
100 100 
100 100 
100 100 

Protein 
1 bs/acre 

461 
711 

1,518 
1,819 
1 '768 
1 ,779 
2,008 

*An additional 200 lbs. N per acre were applied to these areas, 
i.e., 50 lbs. nitrogen per acre after each cutting. 

Fat and fiber analysis were made on two treatments of each cutting. This 
data is shown in Table 3. 

Table 3. Fat and fiber content of Agropyron repens as influenced by 
fertilization and date of cutting. Gully, Minnesota 1973. 

Ma,t 24 June 27 Jul,t 31 August 28 October 2 
% % % % % % % % % % 

Treatment Fat Fiber Fat Fiber Fat Fiber Fat Fiber Fat Fiber 

0- 0- 0 5. 1 20.6 3.3 24.5 3.9 19.2 4.5 19.9 

100-100-100 5.9 19.6 3.6 29.9 4. 1 20.3 4.3 20.1 

The analysis for fat and fiber content for the October 2 harvest has not been 
completed to date. 

The amino acid composition of selected treatments was made on the first 
harvest U~ay 24, 1973). The content of amino acid for the various treatments 
is shown in Table 4. 
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Table 4. Amino acid composition of Agropyron repens (percent) - May 24 
harvest date. Gully, Minnesota 1973. 

Treatments 
N - P205 - K20 lbs/acre 

Amino Acid 30-15-15 100-100-100 200-100-100 

Lysine 1.39 2. l 0 1.82 
Histidine 0.36 0.53 0.48 
Asparagine 0.48 1.11 0.78 
Arginine 1.28 1. 91 1.68 
Aspartic Acid 2.89 5.14 4.17 

Threonine 1.08 1.47 1.36 
Serine 0.82 1.20 1. 06 
Glutamic Acid 3.28 4.19 3.86 
Proline 1.33 1.60 1.52 
Glycine 1.47 1.95 1.80 

Alamine 2. 12 2.66 2.55 
Half Cystine Trace Trace Trace 
Valine 1. 79 2.36 2.24 
Methionine 0.18 0.21 0.21 
Isoleucine 1.24 1.63 1.60 

Leucine 2.21 2.90 2.70 
Tyrosine 0.68 0.89 0.85 
Phenyl aline 1.40 1.88 1.77 
Tryptophan 

The percent protein in the harvested grass for selected treatments at various 
dates of cutting is shown in Table 5. 

Table 5. Percent protein in Agropyron repens for various dates of harvest 
and fertilizer treatments. Gully, Minnesota 1973. 

Treatment 
lbs/acre % Protein 

N f_2Q5 ~Q Ma,t 24 June 27 Jul,t 31 August 28 October 2 

0 0 0 21.2 14.8 22.2 24.3 
*100 50 50 27.8 16.4 25.8 24.3 
*100 100 100 27.3 15.2 23.6 25.9 
*200 100 100 30.4 17.7 25.8 26.3 
*300 100 100 32.6 17.7 26.6 26.0 
*400 100 100 32.4 18.2 25.3 27.0 

*An additional 200 lbs. nitrogen per acre was applied during the 
growing season (50 lbs. nitrogen per acre after each cutting). 
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DISCUSSION 

Relatively high yields of high protein feed were produced as a result of 
fertilization and early cutting of Agropyron repens. It is quite likely that 
larger yields of dry matter would have been obtained if the grass had been 
allowed to grow to a greater height. The June 27 (second cutting) attained a 
height of nearly 24 inches and gave the highest yield of dry matter per acre 
for all cuttings. All treatments at the second cutting, June 27, which had 
received applications of phosphorus and potash plus 100 pounds of nitrogen 
per acre or more produced yields of more than 3,000 pounds of dry matter per 
acre. The fiber content, however, as shown in Table 3, rose to nearly 30 
percent ( 29.9) on the ferti 1 i zer treated a·reas. The percent protein at the 
second cutting was also reduced by harvesting at a height of approximately 
24 inches. The application of nitrogen fertilizer in combination with 
phosphorus and potassium resulted in dry matter yields of more than 7,000 
pounds per acre for the 5 cuttings. This occurred when 300 pounds of nitrogen 
or more were applied, Table 1. These yields were nearly 3 times those of the 
unfertilized areas {2,485 lbs/acre). 

Total protein produced per acre was similarly increased by fertilizer 
applications. Protein yields where 300 pounds of nitrogen per acre or more 
were applied attained levels of more than 1,800 pounds of protein per acre, 
Table 2. 

An analysis of the amino acid composition of the grass indicated a relatively 
high level of lysine and other essential amino acids. This analysis confirmed 
the protein content of the grass as obtained by Kjeldahl method of analysis. 

SUMMARY 

l. The yields of Agropyron repens were significantly increased by 
fertilizer applications on peat soils. (Increase of 5,000 pounds of 
dry matter per acre.) 

2. During the 1973 growing season, it·was possible to harvest the grass 
5 times without damage to stand. 

3. The protein content of fertilized grasses harvested at an early stage 
(8-10 inch height) ranged from 25-32 percent when fertilized. 

4. The use of potassium and phosphorus fertilizer proved to be of 
importance in producing high yields of grass on this peat soil. 

5. The highest protein content and lowest fiber content of Agropyron repens 
was obtained when the grass was harvested at 8-10 inches in height. 

6. There may be other cool season grasses which have the capacity to 
produce under these conditions more total dry matter per acre than 
Agropyron repens. Reed canary grass has demonstrated good yielding 
ability under these conditions. There are, however, large areas of 
peat land where Agropyron repens already exists and with proper 
fertilization and management, this grass can produce high yields. 
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HERBICIDES DRIFT 

Richard Behrens, Professor 
Department of Agronomy and Plant Genetics 

All herbicide applicators should realize that it is impossible to apply an 
herbicide without some drift occurring. When drift is so great that effects 
can be seen on sensitive plants, it becomes a problem. How often does drift 
effect plants in Minnesota? It is difficult to obtain this information. The 
Minnesota Department of Agriculture, as required by State law, investigates 
pesticide problem cases that are reported. Mr. Fesvik of the Department of 
Agriculture has provided me with figures concerning drift complaints. Of 
about 200 pesticide complaints investigated in 1973, more than one-half in
volved herbicide drift. It is difficult to know what proportion of the 
actual drift cases this represents but, very likely, it is a small portion of 
the total cases. When farmers cause drift on their own crops or those of a 
friendly neighbor, the cases are rarely reported. Many farmers recognize 
that minor drift effects will not cause crop damage and therefore, do not 
file complaints. Finally, some cases of drift are not detected because the 
crop symptoms go unrecognized. 

The probability of drift effects arising from certain herbicides is slight 
and from others it is great. Drift hazard from herbicides that act through 
the soil is slight. Small amounts of these chemicals drifting onto soil of 
non-target fields are not great enough to affect crops. Similarly, there is 
little possibility of drift damage from herbicides that act through the 
foliage if crops in nearby fields have not emerged. It is obvious that drift 
effects are very unlikely when only crops tolerant to the herbicide being 
used are present in the vicinity of the application. Foliarly active herbi
cides applied near crops of known sensitivity create the greatest possibility 
for drift effects and require maximum precautions to avoid drift damage. 
What herbicide-crop situations are most likely to result in drift problems? 
Two herbicides, 2,4-D and dicamba (Banvel) account for nearly all drift pro
blems in Minnesota while soybeans are most often affected. State Department 
of Agriculture figures show that 102 of the 113 Minnesota drift complaints 
in 1973 involved soybeans. Roadside spraying was believed responsible for 
36 of 48 soybean drift reports involving 2,4-D while only 11 cases arose from 
spraying corn with 2,4-D. Considering that approximately 1.5 million acres 
of corn were treated with 2,4-D this number of drift problems, less than one 
case per 100,000 acres sprayed, is not serious. Dicamba applications to corn 
have considerably greater potential than 2,4-D for causing drift damage to 
soybeans. In 1973, 38 cases of dicamba drift effects on soybeans wer.e re
ported to the Minnesota Department of Agriculture. This represents about one 
drift case per 10,000 acres sprayed. Unless this frequency of drift occur
rence can be reduced to a level closer to that of 2,4-D, further increases 
in the use of dicamba is unlikely and its use may actually decline. 

Herbicide applicators must gain a better understanding of the causes of drift 
if this problem is to be reduced. There are two kinds of drift, spray drift 
and vapor drift. Spray drift is the movement of spray droplets out of the 
target area by the wind at the time of application. Vapor drift occurs after 
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the spray droplets have been deposited in the target area. Fumes of the 
chemical evaporating from the treated leaf and soil surfaces are carried out 
of the target area by air currents. This process may occur for days after 
application of the herbicide. The rate of evaporation is increased by higher 
temperatures. The amine salts of 2,4-D do not evaporate but high volatile 
esters, do. If low volatile esters of 2,4-D are used, the rate of evaporation 
is too slow to cause vapor drift effects. Some studies with dicamba suggest 
that vapor drift may occur. However, recent studies that I have conducted 
indicate that dicamba vapors cause no more effects on soybeans than vapors 
from a low volatile ester (iso-octyl ester) of 2,4-D. From these results it 
seems unlikely that drift effects on soybeans are coming from dicamba vapor 
drift. Spray particles are probably the source of the drift. 

There are many ways to reduce the drift of spray particles. Certainly with 
dicamba, all practical means must be used to avoid drift if we wish to 
continue to use it. 

Some choices applicators can make to reduce spray drift from corn onto 
soybeans are: 

1. Spray equipment choices: 

A. Do not use aerial equipment to apply dicamba. With standard spray 
nozzles, drift is often five times as great with aircraft as with 
ground equipment. 

B. Use drop nozzles after the corn is 8 inches tall. Wind velocity 
is much lower below the tops of the corn plants so drift is reduced. 

C. Set the spray boom as low as possible while still allowing coverage. 
The spray drops reach the plant foliage more quickly and drift less. 

2. Drop size control (large droplets drift less): 

A. Use a higher spray volume (larger nozzle tips). 

B. Use a lower pressure. 

C. Do not use surfactants 

D. Use special nozzles and/or thickening agents. 

3. Weather choices (spray areas where drift potential is greatest when 
weather conditions have the least drift potential): 

A. Stable air (early morning or evening). 

B. Slight breeze from direction of sensitive crop. 
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QUACKGRASS - A BREAKTHROUGH 

Richard Behrens, Professor 
Department of Agronomy and Plant Genetics 

Quackgrass is the worst perennial weed in Minnesota. Few farms are completely 
free of this weed and many are so badly infested that crop yields are greatly 
reduced. Tillage is not practical for eliminating dense quackgrass stands 
because repeated cultivations without crop production for up to two years is 
necessary. Atrazine is effective in controlling quackgrass in corn. However, 
this herbicide is persistant in the soil so that corn, the only tolerant crop 
in Minnesota, must be grown on the treated area for two or three years. 

In many cases, farmers prefer growing corn only one year to minimize erosion. 
In much of Minnesota, where quackgrass is the worst, corn cannot be grown 
because of the short growing season. In these areas, involving millions of 
quack-infested acres, new quackgrass control methods are needed. A recently 
discovered, non-persistent herbicide called glyphosate (Roundup) gives excel
lent control when applied to quackgrass foliage and is a promising possibility 
to fill our needs. 

In studies conducted over the past three years, both fall and spring appli
cations of glyphosate to quackgrass foliage prior to plowing, allowed produc
tion of oats, soybeans or corn that was practically free of quackgrass. These 
crops can be planted only a few days after application of glyphosate without 
residual effects. For maximum effectiveness on quackgrass, glyphosate should 
be applied to undisturbed quackgrass sod with 8 to 10 inches of top growth. 
Treating quackgrass regrowth after plowing allows crop production with little 
quackgrass competition, but this treatment is less effective than applications 
made before plowing. Glyphosate will not have clearance from the federal 
government in time for use in the 1974 growing season, but there is a good 
possibility of clearance for use in 1975. 
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CORN YIELDS ~JITH HIGH FERTILIZER RATES 

C. J. Overdahl, Extension Specialist Soils 
University of Minnesota 

The bible tells us of seven fat years and seven lean years. In the fertilizer 
business, it appears we have just come to the end of seven fat years and are 
looking ahead to some lean ones because of predicted shortages. 

Good corn growers throughout the state have been taking advantage of the low 
cost fertilizer and have applied it liberally, usually well beyond what 
research would indicate was needed. Today, particularly for phosphate and 
potash, this appears as a real blessing. Data presented here on silty clay 
loam soils show that on high testin~ fields, even after omitting broadcast P 
and K four years, the soil test levels are still high to very high and that 
no practical response is obtained from added fertilizer. 

PHOSPHORUS RESULTS 

It appears, from results so far, that it is safe to omit broadcasting 
phosphate on a year to year basis as long as the extractable P continues to 
be above 30 pounds by Bray's No. 1 soil test. Table 1 shows corn yield and 
related P soil tests. The plots \A/ere replicated 8 times and show no 
significant yield differences, although soil tests increase with increased 
phosphorus application. There is no trend downward of the check plot P test 
even after four years. 

Table l. Corn yields and P soil tests related to phosphorus treatments. 

Corn Yields, Bu/Acre, 15.5% Moisture 
P205 Waseca County ~~artin County 

1bs/acre Ro~ Lukken Farm Fred Dahl Farm 
annual1~ 1970 971 1 972 1 973 1970 1971 1972 1973 

0 133 139 140 167 155 137 136 160 
50 136 133 142 164 151 137 127 157 

100 132 132 144 163 162 156 136 160 
150 136 135 141 162 146 146 129 153 
200 138 130 144 167 145 154 130 158 

Soil Test p - lbs/acre 

0 34 27 39 36 46 37 47 35 
50 31 33 62 58 36 39 47 50 

100 31 40 91 62 56 55 96 81 
150 40 44 87 66 65 63 94 85 
200 53 45 79 76 64 55 109 88 
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POTASSIUM RESULTS 

Similar to the phosphorus results, there is no definite downward trend of 
soil test K on the zero K plots. However, there is a significant response 
to the 400 pounds per acre potash treatment in two of the 8 plot years. This 
was an 8 bushel increase in Waseca County in 1973 and a 12 bushel increase in 
~~artin County in 1972. Table 2 shows corn yields and related K soil tests. 

Table 2. Corn yields and K soil tests related to potassium treatments. 

Corn Yields, Bu/Acre, 15.5% Moisture 
K~O l~aseca County Martin County 

lbs acre Rox Lukken Farm Fred Dahl Farm 
annually 1970 1971 1972 1973 1970 1971 1972 1973 

0 134 123 136 154a 156 148 120a 160 
50 129 120 138 156ab 147 154 127ab 155 

100 139 131 139 l60ab 152 149 129ab 157 
200 132 116 141 16lab 147 143 l30ab 151 
400 134 120 143 162b 160 149 l32b 158 

Soil Test K - lbs/acre 

0 260 210 282 255 202 230 295 273 
50 275 213 322 287 212 258 360 303 

100 260 220 318 295 222 278 328 318 
200 262 223 352 330 270 328 415 380 
400 312 310 478 455 243 320 490 533 

NITROGEN RESULTS 

It is obvious from Table 3 that increases from nitrogen treatments are much 
more frequent than from P and K. There is considerable difference each year 
as to which nitrogen rate is the best treatment. 

Table 3. Corn yields related to nitrogen treatments. 

Corn Yields, Bu/Acre, 15.5% Moisture 
N Waseca County ~~arti n County 

1 bs/acre Rox Lukken Farm Harvex Thate Farm 
annua 11 y 1970 1971 1972 1973 1970 1971 1972 1973 

0 82 43 118 111 120 130 68 112 
50 109 63 138 154 128 142 78 115 

100 143 93 134 146 140 m 68 136 
150 153 131 144 169 T37 144 76 T37 
200 163 144 141 175 131 147 69 121 
400 169 151 144 168 135 153 64 121 

The yield beyond which no significant increase occurs is underlined. The 
1972 yields in Martin County were severely affected by hail and results are 
not meaningful. 
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Nitrate movement has been measured each year to a 6 foot depth in the soil 
profile. Table 4 shows the 1973 measurements in t~rtin County as an example. 

Table 4. Nitrate-nitrogen in 1973 to a depth of 6 feet related to nitrogen 
fertilizer treatment. Thate Farm, Martin County. 

Soil 
Depth Pounds of nitrogen alElied Eer acre annua ll.l: since 1970 
(Ft.) 0 50 00 150 200 400 

ppm N03-N 

0-l 6 5 7 9 12 21 
1-2 3 5 6 13 8 19 
2-3 3 3 7 25 14 30 
3-4 4 4 16 26 24 30 
4-5 7 10 11 23 29 24 
5-6 9 10 12 22 26 25 

From Table 4, it can be seen that the greatest nitrate accumulations occur 
after the highest yielding treatment has been reached (150# N). In Table 5 
where the 400 pounds of N gave the highest yield, only at that level is 
there noticeable nitrate accumulation. 

In Table 5, there appears to be a 1 ayer of high nitrate accumulation at 2 to 
3 feet. Experiments else\o'Jhere in ~Hnnesota and also in neighboring states 
indicate that this is most typical. 

Table 5. Nitrate-nitrogen in 1971 in the soil profile related to nitrogen 
applications in 1970 and 1971. Lukken Farm, \~aseca County. 

Soil 
Depth Pounds of nitroTen aEElied Eer acre annua ll.l: 
(Ft.) 0 50 00 l50 200 400 

ppm IW3-N 

0-1 4 4 6 6 5 17 
l-2 2 2 3 4 3 12 
2-3 3 3 3 3 3 27 
3-4 2 2 2 3 3 17 
4-5 3 2 3 4 4 9 

NITRIFICATION VS. DENITRIFICATION 

The low nitrate accumulation in treatments up to 200 pounds of i~, as shown 
in Table 5, may be a result of considerable denitrification. This occurs on 
soils of somewhat limited drainage when rainfall is high. Wet soils have a 
low air supply and allow only certain types of bacteria that function under 
such conditions. These bacteria take oxygen for their needs from the nitrate 
molecule and nitrogen gas results and is lost to the atmosphere. Nitrifica
tion is the opposite of denitrification. When soil conditions are ideal, 
there is an increase of soil nitrate. With adequate oxygen, the extra 
nitrate reduces the need for added nitrogen fertilizer. Best yields could 
then occur where only 50 pounds was added, while on wet years, 300 or more 
pounds may be needed. The variation in nitrogen need shown in Table 3 by 
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years is explained on a basis of whether soils are too wet or just right. 
It is a matter of whether nitrification or denitrification has been the 
predominant action. 

STARTER FERTILIZER 

If broadcast applications of P and K on high testing soils give no response, 
how likely is it for one to get a response vtith these nutrients applied near 
the row? 

Table 6 shows the 4 year results in Waseca and Martin counties, both on the 
P plots and K plots, resulting in 16 observations. Actually, for each P or 
K observation, there are 40 individual treatments with starter and 40 without. 
Even differences of 3 bushels per acre are sometimes significant. 

Table 6. Corn yield increases due to starter fertilizer.l/ 

l~aseca County 
Plots 

K 
p 

f~a rti n County 

K 
p 

Yield Increase, Bu/Acre 
1970 1971 1972 1973 

2 
16** 

13** 
4* 

6* 
3 

1 
2 

4 
4 

1 
7* 

3* 
2 

9** 
12** 

l/ Starter fertilizer was 10+40+40 at Waseca County and 10+40+20 in 
~~artin County. 

There was a significant response 8 out of 16 times. Significant broadcast 
responses occurred only 2 out of 16 times. The average increase over all 
plots was 5 l/2 bushels for approximately a 10+40+30 fertilizer rate. 

su~~r1ARY 

If fertilizers are to be in short supply next year or next few years, some 
savings can be made by placing emphasis of broadcasting P and K on soils 
testing medium or low and omitting the practice on soils testing very high. 

Phosphorus and potassium applied in the row at all soil test levels is 
recommended. On high or very high testing soils, row P and K can take care 
of needs for these two elements. 

Nitrogen supply in the future may be a real problem. Nitrogen needs for corn, 
small grains and grasses are real in all areas of the state. Omit nitrogen 
after most legume crops in order to conserve on nitrogen for other crops. 
Where yield goals were not met, reduce nitrogen rates for next year on these 
fields because last year's rates will accumulate 2 or 3 feet down and can be 
used by next year's crop. If 170 pounds of N were applied, with a goal of 
150 bushels, but only half this yield resulted, next year's N treatment 
should be cut in half. The reason being that much of last year's nitrogen 
will be accumulated in the 2 to 3 feet area that is easily accessible to 
next year's corn roots. - 18-



Crop 

Alfalfa 

Alfalfa, 
clover 

Insect 

Suggestions for the Use of Insecticides 

for the Control of 

CROP INSECTS 1974 

Insecticide Dosage 

John A. Lofgren 

Limitations, remarks 
(Days before harvest) 

Alfalfa weevil azinphosmethyl 1/2 - 3/4 lb. 21 days, one application per 
cutting. 

Aphids, 
leafhoppers 

Armyworm, 
cutworms 

Leafhoppers 

(Guthion) 
carbofuran(Furadan) 
malathion 
methyl parathion 
Imidan 

diazinon plus 
methoxychlor 

malathion plus 
methoxychlor 

Supracide 

1/4 - 1/2 lb. 
1 1/4 lb. 
1/4 lb. 
1 lb. 

1/2 lb.+ 
1 lb. 
3/4 lb.+ 
3/4 lb. 
1/2 lb. 

7 days 1/4 lb., 14 days 1/2 lb. 
No time limitations. 
15 days. 
7 days, one application per 
cutting. 
10 days - available as a 
ready-to-use mixture. 
10 days - available as a ready
to-use mixture. 
10 days. 

Cut first crop early to avoid most losses. Treat when 30% of 
plant tips show feeding. Treat stubble when regrowth has 50% 
of the terminals with feeding or if larvae are causing a delay 
in the regrowth. 

demeton (Systox) 

diazinon 
dimethoate(Cygon, 

De-Fend, Rebelate) 
malathion 
parathion 

1/4 lb. 

1/2 lb. 
1/4 - 1/2 lb. 

1 lb. 
1/4 lb. 

21 days, one application per 
cutting. 
7 days. 
10 days 

No time limitations 
15 days. 

Control aphid~ when thick enough to cause wilting, usually 
during drought. Spotted alfalfa aphids may severely damage new 
seedlings. 

carbaryl (Sevin) 1 1/2 lb. No time limitations. 
malathion ' 1 lb. (ULV) No time limitations. 
trichlorfon (Dylox) 1 lb. spray 7 days 1 lb. 

or bait. 14 days bait. 
Treat when over 5 per sq. ft. 

carbaryl 1 lb. No time limitations. 
diazinon 1/2 lb. 7 days. 
methoxychlor 1 lb. 7 days. 
malathion 1 lb. No time limitations. 

Apply when regrowth after first cutting is 8 to 12 inches and 
leafhoppers are over 2 per net sweep. 
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Crop 

Alfalfa, 
clover 

Corn, 
:;:"ield 

Insect 

Grasshoppers 

Spittlebug 

Plant bugs 

Aphids 

Armyworm 

Insecticide 

carbaryl 

diazinon 
malathion 

Dosage 

l to l l/2 

1/2 lb. 
l 1/2 lb. 
0.6 lb. 

technical 
air. 

lb. 

or 

by 

Limitations, remarks 
(Days before harvest) 

No limitations. 

7 days. 
5 days, U:E.V. 

No time limitations. 

Control when there are over 8 grasshoppers per sq. yd. in the 
field or treat margins after cutting at more than 20 per sq. yd. 

methoxychlor 1 lb. 7 days. 

Apply on first crop when spittle masses average more than one 
per stem. 

malathion + 3/4 lb.+ 7 days. 
methoxychlor 3/4 lb. 

trichlorfon 1 lb. 7 days. 
diazinon + l/2 lb.+ 7 days. 
methoxychlor l lb. 

Control seldom needed except on seed crop. Cut early to avoid 
injury. 

malathion 1 lb. 5 days. 

methyl parathion 4 oz. 12 days. 
parathion 4 

(Thimet) 
oz. 12 days. just before/ 

Granules applied in the whorl 
tasselling. Do not use if 
phorate was also used as soil 
treatment. 

phorate 1 lb. 

disulfoton(Di Syston) 1 lb. Granules - 40 days. 

Chemical control of cornleaf aphids is seldom economically 
justified. If 10% of the plants have over 500 aphids per plant 
prior to tasselling treatment may pay. 

carbaryl (Sevin) 1 to 2 lb. No limitations . 
malathion 1 to 1 1/2 lb. 5 days. 

toxaphene 2 lb. Do not feed stalks, leaves, 
husks. No limitation for 
grain. 

trichlorfon l lb. No time limitations. 

Treat when over 10. % of the plants are infested. Higher rates 
for large worms. 
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r "'P Insect 

Corn Corn rootworm 
larvae 

Corn rootworm 
adults 

Insecticide 

auxY 
carbo fur an 

(Furadan) 

Dasanit 

Dyfonate 

Mocap 

phorate (Thimet) 

Dosage 

1 lb. 

3/4 to 1 lb. 

1 lb. 

1 lb. 

1 lb. 

1 lb. 

Limitations, Remarks 
(Days before harvest) 

Planting time application of 
granules in 7-inch band over 
the row. Do not place in 
direct contact with the seed. 
Band of granules should be 
covered lightly. Some liquid 
formulations are registered 
but are suggested for trial 
use only. 

Cultivation time applications 
of materials registered for 
such use may be made after 
rootworm eggs hatch in June. 
Apply at base of stalks and 
cover with soil. 

Rates given are for 40-inch 
row spacing or for 13,200 ft. 
of row. 

For potentially severe infesta
tions use l lb. carbofuran. 
For light and moderate infesta
tions use 3/4 lb. carbofuran 
or other materials at 1 lb. 
per acre. 

!/ Bux will probably be more effective as 
basal treatment at cultivation time than 
as a planting time treatment on early 
planted corn. 

Treat corn following corn. If beetles are extremely numerous 
eggs may be laid in sorghum, sorghum-sudan crosses or weedy 
stubble. 

carbaryl 1 lb. No time limitations. 

diazinon 1 lb. No time limitations. 

malathion 1 lb. 5 days. 

malathion ULV 4 to 8 oz.as 5 days 
technical by 
air. 
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Crop 

Corn 

Insect 

Corn rootworm 
adults 

Cutworms 

Cutworms, 
webworms 

European 
borer 

corn 

Grasshoppers 

* Restricted use pesticide. 

Insecticide 

EPN 

* aldrin 

chlordane 

* heptachlor 

diazinon 

carbaryl 
spray or bait 

trichlorfon(Dylox) 

toxaphene 

Dosage 

1/4 - 1/2 lb. 

2 lb, 

4 lb. 

2 lb. 

lto2lb. 

2 lb. 

l lb. 

2 lb. 

Limitations, remarks 
(Days before harvest) 

14 days 

Apply broadcast and disk in 
before planting. 

Apply in 7-inch band for 
rootworms at planting time. 

Post emergence spray to cover 
approximately 12-inch band at 
base of plants in at least 
15 gal. total spray per acre. 
Limitations same as for army~ 
worm, 

Carbaryl bait is more 
effective than sprays for 
cutworms. 

Apply when over 10% of the plants are infested. 

carbaryl l l/2 lb. 

diazinon 1 lb. 

EPN 1/2 lb. 

phorate 1 lb. 

toxaphene 2 lb. 

Treat when 50% of whorl leaves 

carbaryl 1 lb. 

diazinon 1/2 lb. 

malathion 1 lb. or 
technical 
ULV 

show 

6 oz. 
as 

Spray or granules, no time 
limitations. 

Granules. No time limita
tions. 

As sprays or granules, 14 days, 

As granules. Do not apply if 
phorate has been used earlier 
in the same crop year. 

As granules. Use on corn 
for grain only. 

shot-holing for first brood. 

No time limitations. 

No time limitations. 

5 days. 

Do not use on dairy farms. 
Check current legal status 

Do not graze treated fields. 
before using. 
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r p 

Corn 

~ .•. _ll grains 

Insect Insecticide 

Grasshoppers toxaphene 

Dosage 

1 1/2 lb. 

Limitations, remarks 
(Days before harvest) 

For grain only, no time 
limitations. 

Treat field margins early when grasshoppers are small. 

Seed-corn 
maggot, 

seed-corn 
beetle, 

wireworms 

* * aldrin ,dieldrin·, 
heptachlor*, 
lindane*, or 
diazinon 

* aldrin Wireworms, 
white grubs, chlordane * 

heptachlor 
maggots 

webworms, 
Seed-corn 
Seed-corn beetles 

Seed-corn maggots, Dasanit 
beetles,wireworms Dyfonate 
Wireworm. ph orate 

Aphid malathion 

methyl parathion 

parathion 

1 oz.per bu. 

2 lb. 
4 lb. 
2 lb. 

1 lb. 
1 lb. 
1 lb. 

1 lb. 

4 oz. 

4 oz. 

Seed treatment only. Will 
not control heavy wireworm 
infestations. 

Broadcast application disked 
in before planting. A row 
treatment at half the indi
cated rate applied at plant
ing time may be used. 

Band in row at planting time 
as for rootworm. 

As for :rootworm. 

No limitations 

15 days 

Treatment most economical before heading with over 100 aphids 
per ft. of row. 

Armyworm, 
cutworms 

Grasshoppers 

malathion 1 1/2 lb. 7 days. 

toxaphene 2 lb. Use for grain only. 

Treat when number of worms exceeds 5 per sq. ft. 

malathion 1 lb.or 0.6 lb. as 
technical by air. 

7 days. 

* Restricted use pesticide. Do not use on dairy farms. 
Check current legal status 

Do not graze treated fields. 
before using. 
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Crop Insect 

small grains Grasshoppers 

Barley 

Flax 

Soybeans 

Wireworms 

Thrips 

Cutworms, 

crickets 

Bean leaf beetle 
flea beetles, 
blister beetles 

Cutworms, 
Armyworm 

Grasshoppers 

Green clover
worm 

Leafhoppers 

Insecticide Dosage 

toxaphene l 1/2 lb. 

Limitations, remarks 
(Days before harvest) 

Use for grain only. 

Treat when over 8 per sq. yd, in field or over 30 in margins. 

aldrin*,dieldrin*, 
heptachlor* or 
lindane* 

parathion or methyl 
parathion by air 

chlo:lidane 

trichlorfon 

carbaryl(Sevin) 

1 oz. per bu.. Seed treatment only. 

6 oz. 

1 to 1 

1 lb. 

1 lb. 

1/2 

15 days. Apply just at heading 
when there are 4 or more adult 
thrips per plant. 

lb. Do not apply after blossom 
appears. 

21 days. 

No limitations. 

Treat seedlings or during pod fill if defoliation exceeds 2~· 

CDf later in season if pod feeding is extensive. 

carbazr!7l 1 1/2 lb. 

toxaphene 1 1/2 lb. 

carbaryl 1 lb. 

malathion 6 oz. techni-
cal as ULV by 

toxaphene 1 1/2 lb. 

carbaryl 1 lb. 

malathion 1 lb. 

No limitations. 

21 days. Do not feed 
treated plants. 

No limitations. 

7 days. 
air. 

21 days. Do not feed treated 
plants. 

No limitations. 

7 days. 

Treat when pods are filling if defoliation exceeds 25% or when 
worms number over 15 per foot or row. 

malathion 1 lb. 7 days. 

k Restricted use pesticide. Do not use on dairy farms. 
Check current legal status 

Do not graze treated fields. 
before using. 
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Crop 

Sugar 

Corn, 
sweet 

beets 

Insect 

Webworm 

Cutworms 

Root maggots 

Wireworms 

Earworm 

Insecticide Dosage 

carbaryl(Sevin) 1 1/2 lb. 

endosulfan(Thiodan) 1 lb. 

parathion 4 to 8 oz. 

trichlorfon(Dylox) 1 lb. 

Treat when worms exceed 5 per sq. 

carbaryl 

trichlorfon 

aldicarb(Temik) 
Dasanit 
diazinon 
disulfoton 
(Di-Syston) 
Dyfonate 
phorate(Thimet) 

2 lb. 

1 lb. 

1 1/2 lb. 
1 to 2 lbs. 
2 lb. 
1 lb. 

1 lb. 
1 lb. 

14 

Do 

15 

14 
-28 

ft. 

Limitations, remarks 

(Days before harvest) 

days, tops. 

not feed tops. 

days. 

days, beets 
days, tops. 

14 days,tops. Bait formulation 
preferred. 

14 days, beets 
28 days, tops 

Row treatment at seeding time. 
Place granules above seed in 
5 to 7 inch band or as furrow 
treatment above seed. 

lindane* 1 oz. per bu. Seed treatment only. 

carbaryl 1 1/2 to 2 lb. No limitations before harvest. 

diazinon 1 1/2 lb. 

endosulfan(Thiodan) 1 1/2 lb. 

Gar dona 1 lb. 

methomyl(Lannate) 1/4 to 1/2 lb. 
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Highly toxic to bees. Do not 
apply as dust to pollinating 
corn. Avoid treating while bees 
are in the field. 

2 days 

Not on corn for processing. Not 
more than 5 applications. Do 
not feed treated forage. 

5 days, forage 

3 days, forage. May cause 
injury to some varieties. 



Crop Insect 

Corn rootworm 
larvae 

Corn rootworm 
adults 

Cutworms, 
armyworms 

* Restricted use pesticide: 

Insecticide 

Bux ) 

Dasanit ) 

Dyfonate ) 

Mocap ) 

phorate ) 

carbaryl 

diazinon 

malathion 

EPN 

Gar dona 

carbaryl 

toxaphene 

trichlorfon 

Dosage 

1 lb. 

1/2 - 1 lb. 

Limitations, remarks 
(Days before harvest) 

See under field corn. 

No time limitations, see bee 
precautions under earworm. 

2 days. 

1 lb. or 4 oz. 5 days. 
technical as ULV 

1/4 lb. 

1 lb. 

1 1/2-2 lb. 

2 lb. 

1 lb. 

14 days 

5 days for forage. 

No limitations. Bait is 
generally more effective than 
spray. 

Do not feed or ensile tre~-ed 
plants. 

No time limitation. 

Do not use on dairy farms. 
Check current legal status~ 

Do not graze treated fields. 
before using. 
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c s 

Potatoes 

Insect 

Aphids 
fleabeetles, 
leafhoppers 

Aphids 

Cutworms 

Colorado 
potato beetle 

Fleabeetles 

Insecticide 

disulfoton 
(Di-Syston) 

phorate (Thimet) 

dimethoate, 
(Cygon, De-Fend, 

Rebelate) 
methomyl(Lannate) 

Monitor 

oxydementonmethyl 
(Meta-Systox-R) 

Dosage 

2 to 3 lbs. 

2 to 3 lbs. 

1/2 lb. 

0.9 lb. 

3/4 - 1 lb. 

1/3 lb. 

Limitations, remarks 
(Days before harvest) 

Row treatment in fertilizer 
bands at planting time. 75 
days. Higher rate for 
heavy soils. 

Row treatment in fertilizer 
bands at planting time only. 
Higher rate for heavy soils. 

No limitations. 

14 days 

14 days 

7 days 

Some of the insecticides used on_ potatoes may cause a build-up 
of green peach aphids because of predator and parasi~e re
duction and development of resistance. Do not use foliar 
insecticides on potatoes unless needed. 

carbaryl (Sevin) 2 lb. No limitations 

azinphosmethyl 1/2 lb. 7 days 
(Guthion) 

azodrin 1/4 to 1/2 lb. 7 daj!s 
carbaryl 1 to 1 1/2 lb. No limitations 

diazinon 1/4 to 1/2 lb. 35 days. 

endosulfan 1/2 to 1 lb. No limitations 

Monitor 3/4 lb. 14 days 

azinphosmethyl 1/2 lb. 7 days 
azodrin 1/2 lb. 7 da:¥s· carbaryl 1 to 1 1/2 lb. No l~mitations. 

diazinon 1/4 to 1/2 lb. 35 days 

endosulfan 1/2 to 1 lb. No limitations 

Monitor 3/4 lb. 14 days 

phosphamidon 1/4 lb. 7 days 
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Limitations, remarks 

Cl::ops Insect Insecticide Dosage (Days before harvest) 

Potatoes Leafhoppers azodrin 1/4 to 1/2 lb. 7 days. 
carbaryl 1 to 1 1/2 lb. No limitations. 

demeton 1/2 lb. 21 days 

diazinon 1/2 lb. 35 days 

dime tho ate 1/2 lb. No limitations 

endosulfan 1/2 to 1 lb. No limitations 
p:. 

malathion 3/4 lb. No limitations 

methomyl 0.9 lb. 14 days 

Monitor 3/4 lb. 14 days 

oxydemetonmethyl 1/2 lb. 7 days 

Wireworms chlordane 4 lb. Broadcast before planti. 
Disk in. 

Dyfonate 4 lb. Broadcast before planting 
Disk in. 

phorate 2 to 3 lb. Band treatment at planting. 

White grubs, chlordane 4 lb. Broadcast before planting. 
cutworms 
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EUROPEAN 
CORN BORER 

Borers per 
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1970-
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1973 ~ 

Insect survey information provided by Division of Plant Industry, Minnesota 
Department of Agriculture and by APHIS, USDA. 
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TOWARD HIGHER YIELDS IN SOYBEANS 

G. E. Ham, Associate Professor, Department of Soil Science 
D. R. Hicks, Associate Professor, Department of Agronomy and Plant Genetics 

J. W. Lambert, Professor, Department of Agronomy and Plant Genetics 
University of Minnesota 

}linnesota state average soybean yields have increased from 20 to 29 bushels per 
acre in the last ten years (1964-1973). This yield change is a 45% increase. 
Yields must continue to increase to meet the protein needs of a growing world 
population. 

Predictions are that yields will increase 40% in the next ten years--up to a 
state average of 40 bushels per acre. How will this yield increase be obtained? 
Yield improvements will likely come from small consistent increases rather than 
from spectacular yield increases. Current production knowledge is not being 
used sufficiently. Adoption of this knowledge coupled with that from further 
research will be important for soybean yield increases. 

VARIETIES 

Any contemplation of higher yields in soybeans must take varieties into account, 
since the heredity of the crop is about equal in importance to the environment 
under which it is grown. Many of the discoveries in the basic biology of the 
soybean plant must find their ultimate application to increased production in 
terms of improved varieties. And use of improved varieties represents rela
tively little more cost to the soybean producer than use of mediocre or poor 
varieties. Much of the improvement in yields of soybeans in Minnesota (and 
other states) over the last 20 years can be attributed to use of better varie
ties. Just a look at three 5-year periods will illustrate. The Minnesota av
erage yield for 1949-53 was 18.0 bushels per acre; from 1959-63 it was 21.1 
bushels; and for 1969-73 it was 26.2 bushels. The varieties in the earliest 
period included a hodge-podge of introductions and pure line selections made 
from these introductions. The leading variety of the second period was Chip
pewa, and the dominant variety of the last two or three years has been Corsoy. 
To be sure improvements in fertility management, weed control, and other cul
tural practices have accounted for some of the yield gains. The varieties in
volved, however, have been very important. 

The hope for continued improvement in varieties is bright. More and more basic 
information is being provided to breeders in terms of physiological, nutrition
al, and rhizobia! studies; the genetic base for varieties is being constantly 
expanded; and more and more hands are joining the effort. In addition to the 
state and federal institutions a majority of the large seed companies are now 
involved in soybean varietal development. The new varieties coming from sev
eral of these programs (public and private) look very promising. The soybean 
producer in southern Minnesota should have at his disposal a number of varie
ties that are capable of 60-bushel yields given the right set of growing con
ditions. The goal of 60 bushels seems appropriate and attainable since cer
tain varieties in several yield tests in Minnesota in 1973 topped this figure, 
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The accompanying tables will indicate that progress continues in varietal im
provement. The "Experimentals" are unnamed selections from the Minnesota 
breeding program. Experimental 1 should be compared with Merit and Experimental 
2 with Chippewa 64 or Steele because of equivalent maturity dates. Experimental 
2 can be compared with Corsoy also in that the two are similar in yield but 
Experimental 2 has at least a week's advantage in maturity. 

NITROGEN NUTRITION 

Soybean plants are legumes and can live in mutual cooperation with certain bac
teria (rhizobia) which form nodules on the soybean roots. The bacteria and the 
soybean plant working together can utilize gaseous nitrogen from the atmosphere. 
Independently, neither the soybean plant nor the nodule bacteria can utilize 
nitrogen from the air. The soybean plant furnishes food and a home for the 
nodule-forming bacteria; the rhizobia in the nodule convert the gaseous nitrogen 
(N 2), which makes up 80% of the air, into a usable form for soybean plant growth. 
The process of converting atmospheric nitrogen into a usable form is called "ni
trogen fixation". 

Well nodulated soybean plants are needed for most efficient seed production. 
With medium soil nitrogen and good nodulation in Minnesota, about 40 percent 
of the nitrogen needed for a 50-bushel yield comes from nitrogen fixed in the 
nodules. A well nodulated crop of soybeans will convert up to 125 pounds of 
atmospheric nitrogen into a form usable by the plants. About 375 pounds of N 
as fertilizer nitrogen would be required as fertilizer to replace what the nod
ules contribute. 

Inoculation of soybeans has been very successful in the past. Soybean rhizobia 
are not native to the soils of the U. S. In the early years of soybean produc
tion, rhizobia were introduced from Japan and China. Rhizobia in soil of the 
current soybean growing areas were introduced in commercial inoculants. Rhi
zobia surviving in the soil from previous inoculation are referred to as "nat
uralized rhizobia". 

Today we are faced with a new challenge; inoculation techniques must be devel
oped which will establish superior strains of rhizobia in nodules when natural
ized rhizobia are present. Present inoculation techniques are inadequate for 
the job. The percentage nodules produced by strains of R. japonicum applied 
at the standard rate of inoculation is very low (runs about 5 percent on the 
average) • Increasing the amount of inoculum applied increases the percentage 
of nodules produced by some strains but had little effect on others. 

Such results from standard inoculation procedures clearly indicate that improved 
techniques are needed to introduce new and more efficient strains of rhizobia 
into the nodules of the plants. Soybean seed yields probably could be increased 
substantially if a higher percentage of the nodules were formed by more effect
ive strains. 

The history of increased yields from nitrogen fertilization of non-legume crops 
and the very high nitrogen content of soybean seed suggest that a key to in
creased soybean yields may be nitrogen nutrition. Evidence to date indicates 
that well nodulated soybeans do respond to nitrogen fertilizer in many cases 
(Table 4). 
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These yield increases from nitrogen fertilizer suggest that nitrogen is a limit
ing factor and the nodules are not providing enough needed for maximum seed 
yield. Recent concerns for energy clearly suggest that we cannot become depend
ent on nitrogen fertilizer in soybean production. The use of nitrogen fertil~ 
izer in the future may be limited to use on non-legumes by both supply and cost. 
Symbiotic nitrogen fixation is a natural and promising alternative to fertilizer 
nitrogen but it must be improved in order to provide the nitrogen necessary for 
maximum soybean yields. This is a principle objective of our research. 

PRODUCTION PRACTICES 

Early May compared to late May planting of soybeans in Minnesota has resulted in 
2.7 bushels per acre increase in yield--an 8% increase (Table 5). Estimates 
show small percentages of the Minnesota acreage is planted by May 10 (Table 6). 

Large yield increases have been repeatedly shown in many states for soybeans 
grown in 30-inch compared to 40-inch row spacings. Recent Minnesota studies 
comparing yields of 10 and 20-inch with 30-inch spacings have shown superior 
yields for the 20-inch spacings (Table 7). Yet the average row width in the 
state has not changed since 1968 (Table 8). In fact, the percent of growers 
with narrow row equipment appears to have decreased. Generally, the lower 
limit on soybean row width has been that width which can be cultivated for 
weed control. With improved chemical control, soybean row width for maximum 
yield change& drastically. 

Plant spacing within the rows can vary greatly without significant differences 
in grain yield. However, higher plant populations tend to increase plant lodg
ing which has a detrimental effect on yield and increases harvest difficulty 
and grain losses. Equal distribution of plants within the row is important. 
We recommend an initial population of about 140,000 plants per acre. Dropping 
6, 9, and 12 seeds per foot of row in 20, 30, and 40-inch row spacings, respect
ively, will give 140,000 plants per acre assuming 90% or better germination. 
For these populations,seeding rates (lbs/acre) will vary depending on variety. 
Seed size may also vary within a variety because of the effect of environment 
on seed development. 

Growth regulators have been used in soybean production since TIBA was cleared. 
In Minnesota, hand-harvested tests, yields were not significantly affected. 
Plant height and lodging were reduced. In similar studies conducted by both 
private and public researchers in other states, greatest yield responses to 
TIBA have been observed with early planting of full-season varieties in narrow 
rows and high plant populations with high soil fertility and good weed and pest 
control. If the soybean production system does not include these criteria, a 
yield increase from application of TIBA should not be expected. 

Complete weed control throughout the soybean growing season is important for 
maximum soybean yields. Weed control is best obtained by using proper rates 
and application timing of chemicals for the weed species present in addition 
to cultivation. 

Significant yield improvements can be made by harvesting more of what is now pro
duced. Harvest losses continue to be substantial in many fields. Proper combine 
adjustment, ground speed, and cutter height are important considerations to min
imize soybean harvest losses. 
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Table 1. 

MINNESOTA SOYBEAN TEST (COMBINE HARVEST) 

1971 - 73 

Yield, bu./a. 
Variety St. Paul Morris Ave. 

Experimental 2 49.7 40.9 45.3 
Experimental 1 49.2 40.4 44.8 
Swift 48.6 38.3 43.4 
Merit 43.8 35.7 39.7 
Chippewa 64 45.4 32.7 39.1 

Table 2. 

MINNESOTA SOYBEAN TEST (COMBINE HARVEST) 

1971 - 1973 

Yield, bu/a 
Variety Waseca Lamberton Ave. 

Experimental 2 44.5 37.0 40.7 
Steele 41.0 30.6 35.8 
Swift 40.4 30.9 35.6 
Experimental 1 39 .8 30.7 35.2 
Chippewa 64 38.1 28.9 33.5 
Merit 36.3 28.1 32.2 

Table 3. 

MINNESOTA SOYBEAN TEST (COMBINE HARVEST) 

1971 - 1973 

Yield, bu/a 
Variety Waseca Lamberton Ave. 

Corsoy 43.4 33.9 38.6 
Experimental 2 45.0 31.5 38.2 
Hark 41.5 32.5 37.0 
Amsoy 71 39.7 31.2 35.4 
Chippewa 64 37.2 29.4 33.3 
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Ave. date 
mature 

9-20 
9-15 
9-17 
9-14 
9-18 

Ave. date 
mature 

9-14 
9-15 
9-11 
9-8 
9-13 
9-6 

Ave. date 
mature 

9-20 
9-12 
9-22 
9-27 
9-11 



Table 4. Effect of nitrogen fertilizer on soybean seed yield at Waseca in 
1973. 

Soybean 
variety 

Steele 
Wells 
Corsoy 
Teweles 505 
Experimental 2 

~ounds of N applied per acre* 
0 50 100 
~--------- bu/acre 

51 
52 
50 
51 
55 

51 
52 
53 
48 
59 

52 
52 
56 
46 
56 

*Nitrogen plowed down preceding fall. 

Table 5. Soybean yields for two planting dates at several years and locations. 

Planting Date Yield (bu/acre) 
Early Late Early Late 

1966-7 Lamberton Early May Late May 34.3 31.8 

1969 Lamberton May 3 May 16 42.6 35.6 
Waseca April 29 May 27 38.6 38.8 

1970 Lamberton May 4 May 20 33.9 33.1 
Waseca May 5 May 22 49.6 42.8 

1971 Lamberton May 1 May 18 27.6 24.5 
Waseca May 1 May 22 37.1 34.4 

1972 Lamberton May 8 May 22 39.5 38.4 
Waseca April 28 May 19 39.7 39.2 

Average over years-locations Early May 38.1 
Late May 35.4 

Table 6. Estimated percent of Minnesota soybean acreage planted by various 
calendar dates. 

1965-70 Average 1972 1973 
May 10 5 1 1 

17 11 3 10 
24 35 29 42 
31 65 51 70 

June 7 80 67 85 
14 94 83 95 
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Table 7. Effect of row width on soybean yields in Minnesota, 1968-9. 

Lamberton (average of 4 varieties) 
Waseca (average of 4 varieties) 

Row Width (Inches) 
10 20 30 -=- yield(bu/a) 

38.7 41.6 
38.9 41.6 

40.6 
38.8 

Table 8. Estimates of Minnesota soybean row width. 

1968 
1969 
1970 
1971 

Percent Growers in Each Group 

28.5 11 or Less 

7.2 
8.3 
5.2 
4.5 

28.6-34.5 

19.3 
22.4 
27.3 
23.2 
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34.6+ 

73.5 
69.3 
67.2 
72.3 

State Ave. 
Row Width 

(Inches) 

35.6 
35.0 
35.2 
35.4 



FUNGICIDES FOR FIELD CROPS 

Herbert G. Johnson 
Extension Plant Pathologist 

University of Minnesota 

Fungicides and bactericides are being used in Minnesota to a significant 
degree on: potatoes, sugar beets, wheat, barley, and dry field beans. A 
fungicide is registered for oats and rye, but there has been little use on 
these crops. Small acreages of snap beans are also being sprayed for 
control of bacterial blights. Some fungicides are registered for use 
on field and sweet corn; however there has been little need for their use 
up to this time. Fungicides are used on potatoes for control of early 
and late blights. Cercospora leaf spot is the one disease on sugar beets 
that needs control on. some occasions. Leaf rust and Septaria leaf blotch 
are the most serious diseases on wheat that can be controlled by the use 
of fungicides. Spot blotch, net blotch, and Septaria leaf blotch are 
common and often serious diseases on barley and fungicides have given good 
control. In the case of dry field beans, rust was serious in many fields 
in 1972 and to a less severe degree in 1973. Fungicides are used for 
control of rust but bactericides are used to control bacterial blights. 

Identification of diseases is very important since only certain fungicides 
or bactericides will control certain diseases. Bactericides must be 
used to control bacterial diseases and at present the copper materials are 
the only bactericides that will give control and that are registered on 
certain crops for foliage spray application. Registration on the crop 
dosage per acre, and limitations for use must be determined before a legal 
application can be made. New product labels or recent information from 
the Environmental Protection Agency are the basis for registration in most 
cases. 

In order to obtain effective and economical control of foliage diseases 
by field application of chemicals, several considerations must be kept in 
mind. There must be a potential for a good crop. The diseases must be 
identified and their potential to cause significant crop loss must be 
estimated. Timing of the first application must be determined in relation 
to the progress of disease and crop maturity. Intervals between applica
tions and the total number of applications to be made must be determined. 
Weather conditions are important in relation to progress of disease and 
removal or deterioration of chemicals. 

Many cases of economical returns have been obtained through proper use of 
fungicides and bactericides; however some failures have also occurred where 
important factors have been missed. Careful attention to detail is impor
tant for success in chemical control of foliage diseases in field crops. 

The table lists 
are registered. 
must be checked 

fungicides and bactericides and the crops on which they 
These registrations are subject to change so each one 

against recent information before use. 
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IRON CHLOROSIS IN SOYBEANS 

Gyles Randall 
Soil Scientist 

Southern Experiment Station 
University of Minnesota 

Waseca, Minnesota 

For a number of years symptoms of iron (Fe) deficiency have been 
observed on soybeans grown on calcareous soils in southern and 
western Minnesota. The severity of this Fe chlorosis has varied 
with weather conditions, soil conditions, the variety of soybeans 
grown, and possibly other unknown factors. The chlorosis commonly 
affects only small portions of a given field and while total yield 
losses may be small the loss within the affected area is often 
significant. The chlorotic symptoms normally appear very early in 
the growing season. If the symptoms are mild, the plants tend to 
recover as growing conditions become more favorable and the plants 
develop a more extensive root system. More severe deficiencies 
result in persistance of the symptoms, the death of many plants 
and reduced productiveness of others. 

In recent years soybean growers have reported that Fe deficiences 
are occurring more frequently and the affected areas in fields 
are becoming larger. Much of this increase in severity of the Fe 
problem can be associated with the recent introduction of several 
new high yielding varieties which are not very tolerant of the 
conditions favoring Fe chlorosis. It is possible that higher 
rates of fertilization and changes in other management practices 
may also be contributing factors. 

A number of contributing factors to Fe chlorosis in soybeans have 
been studied. Some of these involve: genetic factors within the 
soybean plant, soil environmental factors such as moisture, temp
erature, pH and organic matter and nutritional factors such as 
phosphorus, calcium, manganese, zinc and bicarbonate ions. Tillage 
practices, row fertilization and perhaps herbicide interactions 
with Fe chlorotic soybeans remain to be investigated. 

Foliar application of FeS04 has been the traditional method of 
treating Fe chlorosis on soybeans. This material is relatively 
inexpensive but limited research work and experience by farmers 
have shown considerable variation in the effectiveness of FeS04 
treatments. A number of Fe chelates have been introduced in re
cent years and are used for correcting Fe problems on fruit trees 
and other crops. These materials have been used less extensively 
on field crops but have some advantages for foliar applications 
and may have economic potential for use in soil applications. 
The cost of a unit of Fe in chelates is greater than in Feso4 but 
the rates required are smaller. 
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Within the last three to four years, field research with various 
Fe compounds applied to soybeans has been conducted in both Iowa 
and Minnesota. Experiments with Fe-deficient soybeans were con
ducted at four sites in north-central Iowa and at five sites in 
south-central Minnesota. 

Table 1 shows the yields of Hark soybeans as influenced by Fe 
materials, rates and methods of application. To determine the 
effect of P on Fe chlorosis, all treatments were conducted at 
three rates of broadcast P fertilizer which was plowed down. In 
general, yield responses were greatest with the foliar application 
of Fe-138 at the rate of 0.1 lb. Fe/A. The 0.2 lb./A rate gave no 
added yield response over the lower rate. The soil application 
of Hampel at the rate of 1.0 lb. Fe/A also resulted in a consistent 
yield response. Hampel applied to the foliage was less effective 
than any of the above mentioned treatments. The 60 and 400 lb. 
broadcast P2o 5 treatments tended to reduce the yields; however, 
these reductions were not significant. 

Foliar applications of Fe to iron-deficient soybean plants sig
nificantly increased yields at four sites (Table 2). Yield in
creases were most consistent from the Fe-138 material. Hampel, 
Fe-330 and Feso4 resulted in less consistent and smaller yield 
increases. A phytotoxic effect on the plant, shown by cupping 
of the leaves, was noted at one site when the 0.2 lb. rate of 
Hampel was used. At Site No. 1 the ligand, EDDHA, which contains 
no Fe but is the carrier of the Fe in Fe-138, resulted in a yield 
response equal to that where Fe was present (Fe-138). This response 
has been reported by other workers and leads to some interesting 
speculation. 

In general, the Iowa research has shown that foliar Fe treatments 
are more effective and economical than soil treatments. 

In view of this, two experiments involving the foliar application 
of Fe materials to iron-deficient soybeans were established on 
five farms in Waseca and Faribault counties in 1973. One experiment 
evaluated four materials applied at three rates (Table 3). The 
other experiment involved two materials applied in single or mul
tiple applications at two growth stages (Table 4). All trials were 
established on farmer-planted Corsoy beans which had been showing 
definite Fe Chlorosis symptoms for 5 to 7 days. Each treatment was 
applied to two rows 25' long and was replicated from 4 to 10 times. 
All applications were made in a 15" band directly over the row by 
using a stainless steel 3-gallon hand sprayer. A spray volume of 
50 gal/A and a surfactant (0.5% v/v) was used for all treatments. 
This insured complete wetting of the foliage. 

Results in Table 3 show that yield response to foliar-applied Fe 
occurred at only one of the three locations (Meyer) • Greater than 
a 10-fold yield increase was noted with the Fe-138 material. Al
though the high rate resulted in an additional 10 bushel yield, 
this was not statistically significant due to the high variability. 
No phytotoxic symptoms were noted at the high rate; consequently 
one would feel safe applying this material at rates between 0.10 
and 0.15 lbs. Fe/A. Yields were not increased significantly over 
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Table 1. Hark soybean yields as influenced by Fe and P treatments (Iowa). 

Site 1 Site 2 Site 3 
P205 Trt. P205 Trt. P205 Trt. 

Material Rate Method 0 60 400 Avg. 0 60 400 Avg. 0 400 
lbs.Fe/A - - - - - - - - - - bu/A- - - - - - - - - -

Check 8.2 7.9 1.0 5.7a 0.2 1.4 0.6 0.8a 35.5 34.2 
Hampol • 3 Soil 7.6 10.4 0.3 6.la 0.3 0.0 0.1 O.la 39.7 41.7 

" 1.0 II 18.4 9.1 17.6 15.0b 4.3 3.1 3.5 3.6b 43.0 42.0 
II .1 Foliar 37.1 39.4 
II . 2 II 37.9 33.2 

Fe-138 .1 II 36.5 29.7 33.2 33.lc 2.6 0.3 3.5 1. 3a 39.8 45.6 
II • 2 II 39.1 41.3 

FeS04 .1 II 41.8 40.0 

P2o5 Avg. 16.5a 12.5a 11.8a 1.6a 0.9a l.la 39.2a 38.8a 

Table 2. Soybean yields as influenced by foliar-applied Fe treatments (Iowa). 

Site No. 
Material Rate 1 2 3 4 

lbs.Fe/A - - - - - - bu/A - - - - - - - -
Check 8.la O.Oa 13.la 13.9a 

EDDHA .1 25.lb 
Fe-138 .1 26.0b 31.4b 41. 6b 32.0de 

II . 2 34.6b 41.9b 39.6e 
Hampol .1 O.Oa 17.0a 29.4cd 

II . 2 O.la 21.2a 18.9bc 
Fe-330 .1 24.7cd 
FeS0 4 .1 17.6b 

1) Means followed by the same letter are not statistically different at 
the .05 level of significance. 

2) Data from J.D. Kaap, M.S. Thesis, Iowa State University, 1973. 

Avg. 
- - - -

34.8a 
40.8bc 
42.5c 
38.2abc 
35.5ab 
42.7c 
40.2abc 
40.9bc 



the check by the three experimental compounds. The soybeans at the 
Baer farm did not respond to any of the treatments and remained 
somewhat yellow and stunted throughout the growing season. At the 
Sendelbach farm, all beans naturally recovered. 

Table 3. Corsoy soybean yields as influenced by the foliar 
application of four Fe materials at three rates of 
application in south-central Minnesota (1973). 

Treatment Count~ 
Waseca Waseca Faribault 

Material Rate (Baer) (Me~er) (Sendelbach) 
lbs.Fe/A - - - - bu/A - - - - - - -

Check 21.5 2.2 34.7 
Fe-138 0.10 25.0 23.2 38.0 

II 0.125 25.2 23.6 35.5 
II 0.15 22.2 33.9 38.6 

Exp. A 0.10 19.4 6.7 28.2 
II 0.125 20.4 4.1 31.2 

0.15 20.8 8.5 35.6 
Exp. B 0.10 16.4 3.3 35.4 

II 0.125 20.8 3.9 33.4 
II 0.15 19.1 4.6 31.6 

Exp. c 0.10 24.0 4.0 36.2 
II 0.125 18.2 9.3 36.2 
II 0.15 19.2 12.7 28.5 

Significance: ns ** ns 
BLSD: (. 05) 12.0 
CV: (%) 23.1 97.2 20.4 

The growth stage of the plant at Fe application appeared to be quite 
important (Table 4). Results obtained on the Coy farm show that 
Fe applied at only the early stages of iron chlorosis (2nd. trifoliate) 
proved beneficial. Yield increases were not obtained when waiting 
until the beans were in the 4th. trifoliate; probably because the 
plants had begun to lose leaves and root rot was prevalent. A 
multiple application at both the 2nd. and 4th.trifoliate stages was 
not superior to the single early application. Results obtained at 
the Lohberger farm were inconclusive because no yield was significantly 
higher than the check. 
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Table 4. Corsoy yields as influenced by single and double 
applications of Fe materials at two growth stages 

Treatment 

of iron-deficient soybeans in south-central Minnesota 
(1973). 

Count;:t 
No. of Waseca Waseca 

Material Stage Ap lications (Co ) (Lohberger) 
tr1.fol1.ate - - - - - bu A - - -

Check 0 27.9 31.6 
Fe-138 2nd. 1 42.0 34.5 

II 4th. 1 29.7 29.7 
II 2 & 4th. 2 40.6 35.0 

Exp. A 2nd. 1 35.6 31.6 
II 4th. 1 30.2 21.4 
II 2 & 4th. 2 33.9 34.4 

Significance: ** ** 
BLSD: (. 05) 8.8 7.9 

CV: {%) 26.6 14.5 

Concentrations of Fe in the uppermost, mature trifoliates were 
significantly reduced by the Fe treatments (Table 5). This is 
contrary to most other plant-nutrient relationships but has been 
reported by other workers. With this phenomenon present, it is 
apparent that plant analysis at this time cannot be used to deter
mine if Fe deficiency in soybeans exists. 

Table 5. Fe concentration in leaf tissue as influenced by the 
foliar application of Fe materials to iron-chlorotic 
soybeans in south-central Minnesota (1973). 

County 
Treatment Waseca Waseca 

Material Rate (Meyer) (Coy) 
- - - - - -ppm- -

Check 186 180 
Fe-138 0.10 137 145 

II 0.125 130 
II 0.15 127 

Exp. A 0.10 146 154 
II 0.125 151 
II 0.15 148 

Significance: ** ** 
BLSD: (. 0 5) 20 16 
CV: (%) 9.5 6.8 

CONCLUSIONS: 
1) Foliar Fe treatments are generally more effective and 

economical than soil-applied treatments. 
2) Fe-138 applied to the foliage at rates from 0.10 to 0.15 

lbs. Fe/A appears to be a satisfactory treatment but not 
always 100 percent effective. 
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3) Applications within one week after chlorosis symptoms 
appear is recommended. This is usually about the 2nd. 
trifoliate stage. 

4) Band the material over the row. Fe falling on the inter
row area (soil) does absolutely no good. 

5) Be patient. Response to the Fe (new leaves become dark 
green and interveinal chlorosis is absent) may take from 
7 to 20 days. 

-~-



WHAT'S NEW IN SUGARBEET WEED CONTROL? 

Alan G. Dexter, Sugarbeet Weed Control Specialist, 
University of Minnesota - North Dakota State 

University, Fargo, N. D. 58102 

The sugarbeet industry in North Dakota and Minnesota is in the midst of a large 
expansion program. Three sugarbeet processing plants are currently under con
struction; one at Hillsboro, N.D., one at Wahpeton, N.D., and one at Renville, 
Mn. All three plants are scheduled to begin operation in 1974 when 155,000 
new sugarbeet acres will be planted for the new sugarbeet plants and approxi
mately 200,000 acres will be planted for the existing four sugarbeet plants in 
the Red River Valley. The total acreage of 355,000 will give the Red River 
Valley and Southern Minnesota area more acres of sugarbeets than any other area 
in the United States. With this large expansion, many sugarbeets will be 
planted by farmers who have never grown sugarbeets before and on land that has 
never raised sugarbeets before. The new sugarbeet grower on new land will 
especially need to use all available means to help control the weeds in his 
sugarbeets since he will not have the experience of the old sugarbeet grower 
nor the advantage of having had sugarbeets in the crop rotation which tends to 
reduce weed populations over a number of years. 

Two new herbic.ides and one new use for an old herbicide are now under develop
ment and should be considerable help to the experienced and inexperienced 
sugarbeet grower. EPTC (Eptam) has been used on sugarbeets for many years but 
a new use was added to the label for Minnesota and North Dakota in the fall of 
1972. Eptam can now be applied in the fall for a spring planted crop of sugar
beets. The advantages of fall application include: 1) the elimination of spring 
incorporation resulting in spring seedbed moisture conservation, 2) sugarbeets 
can be planted in the spring without delay for herbicide application, and 3) a 
deeper, more thorough incorporation can be done in the fall without harming the 
spring seedbed. The disadvantages of fall Eptam include: 1) a higher cost 
since 2-3 lb/A should be used in the spring while 4-4 1/2 lb/A should be used in 
the fall, 2) fall applied Eptam limits the choice of crops which can be planted 
on the land in the spring, and 3) incorporation of a herbicide in the fall may 
leave the soil more subject to winter erosion. The soil should be ridged across 
the prevailing wind direction after herbicide application to help control erosion. 
If ridging is not sufficient to control the erosion, strip cropping or cover 
cropping techniques in conjunction with the fall applied Eptam should be 
considered. 

Results in the Red River Valley in the spring of 1973 with Eptam applied in 
the fall of 1972 were generally very good. Weed control was equal to spring 
applications and sugarbeet injury was somewhat less evident. Fall Eptam has not 
been adequately tested in the Renville sugarbeet area and should be used only 
on a limited basis until more test results are obtained. 

The two new herbicides are a preplant incorporated herbicide called NC-8438 
(Nortran) and a postemergence herbicide called desmedipham (Betanal-475). 
Betanal-475 has an experimental label for 1974 and will be available in limited 
quantities for commercial use. Betanal-475 is closely related to phenmedipham 
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(Betanal) but is an entirely different herbicide and not a mix of two herbicides 
which the name would suggest. An experimental label for Nortran has been applied 
for so it may be available for limited commercial use in 1974. 

Nortran gives excellent control of redroot pigweed, one of the most serious 
weed problems in sugarbeets and also gives good control of grassy weeds, com
mon lambsquarters, wild buckwheat and smartweed sp. Nortran has generally 
given better weed control when incorporated but weed control from preemergence 
applications has equalled preplant incorporated applications on lighter soil 
types where a good rain closely followed application. Nortran has not generally 
given as good foxtail sp. control as Eptam or TCA and has not controlled wild 
oats as well as diallate (Avadex) so combinations of other herbicides with 
Nortran will probably be necessary. 

Betanal-475 gives excellent control of redroot pigweed, wild mustard and common 
lambsquarters when the weeds are treated in the 2-4 leaf stage. Applying 
Betanal-475 to fields previously treated with a preemergence or preplant 
incorporated herbicide improves weed control but also increases the chance of 
getting sugarbeet injury. To minimize the chances of getting sugarbeet injury 
from Betanal-475, the sugarbeets should have at least four true leaves before 
treatment, the highest temperature on the day af application should not exceed 
85° F, and the herbicide application should be made late in the afternoon or 
early in the evening. Betanal gives similar weed control to Betanal-475 but 
Betanal does not control redroot pigweed and Betanal gives better control of 
wild buckwheat and small green and yellow foxtail than Betanal-475. The same 
use precautions should be used with Betanal as with Betanal-475. 
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WEED CONTROL IN CORN AND SOYBEANS 

Gerald R. Miller 
Professor and Extension Agronomist 

Department of Agronomy and Plant Genetics 
University of Minnesota 

Controlling weeds in corn and soybeans continues to require a well planned, 
multi-faceted system including crop selection, productive cultural practices, 
proper selection and application of chemicals, and cultivation. The planning 
of a weed control system for a particular field must include consideration of 
the kinds of weeds involved, the crops to be grown for several years, the soil 
texture, the organic matter content in the soil, and crop tolerance to the her
bicides. Proper analysis of these factors makes it possible to intelligently 
select a herbicide or combination of herbicides that will effectively control 
the weeds without causing unnecessary risk of crop injury or soil residues that 
will affect crops grown in following years. 

Herbicides are now used on about 90 percent of Minnesota's corn acreage and on 
over 80 percent of the soybean acreage. Multiple applications have come into 
wide use on both crops in recent years. The returns for herbicide use have 
been excellent in terms of increased yields, higher quality crops and reduced 
labor and fuel requirements. Results of herbicide evaluat±ns at three Minne
sota locations over the past three years show the following yields: 

Cultivation only 2/ 
Cultivation + herbicides
Cultivation + handweeding 

Crop yield, bu/Al/ 
Corn Soybeans 

95 
120 
128 

25 
33 
37 

1/ 

2/ 
Average of 3 years, 3 locations, 4 replications each 

Average of 14 herbicide treatments on corn and nine 
on soybeans 

Suggestions for herbicides to use in corn and soybeans are listed in Tables 1 
and 3. Tables 2 and 4 show the expected crop tolerance and control of common 
weeds for each herbicide. 

The information in Tables 2 and 4 illustrates the need for properly identifying 
the weeds in a field before selecting the herbicide. In many fields, it is 
necessary to use mixtures or multiple treatments to attain broad spectrum weed 
control. Several mixtures are now labelled for use on corn and soybeans. The 
Environmental Protection Agency does not consider it illegal to use mixtures 
that are not labelled, however, the user is considered responsible for the re
sults of using unlabelled mixtures. Postemergence treatments of 2,4-D, atrazine 
and oil, or dicamba (Banvel) are commonly used in corn following the use of 
preplanting or preemergence herbicides. In soybeans, preemergence applications 
of chloramben (Amiben), linuron (Lorox) or metribuzin (Lexone, Sencor) are 
being used after preplanting applications of chemicals such as trifluralin 
(Treflan). 
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These herbicide mixtures and multiple treatments are economically practical 
where the weed problems warrant their use. They should help prevent the build
up of resistant types of weeds as has occurred in past years when we relied too 
much on a single herbicide. Some areas of the state have experienced a build
up in corn of certain grasses including crabgrass, witchgrass, fall panicum, 
wild proso millet, woolly cupgrass and certain strains of giant and green fox
tail. In soybeans several annual broadleafs have become problems in some 
fields. These include common cocklebur, velvetleaf, venice mallow, wild mus
tard, black nightshade, buffalo bur, common ragweed, giant ragweed, and wild 
sunflower. Use of the information in Tables 2 and 4 should help in selecting 
herbicides that will control most of these weeds. When the new postemergence 
herbicide, bentazon (Basagran), becomes generally available it should help 
solve these annual broadleaf problems in soybeans. 

Soil texture and the amount of organic matter in the soil are major considera
tions in selecting preplanting or preemergence herbicides and in determining 
the proper rate of application, GeneraJly, linuron (Lorox) and chlorbromuron 
(Bromex, Maloran) are recommended only on soils with less than 4 percent organic 
matter, Atrazine and cyanazine (Bladex) perform more con~istently on soils with 
higher organic matter. Alachlor (Lasso), butylate (Sutan), EPTC (Eradicane), 
trifluralin (Treflan), vernolate (Vernam), chloramben (Amiben), and fluorodifen 
(Preforan, Soyex) perform well on most soils, but some adjustment in rate is 
necessary for different soils. Propachlor (Ramrod) works well on soils higher 
in organic matter, but generally is less effective than alachlor on sandy soils 
and soils low in organic matter. Metribuzin (Lexone, Sencor) shows good activ
ity against weeds on most soils, but because of the potential for crop injury, 
it is not suggested for use on sandy soils with less than 2 percent organic 
matter nor on alkaline soils with a pH of more than 7.4. Chlorbromuron, lin
uron, cyanazine, and dicamba also are not suggested for preemergence use on 
sandy ~oils because of potential crop injury. EPTC (Eradicane) and butylate 
(Sutan) are now formulated with an antidote that protects corn from injury, 
thus making these chemicals safe to use over a wide range of soils. Labels 
give specific information regarding use on different soils and this information 
should be followed carefully. 

Several new chemicals are in the process of obtaining label approval and may be 
available under full clearance labels or experimental labels for 1974. Proflur
alin (Tolban), fluchloralin (Basalin), and dinitramine (Cobex) are chemically 
similar to Trifluralin (Treflan). All of the chemicals control annual grasses, 
pigweed sp., and common lambsquarters, but they do not control other annual 
broadleafs or perennials. Dinitramine is more active than the other compounds 
and has shown more potential for soybean injury. It should not be incorporated 
more than 2 inches deep which helps reduce the injury problem. Dinitramine is 
now cleared for use on soybeans. Profluralin and fluchloralin are less active 
than trifluralin, thus higher rates are used to obtain comparable weed control. 
Crop tolerance to these two compounds appears comparable to trifluralin. 

Bentazon (Basagran) , a new postemergence chemical for annual broadleaf control 
in soybeans, has an experimental label now and may have full clearance for 1974, 
however, the supply is expected to be limited. Bentazon has given good control 
of most annual broadleafs and soybean tolerance is good. Early application 
when weeds are less than 2 inches tall and soybeans are in the first trifolio
late leaf stage (4 to 6 inches tall) has been the ideal time for application. 
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AC 92553 (Prowl) is a new preemergence herbicide that shows potential for an
nual grass control in corn. It is expected to be in limited use with an exper
imental label for 1974. 

Bifenox (Modown) is a new preemergence herbicide that has given fair to good 
control of annual broadleafs, but generally has not controlled grasses satis
factorily. Some early stunting and malformation of soybeans and leaf necrosis 
in corn have occurred in experiments indicating limited crop tolerance. Bifenox 
may be cleared for use in mixtures for soybeans. 

Glyphosate (Roundup) has given excellent control of perennial weeds such as 
quackgrass and Canada thistle and could be used before planting corn, soybeans, 
or other crops since there is no soil residual activity. Clearance for use on 
noncropland is anticipated for 1974 and on cropland possibly in 1975. 

More information on weed control in crops is given in "Cultural and Chemical 
Heed Control in Field Crops--1974", Extension Folder 212, Agricultural Exten
sion Service, University of Minnesota, St. Paul, Minnesota, 55101. Labels 
should also be read carefully for specific use instructions. 
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Table 1. 
1/ Suggestions for chemical control of weeds in corn- • 

Chemical 

Preplanting incorporated 
Alachlor (Lasso) 

(Lasso II) 
Atrazine 

+ Butylate (Sutan ) 

EPTC + protectant (Eradicane) 

Atrazine + butylate 

Preemergence 
Alachlor (Lasso) 

(Lasso II) 
Atrazine 

Cyanazine (Bladex) 
Propachlor (Ramrod) 

Atrazine + alachlor 
Atrazine + propachlor 
Chlorbromuron (Bromex) + 

alachlor 

Cyanazine + alachlor 
Dicamba (Banvel) + alachlor 

Linuron (Lorox) + alachlor 

Linuron + propachlor 

Post emergence 
Atrazine + oil 

Cyanazine (Bladex) 

Dicamba (Banvel) 

Pounds per acre 
of active ingredient 
or acid equivalent 

broadcast 

1 to 

~ 
3.9 
2-3 

4 

3-4 

1~ + 3 to 4 

2-~ 
2.4 - 3.9 

1-3 

2-4 
4-5 

1 to 2 + 1~ to 2~ 
1 to 1~ + 2 to 3 3/4 

3/4 to 2~ + 1~ to 2 

1 to 2.2 + 2 to 2~ 
~ + 2 to 2~ 

~ to 1~ + 1 to 3 

1 to 1~ + 2 to 3 

1.2-2 

2 

1/8 - 1/4 
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2/ Remarks-

For nutsedge control 
For nutsedge control 
May injure some crops 

following year. 
Controls annual 
grasses only. 

For nutsedge and 
annual grass control. 

For grasses and broad
leafs. 

Controls annual 
grasses primarily. 

May injure some crops 
following year. 

Do not use on sands. 
Controls annual 

grasses only. 

Do not use on sandy 
soils or soils with 
less than 1% organic 
matter. 

Do not use on sandy 
soils. 

Do not use on sandy 
soils. 

Do not use on sandy 
soils. 

Apply when weeds less 
than 1~ inches tall. 

Apply when weeds less 
than 1~ inches tall 
and before corn has 
more than 4 leaves. 

Controls broadleafs 
only. Apply before 
corn is 3 feet tall 
and not within 15 
days of tasseling. 
Follow drift con
trol precautions on 
the label. 



Table 1. (Cont.) 

Chemical 

Pounds per acre 
of active ingredient 
or acid equivalent 

broadcast 2/ Remarks-

Postemergence (Cont.) 
2,4-D amine ~ ~ 

1/6 - 1/3 
Corn in 2 leaf stage 
to 3 feet tall. Use 
drop nozzles after 
corn is 8 inches 
tall. 2,4-D con
trols broadleafs 
only. 

1/ 

2/ 

2,4-D ester 

2,4-D amine 
2,4-D ester 

~ 1 
1/3 - 2/3 

After corn is 3 feet 
tall. Use drop 
nozzles so only 
base of stalk is 
sprayed. 

From Cultural and Chemical Weed Control in Field Crops-1974. Extension 
Folder 212. Agricultural Extension Service. University of Minnesota. 
St. Paul, Minnesota, 55101. 

Check label instructions for detailed use instructions and restrictions 
on crop use, 
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Table 2. Effectiveness of Herbicides on Major Weeds in Corn 

Pre-
Planting Preemersence Postemersence 

)< - ~ 't:l - -- e ~ ~ ~ 

+s:: - - - llQ Q) r-l Q) 
Q) 0 r-l ~ - - 't:l r-l ..... 't:l 

~ s:: Ul Q) ~ ~ Q) 0 ~ 
.j.J 5 gj t ~ 0 c:: r-l > r-l 
=' - ~ 0 llQ ~ 't:l llQ 
til ..... ~ ~ 0 ~ - ~ -- 't:l - llQ ~ ~ =' llQ 

~ - 0 - a Q) - 8 Q) ~ 8 ~ 8 r-l 0 c:: 8 .j.J ~ 0 CIS -5 c:: ~ ..... ~ ..... 
~ - 1:1 r-l ..... 

1 
0 -e N 1 

..... N 
r-l -5 N ~ ~ ~ Q N ~ 
:>. t..> ~ CIS 8' =' 0 ~ I ~ ~ .j.J E-4 ~ ~ ~ c:: r-l ~ u ~ 

=' ~ 
.j.J r-l .j.J iS ~ ..... 6 ()' .. ..... .j.J ()' 

llQI < < < ~ ~ N Q < 
Corn tolerance G G G G G F G F F G G G G G 

Grasses 
Giant foxtail G G. F G F p G F F G N N F G 
Green foxtail G G G G G p G F F G N N G G 
Yellow foxtail G G G G G p G F F G N N G G 
Barnyardgrass G G F G F p F, F F F N N F F 
Crabgrass G G p G p p G G G F N N p F 
Panicurn G G p G p p F G G F N N p F 
Nuts edge G G p G p N F p p p N N F p 
Quack grass N F G N G N N N N p N N G p 
Woolly cupgrass F G p G p p F p p p N N F F 
Wild prose F G p G p p F p p p N N p p 

millet 
Broadleafs 

Cocklebur p p F N F F p p p F G G G F 
Larnbsquarters p F G F G G p G G G G G G G 
Mustard p p G p G G p G G G G F G G 
Pigweed F F G G G G F G G F G G G F 
Ragweed p F G p G G p G G G G G G G 
Srnartweed p p G p G G p F F G p G G G 
Velvet leaf F F F p F F p F F F G G F F 
Wild sunflower p p F p F F p p p F F G G F 
Canada thistle N N p N p N N N N p F G F p 

G - Good; F - Fair; P - Poor; N - None 
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Table 3. Suggestions for chemical control of weeds in soybeansl1. 

Chemical 

Preplanting incorporated 

Alachlor (Lasso) 
(Lasso II) 

Trifluralin (Treflan) 

Vernolate (Vernam) 

Preemergence 

Alachlor (Lasso) 
(Lasso II) 

Chloramben (Amiben) 

Chlorbromuron (Bromex, Maloran) + 
alachlor 

Chlorpropham (Chloro-IPC, Furloe) 

Fluorodifen (Preforan, Soyex) 

Linuron (Lorox) + alachlor 

Metribuzin (Lexone, Sencor) + 
alachlor 

Pounds per acre 
of active ingredient 
or acid equivalent 

~ 
3.9 

~- 1 

3 

2 - 3~ 
2.4 - 3.9 

3 

3/4 - 2~ + 1~ - 2~ 

2-3 

3 3/4 - 4 1/2 

~ - 1~ + 1-3 
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Remarks~/ 

For nutsedge control. 
For nutsedge control. 

Primarily annual grass 
control. 

Controls annual grasses 
and some broadleafs. 
Incorporate immed
iately. 

Controls annual 
grasses primarily. 

Controls annual grasses 
and broadleafs. Apply 
same day soybeans are 
planted. 

For medium textured 
soils with less than 
4% organic matter. 
Do not use on sandy 
soils. 

For annual smartweeds 
only. 

For annual grasses 
and some broadleafs. 

For medium textured 
soils with less than 
4% organic matter. 
Do not use on sandy 
soils. 

Do not use on soils 
low in organic 
matter or on sandy 
soils. Soybean in
jury may be more 
severe on alkaline 
soils or on soils 
with atrazine res
idues. 



Table 3. (Cont.) 

Chemical 

Post emergence 

Chloroxuron (Norex, Tenoran) 

2,4-DB amine 

Pounds per acre 
of active ingredient 
or acid equivalent 

1 - 1~ 

1/5 

2/ Remarks-

Apply when soybeans 
are in first tri
foliolate leaf 
stage and weeds 
are less than 2 
inches tall. Con
trols certain broad
leafs only. 

Controls only cockle
bur. Apply 10 days 
before bloom up to 
midbloom or as a 
directed spray 
when soybeans are 
8 to 12 inches 
tall. 

l/ From Cultural and Chemical Weed Control in Field Crops-1974. Extension 
Folder 212. Agricultural Extension Service. University of Minnesota, 
St. Paul, Minnesota, 55101. 

21 Check label instructions for detailed use instructins and restrictions on 
crop use. 
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Table 4. Effectiveness of Herbicides on Major Weeds in Soybeans 

Pre-
plant- Post-

Preemergence ins emergence 
.. .. 

l:l - :>< - .. 
Ill cu ~ l:l l:l 
1-1 - 0 .. .-..Ill Ill -0 l:l .-l 0 1-iCU..-l - 1-1 l:l 

11-1 cu 1-1 1-1 Ol:lll-l ~ 8 Ill - cu 

i 
::s !XI CJ 0 cu 1-1 

0 1-1 ""' - - l:l :>< 1-1 l:l cu co 
rn Il-l - :>< QJ QJ E-1 1-1 E-1 Ill 
rn - l:l 0 oo.-:~- cu - rn 
Ill - ~ 0 1-1 - > Ill 

.-:1 l:l 1-1 0 l:l - l:l !XI - QJ l:l .l:l ::s.-.. .-:1 l:l ..... 0 -~~-~- QJ p. g ~ - •rl .-l cu 1-1 
1-1 ..... :>< 1 0 N Ill .j.l ::s- l:l 
0 "1:1 cu 1-1 1-1 1-1 l:l ::s 1-1 Ill :>< :>< 0 
.-l 0 I» e -e~ 0 ,0 ::s .-l 0 QJ ~ N 

-5 1-1 0 1-1 1-1 •rl .-l 8 1-1 1-1 Ill 
Otll 0 0 ~~ ::s 1-1 11-1 0 0 I ""' Ill ::s .-l .-l l:l .j.l •rl 1-1 r-lZ -::r l:l 

.-l .-l t3 .l:l t3 •rl ~ 1-1 cu .l:l .. QJ < ""' u .-:1 E-1 > u N !XI 

Soybean tolerance G G G G F F F F F F p G 

Grasses 
Giant foxtail G G G p F F F G G p N N 
Green foxtail G G G p F F F G G p N N 
Yellow foxtail G G G p F F F G G p N N 
Barnyardgrass G F G p F F F G G p N N 
Nutsedge G p p N p p p p F N N F 

Broad leafs 
Cocklebur p p p p p p F p p F F G 
Lambsquarters F F G p G G G G G F p :F 
Mustard p F F F G G G p F G p G 
Pigweed G G G p G G G G G F p F 
Common ragweed p F G p G G G N p p p G 
Smartweed p G G G F F G p p p p G 
Velvetleaf p N F p F F F p F p p G 
Wild sunflower p p p p p p F N p F p G 
Black nightshade G G F p p p p p p G 

G-Good, F-Fair, P-Poor, N-None 
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FIELD TRIALS WITH 11 SPECIAU' FERTILIZER MATERIALS 

s. D. Evans, G. D. Holcomb, o. M. Gunderson, 
w. W. Nelson, and c. J. Overdahl 
University of Minnesota and the 
Agricultural Extension Service 

The harvest of our crops removes nutrients from the soil each year. In order 
to maintain high levels of production these nutrients must be replaced so 
that suceeding crops will have an adequate level of essential nutrients. 
They must be made available from sources already in the soil or by the addi
tion of fertilizers. A 100 bu./acre corn crop removes 90 lbs. of N, 36 lbs. 
of P2o5 , and 26 lbs. of K2o in the grain. A 30 bu./acre soybean crop removes 
110 lbs. of N, 26 lbs. of P205, and 41 lbs. of K20 in the grain. In the case 
of soybeans, however, the nitrogen removed is compensated for by an almost 
equal amount fixed by the rhizobia on the soybean roots. 

In 1971 field trials were established at the Southwest Experiment Station, 
Lamberton, and the West Central Experiment Station, Morris, to compare so
called "·special'' fertilizer materials with commonly available fertilizer 
materials. There were three types of materials tested; namely, (1) soil 
conditioners containing noN, P, or K, (2) specialty fertilizers containing 
small amounts of N, P, and K, and (3) liquid materials containing normal 
amounts of N, P, and K, but claimed to be superior to conventional fertilizers. 

The results of the 1971 and 1972 trials on corn are summarized on Soils Fact 
Sheets 22 and 23. Therefore, this paper will concentrate on the 1973 results 
with corn and the 1972-73 results with soybeans. At Lamberton the trials 
were carried out on a corn soybean rotation with 0 + 90 + 45 broadcast on 
1/2 of each treatment the year the plots are in corn. At the Morris Station 
the trials are in continuous corn and 0 + 80 + 0 was broadcast on 1/2 of all 
treatments in the spring of 1971 and 0 + 100 + 0 on the same areas in the 
spring of 1973. 

The 1973 corn treatments for both locations are listed in table 1. There 
were substantial changes in treatments 2 and 3, the Nachurs materials, where 
(1) leaf applications were not included in 1973 and (2) the preplant nitrogen 
application rate was increased. There were reductions in the total fertilizer 
applied in treatment 6, the conventional fertilizer program. 

The 1973 corn yields are given in table 2. At Lamberton the precipitation 
from May 1 thru August 31 was only 8.13 inches (2.47 inches in July), much 
below average. At Morris the precipitation for the same period was 12.09 inches 
(5.55 inches in July), only slightly below average. Maximum yields at 
Lamberton were right at the 100 bu./acre level. The highest yield was obtained 
with the conventional treatment (6). The Nachurs treatments (2 and 3) were 
slightly lower in yield. Yields on treatments 4 and 5 were below that on the 
check (1) due to weed competition. There was a response in all treatments 
to the broadcast phosphorus and potassium. 
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Table 1. 1973 Corn Treatments 

1. Check (0 + 0 + 0 total applied). 

2. Nachurs Liquid 9-18-9*: Seed plus deep placement. 
Lamberton only - 5 gal. placed deep and 3 3/4 gal. placed with the 
seed, both at planting; 95 lbs./Acre of N as ammonium nitrate 
broadcast before planting (103 + 16 + 8 total applied). 

3. Nachurs Liquid 9-18-9*: Seed placement only. 
a. Lamberton - 3 3/4 gal. with seed at planting and 85 lbs./Acre of 

N as ammonium nitrate broadcast before planting (88 + 7 + 3 total 
applied). 

b. Morris - Same as Lamberton except 95 lbs./Acre of N as ammonium 
nitrate broadcast before planting (98 + 7 + 3 total applied). 

4. Wonderlife (Scil Conditioner): 150 lbs./Acre with the planter 
(0 + 0 + 0 total applied). 

5. Shurgro (Organic Fertilizer): 200 lbs./Acre with the planter 
(12 + 4 + 2 total applied). 

6. Conventional Fertilizer: 
a. Lamberton - 100 lbs./Acre of N as ammonium nitrate before plant

ing plus 125 lbs./Acre of 8-24-12 at planting (110 + 30 + 15 
total applied). 

b. Morris - 80 lbs./Acre of N as ammonium nitrate before planting 
plus 111 lbs./Acre ·of 9-30-18 at planting (90 + 40 + 20 total 
applied). 

**7. Wonderlife (Soil Conditioner) plus pesticides: Same treatment as 4 
plus insecticide and herbicide (0 + 0 + 0 total applied). 

**8. Shurgro (Organic Fertilizer): Same treatment as 5 plus insecticide 
and herbicide (12 + 4 + 2 total applied). 

**9. Conventional Liquid 7-21-7: Seed only. 
4 gal. with seed at planting and 95 lbs./Acre of N as ammonium nitrate 
broadcast before planting (98 + 9 + 3 total applied). 

**10. High rate of Conventional Fertilizer: Same as treatment 6b except an 
additional 100 lbs. N/Acre and 100 lbs. K20/Acre broadcast before 
planting (190 + 40 + 120 total applied). 

* Also contained sulfur, iron and zinc. 

**At Morris only. 

-~-



At Morris the yields were higher than at Lamberton, but the highest yielding 
treatment was again the conventional fertilizer program (6) at 120 bu./acre. 
Treatment 3, the Nachurs liquid, was identical in yield to the conventional 
treatment where phosphorus was broadcast and 10 bushels/acre lower in yield 
where no phosphorus was used. Treatment 9, the conventional liquid 7-21-7, 
yielded only 2 bu./acre below the Nachurs liquid 9-18-9. Treatments 4 and 5, 
the Wonderlife and Shurgro without pesticides, yielded 26 bu./acre, about 1/3 
that of the check due to weed competition and insect damage. The addition of 
extra amounts of N and K2o (treatment 10) gave no increase in yield. At 
Morris the broadcast phosphorus gave small increases in yield in most cases. 
At both Morris and Lamberton the greatest return over material cost was with 
the conventional fertilizer program. 

Soybean plots were included at Lamberton in 1972 and 1973 and were rotated 
with corn. The soybean treatments are listed in table 3. The 1972 and 1973 
soybean yields are given in table 4. In 1972 the top yielding treatments 
were Nachurs fertilizers, 1 bu./acre above the conventional treatment. In 
1973 the top yielding treatment was the conventional fertilizer program where 
no fertilizer was used on the soybeans. In neither year was there a response 
to the broadcast phosphorus and potassium. 

Table 2. 1973 Corn Yields 

Lamberton Morris 

Broadcast Fertilizer Broadcast Fertilizer 

0 0 + 90 + 45 Average 0 0 + 100 + 0 Average 
Bu/Acre @ 15.5% M. 

1 74 92 83 64 75 70 

2 85 99 92 

3 80 98 88 109 120 115 

4 64 76 70 31 21 26 

5 61 75 68 34 19 26 
6 92 103 98 119 120 120 

7 56 67 62 

8 80 79 79 
9 108 118 113 

10 118 116 117 
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Table 3. 1972-73 Soybean Treatments (only at Lamberton) 

1. Check (0 + 0 + 0 total applied). 

2. Liquid 3-18-18: Seed only at 3 gal./Acre. 

3. Liquid 3-18-18: Seed only at 2 gal./Acre. 

4. Planters (Soil Conditioner): 150 lbs./Acre with planter (0 + 0 + 0 
total applied). 

5. Shurgro (Organic Fertilizer): 150 lbs./Acre with planter 
(0 + 1~ + 10~ total applied). 

6. Conventional Fertilizer: Residual only from the corn the previous 
year (0 + 0 + 0 total applied). 

Table 4. Soybean Yields at Lamberton. 

1972 1973 

Treatment 0 0 + 90 + 45 Average 0 0 + 90 + 45 Average 
Bu/Acre 

1 24 28 26 30 31 31 

2 28 30 29 30 31 30 

3 29 29 29 30 32 31 

4 25 28 26 29 28 29 

5 24 29 27 29 28 29 

6 28 28 28 32 33 32 
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SOl LS-NO. 23 

G.D. HOLCOMB, S.D. EVANS, O.M. GUNDERSON, 
W.W. NELSON, and C.J. OVERDAHL 

Reproduction of these data is permissible only when the en
tire tables are reproduced. This is a preliminary report of a 
study still in process. 

University personnel often have been asked about terti· 
lizer materials claimed to be considerably superior in value to 
commonly available fertilizer materials. Field trials began in 
1971 at the West Central Experiment Station, Morris, and 
the Southwest Experiment Station, Lamberton, to compare 
a conventional fertilizer with one of these products. 

The product selected was Na-Churs, a liquid fertilizer 
advertised for application on the crop foliage as well as to the 
soil. Examples of other products for which similar claims 
have been made are Pure and Westroc. 

The initial soil tests at both sites showed a medium level 
of organic matter and a low phosphorus level. The potassium 
level was high at Morris and medium to high at Lamberton. 

Applications in 1971 were made according to general 
recommendations of the company. The second year program 
was based on company soil tests and recommendations. 

The individual treatments applied annually were: 

1. Check 
2. Na-Churs: With seed and on foliage 

Lamberton: 4 gal./acre 9-18-9 with seed plus 
4 gal. on foliage (2 applications at 2 gal. rate). 
45lbs. (421bs. in 1971) nitrogen/acre, broad
cast. 

Table 1. Bushels of corn per acre at 15% percent moisture 

Lamberton No Broadcast 
1971 1972 Average 

Check 
Na-Churs: Seed+ foliage 
Na-Churs: Seed 
Conventional fertilizer 

Morris 
Check 
Na-Churs: Seed+ foliage 
Na·Churs: Seed 
Conventional fertilizer 

64 80 
76 93 
79 104 
83 96 

47 
80 
67 
93 

53 
67 
67 

107 

72 
85 
91 
90 

50 
74 
67 

100 

Comparison of Na-Churs Fertilizer 
with a Conventional Fertilizer 

Morris: 1971-·5 gal./acre 9-18-9 with seed plus 
4 gal. on foliage (2 applications at 2 gal. rate). 
42lbs. nitrogen/acre broadcast. 1972--4 gal./acre 
9-18-9 with seed plus 5 gal. on foliage (2 gal. on 
7-7 and 3 gal. on 8-3). 40 lbs. nitrogen/acre 
broadcast. 

3. Na-Churs: With seed. 
Same treatments as listed for number 2 except 
no foliage application. 

4. Conventional fertilizer 
Lamberton: 180 lbs./acre 8-24-12 with planter. 
100 lbs. nitrogen/acre broadcast. 
Morris: 190 lbs. 8-32-16 with planter. 105lbs. 
nitrogen/ acre broadcast. 

All treatments were replicated four times with and with· 
out broadcast applications of phosphate. This provides com· 
parisons under medium to high as well as under low soil phos· 
phorus conditions. (At Lamberton, potash was also broadcast 
with the phosphate application.) Each year, all plots received 
herbicides and two cultivations. When corn was the previous 
crop, rootworm insecticide was applied. 

The Morris trials are being conducted on continuous 
corn. The Lamberton trials are in a corn-soybean rotation, 
and the soybean results will be reported later. 

YIELD RESULTS 

At Lamberton, there has been little difference in corn 
yields obtained with the conventional fertilizer and those with 
Na-Churs. At Morris, corn yields have been significantly lower 
on those plots receiving Na-Churs. There has been little to no 
yield increase from foliar applications. 

0+90+45 Broadcast (Annually) 
1971 

71 
79 
78 
93 

1972 
85 

109 
114 
110 

Average 
78 
94 
96 

102 

0+80+0 Broadcast ( 1971 only) 
51 38 45 
76 73 75 
76 70 73 
95 107 1011 

AGRICULTURAL EXTENSION SERVICE-AGRICULTURAL EXPERIMENT STATION 
UNIVERSITY OF MINNESOTA, U.S. DEPT. OF AGRICULTURE 
INSTITUTE OF AGRICULTURE, ST. PAUL, MINNESOTA 55101 
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ECONOMIC RETURN, MOISTURE PERCENT, PROTEIN 
CONTENT OF GRAIN 

At Morris the return from the conventional fertilizer 
was substantially greater than from Na-Churs. At the Lamber
ton station the results were somewhat mixed. When Na-Churs 
was applied over the foliage, it was not as profitable as the 
conventional fertilizer treatment at either location. The dol
lar return over Check was determined by assigning a value of 
$1 per bushel for the yield and subtracting the cost of the 
terti I izer and pesticide applied. 

There have been only small differences between the 
moisture content in the grain from the conventional fertilizer 
plots and that from the Na-Churs plots. The protein content 
of the grain from the conventional fertilizer plots has been 
higher than that from the Na-Churs plots. Protein was not 
increased by the foliage applications. 

Table 2. Economic return, moisture percent, protein content of grain, average 1971-72 

No Broadcast Broadcast 
Lamberton $ Return %Moisture %Pro- $ Return %Moisture %Pro-

Treatment over check at harvest tein over check at harvest tein 

Check 36.2 8.2 34.1 8.0 
Na-Churs: foliage+ seed -10.29 34.1 9.0 -6.79 33.0 9.1 
Na-Churs: Seed 5.71 34.2 9.2 4.21 32.8 8.6 
Conventional fertilizer 1.84 33.9 9.8 7.84 32.2 9.8 

Morris 
Check 35.0 7.6 36.0 7.5 
Na-Churs: foliage + seed -1.30 33.1 8.1 5.69 32.7 7.7 
Na-Churs: Seed 2.32 34.1 8.1 13.82 33.6 8.4 
Conventional fertilizer 32.44 33.1 9.6 38.94 32.2 9.0 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914, in cooperation with the 
U.S. Department of Agriculture. Roland H. Abraham, Director of Agricultural Extension Service, University of Minnesota, St. Paul, Minnesota 55101. 
We offer our programs and facilities to all people without regard to race, creed, color, sex, or national origin. 

Trade names are used to more clearly identify the type of products. Neither inclusion nor omission of trade names implies approval nor disapproval. 
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SOl LS-NO. 22 

G.D. HOLCOMB, S.D. EVANS, O.M. GUNDERSON, 
W.W. NELSON, and C.J. OVERDAHL· 

Reproduction of these data is permissible only when the 
entire tables are reproduced. This is a preliminary report of a 
study still in process. 

In 1971, field trials were established at the Southwest 
Experiment Station, Lamberton, and the West Central Experi
ment Station, Morris, to compare materials sold as soil condi
tioners or specialty fertilizers with conventional fertilizer. Two 
were selected, on the assumption that one is representative of 
inorganic soil conditioners and the other of products labeled 
as organic and sold as a specialty fertilizer or soil conditioner. 
A general definition of a soil conditioner under Minnesota 
state law is a product represented as having a primary function 
of favorably modifying the physical properties of the soil. 
Specialty fertilizer means any commercial fertilizer distributed 
primarily for use on noncommercial crops such as lawns, parks, 
shrubs, golf courses, etc. 

The two products selected were: 

Wonder Life: An inorganic soil conditioner. Examples 
of other products which may be considered in this 
grouping include Planters, Nu-Age, Life for the Soil, 
and Procal. 

Shur-Gro: A specialty fertilizer labeled as an organic 
soil builder. Other products which may be considered 
in this grouping of organic soil conditioners and 
specialty fertilizers include Super Gro, Bio-Act, 
Fertilaid, and Fertidyne. 

The initial soil tests at both sites showed a medium 
level of organic matter and low level of phosphorus. The 
potassium level was high at Morris and medium to high at 
Lamberton. 

Individual treatments applied annually were:* 

1. Check: Pesticide (herbicide and insecticide) deemed 
desirable. 

Table 1. Bushels of corn per acre at 15% percent moisture 

Lamberton 
Treatment 
Check 
Wonder Life 
Shur-Gro 
Conventional tertii izer 

Morris 
Check 
Wonder Life 
Shur-Gro 
Conventional fertilizer 
Wonder Life+ pesticide 

~-~ur-Gro + pesticide 

No Broadcast 
1971 1972 

64 80 
49 74 
53 89 
83 96 

47 
21 
30 
93 
46 
62 

53 
23 
25 

107 
45 
51 

Average 
72 
62 
71 
90 

50 
22 
28 

100 
46 
57 

Comparison of a Soil Conditioner 
and a Specialty Fertilizer 
with a Conventional Fertilizer 

2. Wonder Life: 250 lbs./acre broadcast before planting. 
No pesticide applied. (Suggested by salesman and 
brochure.) 

3. Shur-Gro: 300** lbs./acre broadcast before planting. 
200 lbs./acre with planter. No pesticide applied. (Sug
gested by salesman and brochure.) 

4. Conventional Fertilizer: Lamberton, 100 lbs./acre 
nitrogen as 33%-0-0 broadcast before planting plus 
180 lbs./acre 8-24-12 with planter. Morris, 1051bs./ 
acre nitrogen as 33%-0-0 and 190 lbs./acre 8-32-16 
with planter. Pesticide deemed desirable. 

All treatments were replicated four times with and with· 
out broadcast applications of phosphate. This provides com
parisons under medium-high as well as under low soil phospho
rus conditions. (At Lamberton, potash was also broadcast with 
the phosphate application.) Each year, all pi ots received two 
cultivations. The Morris trials are being conducted on contin
uous corn. The Lamberton trials are in a corn-soybean rota
tion, and the soybean results will be reported later. 

YIELD RESULTS 

The highest yield at both Lamberton and Morris in 1971 
and 1972 was on plots receiving conventional fertilizer. The 
lowest yields occurred on the plots treated with the soil condi
tioner. In some instances yields on plots receiving either the 
soil conditioner or the organic specialty fertilizer were below 
those from the check plots. This was due to increased weed 
competition at both locations in 1971 and 1972 and to corn 
rootworm damage at Morris in 1971. This is vividly illustrated 
in the trials at Morris where the soil conditioner and organic 
specialty fertilizer were applied with and without pesticides. 

*At Morris, treatments 2 and 3 were repeated with the pesti
cides used on treatments 1 and 4. 

**No Shur-Gro was broadcast at Morris for 1972 trials. 

0+90+45 Broadcast @nnually) 
1971 1972 Average 

71 85 78 
39 73 56 
45 99 72 
93 110 102 

0+80+0 Broadcast ( 1971 only) 
51 38 45 
20 18 19 
18 27 23 
95 107 101 
48 42 45 
68 52 60 

--------

AGRICULTURAL EXTENSION SERVICE-AGRICULTURAL EXPERIMENT S~ATI~~
UNIVERSITY OF MINNESOTA, U.S. DEPARTMENT OF AGRICULTURE 
INSTITUTE OF AGRICULTURE, ST. PAUL, MINNESOTA 55101 _ 61 _ 



ECONOMIC RETURN, MOISTURE PERCENT, PROTEIN 
CONTENT OF GRAIN 

The greatest profit per acre, the grain with the lowest 
moisture content at harvest and the grain with the highest 

protein content were from those plots which received conven
tional fertilizer. The dollar return over Check was determined by 
assigning a value of $1 per bushel for the yield and subtracting 
the cost of the soil fertility material and the pesticides applied. 

Table 2. Economic return, moisture percent and protein content of grain average of 1971 and 1972 

Lamberton No broadcast Broadcast 
$Return %Moisture %Pro· $Return %Moisture %Pro· 

Treatment over check at harvest tein over check at harvest tein 

Check 36.2 8.2 34.1 8.0 
Wonder Life ·23.17 36.1 8.3 -34.67 34.9 7.4 
Shur-Gro ·20.80 36.5 8.3 -25.80 33.9 7.6 
Conventional fertilizer 1.84 33.9 9.8 7.84 32.2 9.8 

Morris 

Check 35.0 7.6 36.0 7.5 
Wonder Life -38.37 40.8 7.4 -35.87 42.0 7.8 
Shur-Gro ·32.50 39.7 7.5 -32.00 39.5 7.1 
Conventional tertii izer 32.44 33.1 9.6 38.94 32.2 9.0 
Wonder Life + pesticide ·22.37 36.9 7.5 -17.37 36.0 7.2 
Shur-Gro + pesticide ·11.00 35.5 7.5 -2.00 33.7 7.6 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914,.in cooperation 
with the U.S. Department of Agriculture. Roland H. Abraham, Director of Agricultural Extension Service, University of Minnesota, St. 
Paul, Minnesota 55101. We offer our programs and facilities to all people without regard to race! creed, color, sex, or national origin. 

Trade names are used to more clearly identify the type of products. Neither inclusion nor omission of trade names implies approval 
nor disapproval. 
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INSECT GROWTH REGULATORS AND SEX 
ATTRACTANTS IN PEST CONTROL 

Dale G. Koslucher 
Field Research & Development 

Southwest-Midwest Representative 
Zoecon Corporation 

The Zoecon Corporation was founded in 1968 by a group of researchers from 
the Syntex Corporation to pursue new methods of pest control incorporating 
novel new ideas and Syntex's chemical expertise. The Corporation's efforts 
are split in two directions, the first in developing pheromones (PHEROCONTM 
attractants) which are produced naturally by insects to attract other insects 
to food or to stimulate sexual response, swarming, escape or warning. The 
second is developing pheromones (PHEROCONTM attractants) that can be synthet
ically produced to mimic the actual juvenile hormone found within the insect. 

PHEROMONES 

Pheromones are by definition secreted by an individual insect to attract 
another insect of the same species for the purpose of swarming, mating, 
food gathering or escape. Pheromones, known as PHEROCON™ attractants, 
are not used to control insect populations, but are used to monitor insect 
populations in an integrated control program. Rubber or plastic caps are 
impregnated with a synthetic pheromone (0.1-10.0 milligrams), which is 
effective from six weeks to months depending on the pheromone used, the 
insect and environmental conditions. The cap is placed inside a trap com
posed of cardboard containing a glue so that the insects attracted to the 
pheromone are caught and held in the trap. The size, shape and color of 
the traps vary according to the use pattern and specific insect involved. 
The number of traps per unit area varies, but in the case of monitoring 
orchard pests, one trap per two acres is a good average. 

USES OF PHEROMONES 

At the present time, the commercial use of pheromones is for monitoring 
populations and it is strongly felt by many that this use of pheromones 
will be the key to a truly integrated pest control program for many crops. 
Pheromone baited traps for monitoring purposes have the following specific 
uses: 

1. To determine proper timing of sprays, which will result in either 
fewer applications per season or reduce rates of pesticides per 
application by more precise timing of the spray in relation to 
insect development. 

2. To locate sources of infestation from over-wintering areas, 
such as hedgerows, storage areas, etc., 

3. To detect a new pest coming into a region, such as to monitor 
the gypsy moth advancing front so that proper control measures 
can be instituted before the infestation becomes so large that 
it is uncontrollable. 
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4. To determine if a pesticide spray~ actually needed. As data 
is accumulated and trap counts are correlated with crop damage 
for a few seasons, trap counts can be used to determine whether 
or not to spray. At the present time, if insects are trapped 
only in a certain portion of an orchard, only that portion need 
be sprayed. In other words, pheromone baited traps can tell a 
grower whether he should spray his entire acreage or whether he 
needs only to spray a small portion of it. 

In the future, pheromones may well be used for control of certain insects. 
Control with pheromones can be effected in two major ways: 

1. By mass trapping one or both sexes. 

a. The insects can be attracted by the pheromone to a sticky 
trap or some sort of a cage trap. 

b. The insects can be attracted by the pheromone to a trap con
taining an insect growth regulator, a toxicant of some kind, 
a virus or a bacteria. These materials could have a direct 
effect on the insect attracted to the pheromone or the attracted 
insects could carry the material back to the colony and thus, 
effect control of the entire colony. 

2. By confusion of the insects, which can be brought about by the 
high concentration of a sex pheromone in a given area such that 
the insects become confused and die before they find a mate. 

(Finally, this slide demonstrates that anyone can learn to use our PHEROCON™ 
attractant monitoring kits effectively.) 

INSECT GROWTH REGULATORS 

Insect growth regulators are compounds which when applied to insects re
sult in morphogenetic effects and result either in the death of the insect 
or its inability to reproduce. This type of compound is being referred to 
as an insect hormone, juvenile hormone, juvenile hormone mimic, JH, and JH 
analog. It is felt that a term such as insect growth regulator is much 
more appropriate and much less confusing and that this or some other term 
should be universally adopted in the near future. 

MODE OF ACTION 

Unlike standard insecticides, insect growth regulators are not directly 
toxic to target insect species. Instead, they produce morphogenetic effects 
which indirectly cause mortality or they inhibit the ability of an insect 
to reproduce. Many insects treated with insect growth regulators exhibit 
an inability to undergo metamorphosis, leading to non-viable larval-pupal 
intermediates and non-emerging pupae. Thus, it may not be feasible in 
some practical conditions to immediately control a damaging infestation 
unless it is the adult stage which does the damage. When it is the larval 
stage which destroys the crop, insect growth regulators may be used as a 
preventative tool, stopping the build up of subsequent destructive popula
tions. 
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SPECIFICITY 

At one time some workers in this field speculated that insect growth regu
lator compounds would be highly species specific. As laboratory and field 
studies have been expanding, it has been found that most of the compounds 
are not species specific but that, in general, they are order specific. 

Initial laboratory studies also indicated that a given insect would be sen
sitive to an insect growth regulator only during a very short period during 
a specific stage of its development. For example, activity against an insect 
would only be obtained when it was treated in the very late fourth larval 
instar. Further laboratory and field testing has shown that many of the 
insect growth regulating sompounds are active over a longer period of the 
insect•s development. This longer period of activity is significant, but 
it may still only extend through a part of the egg, larval or adult stage. 
From a practical control standpoint, therefore, the stability of some com
pounds will have to be increased by special formulations to the point where 
they will survive in, on, or about the insect until the sensitive stages 
are reached. 

FORMULATION 

Under field conditions, most insect growth regulating compounds degrade 
quite rapidly so that they exist in the environment only as long as is 
necessary to control the specific pest problem being treated. In other 
words, they definitely are not persistent in the environment and in some 
cases, special formulations may be required to lengthen their residual 
life in order for them to produce economic insect control under practical 
field conditions. This is normally the case and with each new IGR deve
loped new formulations must be produced to make that compound an effective 
one. ALTOSidiDhas been micro-encapsulated to increase its life from 30 
minutes to five days in the field, an~ow it has been stabilized on char
coal to last from 18-21 days. ALTOZA~has also had formulation problems 
which are still being worked out. 

ACTIVITY OF INSECT GROWTH REGULATORS (See slide presentation) 

Aphids normally become sterile under the influence of insect growth regu
lators (ZR 777). 

Timing of the application is critical to affect the crawler stage of scale 
(ZR 619). 

ALTOSID, ALTOZAR and a combination of the two have all proven effective in 
controlling immature stored product insects at 2-4 ppm in small scale trials. 

Houseflies, as well as the other flies associated with livestock and poul
try (face fly, horn fly, stable fly, etc.), can be controlled with ALTOSID 
by feeding through the material in the food, water or in a medicated block 
or premix, thus preventing emergence from the manure. Zoecon is extremely 
excited about our future in this area as 0.01% of ALTOSID will totally con
trol horn flies in manure. It takes a larger percentage of ALTOSID to con
trol the other flies, depending on the species. 
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The imported fire ant has taken a precedence as Zoecon is attempting to 
develop a fire ant control that is environmentally safe and non-persistent. 
Large and small field tests were run this past summer to attempt to control 
the ants with varying degrees of success. Texas leaf-cutting ants also 
pose a problem that is yet to be solved, although with fire ants and leaf
cutting ants, the activity appears to be there and all that remains is to 
develop a stable formulation that is palatable and inexpensive to market. 

ALTOSID SR-10 appears to be the leading candidate for a new effective 
mosquito larvacide on the market today. An experimental label has already 
been issued and in tests in Panama, California, Texas, Louisiana, Minne
sota, Florida, New Jersey, etc. ALTOSID SR-10 has been found to be effective 
down to 1/120 pound per acre. The one drawback has been a short residual of 
five days which has now been increased to 18-21 days with the ALTOSID 20 
stabilized formulation. 

SAFETY 

Insect growth regulaing compounds are actually mimics of the compounds 
which naturally occur in insects, and as a result, they possess many of 
the desired properties of an ideal material for the control of insects. 
Toxicology, to date, on a number of insect growth regulator compounds 
clearly shows their safety to man, animals, fish, wildlife, and the envi
ronment in general. 

SAFETY AND PERSISTENCE 

Acute oral LDso values presented in table below indicate the safety of 
two Zoecon insect growth regulators, ALTOZAR and ALTOSID. 

Acute Oral 
(Rats) 

Acute Dermal 
(Rabbits) 

TEPP 
1 

2.4 

Guthion 
12 

220 

Pyrethrine ALTOZAR ALTOSID 
1500 >34 ,600 >50 ,000 

1800 4,500 >2 ,000 

In addition to acute toxicology data, preliminary results on teratogenic, 
mutagenic, and carcinogenic studies suggest that insect growth regulator 
compounds will not present any problems in these areas. 

Non-target data confirms these findings in that no adverse effects have 
been seen in any test where ALTOSID or ALTOZAR have been used. 

SUMMARY 

Insect growth regulators are a potentially important factor in efficient 
and safe pest management in that they are a potent, non-toxic, stable, but 
non-persistent tool for preventing insect development. They will undoubtedly 
prove to be compatible with biological control, and in many cases, may aug
ment biological control by allowing the build up of beneficial insects. 
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In order to gain the many benefits of insect growth regulating materials it 
may be necessary to apply them during a specific susceptible period in the 
insect's life cycle. It, therefore, becomes imperative to accurately deter
mine the susceptible stages. This timing can be determined by monitoring 
insect populations with pheromones. This use of pheromones will become as 
important as their present use for monitoring infestation levels, timing of 
pesticide sprays, locating infestation sources, and determining the spread 
of insects into new regions. 

Zoecon is currently working on many new compounds and other novel ideas to 
help manage pests, some of which include lepidopterans, mealy bugs, psylla, 
lice, cattle grubs and mange. 
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WILD OATS PROBLEMS AND POSSIBILITIES 

John D. Nalewaja 
Agronomy Department 

North Dakota State University 

Wild oats is well known as one of the most competitive weeds with small grains 
and flax. A moderate infestation of 100 wild oats plants per sq yard caused a 
30% wheat yield loss and a density of 200 plants gave over a 40% yield loss, 
based upon competition studies conducted in North Dakota and Manitoba. These 
wild oats densities were based upon seedling counts at about the 2-leaf stage. 
At harvest, a 100 plant per sq yard seedling count appeared light compared to 
infestations commonly seen in production fields. Yield losses in barley from 
wild oats were less than those in wheat. However, yield losses were much 
greater in flax, over 70% with 100 wild oats plants per sq yard. 

The wild oats plant and its seed have been researched for manyyears. This re
search has given much information which helps in understanding its pernicious 
nature and in adapting cultural practices to help control or minimize the 
competition from wild oats. Certainly much is yet to be learned about the ger
mination, growth, and physiology of wild oats. 

The survival of wild oats is related to early maturity, seed shattering and 
seed dormancy in agricultural fields. The shattering of the wild oat seed, 
before small grain harvest, causes a continuous reinfestation in the soil. 
If shattering did not occur, the wild oats could be harvested with the crop, 
and with the seeding a clean crop seed in subsequent years, the problem would 
be minimized. 

The wild oat seed is dormant at maturity; thus, protecting it from fall ger
mination and being killed subsequently by winter frost. The degree of dormancy 
of mature wild oat seed varies with the growing conditions of the plant. A 
recent study at Lethbridge, Alberta indicated that plants grown in soil of 
high moisture under a cool temperature of 60 F produced seed with 99% dormancy; 
whereas, plants which were grown in dry soil under a temperature of 80 F 
produced seed with only 19% dormancy. These results have practical implications. 
Fall tillage is advantageous in controlling wild oat seed by stimulating germin
ation in years of non-dormant seed production; but in years when seed is highly 
dormant because of warm growing conditions, cultivation would not be advantageous. 
Therefore, dormancy is very important in the survival of wild oats. In addition 
to the primary dormancy at maturity, wild oat seed also have the ability to 
assume secondary dormancy which prevents the seed from germinating during the 
high temperature of summer. The secondary dormancy of the seed provides the 
plant with a mechanism to survive the cultivations of a fallow year. 

Secondary dormancy permits the delayed seeding of crops for wild oats control. 
In addition to the secondary dormancy, delayed seeding allows time to destroy 
several flushes of wild oats by pre-seeding tillage to obtain a relatively 
wild oats free crop. However, delayed seeding itself may result in low yields 
should drought or high temperatures occur at crop heading time. Further, later 
seeded crops are subjected to heavy foxtail infestations. 
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The cultural control of wild oats is dependent upon understanding the response 
of wild oats and its seed to a given climatic and agronomic situation. Early 
spring seeding, before any wild oats emerge, will favor wild oats as none of 
the plants are destroyed in seedbed preparation. This may have accounted for 
the heavy wild oats infestation in 1973. 

Crop seeding should immediately follow seedbed preparation. This is necessary 
so that the crop will emerge before the wild oats. Weeds, which emerge prior 
to a crop, are much more competitive than those which emerge after a crop. 

The depth and time of fall or spring tillage in relation to wild oats control 
are not completely understood. Further, the time and type of tillage best for 
wild oats control is dependent upon climatic conditions and subsequent cropping. 
For example, a shallow tillage after 1973 harvest to seed the wild oats would 
have been a good practice in retrospect. The seed produced in 1973 in the 
southern part of the wild oats area was low in dormancy and the late August 
rains would have promoted its growth in fall. However, the common practice of 
deep plowing immediately after harvest would have placed the seed too deep for 
fall germination; and further, perhaps even too deep for germination in 1974. 
The deep plowing would serve as a good practice should the field be fallowed in 
1975 or planted to a wild oats competitive crop. The above discussion was 
intended only to give some of the considerations which are involved in tillage 
practices for the control of wild oats. 

Herbicides are available for wild oats control in various crops. Diallate 
(Avadex) and triallate (Far-go) are preemergence type herbicides and barban 
(Carbyne) is a postemergence herbicide. These herbicides have not completely 
solved the wild oats problem. The preemergence type herbicides require apply
ing a treatment before the unpredictable wild oats emergence is present and 
results are influenced by climatic conditions. The wild oats control with the 
postemergence herbicide has been influenced greatly by climatic and edaptic 
conditions. 

The research effort for wild oats control at North Dakota State University has 
been expanded greatly with a recent VSDA cooperative research effort. The 
research effort involves three major areas: first, the study of the wild oats 
plant and its seed; second, chemical control of wild oats; and third, an inte
grated system for wild oats control. 

Research underway involves the time and depth of wild oats emerger.ce, survival 
of seed in the soil at various depths and with various condtions, variation 
among wild oats selections, influence of time and depth of tillage on wild 
oats, competitive ability of various crops with wild oats, herbicide evaluation, 
herbicide combinations, and factors influencing the efficacy of presently 
cleared wild oats control herbicides. 

The research on improvement of efficacy of presently cleared herbicides has 
given some promising results. It was found that barban was more herbicidally 
active at temperatures decreased from 90 F to 50 F. Further, drought and low 
soil fertility reduced the activity of barban. A frost prior to treatment did 
not influence wild oats control or crop injury; but, a frost after treatment 
tended to increase herbicidal activity. Thus, low rates of barban should be 
used with conditions of high herbicidal activity and high rates with adverse 
conditions. However, rates must be consistent with the label. 
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In conclusion, wild oats certainly is a major cause of economic loss to farmers 
and loss in food and fiber supply for people the world over. A major effort 
is warranted at this time on the part of farmers to utilize available informa
tion and methods of wild oats control and on the part of researchers to develop 
more effective control methods. 
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WHEN DO OUR SOILS AND CROPS NEED LIME? 

Regis D. Voss, Extension Agronomist 
Iowa State University 

Iowa's approach to liming acid soils is based on a soil test determination 
of need, recommendations made in terms of effective calcium carbonate 
equivalent and recommendations based on field research. 

This is a brief discussion of Iowa's approach to liming and some of the 
recent field research results. 

The soil test determination of lime needs is a slight modification of the 
Ohio buffer procedure. Soil pH and buffer pH are reported with the lime 
recommendations. Recommendations are given to increase soil pH to 6.5. 
and to 6.9 and are adjusted for plow depth which is also stated on the 
report. A soil pH of 6.5 is considered sufficient for corn, soybeans and 
grasses; whereas, a soil pH of 6.9 is suggested for forage legumes. 

Lime recommendations are given as pounds of 100 percent effective calcium 
carbonate instead of tons of average-quality limestone. The amount of 
limestone needed to fulfill a calcium carbonate recommendation depends 
on its effectiveness, which is determined by the purity or composition 
and by the fineness of the limestone. 

This approach is useful in Iowa because of the range in purity and in 
hardness of the limestone materials. Also, northwest Iowa has no large 
deposits and limestone must be tra~sported primarily by rail into this 
area. Farmers receive what they need and limestone producers receive 
payment according to the quality of their product. 

LIMING ON CALCIUM CARBONATE BASIS 

Limestones are evaluated on the basis of their "calcium carbonate 
equivalent" with pure calcium carbonate having a value of 100. The 
calcium carbonate equivalent of limestone is measured by determining the 
amount of acid a given weight of limestone will neutralize. Most Iowa 
limestone has a calcium carbonate equivalent between 75 and 105. The higher 
value is due to magnesium carbonate. 

The fineness of limestone affects how uniformly it can be mixed with the 
soil and the time of reaction between the limestone and soil acids. The 
fineness is determined by wet sieving through a nest of 4-, 8- and 50-mesh 
sieves. The effectiveness of different sized particles of limestone is 
compared to that of particles passing a 100-mesh sieve. Limestone passing 
a 50-mesh sieve reacts with the soil fast enough that it is also considered 
to be 100 percent effective. Particles that pass through an 8-mesh sieve, 
but do not pass through a 50-mesh sieve have an average of 40 percent 
effectiveness. Particles that do not pass through an 8-mesh sieve are so 
coarse that they are only 10 percent effective. Material that does not 
pass through a 4-mesh sieve is considered to have no effectiveness. 
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An example of calculation is given in Table 1 for a limestone sample 
having 100 percent passing through a 4-mesh sieve, 90 percent passing 
8-mesh and 55 percent passing 50-mesh. The total percent available 
based on fineness is 70 percent. 

The total effectiveness of limestone, expressed in percent, is a combination 
of calcium carbonate equivalent and fineness. An example would be a lime
stone material with 90 percent calcium carbonate and 70 percent available 
based on fineness. Thus, .90 x .70 = .63 x 100 = 63 percent total 
effective limestone or effective calcium carbonate equivalent (ECCE). 

Table 1. Example calculation of percent of limestone available based on 
fineness. 

Screen Size 

4-mesh 
8-mesh 

50-mesh 

% Material Passing 
each screen 

100 
90 
55 

Factor 

X 0.1 
X 0.3 
X 0.6 

% Available based 
on fineness 

10 
27 
33 

Total 70 

Knowing the percent of total effectiveness, the pounds of limestone material 
required to meet a calcium carbonate recommendation can be calculated as 
follows: assume a limestone material with 63 percent total effectiveness 
and a 4,000-pound recommendation of 100 percent calcium carbonate. Then 
4,000 + .63 = 6,349 pounds of limestone material needed. 

IOWA AGRICULTURAL LIMESTONE LAW 

The calcium carbonate equivalent and percent of total material passing the 
50-, 8- and 4-mesh sieves respectively are now required to be on the label, 
tag or way bill for all agricultural limestone sold in Iowa. The Iowa 
Agricultural Limestone Law went into effect January 1, 1968. Agricultural 
limestone is now recommended and marketed in Iowa on the basis of effective 
calcium carbonate equivalent (ECCE). 

CURRENT AND RECENT STUDIES ON LIMESTONE 

Rates and Soil pH 

Long-term lime experiments in Iowa involving a rotation of corn, small 
grain and one or more years of a legume have shown that maximum yields of 
the legumes occurred at near neutrality (pH 6.9 to 7.0). Maximum yields of 
the other crops in the rotation also occurred at near neutrality but these 
may have been due to the indirect effect of increasing pH on phosphorus 
availability and increased nitrogen supply from the greater legume growth. 
However, it has been established that maximum yields of alfalfa do occur 
at near neutrality, and current recommendations of lime for alfalfa is 
to increase soil pH to 6.9. 
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However, the question still arises as to what soil pH is needed to grow 
top yields of corn and soybeans when they are well fertilized and grown 
without a forage legume crop in the. crop sequence. 

In order to obtain some answers to the above questions, lime studies on 
continuous well fertilized corn were conducted, and two long-term rotation 
experiments were changed to corn-soybean sequences. 

Lime treatments have also been incorporated into several fertilizer 
experiments established in the past ten years. The following is a brief 
report and discussion of the results. 

CONTINUOUS CORN EXPERIMENT 

Eleven continuous corn experiments with varying lime rates were established 
on various soils in Iowa in 1966. Eight rates of effective calcium 
carbonate equivalent (ECCE) ranged from 0 to 32,000 pounds per acre. All 
sites were fertilized with at least recommended rates. Lime rates, initial 
soil pH, and average corn yields for the duration of each experiment are 
shown in Table 2. All experiments were discontinued after three years 
except sites 9, 10 and 11 which are on experimental farms. 

Table 2. Corn yields as influenced by rates of agricultural limestone. 

Site 1 2 3 4 Sharps- 5 6 7 8 

Soil Type Readlyn Taint or Grundy burg Weller Muscatine Fayette Fayette 

Soil pH 5.90 5.95 6.20 5.65 5.70 5.85 6.50 5.55 

Years in Av. 3 3 3 3 2 3 2 3 

Lb. ECCE 
per acre Yields-bushels per acre 

0 153 121 114 93 75 145 149 105 

1000 149 116 114 98 70 150 144 106 

2000 147 122 115 98 72 150 147 105 

4000 154 118 117 97 70 148 149 110 

8000 151 123 115 99 70 148 148 112 

16000 152 121 117 91 73 147 142 112 

24000 154 118 114 100 69 146 149 117 

32000 149 121 113 100 72 149 146 113 

Table 2 continued ••••• 
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Table 2 continued. 

Site 9 10 11 

Soil T~e Floyd Nicollet Galva 

Soil pH 5.70 6.10 6.05 

Years in Av. 5 6 4 

u. ECCE 
per acre Yields-bushels per acre 

0 118 127 131 

1000 124 123 134 

2000 126 128 132 

4000 128 127 133 

8000 127 129 136 

16000 122 124 131 

24000 130 125 133 

32000 127 125 134 

Webb and Classen, ISU 

The average yields in Table 2 show that responses to lime occurred at sites 
4, 8 and 9. These sites had an initial soil pH of 5.7 or less. The yield 
response ranged from 7 to 12 bushels, with most of the response occurring 
between 0 and 8,000 pounds of ECCE, Site 5 showed a positive response the 
first year and a negative response the second year due to dry weather and 
rootworm damage. Site 6 showed small but consistent responses each year. 
Site 9 did not show a response the first two years, but did the next three 
years with yield responses up to 20 bushels. The reason for the delayed 
response is not fully understood. 

Analysis of soil, corn leaf and corn grain samples from the 11 sites have 
also been used to evaluate the effect of lime treatments. Analyses of leaf 
samples show small average increases in N and P and little change in K 
content with liming. As the lime rate was increased from 0 to 32,000 
pounds of ECCE, the average concentration of N was increased from near 
3.00% to above 3.05%, P was increased from 0.28% to 0.30%, zinc was 
decreased from 27 ppm to 20 ppm, and manganese was decreased from above 
80 ppm to 70 ppm or below. Liming also increased calcium and magnesium levels 
in the leaves. At individual sites and in individual seasons, the effects 
of liming on leaf contents of nutrients were large. 

The effect of liming on N, P and K contents of the seed were small. On 
the average there was no effect on N, but liming slightly increased P and 
K levels. The average values showed that P levels increased from 0.235% to 
0.25% as lime was increased from none to the highest rate. 
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Soil sampling at the end of a three year period showed a soil pH of 7.6 
to 7.9 had developed from the top lime rate of 32,000 pounds of ECCE. 
The quantity required to attain neutrality varied with the initial pH but 
was in the 4,000- to 8,000-pound range for most soils. 

Analyses of soil samples taken from each site provide measurements of soil 
acidity (Table 3). The data in Table 3 show that buffer pH has a better 
relationship than soil pH to total acidity (cation exchange capacity minus 
total exchangeable bases). Thus, buffer pH provides a measure of differences 
in exchangeable acidity. Note also that buffer pH is better related than 
soil pH to percent base saturation. Buffer pH does provide a measure of 
active and reserve acidity, but it must be calibrated with amounts of 
limestone (ECCE) needed to change the soil pH to a chosen level. This 
research provided a basis to upgrade limestone recommendations and as a 
consequence limestone recommendations were increased slightly to change 
soil pH to selected pH levels of 6.5 and 6.9. 

Table 3. Soil pH, buffer pH and chemical characteristics at soils listed 
in Table 1. 

Meq/lOOg 
Site Soil Type Buffer pH Soil pH CEC CEC-TEB % Base Saturation 

4 Sharpsburg 6.1 5.65 22.6 7.9 64.9 
9 Floyd 6.2 5.70 26.1 7.6 70.9 
6 Muscatine 6.2 5.85 24.7 7.3 70.3 
8 Fayette 6.3 5.55 17.2 5.4 68.3 

11 Galva 6.35 6.05 30.8 5.9 80.7 
1 Readlyn 6.4 5.90 23.3 6.2 73.2 
5 Weller 6.4 5.70 14.3 4.2 71.2 
2 Tainter 6.5 5.95 26.4 5.2 80.5 

10 Nicollet 6.5 6.10 21.6 4.8 77.6 
3 Grundy 6.65 6.20 25.7 5.8 77.4 
7 Fayette 6.95 6.50 13.9 2.3 83.9 

Webb and Classen, ISU 

CORN-SOYBEAN EXPERIMENTS 

In 1966, two long-term lime experiments were relimed and changed from 
corn-oats-meadow to corn-corn-soybean crop sequences. The data are shown 
in Table 4 for the southern Iowa site on an Edina soil with a pH of 5.3 
and for the Shelby-Grundy site on a Grundy soil with a pH of 6.0. 

All crops in the initial rotation had shown large responses to lime. On 
both sites, corn yields have been increased approximately 10 bushels by 
liming. Lime appears to have increased soybean yields 2 to 4 bushels on 
the southern Iowa site but has had little effect on soybeans at the other 
site. 
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Table 4. Corn and soybean yields as influenced by soil pH. 

Cro:e ~ields-bushels :eer acre 
Soil pH 1st Corn 2nd Corn Soybeans 

1972 Southern Iowa EF 1966-72 

5.3 90 87 30 
6.2 97 96 32 
7.1 95 100 34 
7.5 97 93 33 

1970 Shelby-Grundy EF 1966-72 

6.0 118 121 39 
6.4 118 127 39 
7.1 126 130 39 
7.4 127 132 41 

A similar experiment was established at the same time in northwest Iowa on 
a Moody soil. The soils are less acid and less lime is used in this area. 
Neither crop has responded to lime on this soil with a pH of 6.2. 

LIME-FERTILITY STUDIES 

Three continuous experiments, involving five rates of lime, N, P and Kin 
various combinations applied annually were established in 1963 on outlying 
experimental farms. The lime is applied as very finely ground calcium 
carbonate at rates of 0, 150, 300, 450 and 600 pounds per acre. It is 
broadcast and plowed under in the fall. The 600-pound rate has increased 
the soil pH about 0.5 to 0.6 of a unit to date. 

Corn yields are shown in Table 5 for a few of the lime treatments which 
occur with constant but not always adequate rates of fertilizer. Up to 
13 bushels increase for lime has been obtained on the Carrington-Clyde 
site which has a soil pH of 5.5. Small but consistent responses of 2 to 4 
bushels have been measured on the Clarion-Webster site which has a soil 
pH of 6.2 Little evidence of yield response has occurred on the Galva
Primghar site with a soil pH of 6.0. 

Table 5. Corn yields as influenced by lime in long term NPK-lime 
experiments. 1963 to 1971 averages. 

Annual rates of Ex:eerimental Farm 
N p K Lime Carrington-Clyde Clarion-Webster* Galva-Primghar 

(:eH 5 .5) (:eH 6.2) (pH 6.0) 

80 30 30 0 92 125 104 
80 30 30 300 102 127 102 
80 30 30 600 105 129 103 

120 45 15 150 105 123 101 
120 45 15 450 106 126 106 

120 45 45 150 105 133 106 
120 45 45 450 115 135 106 

Webb, ISU. *1963-72 average. 
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EFFECT OF FERTILIZER N ON SOIL pH 

Although it has long been known that certain commonly used nitrogen 
fertilizers cause soil acidity, there has been little concern in the mid
west until recently. 

All fertilizers that contain ammonia or organic nitrogen cause soil acidity. 
The reason is basically that the ammonia in the fertilizer is changed to 
nitrate by soil bacteria through the process of nitrification. Theoretically, 
ammonium nitrate, anhydrous ammonia, aqua ammonia, and urea develop the same 
amount of acidity (HN03) per unit of N applied. 

One molecule of calcium carbonate (lime) will neutralize the acidity of two 
molecules of nitric acid (HNO ). Since two units of N weigh 28 and one unit 
of calcium carbonate weights loo, it should take, theoretically, 3.57 
(100 f 28) pounds of pure limestone to correct the acidity of one pound of 
N. However, measurements of the acidity produced in the field from 
applications of N to field crop show that the theoretical acidity is not 
produced. 

Data in Table 6 show that the amount of lime needed to bring the nitrogen
fertilized soils back to their original pH values was considerably less 
than the theoretical value. Note that for the normal amounts of nitrogen 
fertilizer used an average of 1.15 pounds of Caco3 (pure limestone) were 
needed to correct the acidity developed by the use of one pound of nitrogen 
in ammonium nitrate. This is 32 percent of the theoretical amount. Further 
studies have shown that the crops grown affect the amount of acidity 
developed. 

Table 6. Amounts of lime (Caco3) required to neutralize the acidity from 
applications of ammonium nitrate to continuous corn. 

Experimental 1 N A;e:elication Caco 3 reguirement 
farm location- Lbs.A Ann. Total Total Per Lb. /N % of Theoret. 

Page Co. 180 2340 2924 1.25 35 
Ames 160 2080 1708 0.82 23 
Howard Co. 90 1350 1879 1.39 39 

Average 1.15 32 

Pierre, ISU 
1 -Corn was grown continuously for 13 years at Page County and Ames, and for 

15 years at the Howard Co. Experimental Farm. 

Corn, other grain crops and grasses grown in Iowa will reduce the acidity by 
about one-half tf all the crop is removed from the field. The reason for 
this is that plants take up from the soil the chemical equivalent of about 
two times as much nitrogen as of bases (often referred to as "excess bases") 
which are calcium, magnesium and potassium. This means that there is left 
in the soil one-half the bases with which the nitrogen had been combined in 
the soil before plant uptake. And it is these bases that neutralize some of 

-77-



the acidity produced in the soil by nitrification. Therefore, the larger 
the amounts of nitrogen removed by the crop in proportion to the bases or 
"excess base" removed, the more the crop reduces the acidity which was 
produced by the nitrification of the fertilizer. 

In the case of corn and grain crops, nearly all the bases or "excess base" 
is found in stalks and leaves, but about three-fourths of the nitrogen is 
found in the grain and cobs. By leaving the cornstalks or straw on the land, 
the acidity produced by nitrogen fertilizers would be further reduced. The 
data in Table 7 show that this is the case where the effects from nitrogen 
rates on corn for silage and for grain were compared. Where the corn crop 
was removed for silage, 880 pounds of nitrogen produced as much acidity as 
did 1320 pounds where the corn was removed as grain. Also, note in Table 7 
that acidity was not increased below the plow layer. 

Table 7. Effect of nitrogen rates and corn residue on soil pH. 

Soil :eH 
Crop Use Total N, Lbs/A 0-6" 6-10" 10-14" 

Grain 0 6.63 6.40 6.32 
880 6.55 6.47 6.53 

1320 6.32 6.42 6.45 

Silage 0 6.70 6.53 6.49 
880 6.34 6.36 6.41 

Pierre, ISU. Galva-Primghar Expt. Farm, 1957-67 

There are several aspects of nitrogen fertilization and its effect on soil 
acidity worth noting. Nitrogen applied to the soil and not taken up by 
crops can develop its full potential effect on soil acidity. Crops grown 
on nitrogen fertilized fields reduce the amount of acidity developed. The 
portion of the crop harvested and removed from the field affects the amount 
of acidity developed. The maximum effect of the crop in reducing the 
acidity is under conditions where only the grain is removed. The use of 
excessive amounts of nitrogen fertilizer--more than is necessary for crop 
yields--means that a large percent of the nitrogen remains in the soil 
where it exerts its maximum effect in increasing soil acidity. 

On the basis of studies in Iowa, it can be concluded that under average 
conditions in Iowa each pound of nitrogen used in fertilizers will require 
between 1.1 and 1.4 pounds of calcium carbonate to neutralize the acidity 
produced. 

SUMMARY 

Research data accumulated to date in Iowa indicate a soil pH near neutrality 
produces maximum yields of forage legumes. Despite the amount of research 
data accumulated on the liming of corn, conclusions regarding the value of 
lime for the corn crop are not clear cut. In general, when the surface soil 
pH drops below 6.0, even well fertilized corn can be expected to respond to 
liming. Corn may respond to lime on soils of a higher pH but the chances are 
less likely. Soils which have profiles that are acid throughout the upper 
five feet appear to be more likely to respond than those having a similar 
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surface pH but having neutral or calcareous horizons near the surface. 

Although corn-soybean cropping sequences are more common than continuous 
corn, the limited data does not allow conclusive statements regarding the 
value of lime for soybeans. However, the data suggests that soybeans react 
to liming somewhat similarly to corn. 

The commonly used nitrogen fertilizer sources for corn are equally acid 
forming. High rates of nitrogen accentuate this problem. Under most field 
conditions, the actual acidity formed is less than one-half of the theoretical 
acidity equivalent to 3.57 pounds of pure calcium carbonate. 

Lime needs of Iowa soils can be sufficiently determined by the 
which has been calibrated with a series of field experiments. 
given in pounds of pure calcium carbonate are readily adjusted 
calcium carbonate equivalent (ECCE) of ag-lime. This approach 
needs of Iowa farmers and Iowa limestone producers. 

-~-

buffer pH 
Recommendations 
for effective 
meets the 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


	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
	Blank Page

