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LET'S HAVE MORE UNIFORMITY IN SOIL TESTING 

John Grava 
Department of Soil Science 

University of Minnesota 

Lack of agreement in soil test results and recommendations, often found among 
service laboratories, is very confusing to farmers, fertilizer dealers and 
agronomists. Sometimes causes for the differences are unknown, often the 
reasons for their existence are not convincing enough. At any rate these 
inconsistencies have raised serious doubts about the value of soil testing. 
as a diagnostic tool. 

There have been several national and regional investigations conducted to 
study the variations among university laboratories as well as the causes for 
the variations. For illustration, I would like to report on the efforts of 
The North Central Regional Committee on Soil Testing (NCR-13). The NCR-13 
is made up of university representatives of 12 midwestern states. 

During the 1950's and early 1960's, soil testing services were provided mainly 
by university soil testing laboratories. Since their services were confined 
mainly to farmers of their own state there was little or no incentive to 
standardize soil testing procedures among state laboratories. In fact, 
standardization was frowned upon because, it was believed, that it would 
slow down progress in development of new and better testing methods. By 
late 1960's the situation had changed. Nearly 80 percent of all soil 
samples were processed by private and commercial laboratories. These 
laboratories often operated in several states and found the various testing 
methods and their numerous modifications among states confusing and very 
difficult to implement. This problem had to be solved and the NCR-13 started 
to work towards greater uniformity. Work by this committee included a sample 
exchange, a survey of testing procedures used by member states, and a P and K 
extraction study. 

The sample exchangel} showed that the soil test results from different univer
sity laboratories vary a lot. The variations in P test results for a low 
fertility and a high fertility soil are shown in table 1. The range of P 
tests, as customarily reported to clients, ranged from 2 to 35 for the low 
fertility soil and from 20 to 188 for the high fertility soil. The 
coefficients of variability for the two soils were 65 and 49 percent, 
respectively. 
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Table 1. Phosphorus soil test results for two soils reported by 12 
laboratories in the Midwest. 

Low fertility 
soil 

High fertility 
soil 

As reported to clients 

Average 13 87 

Range 2-35 20-188 

C.V.% 65 49 

Expressed as P ppm 

Average 6 39 

Range 2-10 20-65 

C.V.% 33 31 

CAUSES FOR VARIATIONS IN SOIL TESTS 

There are many causes for the variation in test results among soil testing 
laboratories. They are as follows: 

Terminology - The use of different terms and units by laboratories in 
reporting test results accounted for considerable amount of variation. 
Minnesota, and most other states, express P and K tests on elemental basis 
as pounds per acre. However, some states report results as lbs/acre of 
P205 and K20, and some report P and K as parts per million (ppm). A much 
better agreement among laboratories was achieved by using the same terms and 
units in expressing soil test results, e.g. as ppm P. (Table 1). 

Method or the extracting solution used in a soil test has considerable effect 
on the amount of a nutrient extracted from the soil. The Bray P1 method is 
most widely used in the NC region. Only North Dakota tests P by the Olsen 
method. Although many states use similar extracting reagents, the extraction 
procedure itself may vary considerably. Soil/extractant ratios, weighed 
versus scooped samples, shaking times and type of extraction vessel are not 
always the same. Such differences markedly affect soil test results among 
laboratories which supposedly use the "same soil test procedure''. 

In 1972 the NCR-13 conducted a P and K extraction study2) to evaluate effects 
of various components of the extraction phase. The data obtained by the 
University of Wisconsin Soil and Plant Analysis Laboratory are used here for 
illustration (Fig. 1 and 2). Samples of 3 soils, having medium, high and 
very high P test levels were shaken on a rotating shaker at speeds of 160, 
184 and 240 oscillations per minute (OPM) for 1, 5, 15 and 30 minutes. 
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Two different extraction vessels were used in this investigation: a 50 ml 
Erlenmeyer flask (a conical flask), and a 30 ml Wheaton bottle (a straight 
walled round bottle). The extraction flask had the most striking effect on 
test results, particularly at slower speeds. With the Erlenmeyer flask, 
shaking time and speed had little effect on amount of P extracted from soils. 
The Erlenmeyer flask gives great flexibility in choice of time or speed of 
shaking with either rotating or reciprocating shaker. With the Wheaton 
bottle, however, very poor mixing was achieved at the two slower speeds 
(160, 184 OPM) with most of the soil remaining on bottom of bottle. This 
indicates poor agitation and accounts for the relatively low amounts of P 
extracted from soils. Better agitation was achieved by increasing the 
shaking speed to 240 OPM and the results with the Wheaton bottle were 
comparable with those obtained in the Erlenmeyer flask. 

Color development in the P test, standardization and operation of analytical 
instruments may be other causes for variation. 

Sample partition - The method used in splitting a soil sample may be another 
source of variation. One would have to use a riffle or follow an elaborate 
method of quartering dried, ground and sieved samples before submitting 
them to different laboratories. The so called "identical 11 samples, occasion
ally submitted by farmers to several laboratories, actually may be quite 
different and the check on the reliability of a laboratory may not be a 
valid check at all. 

CORRECTIVE STEPS 

Sample exchanges and surveys of testing procedures, such as conducted by the 
NCR-13, have pointed out the, variations in test results among laboratories 
and the causes for the variations. It is generally agreed now that standard
ization of testing procedures is desirable. The NCR-13 has taken two steps 
towards greater uniformity in soil testing. The first step was the adoption 
of a set of standard ize stainless steel scoo s for measuring 1-, 2-, 5-, and 
10-gram soil samples The scoops are commercially available from Urbana 
Laboratories, 402 N. Race Street, Urbana, Illinois 61801). Laboratories 
operating in Minnesota have been informed on the specifications and the source 
of these scoops. In the past scoop construction varied greatly consisting 
of modified kitchen measuring spoons, calibrated copper tubing plumbing caps, 
and machined brass scoops. The bases for calibrated scoops were undocumented 
and vague. Conditions of wear and shape varied greatly contributing further 
to the disarray in soil measurement. 

The second step towards greater uniformity taken by the NCR-13, is the 
preparation of a regional bulletin on recommended testing procedures. This 
bulletin will be available in summer of 1975. 

RECOMMENDATIONS - A MAJOR PROBLEM 

It is surprising how often the simple fact is overlooked that the main 
purpose of soil testing is to provide a sound recommendation. In dealing 
with laboratory approval, for example, requirements concerning laboratory 
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procedures may be very strict while at the same time there are no provisions 
at all to eliminate the glaring differences in recommendations that exist 
among laboratories. 

In Minnesota, judging from the results for samples from various private and 
commercial laboratories, submitted by ASCS fieldmen, there are no major 
problems concerning test results. Some variation exists but greater uniformity 
could easily be achieved by adopting standard scoops and with minor modifica
tions to comply with the recommended procedures. With fertilizer recommenda
tions, however, there is a more serious problem as shown in tables 2 and 3. 

This information was obtained by a University student who split a soil sample 
from his father•s farm three ways and submitted suhsamples to three service 
laboratories. There was some variation in P and K test results but it was 
not critical since the values fell in the very high range anyway. The 
differences in recommendations of plant nutrients among the three laborato
ries, however, were considerable, particularly in the amount of potash 
recommended. The provision of additional K20 of 120 lbs/acre to be applied 
on alkaline rims does not apply in this case because the soil is slightly 
acid (pH 6. 5) . 

Table 2. Soil test results by three Minnesota 1 a bora tori es on a split-sample 

Laboratory pH O.M. p K 

A 6.5 High 121 410 
B 6.4 Medium 138 320 
c 6.5 Medium 70 280 

Table 3. Fertilizer recommendations for corn by three Minnesota 
laboratories* 

Laboratory N P205 K20 
------ Pounds per acre -------------

A 170 + 40 + 20 
B 175 + 52 + 45 
c 200 + 60 + 170 

* Corn afer corn; yield goal 150 bu/acre; texture: Sicl; Cottonwood county, 
Minnesota; January 1974. 
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I do not wish to belabor the point. Perh~ps I should. It should be pointed 
out, however, that much of the present glar·ing differences in fertilizer 
recommendations among laboratories could be eliminated simply by the use 
of the same guide, such as the Special Report No. 1 published by University 
of Minnesota Agricultural Extension Service. We, at the Soil Science 
Department, do not advocate the use of the Special Report No. 1 because we 
wrote it, but because it incorporates newest research information obtained 
at our own Agricultural Experiment Station as well as those of neighboring 
states. A standard recommendation guide should be followed to close the 
existing credibility gap in soil testing. Some of the extremely high P 
and K recommendations for corn, that had certain appeal while the prices 
were low, can't be justified today because of the shortages and high prices 
of fertilizer. Let us point out to the farmer that he may save $10-30 per 
acre on fertilizer by-following the recommendations based on soil test. 
Rather, than have the farmer wonder why he still gets the same high phosphate 
recommendations, after 10 or more years of heavy fertilization, that he used 
to get for low to medium P tests. What's the sense of testing soils if no 
attention is paid to test results that reflect soil build-up of nutrients 
from fertilization? A paradox in agriculture today is the ease with which 
very high phosphorus test results are disregarded by service laboratories, 
dealers and farmers. This is especially so because of all soil tests that 
our laboratories provide, the Bray P1 phosphorus test is one of the most 
reliable. It is obvious that in the area of recommendations there is much 
to be done. 

ACCREDITATION AND LICENCING OF LABORATORIES 

The question of licencing of service laboratories has been raised on various 
occasions. It usually happens when somebody decides to check on the relia
bility of service laboratories, submits split-samples and then is disappointed 
and angered by the wide variation in recommendations. Then a state legislator 
steps in and he then looks into the "mess". 

At the present time, anybody who wants to, can establish and operate a soil 
testing laboratory in Minnesota. There is no law, there are no effective 
regulations that control the operation of service laboratories. The "ASCS 
Approval" is the only official acknowledgment that a laboratory has met 
certain requirements. However, because of the on-again off-again nature 
of the Federal Cost-Sharing Program, it really means very little as far 
the reliability of a laboratory is concerned, particularly in the recommend
ation phase. 

During 1971-'73, some progress was made in Minnesota towards regulations for 
certification of service laboratories. Under the leadership of the Minnesota 
Department of Agriculture, several committees were formed to develop specifi
cations for laboratory facilities, equipment, qualifications of personnel, 
and exchange of reference samples. A draft 0f rtgulations was prepared. 
This work should be continued and finished. It seems to me that if we, 
in agriculture, do not develop and adopt the standards ourselves - then 
some federal or state agency will do it for us. In that case, the 
regulations may not be as sound, or desirable, as the ones that we can 
develop ourselves. There is a possibility that the Environmental Protection 
Agency (EPA) may monitor agricultural lands by means of soil tests. 
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Finding no requirements for standard methods and no laboratory accreditation, 
the EPA surely would develop regulations of its own. Therefore, some system 
of accreditation needs to be established and put into operation soon. · The 
decision needed is who will do the accreditation, what the requirements will 
be, and how the system will be managed4). 

SUMMARY 

Inconsistent results and recommendations among laboratories often,are 
responsible for lack of confidence in soil testing. Variations in soil tests 
are caused by differences in methods, extraction techniques and in terminology 
used in reporting results. Standardization of measuring scoops and a bulletin 
on recommended testing procedures are among the steps taken to achieve 
greater uniformity among laboratories. Differences in fertilizer recommenda
tions among laboratories are considerable. Continued recommendation of high 
rates of P and K on soils that have been built up to extremely high test 
levels is not justified. Accreditation and licencing of service laboratories 
would be a step towards greater uniformity. Elimination of inconsistencies 
among laboratories would do much to eliminate some af the confusion 
surrounding soil testing and thus lend greater credibility to it. 

REFERENCES 

1. Grava, J., 1971. Unpublished data, University of Minnesota 
2. Grava, J., 1972. Unpublished data, University of Minnesota 
3. Peck, T. R., 1974. Unpublished data, University of Illinois 
4. Jones, J. B., Jr., 1974. Comm. Soil Sci. Plant Anal. 5:81-84 

-8-



MODERN SOIL SAMPLING AND TOMORROW'S AGRICULTURE 

OUR RESPONSIBILITY 

Eddy G. Johnston, President 
Soil Science, Inc. 

Fargo, North Dakota 

Never in the history of agriculture have we had a greater challenge to produce 
food for the world. Our very existence as a nation is jeopardized if we fail. 
We will be bankrupt very soon if we do not return our oil dollars. In addi
tion, food will be the most powerful weapo'n tomorrow. World peace will be 
bargained for with food. The nation will fall in love with you, Mr. Farmer. 
As Ed Wheeler of the Fertilizer Institute said a few days ago in Fargo, North 
Dakota, you will be more appealing than a 38-24-36 college girl at a Legion 
convention. Your day has come. The whole agri-business community will share 
the profits with you, but it will also share in the awesome responsibility. 

MODERN SOIL SAMPLING 

Many management practices make up the whole of crop production. Today, I want 
to stress the need to re-evaluate the role of proper soil sampling and testing. 
Are we doing this properly? I don't think we are. I think we have become 
sloppy in a science that cannot tolerate anything less than precision and 
accuracy. Soil sampling, soil handling and soil testing is an exact science, 
exact to the extent that all of these functions and procedures were developed 
by good sound research. Soil specialists with intensive background training .•• 
Scientists! These scientists tell us this: Sample a field a minimum of 20 
places; avoid odd micro soil areas in the field-sample the predominant soil 
type; avoid contaminated areas, keeping in mind where the fertilizer may have 
been spilled; dry the sample properly; dry the soil in area where outside con
tamination does not exist; mix the sample very thoroughly so the subsample 
which you send to the laboratory represents the true value of the major 
portion of the field; and last, but far from least, send your sample to a soil 
testing laboratory using procedures and recommendations that were developed on 
your soils and within your climatic environment. Soil testing procedures 
developed in Georgia do not fit soil samples taken in Minnesota. Fertilizer 
recommendation tables developed in Georgia do not fit your cropping goals or 
your crops. Soil testing does make crop producers maximum profit if it is 
done properly. Soil testing in this sense is an exact science. 

I know a large portion of samples that are taken each year will not meet one 
or more of the requirements I mentioned previously. The result is inevitable: 
an inaccurate fertilizer recommendation. An example of this is if you extract 
only 10 cores from the field, NDSU research indicates that your recommendation 
will be wrong 50% of the time. Think, if you would, of the awesome responsi
bility we have when we do not follow recommended procedures. Under-fertilization 
as well as over-fertilization cannot be tolerated when our nation needs maximum 
production; and our fertilizer supply is so dangerously low. No, soil testing 
is not a gimmick; it may be the most valuable tool in agriculture today if it is 
done properly. 
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In 1968 NDSU adopted a new nitrogen test. Specifically, it is called the 
nitrate nitrogen test, and it requires sampling to a 24" depth. University 
of Minnesota offers this test too. It has proven to be a very accurate 
method for determining available n~trogen for next year's crop. In fact, 
you could say it is sweeping many parts of the nation. The major problem 
associated with its use has been the difficulty of taking 20 cores 24" 
deep. This is almost impossible to do by hand, thus power equipment had to 
be developed. The slides I will show you now I believe will tell our story. 

These are some of the fleet of soil sampling jeeps that we use in the Red 
River Valley. We have found that the jeep is the most reliable unit. Also, 
we designed the soil sampler specifically around this vehicle. Notice the 
close proximity to.the driver. With this arrangement, a trained agronomist 
can extract one core in 25 seconds. This means that you can sample a field 
easily in 10 minutes. The fastest sampling naturally occurs on stubble 
ground. However, by sampling stubble instead of tilled, we find we can 
duplicate our phosphate test year after year. Perhaps the main reason is 
that we know exactly where the fertilizer band is located when we sample 
stubble. You may be thinking it isn't necessary to test for phosphate yearly. 
This is the normal college recommendation. However, we prefer to monitor the 
changes if they occur, and it also makes it unnecessary to have an elaborate 
bookkeeping system to remember what last year's test indicated. We find that 
more often than not, the farmer changes his numbering system or he lost a 
vital piece of information. 

The beside-the-driver mount for the soil sampler increases the efficiency by 
more than six times. The manpower fatigue is reduced proportionally. 
Therefore, you can afford to hire a highly qualified agronomist to perform 
this vital function. We soil sample into the month of January with this soil 
sampling unit, and remember we ARE going 24" deep. Yes, the ground is frozen. 
I believe it is possible to sample all winter to the 6" depth, but we do run 
into problems going 24" deep. Our spring sampling program begins in March. 
The ground is still frozen, but it becomes what I call "rotten frost", so 
again we have few problems. As spring draws closer, we do get stuck a lot and 
that's the reason we have the winches mounted on some of the units. 

The two-way radio system is the best available. We have a talking range of up 
to 75 miles from our laboratory. We have found it an absolute must. I 
monitor all converstaions and am informed of daily events; plus, if a technical 
question arises on how the field should be sampled or if fields can be com
bined, I'm available instantly to make a decision. Also, many new customers 
stop our vehicles on the road and I can explain our program and give them an 
idea when we could take care of their sampling. 

SAMPLE HANDLING 

When the soil sampling teams return to Fargo, we place the soil sample in the 
drying chamber. We dry the whole sample, which is about 2 gallons of soil. 
Four large cold air fans move the large volume of air needed for fast drying. 

0 We also add heat to speed the drying. We tolerate a temperature of 100 F. in 
the dryer. This does not alter the tests. 

The dried soil samples are then ground and blended in our newest invention: a 
stainless steel soil grinder-blender. I believe this invention is the main 
reason we can duplicate our P & K tests year after year. This does a perfect 
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job of grinding and the BLENDING. 1 It contains blenders similar to fertilizer 
blenders. After the sample is ground and blended, we dump it over a 1.25 mm 
shaker screen and recover 75-95% of the sample. From this we take about 
250 grams for the soil testing laboratory. If you have questions, we'll take 
them after the next and last portion of my presentation. 

A NEW TOOL 

Tomorrow's agriculture will be using a new tool: remote sensing with infra
red film. By photographing your growing crops from 200 to 1000' altitude, 
we can tell exactly how the field should be soil sampled and we can detect 
the early development of diseases. We desperately need new research for the 
disease detection program, but we will be using a new helicopter and sophis
ticated camera for our soil sampling program during 1975. We believe we 
increase the accuracy of the sampling program by 20%. This means more profit 
in the farmer's pocket. 
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WHEAT PRODUCTION IN SOUTHERN MINNESOTA 

W. E. Lueschen and G. W. Randall 
Agronomist and Soil Scientist 

Southern Experiment Station 
University of Minnesota 

Waseca, Minnesota 

Experiments were established in 1971, 1972, 1973 and 1974 at 
the Southern Experiment Station to evaluate nitrogen fertili
zation of three standard height and seven sernidwarf hard red 
spring wheat varieties. In 1974 a dururn wheat variety (Ward) 
was also evaluated. Soil type for these experiments was a 
LeSueur clay loam. Adequate P and K fertilizers were applied · 
each year to prevent these elements from limiting yield and 
quality. Wheat plots followed soybeans each year and ammonium 
nitrate was used as the source of N each year. Nitrogen was 
applied and incorporated just prior to seeding on 4/16/71, 
4/19/72, 4/20/73 and 4/19/74. The results indicated 95, 50 and 
50 pounds of nitrate-nitrogen present in the soil in 1972, 1973 
and 1974, respectively. Rates of nitrogen {lbs. NA) were 40, 
80, and 120 in 1971; O, 40, and 80 in 1972; and 0, 40, 80, and 
120 in 1973 and 1974. Variations in nitrogen rates was partially 
due to nitrate soil test results. The three standard height 
varieties were Chris, Polk, and Waldron. In 1971 and 1972 
semidwarf varieties included Fletcher, Era, WS1809, WS1812, 
Bounty 208, Bonanza, and RR68. In 1973 and 1974 Fletcher and 
WS1812 were replaced with Olaf and II-64-33 and Ward dururn 
wheat was added in 1974. Each plot consisted of a 6 1 x 50' 
strip which was harvested with a standard combine. 

WASECA RESULTS 

Yields were increased significantly in all years by the addi
tion of nitrogen fertilizer {Table 1). In general, response 
was limited to the lower rates of N {40-80 lbs.) although 
some semidwarf varieties responded to higher rates of nitrogen. 
The semidwarf varieties yielded significantly more each year 
than the standard height varieties. These data also indicated 
that nitrate soil tests gave a reasonable estimate of nitrogen 
needs. Supplemental nitrogen recommendations based on the 
nitrate soil test indicated a need for 40, 100, and 50 pounds 
of N/A for 1972, 1973 and 1974, respectively. Yield response 
to nitrogen was much greater in 1973 and 1974 than in 1972. 
During this four-year period it appeared that the nitrate test 
and subsequent recommendations would lead to N rates higher 
than necessary for optimum yields when wheat followed soybeans. 

Rates of nitrogen also influenced protein content of the grain 
with a similar response for the standard height and semidwarf 
varieties (Table 2). Each increment of additional nitrogen in
creased protein content slightly. Fletcher, WS1809, and WS1812 
were exception to this in both 1971 and 1972. All other 
varieties responded similarly. 
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Table 1. Effects of N rates and varieties on yield of hard red spring wheat at 
Waseca 1971-4. 

1971 1972 1973 1974 
Variety lbs. N/A lbs. N/A lbs. N/A lbs. N/A 

40 80 120 0 40 80 0 40 80 120 0 40 80 120 

Chris 65 64 67 64 64 64 46 59 57 58 53 61 56 59 
Waldron 65 65 67 62 66 67 55 65 64 70 51 64 62 64 
Polk 60 65 61 60 61 65 52 59 57 59 53 60 59 59 
Fletcher* 70 72 76 64 68 72 
WS1809* 62 62 70 75 75 78 54 61 60 63 57 66 66 69 
Era* 74 80 77 72 75 78 53 62 66 66 58 70 65 10 
WS1812* 59 64 66 66 68 68 
Bounty 208* 64 63 70 76 84 87 50 62 61 60 55 69 66 69 
Bonanza* 60 57 64 70 75 77 47 57 57 58 54 63 63 64 
RR68* 66 67 68 70 72 73 55 62 61 62 60 72 72 74 

I Olaf* 58 67 68 72 54 63 64 69 ~ 
w II-64-33* 52 60 63 67 59 74 70 74 I 

Ward** 57 70 64 69 

10 Varieties 64 66 68 67 71 73 52 61 61 64 55 66 64 67 
Std. Height 63 65 65 62 63 65 51 61 59 62 52 61 59 61 
Semidwarf 65 66 70 70 74 76 53 63 62 64 57 68 67 70 

BLSD N Rate 2.8 3.3 4.0 6.7 
BLSD Var. 3.6 2.7 2.2 1.9 
BLSD Var. x N 4.8 ns 5.7 ns 

* Semidwarf Varieties 
** Durum Variety 



Table 2. Effect of N rate and variety on percent protein of hard red spring wheat at 
Waseca 1971-3. 

1971 1972 1973 
Variety !bs. N/A lbs. N/A lbs. N/A 

40 80 120 0 40 80 0 40 80 120 
Chris 16.8 16.4 17.4 15.3 15.6 16.2 15.9 16.1 17.4 17.4 
Waldron 16.3 16.5 17.0 15.7 15.9 15.9 16.7 16.8 17.5 17.6 
Polk 15.9 16.3 16.3 14.9 15.4 15.3 15.9 16.2 17.1 16.9 
Fletcher* 15.3 15.2 15.4 14.7 14.3 14.5 
WS1809* 16.6 16.8 16.8 14.7 14.9 14.9 15.9 15.9 16.5 16.8 
Era* 13.9 14.0 15.0 13.1 13.5 14.0 15.3 15.3 16.1 16.3 
WS1812* 15.7 15.5 15.5 14.2 14.2 14.2 
Bounty 208* 14.9 16.0 15.9 14.1 14.4 +4.8 15.7 15.7 16.0 17.0 
Bonanza* 14.7 15.5 15.8 13.3 13.8 14.3 15.7 ' 15.8 16.5 16.9 
RR68* 15.0 16.0 16.1 14.4 15.0 14.9 15.7 15.8 16.5 17.2 

I 
Olaf* 15.8 16.0 16.8 16.9 ..... 

+:--
II-64-33* 16.0 16.1 16.8 16.9 I 

10 Varieties 15.5 15.8 16.1 14.4 14.7 14.9 15.9 16.0 16.7 17.0 
Std. Height 16.3 16.4 16.9 15.3 15.6 15.8 16.2 16.4 17.3 . 17.3 
Semi dwarf 15.2 15.6 15.8 14.1 14.3 14.5 15.7 15.8 16.5 16.9 

BLSD N Rate . (.05) .35 .40 .18 
BLSD Var. (. 05) .37 .26 .19 
BLSD Var. X N (. 05) ns .45 ns 

* Semidwarf Varieties 
4 Reps 1971-72; 3 Reps 1973 



LAMBERTON RESULTS 

Results from wheat fertilization studies conducted in 1970 
and 1971 at Lamberton and Morris are given in Tables 3 and 
4, respectively. In both years wheat grown at Lamberton 
followed a previous crop of corn. In 1970 Era yielded 
significantly more than Chris while yields for the two 
varieties were equal in 1971. Era showed a significant 
response to 40 pounds of N in both years; whereas Chris 
showed no response in 1970 and very little in 1971. Rates 
of greater than 40 pounds N/A were not beneficial. The 
optimum 40-pound N rate plus the 10 pounds of N contained 
in the starter (total of 50 lbs. N/A) closely approximated 
the N recommendation of 50-60 lbs. N/A predicted by the 
nitrate soil test. Protein levels of both varieties were 
increased with increasing N rates. 

MORRIS RESULTS 

At Morris, Era yielded significantly more than Chris in 
both years. Both varieties responded to the 40-pound N 
rate; however, the response of Era was noticeably larger 
than that of Chris. Rates of N greater than 40 pounds 
were not economical. The 120-pound rate resulted in severe 
lodging and loss of yield in 1971. Protein content was 
increased markedly by the higher N rates. The previous 
crop in both years was corn for these studies. 
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Table 3. Influence of N rates and variety on yield and 
protein content of ha~d red spring wheat at 
Lamberton, 1970-1. 1/ 

N 2/ 
Rate 

lbs. N/A 

0 
40 
80 

120 

Avg. 

Yield 
1970 

Era ChrJ.s 
---------- bu/A 

37.2 31.5 
46.6 30.6 
44.0 30.0 
50.5 31.3 

44.6 30.8 

1971 
Era Chr1s 

35.4 36.8 
40.7 40.5 
35.8 37.9 
32.8 32.4 

36.2 36.9 

Conducted by Dr. w. W. Nelson. 

Protein 
1976 

Era ChrJ.s 
--- % 

14.6 
14.4 
15.0 
15.8 

15.0 

16.4 
16.8 
17.0 
17.4 

16.9 

1/ 
2/ 
3/ 

In addition, 10+20+20 was applied to all plots. 
Nitrate soil test 

1970 101 lbs/A 
1971 87 lbs/A 

Table 4. Effect of N rates and variety on yield and 
protein content of/hard red spring wheat at 
Morris, 1970-1. 1 

N 2/ 
Yield Protein 

1970 1971 1970 
Rate Era Chris Era Chris Era 

--------- bu/A ----------- -%-
0 21.7 19.4 34.5 35.0 10.3 

40 37.4 26.3 46.0 41.3 10.8 
80 40.3 30.6 43.6 42.7 12.2 

120 39.1 29.8 47.2 34.3 13.0 

Avg. 34.7 26.6 42.8 38.3 

1/ Conducted by Dr. s. D. Evans. 
2/ In addition, 10+20+20 was applied to all plots. 
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Looking at The Past Year: 

THE FERTILIZER SCENE 

1/ 
H.L. Meredith-

During the past 15 years, Minnesota has witnessed a phenomenal growth in ferti
lizer consumption, Table 1. Fertilizer consumption trends were reversed for N 
(-3.3%) and P205 (-4.3%) while K2o consumption increased (11.4%). U.S. ferti
lizer consumption of N and K2o increased in 1974 by 10 and 9 percent respec
tively, Table 2. Anhydrous ammonia continues to be the dominant source of N 
in Minnesota, accounting for 56% of all N used, Table 3. About 22% of the total 
N applied was in blended materials. 

Anhydrous ammonia was the only major carrier of N which did not show a reduction 
in 1974, Table 4. The relatively large increase in "other" N sources in 1974 
indicates availability of carriers of N other than the traditional sources. 

Table l. Minnesota Fertilizer Consumption 1960-1974 

Year 3../ 

1960 

1964 

1968 

1972 

1973 

1974 

2/ Fiscal Year Basis 

N 

54 

95 

251 

374 

424 

410 

-1000 Tons -

114 

169 

214 

261 

280 

268 

68 

101 

196 

259 

289 

322 

Total 

236 

365 

661 

894 

993 

1000 

Source: Stat. Rpt. Svc. , USDA 

1/ Area Director, TVA and Research Associate, Soil Science Department, University 
- of Minnesota, St. Paul, Minnesota 55101 
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Table 2. U.S. Fertilizer Consumption 1850-1974 

Year 

1850 

1900 

1950 

1960 

1970 

1972 

1973 

1974 

N 

3 

62 

1,005 

2,738 

7,459 

8,127 

8,295 

9,i24 

R2.25 

-1000 Tons 

4 

246 

1,950 

2,57? 

4,574 

4,783 

5,085 

5,070 

Total 

l 8 

86 394 

1,103 4~058 

2,153 7,464 

4,036 16,069 

4,318 17,228 

4,622 18,002 

5,086 19,280 

Table 3 .. Sources of N used in Minnesota as Direct Application and Blends 1974 

Source 

Anhydrous 
ammonia 

Blends 

Ammonium 
nitrate 

Nitrogen 
solution 

Urea 

Other 

Ammonium 
phosphates 

Aqua 

Ammonium 
sulfate 

]../ Estimated 

82 

lJ/ 

34 

30 

45 

25 

l5'j/ 

20 

24 

Tons 
( 1000) 

279 

748 

117 

13.6 

8.7 
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9.7 

6.5 

4.3 

.6 

.5 

.4 
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Table 4. N Use by Direct Application in Minnesota 1970-1974 

Thousand Tons 

Anh. Ammonia 200 ·250 278 279 

Am. Nitrate 72 122 136 117 

Urea 3.4 32 41 39 

N Solns. 63 85 104 89 

Am. sulfate 4.6 5.2 5.6 4.9 

Aqua 13 25 13 8.7 

Other .54 .40 .89 9.4 

Looking to the Future: 

1. Nitrogen (N) 

It is projected U.S. fertilizer N could be increased by 1.5 million tons in 1975 
if all plants operated at full capacity. Anhydrous ammonia plants operated at 
an estimated 98.2% of rated capacity during the 1974 fertilizer season. Normal 
plant maintenance, gas curtailment, and other plant shutdowns could result in 
a loss of a million tons of this additional N. The net result could be a real
istic half million tons of N. It has been estimated that the u.s·. will see a 
5o% increase in N demand in 1980 compared to 1973. Therefore, it would appear 
N will remain tight throughout the 1980 crop year. 

Perhaps sometime after the 1975 crop year the phosphate squeeze will begin to 
slaken. An estimated 32-40% increase in P2o5 will begin to become available. 

3. Potassium (K20) 

In 1974 approximately 71% of all U.S. K2o was imported. About 98% of the po
tassium imports came from Canada. The future of potassium availability is tied 
to import agreements. Canadian reserves are plentiful. 

Is Fertilizer Too High? 

The question is best answered by referring to Table 5. 
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Table 5. Crop Sales needed to Purchase one ton of Ammonium Nitrate 

Crop 1957-59 1967-69 SErinfi 1974 

Corn 77 bu. 45 b,u. · 58_ bu. 

Soybeans 41 bu. 21 bu. 27 bu. 

Wheat 45 bu. 29 bu. 35 bu. 

Are Crop Prices Too High? 

The answer is extremely complex. No one should plan on farm prices as we have 
known them during the past decade. Expenses of agricultural production have 
increased greatly since the announcement of the energy qrises in the fall of 
1973. 

A comparison of some costs in 1974 compared to 1973 appear in Table 5., 

Table 5. Apple Production Costs in Michigan 

% Increase - 1974 over 1973 

Fuel 85 

Interest 40 

Taxes 30 

Cartons 30 

Freight 27 

Chemicals 18 

Labor 18 

Rent & Equipment 16 

Source: Penn. St. Hort. Review 

Summary: 

The 1975 fertilizer season will be very much like 1974. A decrease in acres in 
cotton will free some N. Low cattle prices will discourage fertilizing pastures 
with N. This may free additional N. P205 availability will show increases but 
little progress will be seen until after the 1975 crop year. Potassium avail
ability is less predictable. 
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NUTRIENT LOSSES IN TILE LINES 

Wallace W. Nelson, Superintendent 
Southwest Experiment Station 

University of Minnesota 
Lamberton, Minnesota 

A great deal of concern has been expressed in regard to the 
potential loss of nutrients (especially N) in the tile lines 
and the effect this has on the environment. More recently, 
with the "energy crisis", higher fertilizer prices, etc. the 
potential loss is also of economic concern. 

Nitrate nitrogen (N03-N) is the form of nitrogen that moves 
through the soil readily and the major source of loss into 
drainage water. Nitrate-nitrogen is formed in soils as organic 
matter decomposes and from nitrogen added as fertilizer. 
Nitrate nitrogen transformation is an essential step in making 
soil nitrogen available for growing plants. A number of tile 
lines in South Central Minnesota were checked for N0 3-N from 
1968 to 1970. With over 400 samples, 30 percent had less than 
10 ppm, 34 percent 10 to 20 ppm, 21 percent 20 to 30 ppm, and 
15 percent over 30 ppm. Trying to relate the level of N03-N 
in the tile water to fertilization practices was difficult. 

A statement published at that time summarized the feeling of 
investigators. "Some good general data have been collected, 
however, for these data to be very meaningful, several criteria 
should be met. These include having: (1) a drainage system 
which permits the quantitative measurement of water discharge 
from an area whose dimensions are accurately known, (2) a cont
inuous water sampling system that allows taking samples propor
tional to flow volumn, and (3) taking, measurements under 
unfertilized conditions on comparable soils so valid compari
sons can be made. Probably the most difficult aspect is loca
ting an area where all of these criteria can be met in a single 
experiment." 

With this background a group in Soils, ARS and the station 
undertook to set up such an experiment. The first plots were 
set up in the fall of 1972 on an area of Webster soil that had 
received no fertilization in the previous 10 years and tested 
low to very low in phosphorus. Treatments for the plots were 
0, 100, 200, and 400 lbs. of N as urea replicated three times. 
Two additional treatments have been added; 200 lbs. N applied 
in soybean meal as an organic form and a true check which 
received no insecticides, herbicides, or other nutrients. The 
tile installations, however, have been delayed on the last two 
treatments. 
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The plots, which are 45 x 50 ft. in size, were isolated to a 
depth of 6 feet by trenching and installation of heavy gauge 
plastic. Tile lines run parallel along the 45 ft. width of 
each plot providing for drainage conditions representative of 
90-95 ft. tilespacing. Tile lines from each of two plots are 
extended to a vertically positioned metal culvert where flow 
rates can be measured and tile drainage samples collected for 
analysis. 

The plots provide a facility for studying water, salt and 
plant nutrient balance, movement and loss through tile drain
age under carefully controlled conditions. Several such 
studies are planned involving investigators from the Southwest 
Experiment Station, the Department of Soil Science and the ARS 
Laboratory at Morris, Minnesota. 

The tile lines flowed from April 12 to June 25, 1973 and May 
20 to July 8, 1974. The first fertilizer treatments were 
applied May 9, 1972 so very little of this material could have 
been converted and leached into the drainage water in 1973. 
While there was some variations between plots, the 1973 NO~-N 
concentrations were in the range of 20 ppm when the tile f1rst 
started to flow and decreased to about 10 ppm when floiJstopped. 
Total N loss was only about five (5) pounds per acre during 
this period due to low tile flow equal to 1.5 acre inches. 

In 1974 the tile flowed somewhat heavier and amounted to 3.5 
acre inches. The tile water losses were as follows: 

1974 

Treatment Ave. N03-N cone EEm Ave. NO~-N loss(lb/A) 
O=IF N/acre 19 15.2 

100# N/acre 25 19.5 
200# N/acrt:: 37 26.5 
4004/ N/acre 65 48.6 

Although there was some increase in N03-N with increasing 
nitrogen application the loss was not great at levels that 
gave economically returns and within the normal recommended 
rates. 
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Corn Yields 1973-74 

Bushel/Acre 

Treatment* 1973 1974 Ave. 

0# N/Acre 87.4 49.2 68.3 

10041 N/Acre 92.9 57.0 74.9 

20041 N/Acre 94.5 64.8 79.6 

400# N/Acre 103.5 71.3 87.4 

200# N/organic ** 106.3 77.1 91.7 

True check **"k 66.7 15.2 41.0 

LSD 5% 14.0 
LSD 1% 19.1 

* 100#/A 18-46-0 as starter and 100# P/A broadcast on all 
plots except true check the 18# N subtracted from rates 
applied. 

** 200# of N was applied as soybean meal at rate of 2,233#/A 

*** True check received no starter, insecticide or herbicide. 

The corn yields are not as high as might be expected. This 
might be explained as the soil phosphorus was very low to 
start the experiment and very little rain was received after 
June 10 in the summer of 1974. 

This set of plots will be continued and corn will be grown on 
them. A complimentary set is being iBstalled at the Southern 
Experiment Station, Waseca under somewhat higher rainfall condi
tions. 
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ACID OR ALKALINE 
BOTH CAN BE SAVED 

FRANCIS JANUSCHKA, Stearns County Extension Agent, St. Cloud MN 

About 1/3 of Minnesota's cropland could benefit from liming. Although 

not all of our soils are lime deficient, they vary greatly in thB amounts of 

lime required. Some have the problem of being too alkaline. 

We have here a situation of either not enough or too much. In bath 

cases the situations can be solved to a more or lesser degree. 

To get the right perspective we should lmow what we are talking about. 

Everyone recognizes that a pH of 7 is neutral, the same as pure distilled 

water as compared to lemon juice which has a pH of 2.5, beer 4.5, and.milk 

6.0. On the upper end of the scale we have sodtu.m bicarbonate with S. 5, . 

ammonia 10.5, and caustic soda running up to 14.0. 

Basic soil management practices should always be a part of sound farming 

practices. Among these are the proper use of fertilizers and lime. We must 

consider these materials as to what they will do over the long run. 

Ultimately we look for a high soil test and a neutral pH. We may not notice 

the spectacular difference any given year but over the long pull they pay off 

handsomely. 

Too high a soil pH is a problem in some areas. Farmers in much of 

western Minnesota wish they could reduce pH since zinc deficiencies on corn 

and iron deficiencies on soybeans are common problems directly related to too 

high a pH. An iron de·ficiency can occur in soybeans because of a high pH as 

well as potassium deficiency in alkaline rims with a pH of ?.8 to 8.3. 

Potassium and phosphorous availability are reduced seriously by these 

problems. Never has a farmer in the more acid areas encountered these 

problems because of his liming program. 
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The question is raised - farmers could overlime and create these 

problems? Hardly- he couldn't afford the_lime that it takes in acid soil 

areas to cause nutrient deficient problems. Some soils in Swift County, 

for example, have 30 percent or more calcium_ carbonate in their makeup. 

The top six inches in one acre weighs 2,000,000 pounds of soil, one-third 

of this is about 700,000 pounds or 350 tons of lime per acre. 

So don't ever think you have overlimed in an acid area. 

What does lime do and why do we lime? 

1 - Lime makes an acid soil neutral so it is favorable for two types 

of bacteria - (a) The ones that rot the residue we plow and (b) 

The ones that live in the nodules of legumes and provide nitrogen 

for us. 

Let's take a look at soil pH and bacterial count: 

Soil pH Bacteria Count (in mil~ions) 

4-4 1.5 

5.2 ?.B 

6.4 12.3 

?.0 14.9 

2 - Lime reacts with the hydrogen that has built up in the soil when 

plants grow. Actually, the carbonate from lime pulls the hydrogen 

off the clays and organic matter to form a weak acid called carbonic acid. 

This acid later breaks down to water and carbon dioxide. 

We have mentioned the effect of high pH on nutrients - how about the 

effect of low pH? 

Low pH reduces the availability of phosphorous and boron. Acid soil also 

could be low in magnesium. 
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Potato farmers who need acid soils to control potato scab sometimes have 

magnesium troubles. Low magnesium orr grass pastures, too, can cause grass 

tetany in cattle, since this is simply a disease related to magnesium 

deficiency in their diet. Dolonntic limestone, which is the kind of lime 

most of our lime dealers in the state are supplying will provide magnesium 

to prevent these problems. 

In Carlton, Pine, and Crow Wing Counties, farmers every year who grow 

sweet corn on acid potato ground have trouble with magnesium deficiency and 

don't know it. Tissue tests from sweet corn having magnesium deficiency 

strips on leaves had very high, almost toxic levels of aluminum. All of the 

acid counties in the northeast third of the state should check into potential 

magnesium trouble as well as soil acidity in general. Central and Southeast 

Minnesota is an area that constantly must think of lime needs for their 

alfalfa. 

Also in Central and Southeastern Minnesota, farmers use a lot of 

nitrogen on their corn. Wherever subsoil lime is low, high nitrogen rates 

will reduce pH from neutral to seriously low levels in perhaps 8 to 10 years. 

In summa,..y, Western Minnesota has pH problems but can't do much about 

it except add zinc in the fertilizer for corn, grow soybean varieties that 

are most tolerant to iron shortages and perhaps apply larger amounts of 

potassium to high lime rims and take care of drainage problems whenever 

possible. 

In the rest of the state, be sure and check your soil test pH for lime 

needs and then see your lime dealer. 
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UPDATE ON STATE AND FEDERAL LEGISLATION 

SOILS, FERTILIZERS AND AG PESTICIDES SHORT COURSE, DECEMBER 11, 1974 

By Rollin M. Dennistoun, Ph.D. 

The Environmental Protection Agency did publish in the Federal Register 

on October 16th proposed final regulations on the classification of pesticide 

usee into restricted or general-use categories, in accordance with Section 3 

of the amended FIFRA. These proposed regulations would have placed 75 to 80% 

of the pesticide uses in the restricted category. It is our understanding that 

because of the comments received, EPA will make substantial revisions and 

republish the revised regulations early in 1975. 

Regulations on the certification of pesticide applicators, as required by 

Section 4 of the amended FIFRA, were published in the Federal Register on 

October 9, 1974. These regulations are final and are quite reasonable. EPA is 

also in the process of developing proposed guidelines for the states to use in 
~ 

the development of their state plan which, as you know, relates directly to the 

certification of applicators. These proposed guidelines for state plan develop-

ment are not reasonable nor practical and, unless drastically altered, Minnesota 

will have extreme difficulty in developing a plan which it can properly administer. 

Regulations relating to experimental use permits for the development of new 

pesticides still propose to restrict the application of new materials to a total 

of ten acres per year nationwide. This is not a practical approach to the 

development of such new products. 

The state is continually monitoring and commenting on proposed federal 

regulations. It is also in constant communication with the other five states of 

Region V of EPA on all matters relating to this subject. 

The department has been working for several months, in cooperation with 

other state agencies, the University of Minnesota and industry, on the development 
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of a state plan· which will adequately protect the agricultural int~rests of 

the state as well as the environmental and social interests, and which will 

not create an undue burden on either the commercial or private applicators 

of the state. The department is also, at the request of the University, 

providing input into some experimental educational programs being deveioped 

by Extension personnel for special commodity groups. 

We believe that some progress in the implementation of the federal act 

has been made, however, there are only two years left before all aspects ~f 

the act must be implemented. The department has added an intern to its staff 

to assist in fallowing the literature coming out on the subject and the department 

is also requesting that seven positions be added during the next biennium so that 

it may be better able to meet the requirements of the federal act and provide 

service and regulation to the agricultural producers of the state. 
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TYPES OF FUNGICIDES 

Francis L. Pfleger 
Extension Plant Pathologist 

University of Minnesota 

The use of chemicals for control of plant diseases can be traced back to 
ancient times (1000 B.C.). Despite earnest attempts to control plant 
diseases during early times, it was not until the late 1700's that inorganic 
compounds were shown to be effective disease control materials. One of the 
milestones in chemical disease control was the discovery of bordeaux mixture 
by Millardet in 1882. Bordeaux mixture (copper sulfate and lime) was shown 
to control downy mildew on grapes. The work of Millardet must be recognized 
as the first practical investigation of chemicals for control of a destruc
tive plant disease. 

During the early 1900's the development of inorganic fungicides such as 
copper, sulfur and mercury for plant disease control had attained its peak. 
However, another landmark in chemical disease control came in 1932 when re
search started on the fungicidal properties of organic compounds. The first 
organic commercial fungicide was Chloranil (tetrachloro 1-4, benzoquinone). 
The use of quinones as fungicides led to the development and use of dithio
carbamic acid derivatives. 

Since 1930's various types of fungicides have been developed. Some of the 
chemicals have a broad spect~um and are effective chemicals for control of 
many plant diseases where as, some of the more recent fungicides are quite 
specific against certain pathogens. The effective use of chemicals for 
control of plant diseases is determined by an understanding of the principles 
involved in chemical plant protection. 

Chemicals can be classified into various categories depending on their 
intended use. A discussion of these various types of chemicals follows'. 

SURFACE PROTECTION 

The greatest volume of chemicals used for plant disease control are surface 
protectants. These types of fungicides must be applied in advance of infec
tion by a pathogen to be effective followed by repeated applications during 
critical periods when infections by pathogens might occur. Surface protec
tants can be thought of as an insurance program against the possibility of 
disease and are not capable of destroying the pathogen in a plant after 
establishment of the disease (Table 1 & 2). 

LEAF PROTECTANTS 

There are many foliar fungicides such as benlate, sulfur, maneb, captan, etc. 
which are applied as sprays or dusts to leaf surfaces to prevent plant dis
eases such as botrytis, tomato leaf spot, powdery mildew and other foliar 
disease problems. Most protective fungicides are solids which are either 
mixed with inert materials as dusts or are treated with conditioning agents 
and applied as sprays. Fungicide dusts are very fine particles of uniform 
size. Dusts must be applied to the foliage when leaves are wet with dew 
otherwise the fungicide will be removed by wind, rain, etc. A few foliar 
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fungicides are liquid or emulsifiable concentrate. The emulsifiers keep t•he 
active ingredient well mixed within a spray resulting in more uniform coverage 
and better tenacity on plant leaves (Table 1 & 2). 

FRUIT AND FLOWER PROTECTANTS 

Fruit and flower protectants are usually the same types of chemicals suggested 
as leaf protectants. However, greater care must be exercised in selecting 
chemicals for fruit and flower sprays especially when fruit finish and appear
ance must be considered. Commercial floral growers also must be concerned 
with the selection of proper chemicals to avoid an undesirable residual 
deposit on floral parts (Table 1 & 2). 

ERADICANT FUNGICIDES 

Eradicant fungicides or contact fungicides are chemicals capable of eradicating 
established disease irifections in a localized area. The fungicide must pene
trate the host and kill the pathogen without causing injury to the host. 
Thus liquid lime sulfur must be considered a contact fungicide for the elimin
ation of primary infections of apple scab. Other examples of contact fungi
cides would include dodine, dichlone, benomyl, etc. (Table 1). 

ANTISPORULANT CHEMICALS 

Antisporulant chemicals are compounds v1hich prevent sporulation by the patho
gen but they do not eliminate the vegetative growth of the fungus. Therefore 
antisporulant chemicals are not considered truly eradicant chemicals. Various 
oils, fixed coppers, .bordeaux mixture are examples of antisporulant chemicals 
(Table 1 & 2). 

SYSTEMIC FUNGICIDES 

Systemic fungicides are chemicals whic;h can be freely translocated after 
penetrating the plant. In 1938 p-aminobenzene sulphonamide was shown to 
protect wheat seedlings from attack by rust fungi by treating them at the 
roots. The discovery of antibiotics in 1940, also contributed to the develop
ment of systemic chemicals. The development of chemicals continued to expand 
testing hundreds of compounds formulated for disease control. Control of 
plant diseases with non-systemic fungicides depends on correct placement of 
the fungicide in relation to the pathogen. This means that seed diseases 
can best be controlled with seed treatments, soil-borne diseases can best 
be controlled by soil treatment and foliar diseases by the application of 
foliar fungicides. However, the use of systemics bypasses the limitations 
of non-systemic fungicides in that once the molecules enter the plant they 
can be transported in the xylem to various plant parts. The movement of 
systemic fungicides within a plant is unidirectional usually toward the 
upper portions of the plant. The systemic fungicides used today can be 
classified into five chemical groups, the oxathiins, pyrimidines, benzimi
dazoles, thiophanates and morpholines. The oxathiins,or derivatives there 
ot are fungicides used to control various species of rusts and smuts of 
cereals. Pyrimidine derivatives are used to control powdery mildews of 
curcubits, cereals and scab of apples. Benzimidazoles have a broad disease 
control specturm. These fungicides are used to control many fungi. Thiopha-
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nate derivatives also have a broad spectrum similar to that of the benzimi
dazoles. Morpholines are specifically active against powdery mildews. ·The 
movement of a systemic compound in a plant depends on 1) the molecular con
figuration, 2) the growth stage of the plant to which chemical is applied, 
3) method of application and 4) the environmental conditions before and 
after treatment. 

SEED PROTECTANTS 

Seed protectants are chemicals which have been formulated for specific use 
on seeds which inactuate or inhibit spores on the surface of the seed. These 
chemicals are also used to protect the seed after planting by limiting 
invasion by soil-borne pathogens allowing the plant to develop a root system. 
It is very important to choose the proper chemical for treating various 
seeds for no one treatment method or material can be recommended that would 
prevent pathogen attack of seeds and seedlings. Various seed treatment 
chemicals include captan, arasan, diazoben, chloranil, dichlone, and vancide. 

CHEMICAL·SOIL TREATMENT 

Chemical soil treatment involves the control of soil-borne pathogens. Certain 
practices in agriculture such as mono-cropping has lead to significant ad
vances in recent years on methods for control of soil-borne pathogens. A 
number of chemicals have been introduced for soil treatment some of which 
have a broad spectrum of activity, while others have a more narrow spectr~m 
i.e. nematicides, fungicides. The types of chemical used for control of 
soil disease problems depends on the type of pathogen involved. Dexon, for 
example, is quite specific in its action against Pythium and Phytophthora 
where as PCNB is more effective for control of Rhizoctonia, Fusarium, Sclero
tinia and other organisms. Chemicals applied to the soil function as either 
biocides or biostats and sometimes as both. The performance of a chemical 
in soil depends on how it interacts with various components in the soil, 
and the chemical and biological properties of the compound. Some soil drench 
fungicides include: Dexon, PCNB, Benlate, Truban and Banrot. These chemicals 
are extensively used by commercial greenhouse growers as a means to control 
vari?us soil-borne pathogens (Table 1). 

SOIL FUMIGANTS 

Soil fumigants also function as a biocide or biostat or sometimes as both. 
Most of the soil fumigants are, at certain concentrations, selective on the 
types of organisms killed. However, the characteristics of disease control 
chemicals applied to the soil usually determines the method in which they 
can be effectively used. Such things as soil temperature, tilth, soil type, 
percent organic matter and soil moisture are important considerations mainly 
because these factors affect the action of fumigants (Table 3 &4). Most 
fumigants have diffusion properties and can easily penetrate a soil mass in 
good tilth. 

Mode of action of fungicides is the mechanism by which the fungicides control 
the pathogen. These mechanisms for various fungicides are not yet completely 
understood. However, most fungicides affect pathogens in one or several 
ways and most can be classified into one of the following categories: 

-31-



1) upset chemical reactions in the fungus cells, 2) induce cell wall leakage, 
3) prevent cell wall formation, and 4) prevent cell division. 
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Table 1. Materials Effective in Controlling 
Common Crop Diseases 

Disease 

Damping Off and 
Cutting Rots 

Water Mold 
Root Rots 

Other Root and 
Stem Rotting 
Fungi 

Wilts 

Leaf and Flower 
Spotting Fungi 

Rusts 

Chemicals for Control 

PCNB (Terraclor) 
Diazoben (Dexon) 
Ethazol (Truban, 

Terrazole) 
Cap tan 
Banrot 
Soil Fumigation 

Diazoben (Dexon) 
Ethazol (Truban, 

Terrazole) 
Captan 
Ban rot 
Soil Fumigation 

PCNB (Terraclor) 
Ban rot 
Benomyl 
Soil Fumigation 

Soil Fumigation 

Benomyl 
Chlorothalonil 

(DacOnil, Termil) 
Cap tan 
Maneb 
Mancozeb (Dithane 

M-45, Manzate 200) 
Fer bam 
Zineb 
Folpet (Phaltan) 
Ziram 
Fixed Copper 

Oxycarboxin 
(Plantvax) 

Zineb 
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Table 1. (cont 1d) 

Disease 

Powdery Mildews 

Bacterial 
Diseases 

Nematodes, Soil 

Nematodes, Foliar 

Vi ruses 

Chemicals for Control 

Benomyl 
Cycloheximide 

(Actidione PM) 
Piperalin (Pipron) 
Parinol (Parnon) 
Dinocap (Karathane) 
Sulfur 

Streptomycin 
(Agri-strep) 

Fixed coppers 

Soil Nematicides 

Malathion 
Parathion 
Demeton (Systox) 

Certified Seed 
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Table 2. 

Fungicides 

benomyl 

Bravo 

I Difolatan w 
Vl 
I Outer 

Mertect 

rna neb 

Polyram 

zinc ion rna neb 

zineb 

Kocide 101 

cocs 

Citcop 4E 

REGISTERED FUNGICIDE USES (X) 

November 7, 1974- FOLIAR SPRAYS 
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Table 3. SOIL PROPERTIES THAT AFFECT ACTIONS OF FUMIGANTS 

1. Temperature 

2. Tilth 

3. ~ 

4. Organic 
Matter 

5. Moisture 

- Fumigants in general move or diffuse slowly when tempera
tures are cold. Movement increases as temperatures in
crease. Fumigants must persist long enough to control but 
disperse soon enough to avoid crop injury. Soil tempera
tures of 6QO to 85 F are most desirable for fumigation. 

- Effective movement of fumigants is achieved only where 
soil preparation has resulted in good tilth (a good seedbed). 
Fumigants should not be expect~d to penetrate clods, 
hard pans or undecomposed plant tissue. 

- Fumigants penetrate light sandy soils more quickly and 
evenly than heavy clay soils. Higher rates are often 
suggested for heavier soils. 

- Organic matter absorbs certain fumigants and higher 
rates are required on soils that are highly organic in 
nature. 

- Soil moisture content is extremely important for suc
cessful soil fumigation. When soil moisture is too high 
air spaces in the soil are filled with water (Figure 6), 
and when soil moisture is too low, materials may escape 
too fast and organisms may be dessicated and more diffi
cult to control. 
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Trade Name--t~anufacturer 

Chloroeicrin 
Chlor-o-pic 

Great Lakes Chemica 1 
Picfume 

Dow Chemical Comeany 

100% Methtl Bromide 
Meth-o-Gas 
Terr-a-Gas 

Great Lakes Chemica 1 

Methtl Bromide 
(with warning agent) 

Brozone 
Dowfume MC-2 

Dow Chemical Co. 
Pinto fume 
Pano-Brome-CL 

Nor-Am Agricultural 
Products, Inc. 

Weedfume 
Nei 1 Mclean Co. 

Brom-o-gas 
Terr-a-gas 98 

Great Lakes Chemica 1 

Methyl bromide plus 
Chloropicrin combinations 

Dowfume MC-33 
Trizone 

Dow Chemical C0. 
Path-a-fume 
Trifume 2 Plus 2 

Nor-Am Agricultural 
Products, Inc. 

Terr-o-gas 

Co. 

Co. 

Co. 

(several differ~n1 mixtures) 

Table 4. SOIL FUMIGANTS--GUIDE CHART 

Active Ingredients 

trichloronitromethane 

Methyl Bromide 

methyl bromide principal 
active ingredient plus 
chloropicrin in small 
amount 

Chloropicrin plus methyl 
bromide mixtures 

Uses 

fungicide 
soil insecticide 
nematicide 
herbicide 

nematicide 
insecticide 
herbicide 
fungicide 

nema ti ci de 

fungicide 

herbicide 

fungicide 
nematicide 
insecticide 

Remarks 

liquid causes 
tears, 
blisters; 
inhalation 
toxic 

odorless
inhalation 
toxic - must 
tarp 

liquid causes 
tears, blisters, 
requires · 
fumigation 
tarp 

liquid, combines 
the qualities of 
both ingredients -
must be tarped 
-causes tears 
-causes blisters 



Table 4. (cont•d) 

Trade Name--Manufacturer Active Ingredients Uses Remarks 

Terrogel 
Great Lakes Chemical Co. 

Mumfume 
Pathofume B 
Trifume 

Neil Mclean Co. 

DO nematicide liquid, causes 
Shell Chemical Co. dichloropropene soil insecticide blisters 

Vidden D herbicide 
Dow Chemical Co. dichloroQroeane 

DichloroQro~anes-Qroeene & 20% methyl isothio- fungicide quite odorous 
Metn~lisotn1oc~anate cyanate 80% dichloro- nematicide -causes blisters, 

Vorl ex propanes-enes herbicide tears-
Nor-Am Agricultural insecticide Liquid in drums 

I Products, Inc. (3o•s so•s) w 
00 
I 

Eth~lene dibromide ethylene nematicide liquid and 
Dowfume W85 dibromide soil insecticide emulsion 

Dow Chemical Co. concentrate 
Soilbron 40 and 85 causes blisters 

Great Lakes Chemical Co. 
Nemagon di-brome nematicide 1 iquid ernul sion" 

Shell Chemical Co. chloropropene plus soi 1 insecticide concentrate and 
Fumazone 86 other halogenated granules. 

Dow Chemical Co. c3 comeounds Causes blisters 

Tel one dichloropropene nematicide liquid causes 
Dow Chemical Co. fungicide blisters 

soi 1 insecticide 
herbicide 
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Table 4. (cont'd) 

Trade Name--Manufacturer 

Telone plus Chloropicrin 
combinations 

Pictel 
Chlorotone 

Neil Mclean Co. 

Ethylene dibromide and 
Chloropicrin combinations 

Terrocide 
(Several formulations) 

DO and Chloropicrin 
Terr-o-cide 15 D 
Terr-o-cide 30 D 

Great Lakes Chemical Co. 
DO-pic 

Shell Chemical Co. 
Telone C 

Dow Chemical Co. 

Vapam 
Stauffer Chemical Co. 

Vorl ex 
Nor-Am Agricultural 
Products, Inc. 

Active Ingredients 

Chloropicrin plus 
dichloropropene mixtures 

Ethylene dibromide 
plus chloropicrin 

1, 3 dicloropropene 
1, 2 dichloropropane 
Chloropicrin 
(DO + Chloropicrin) 

sodium methyl 
dithiocarbamate 

methyl isothiocyanate and 
chlorinated c3 hydro
carbons including 
1, 3-dichloropropene 

Uses 

nematicide 
fungicide 
herbicide 

nematicide 

insecticide 
fungicide 

fungicide 
soil insecticide 
herbicide 

fungicide 

nematicide 
herbicide 
insecticide 

Remarks 

combines the 
qua 1 iti es of 
both ingredients, 
causes tears and 
blisters 

combines the 
qualities of both 
ingredients, causes 
tears and blisters 

causes blisters 

liquid causes 
tear, blisters 



WHY USE FUNGICIDES? 

H. L. Bissonnette 
Extension Plant Pathologist 

University of Minnesota 
St. Paul, Minnesota 55108 

Among the agricultural chemicals being sold to and used by farmers are 
fertilizers, herbicides, insecticides and fungicides. Fungicides are the 
least known and least understood in this area of the country. The lack of 
understanding of the nature of plant diseases is most responsible for the 
unsuccessful use of fungicides. 

The increased value of agricultural crops has now placed a new importance 
on obtaining the greatest yield response from the farmers total input. So 
now we find that a disease loss of 28% in the yield of wheat is unacceptable. 
The 10% loss of stand in potato planting because of seedpiece decay is also 
unacceptable. 

Why use fungicides? We use fungicides to produce food. To produce food, 
we need to control plant diseases. 

Plant disease control is the original integrated pest control program. The 
control of plant diseases is based on cultural practices, breeding for dis
ease resistance, and chemical protection. Plant disease control begins with 
the diagnosis of the disease and an understanding of the dynamics of the 
disease. The environment and pathogen in combination affect the elusive 
nature of plant diseases. 

Fungicides are used in many ways to prevent plant diseases. Fungicides may 
be used to reduce the amount of inoculum, to remove the inoculum, or to 
eliminate the inoculum at the source. Fungicides are also used to prevent 
the inoculum from entering the host and starting an infection. In the pro
cess of preventing a plant disease by protection the fungicide is used as 
a barrier between the host and the pathogen. In such uses the fungicide is 
used to eradicate or kill the pathogen before an infection process is ini
tiated. 

Fungicides are used to control plant diseases, often fungicides are the 
only feasible means of attacking a plant disease. The proper use of the 
fungicides in regard to the dynamics of the particular disease will deter
mine the success or failure of the disease management program. 

With the advent of systemic fungicides we now can use such chemicals to 
cure a plant disease. 

Fungicides are used to prevent, to control and to cure plant diseases. 
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FIELD CROPS 

APPLICATION OF FUNGICIDES 

Herbert G. Johnson 
Extension Plant Pathologist 

University of Minnesota 

Five field crops are being sprayed with fungicides in Minnesota in signifi
cant amounts. These are wheat, barley, potatoes, sugar beets, and field 
beans. A few others may be sprayed with fungicides during emergencies or 
in the future as new developments occur. 

SPRAYING EQUIPMENT 

Aerial spraying has built up rapidly in recent years, but ground application 
is still being used, and both have advantages and disadvantages. Aerial 
application has high capacity and is not s~bject to field and ground condi
tions, but its hours of application are restricted by wind. Ground appli
cation is affected less by wind, but is restricted by ground conditions and 
does some crop damage. Both have a place and can work together in accom
plishing timely applications. 

SIZING UP THE SITUATION or 11 To Spray or Not to Spray 11 

As legal regulations become more stringent and the economics of crop pro
duction and profit become more important, the judicious use of fungicides 
will receive more attention. Each crop and its diseases has its own peculiar
ities and there is no substitute for knowledge of these subjects in obtaining 
the most profitable use of fungicides. In this day of crop specialization, 
this should not be too difficult, but many people are reluctant to try to 
gain this knowledge. Some are completely involved in other phases of pro
duction and prefer to have someone else do this job. 

Check fields frequently starting several weeks before anticipated dates for 
the normal appearance of disease. The disease organisms don't read the 
predictions and seasonal variation is normal and sometimes extreme. One of 
the greatest disappointments in this work is to find that a disease has 
progressed too far to be controlled before anyone knew it. Avoid surprises 
in crop disease development as well as in other phases of crop production. 

Weather should be watched and judged regarding its effect on disease develop
ment and progress. After sufficient experience this can be a good guide, 
but should not be relied upon completely. Look at the field and see what 
is happening. Weather instruments will give accurate figures on weather 
factors and a daily record on a local, farm, or field basis can be very help
ful at all times and also improves a persons judgement because of the experi
ence. Relatively cheap instruments will give temperature, maximum and mini
mum temperature, and rainfall. Relative humidity can be determined with 
relatively cheap instruments, but those that give continuous records are 
more expensive, however, they may be good investments in some situations. 
Extension agents in a few counties in Minnesota in cooperation with extension 
plant pathologists have been operating relative humidity and temperature 
recording instruments for several years and have made the information avail-
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able locally. This could be expanded. 

Infra-red aerial photography of fields during the growing season has been 
a practical reality in potato growing in northwestern Minnesota and North 
Dakota for the past few years. The pictures show disturbances in plant 
growth that are checked with field inspection to determine the cause. If 
the cause is a leaf spot disease, fungicide application is generally indi
cated. This system has tremendous capacity for surveying large areas and 
field conditions are no problem. This system could be developed and used 
for other crops. 

Determining the critical disease level when fungicide application should 
start is one of the most difficult problems to solve. Guidelines on the 
crops listed above are available. These are relatively good and are work
able, hut constant improvement is required. Guidelines must be fairly simple 
and practical if they are to be used. If they are too complicated and 
require too much time and effort, few people are likely to use them. Inqi
vidual judgements are a big factor in this determination and involve such 
factors as: value of crop, previous experiences, judgements and influence 
of others, and often lack of understanding of the situation. This will be 
covered more below. 

TIMING OF APPLICATIONS or "when to start, when to stop, and how many in between 11 

When to start - With field crops it is generally most profitable to wait 
until the disease is evident. Precautionary applications are sometimes made 
before disease is present. This is often unnecessary, but may be justified 
in some cases when the market item is likely to become infected and severe 
or total crop loss could result. Experience has shown some average dates 
when diseases are likely to be found at severity levels that indicate the 
time fo~ the first application. This time varies from south to north in 
Minnesota. The best use of such dates is to count back a few weeks from 
them and start regular field inspections at three to four day intervals 
(prevent surprises). For the crops listed above, these dates are generally 
from late June to mid July, for winter wheat it could be earlier. Stage of 
crop growth is used as a guideline if disease levels are somewhat "normal". 
Boot stage for barley and early heading for wheat are frequently used and 
these are built into a practical control program and are involved in the last 
application ten days later which is the legal cut off date for last applica
tion. However, if the disease starts earlier, then an application is indi
cated at a week to ten days before the plant stage time. The value of the 
crop is an important factor in recent years. High market prices result in 
earlier application of fungicides. Weather is always an important factor. 
Frequent and extended wet periods promote leaf spot diseases while dry weather 
holds them back. Don't be fooled by rain alone since heavy dews that extend 
far into the morning and are consecutive for several days are wet conditions 
from a disease standpoint. Protective fungicides are good for early appli
cations especially; if systemic fungicides are registered, they will control 
some infection that has occurred. These are especially good for later 
applications. 

Interval between applications - Legal restrictions fairly well establish 
the interval for wheat and barley since a maximum of three applications can 

-42-



be made and the last application is 26 days before harvest. For sugar beets, 
experience indicates intervals of two weeks. Potatoes generally vary from 
one totwo weeks with irrigated potatoes receiving weekly applications or 
timed following each irrigation. Field beans are generally sprayed weekly 
after the first application. Legal restrictions, value of crop, weather, 
and progress of the disease must be considered here as well as for first 
applicatiop. How do you determine progress of disease if you are controlling 
it well on your fields? This can be a problem that is not easily solved. 
Unsprayed areas can be used or perhaps a nearby neighbor's field that is not 
being. sprayed can be watched. Neither of the above is a good answer. Some 
spots on new foliage or new spots on old foliage that was not covered with 
fungicide can give some information. 

When to stop spraying -Cut off dates are established by regulations for many 
crops. The stage of the crop is used in some cases. We can expect disease 
control for about a week following the last application and that is often 
close enough to harvest to give little justification for further application. 
Four weeks before harvest looks good for last application for rust control 
on field beans. Late August or early September for sugar beets is an 
approximate last application. For wheat and barley, 26 days before harvest 
is the legal cut-off date. Application on potatoes often goes to about a 
week before vine killing. Again weather and disase progress must be considered. 
Sometimes the disease stops increasing and control is not longer needed. 
Generally, however, once a disease control program is started; the program 
should be continued to the normal last application. 

FUNGICIDE COVERAGE OF PLANT PARTS 

Total coverage of all plant surfaces is ideal for fungicide application, 
but this is rarely if ever accomplished. The best that has probably ever 
been done was with ground sprayers with 100 gallons per acre (gpa) and 400 
pounds per square inch (psi) pressure on intensive crops. No one is doing 
that today on extensive field crops. Approximate recommended characteristics 
for sprayers are: 

Ground hydraulic 
Ground mist blower 
Aer i a 1 

40 gpa 
20 gpa 
5 gpa 

125 psi 
75-300 psi 
30-40 psi 

Sprayers with the above characteristics have given good practical control 
of leaf diseases of field crops. The coverage often does not look very good, 
but the ratio of cost of application and crop value increase has been very. 
favorable and until something better comes along this is our best compro
mise from an economic standpoint. Good plant coverage is more important 
for disease control than for weed or insect control. 
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ENERGY REQUIREHENTS OF VARIOUS WEED CONTROL PRACTICES 

Introduction 

John D. Nalewaja 
Agronomy Department 

North Dakota State University 

Dramatic and startling events of the past couple years, such as restricted oil 
and gas availability and the subsequent severe economic stress of inflation 
felt by many major industrialized nations have alerted not only Americans, but 
also the rest of the world that the supply of fossil fuels is indeed limited. 
And further, these fossil fuel sources are non-replenishable in terms of time 
meaningful to man. The conventional petroleum oil known reserves at present 
and based on projected use rates are low and could be easily exhausted in 
this generation. As an example, Pimentel (10) cited that if the United States 
were to use petroleum exclusively for its energy source, the known United 
States oil reserves would be exhausted in 5 years. The United States uses 
petroleum for about 43% of its energy requirements primarily in the area 
of transportation. 

Hany papers have been published in recent years with concentration upon the 
usage of energy in modern civilization and the estimation of fossil fuel reserves. 
Certainly the estimates of reserves vary somewhat from paper to paper, but they 
all indicate with unity that supplies are low especially those of natural gas 
and petroleum. Today, we must make not only adjustments, but perhaps even 
sacrifices in our use of petroleum products to assure a supply of energy for 
not only our generation but for future generations. Each economic segment 
of society must evaluate their energy usage while obtaining greater efficiency 
of production and to adopt energy conservation practices. In this paper, 
I will discuss energy for agricultural production with emphasis on weed control 
practices. 

Agriculture 

Modern agricultural research has enabled farmers to make tremendous increases 
in productivity so that today one farmer now produces enough food for 48 people 
(10). However, this high productivity has required a concomitant increase 
in input energy. Heichel (5) cites literature iudicating that primative 
agriculture yielded 16 calories of energy per calorie of input, while modern 
agriculture gives about 1 calorie of output for each calorie of input. In other 
words, the high productivity of modern agriculture has been converting petroleum 
and other energy sources into a food product. Hirst (6) states that 21 units 
of energy were needed with modern agriculture to replace 1 unit of human energy. 
Certainly, we may disagree with some of the values of input energy with various 
practices, but we can agree that the high productiviiy of modern agriculture 
has required high energy expenditures. 

Although efficiency of energy usage has decreased with modern agriculture, this 
fact in no way means that agriculture should revert to the hoe any more t~an we 
should all revert to walking for our main means of transportation. Although 
incidentally, walking certainly is a more efficient use of energy for trans
portation than driving an automobile. Assuming 10 mpg and 32,000 Kcal/gal of 
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gasoline, the energy expended would be 3,200 Kcal per mile for gasoline alone, 
not counting indirect energy for the conservation of roads or automobiles. On 
the other hand, assuming that walking 40 miles in a 10 hr day would require 
an extra 1000 Kcal of food intake, the energy expended would equal 25 per mile 
(2). Thus, the automobile requires 128 times more energy per mile than walking. 
But despite this energy differential, automobiles will remain the principal 
mode of transport because of other factors such as time which adds a new dimension 
to the picture. 

Assuming that agriculture reverted back to primitive production today and 
ceased using all energy, estimated at 4.4% of the United States total (6), 
the 15 year oil reserve would be extended to only 15.7 years. Therefore, 
national awareness through education and involvement in energy conservation 
by people in all economic segments of society are essential to prolong the 
supply of fossil fuels while providing an opportunity for development of alternate 
energy sources. With this goal in mind, a reasonable standard of living can be 
maintained in the developed countries, and be made available to those people 
residing in the developing countries and preserved for future generations. 

Weed control practices 

Now let us concentrate on weeds and their influence on energy output in food 
production and let us look at various weed control practices relative to energy 
input. 

Weed control practices have a very favorable energy input:output ratio because 
of the large increase in crop yields obtained from controlling weeds compared to 
the ratio for other agricultural ope·rations. The return or benefit from weed 
control is influenced by many factors, e.g., weed species, weed density, com
petitive ability of the crop, soil fertility, time of weed infestation, and 
climatic conditions. The energy input for weed control generally is not pro
portional to the competitive ability of the weed infestation. For example, 
the effectiveness of a herbicide is not usually determined by the weed infes
tation as a certain base level of energy is required to traverse the field 
whether weeds are present or not with all practices, chemical, mechanical, 
or by hand. 

Small grains. In this presentation, weed control practices will be compared in 
small grains and in corn. The weed infestations, which were selected, are con
sidered moderate levels for infested fields. 

Herbicides have increased greatly the output of energy from small grain pro
duction. Assuming that plowing and seedbed preparation are not involved in 
weed control, then, very little help was available to control weeds in small 
grains before the advent of herbicides. The seeding of small grains in 6 
inch rows made cultivation or hand hoeing virtually impractical, and further, 
hoeing weeds in crops seeded in 6 inch rows would cause damage to the crop 
from the hoe and the hoer. 

The control of wild mustard in wheat has increased greatly the food output per 
acre with a very low energy input (Table 1). Each Kcal of input for wild 
mustard control resulted in 130 Kcal of increased grain production. Thus, the 
return per calorie input is much greater than the 16 calorie output per 
calorie of input quoted for primitive agriculture (5). The return for herbi
cide energy would be more or less depending upon the wild mustard infestation. 
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However, 100 plants per square yard is only a moderate infestation. A highly 
active and effective postemergence herbicide such as 2,4-D, which gives good 
control of wild mustard, probably approaches the ultimate in efficient weed 
control. 

The 130 Kcal return per Kcal input for wild mustard control as well as all 
calculatiops in this paper is based upon the following assumptions; one pound 
of herbicide requires 11,000 Kcal of energy, one gallon of gasoline contains 
36,225 Kcal (10), control of wild mustard would increase wheat yield 30% 
(9), the average wheat yield for Canada and the U.S. was 30.5 bu/A (13), 
the indirect energy cost for machinery was equal to one-half the gasoline 
consumed, and that wheat contained 1897 Kcal/lb (11). The indirect machinery 
energy cost was based on the approximate relation of indirect energy for ma
chinery to gasoline energy for corn production between 1954 and 1970 (10). 
The labor energy was based on the time required for the task per acre divided 
by a 40 hr week and multiplied by 21,770 Kcal/wk. 

In Table 1, one can see that the energy return per Kcal of input can vary 
greatly from one herbicide treatment to another for control of a specific weed 
infestation. Assuming equal and complete control of a 100 wild oats per square 
yard infestation, the use of barban returned 143.4 Kcal and the triallate treat
ment 38.7 Kcal/Kcal input. The triallate is applied at a rate of 1 lb/A and 
incorporated by two harrowings. Only\ lb/A of barban is required in a post
emergence treatment. If triallate effectiveness was greater in controlling 
wild oats as a preemergence treatment to eliminate competition at or prior 
to their emergence, a 15 lb/A wheat increase would justify the extra energy 
consumed. However, since the barban treatment required only \ the energy as did 
the triallate treatment, the yield increase from treatment could be reduced 
3/4 to give an output:input ratio equal to that of triallate. 

The above example indicates the danger in making decisions only on the basis 
of an efficiency ratio. A very low energy input can give good efficiency even 
with a relatively low output resulting in food shortages and starvation. With 
no input the efficiency would be infinite, but the world could only support 
10 million people (9). 

The use of chemicals for wild oats control has greatly increased efficiency 
as well as total production. Delaying the seeding of a crop until late May 
after several tillages to stimulate germination of wild oats and to kill 
emerged seedlings by tillage prior to crop seedihg is a common cultural con
trol practice. The tillage practice requires five times the energy of a tri
allate treatment (Table 1). From Table 1, one might assume that delayed seed
ing was effective in controlling wild oats and that yields were as high as 
with early seeding. However, common knowledge indicates that delayed seeding 
per se often causes lower yields. 

Since the advent of 2,4-D in the mid 1940's, weed scientists have enabled 
farmers to make tremendous increases in their small grain production utilizing 
small expenditures in energy. This increase in productivity with efficient energy 
output becomes vitally important when we realize that small grain production 
occupies 330 million hectares of the total 1,400 million of cultivated land in the 
world. 

Corn. Let us now consider the energy return for various weed control practices 
in corn. Pimentel et al (10) studied the energy of corn production and reported 
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2.82 return per Kcal input. They felt that corn typified crop production in 
general. The energies for corn production are based on the yield averages 
for six experiments reported for various weed control practices in Minnesota 
(1), which is probably typical of the cornbelt. 

The return in corn energy for the various types of weed control practices was 
48 or more times for each Kcal of input energy (Table 2). Thus, all weed con
trol practices were efficient users of energy based upon the return for energy 
input. Cultivation was the least efficient consumer with 48.6 Kcal for each Kcal 
input. Efficiency was increased to 54.2 Kcal per Kcal input when weeds in 
the row were controlled with 3 lb/A of atrazine. And when weeds were con
trolled in the row by hand labor, 57.2 Kcal were returned per Kcal of input. 
However, removal of weeds in the row plus time for cultivation required 17.57 
hr per acre compared to 0.62 hr per acre when atrazine was applied. 

Hand weeding was the most efficient from the Kcal returned per Kcal of energy 
input with 117.3 .times the return for each Kcal of input. However, estima
tions conclude that 60 hr would be required for hoeing and weeding, with 40 
hr the first weeding and 20 the second. Certainly the time spent on weeding 
would be influenced by the weed infestation. Hoeing time was based on time 
studies for weeding in cotton (7) and sugarbeets (3). The Kcal for labor was 
determined as described above. Certainly, hand labor can account for large 
energy inputs with heavy weed infestations. Rappaport (12) estimated that the 
weeding of the garden plots in New Guinea required 90,168 Kcal per acre. Thus, 
weed control accounted for one of the major energy inputs in primitive agri
culture. While in modern agriculture, weed control practices are a small 
part of the total production energy input. Thus, weed scientists have enabled 
farmers to increase crop production without greatly affecting the energy 
input. 

In the example found in Table 2, atrazine required only 5,265 Kcal more input 
than hand weeding but required 60 hr less time. Time investment certainly is 
a critically important consideration if we wish to maintain our standard of 
good health and reasonable living while continuing the enjoyment of leisure 
activities. Corn occupies 71 million acres in the U.S., and assuming 60 hr 
of weeding per acre, a 40 hr week, and a 6 week period for weeding, this task 
would require a work force of 17.7 million dedicated people. 

Weed control operations 

The energy requirement for various weed control practices is given in Table 3. 
The values, approximations only, are based on average gasoline consump-
tion (4), time involved in performing the practice, and assuming 11,000 Kcal/lb 
of herbicide (10). These values would vary with weed density, speed of machine 
travel, and depth of machine operation. 

In general, most weed control practices do not require great quantities of 
energy but they do vary widely. If equally good results can be obtained 
with a practice or combination of practices which requires less energy, 
that practice should be utilized rather than the greater energy consuming 
practice. However, the time involved must also be considered. Hand labor 
is very effective in controlling weeds with a low energy per acre input, but 
the time involved makes the practice impractical, except in certain specific 
situations indicative perhaps of specialty crops, etc. 

Herbicides, which are effective at rates of 1 lb/A or less and do not require 
soil incorporation, are more efficient in controlling weeds than hand labor or 
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row crop cultivation. Further if these herbicides had residual season long 
weed control, the energy conservation from these herbicides would be even 
greater. For example, if 1 lb/A of a herbicide gave season long weed control 
equal to one rotary hoeing and two cultivations, the chemical treatment would 
have required only 15,900 Kcal/A while the mechanical method would have required 
56,811 Kcal/A. Two hand hoeings would have required 43,540 Kcal/A. Thus, the 
efficiency of weed control could be improved by discovering and developing more 
active herbicides with season long residual weed control, assuming that synthesis 
energy is the same for active or less active herbicides. 

The following is an example of how a highly active herbicide can give a high 
output for low energy input. Picloram applied at ~ oz/A controls wild buckwheat 
requiring only 120 Kcal of herbicide energy. The picloram application energy 
in gasoline, indirect machine costs, and labor would be 320 Kcal. Thus from a 
total input of 440 Kcal/A, the return would be 381,866 Kcal/A in increased 
wheat yield or 868 Kcal/Kcal input, assuming a 11% yield increase (8) from 
controlling 10 wild buckwheat plants per square foot, and a 30.5 bu/A wheat 
yield. 

Soil incorporated herbicides require more energy than soil surface applied 
or postemergence types. The energy in applying 1 lb/A of herbicide is 15,920 
Kcal; but with two field cultivator incorporations, the application require
ment is increased to 162,772 Kcal. However, increased consistency in weed 
control could easily justify the added energy input as only 1.5 bu/A of corn 
would compensate for the energy input. 

The substitution of chemicals or the rod weeder for the field cultivator in 
areas where summer fallow is a practice would reduce energy inputs. In cen
tral North Dakota, four field cultivations commonly are used in fallow (4) 
for an energy input of 293,704 Kcal/A. The rod weeder could substitute for 
three of these field cultivations only requiring 121,910 Kcal/A for the four 
operations. The application of ~ lb/A of herbicide four times would require 
41,680 Kcal and one application of a residual herbicide at 2 lb/A only 26,920 
Kcal/A. These are only a couple of examples of substitution in agricultural 
practices which can be made to reduce energy input. If one were to consider 
only the petroleum input as gasoline and herbicide, the field cultivation 
required 195,616 Kcal, the field cultivation plus the rod weeder 80,404, the 
four application~ of herbicide 35,040, and the 2 lb/A application of residual 
herbicide 25,260. 

The energy of a herbicide application would vary by the required techniques 
of application, whether necessitating incorporation or not as mentioned above, 
but also by the energy of any spray additives or carriers in the formulation. 
The 11,000 Kcal/lb of herbicide was stated to include production and process
ing (10). Thus, carriers may or may not be included. The energy per pound 
of herbicide from carriers certainly would be much greater with a 1 lb/gal 
emulsifiable concentrate than with a 7 lb/gal formulation. The carriers in an 
emulsifiable concentrate would be nonpolar or fossil fuel based. 

The greater use of wetable powers or water soluble formulations would reduce 
energy requirements directly and certainly should be given serious consideration 
for use in the future. 

The ultimate in herbicidal energy efficiency for weed control would involve 
the use of highly active, water soluble, effective postemergence herbicides 
because treatments could be limited to only the weed infested fields or portion 
of fields. However, herbicides which are active only postemergence may require 
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several applications in a season. The importance of postemergence herbicides 
will become more obvious in the future as weed infestations decrease through 
continued use of effective control practices. Any weed control practice 
utilized on an area without weeds gives no output regardless of the amount.of 
input. However, it is important to stress again that the postemergence herbi
cide must be completely effective, as failure in weed control would cause a 
big production loss and reinfestation which could justify treatment of many 
non-infested acres. At present, consistently effective postemergence herbicides 
are limited. This area of herbicide development should be intensely invest
igated with vigor and foresight. 

Conclusion 

The development of effective herbicides for weed control has made changes 
possible in farming practices requiring less mechanical tillage of the soil 
with reduction in energy requirements. Herbicides with no residual soil 
activity, such as glyphosate, can be applied at seeding to kill emerged weeds; 
and then, other selective herbicides can be applied to control subsequent emerging 
weeds. Although, there are many examples of no-till practices, I will discuss 
an example familiar to me. The energy requirements for flax production with 
conventional tillage and no-till are given in Table 4. The substitution of 
glyphosate at ~ lb/A for plowing and several tillage operations reduced the 
energy input requirement for flaxseed production by 2/3 from 363,706 to 
115,612 Kcal/A. Assuming a 10 bu/A yield and 2970 Kcal/lb, the percent energy 
input of the flaxseed yield was reduced from 20 to 6%. 

This saving in energy iQput can be illustrated further. Petroleum oil at 
1 gpa is used with atrazine for postemergence weed control in corn. Linseed 
oil has been shown to be equally effective at 1 qt/A. Assuming that the oil 
used as an additive to a herbicide has a calorie content equal to gasoline, 
then, 36,225 Kcal/A would be added per acre or more energy than for 3 lb of 
herbicide. If linseed oil from flax grown under no-till was used at 1 qt/A, 
the fossil fuel energy input (assuming all energy input is fossil) would be 
only 543 Kcal/A (36,225 Kcal/gal X 6% in the crop ~ 4 qt/gal) for the oil 
added to the spray which certainly indicates the importance of evaluating 
various farming practices and approaches to weed control. 

The discussion of energy use and return from weed control was limited to small 
grains, corn, and various weed control practices. However, similar examples 
could be given for weed control in many crops because of the importance of 
weed competition in the production of all crops. 

Further, the discussion in this paper was mainly from the total energy for 
weed control. Our biggest shortages at present are in petroleum oil and natural 
gas reserves; and if agricultural practices were to be considered only from 
this aspect, the conclusions could vary from those given. The comparison 
of tillage practices to herbicide application would not change drastically 
as approximately 2/3 of the tillage energy was in gasoline. However, the use 
of human energy for hand hoeing would require no petroleum oil. Among herbicides 
the total energy will vary as well as the proportion of petroleum energy 
involved. For the immediate future, preference should be for herbicides which 
require small petroleum energy in their manufacture even though the total energy 
input may be great. If the electrical input to a herbicide is high, this factor 
may not be critical if the source is hydro, atomic, or even coal. 
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In this presentation no attempt was made to differentiate energy make-up 
or content among herbicides. The 11,000 Kcal/lb was used to represent all 
herbicides (10). 

I wish to emphasize again that weed scientists world wide have made great 
contributions to greater agricultural production by developing efficient 
weed control practices. Our task demands that we also become publicly 
active in informing and promoting the adoption of weed control practices 
which will conserve energy without a loss in effective crop production. 
And we will continue our research to improve herbicide efficiency, to inte
grate mechanical and cultural practices for more efficient and effective 
weed control, and on the basic biological aspects of weeds leading towards 
better control or even eradication of weeds. 
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Table 1. Influence of the control of certain weeds on the energy production by wheat. 

Wheat gain.e. Kcal 

Treatment~/ 
Kcal/A In2ut 2 calorie/Ab/ output/ Net 

Weed % bu/A X 106 Chemical Mechanical Total in2ut Kcal gain/A 

Wild mustard _e./ 
100 plants/yd2 2,4-D ~ lb/A 30 9.2 1.0 2, 750 4, 920 7,670 130.4 .992 

Wild oats, Triallate, 
100 plants/yd2 1 lb/A 33 10.1 1.1 11,000 17,460 28,460 38.7 1.072 

Wild oats, Barban, 
100 plants/yd2 ~ lb/A 33 10.1 1.1 2,750 4,920 7,670 143.4 1.092 

Wild oats, Delay seeding, 
100 plants/yd2 2 cultivations 33 10.1 1.1 146,961 146,961 7.5 .953 

~/Wheat yield loss based on 30.5 bu/A yield, the 1972 u.s. and Canadian average (13), % lo~s based upon 
competition values reported by Nalewaja (9). 

Q/Herbicides = 11,000 Kcal/lb (10); mechanical includes gasoline (10), indirect machine input estimated at 
~ gasoline input, and labor (10). Labor input was based on the time required for various operations and 
21,770 Kcal/40 hr week (10). 

,£/Treatments were assumed to be 100% effective, in reality wild mustard control approaches 100% with 2,4-D 
and generally control with wild oats is better with triallate than barban. Delayed seeding gives fair to 
good wild oats control, but yield are usually lower with late than early seeding. 
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Table 2. The influence of various ~Teed control practices upon corn production and the energy involved.~/ 

Corn 
lb/A 

Labor.!U increase 106 KealiA Output/ 
Weed control practices£./ over weedy KealiA Gasoline Machine Chemical Labor Total hr/A input 

Cultivator 1512 2. 72 37,130 18,565 310 56,005 .57 48.6 

Cultivator + 3 lb/A 
atrazine 2072 3. 73 38,217 19,108 11,000 340 68,765 .62 54.2 

3 lb/A atrazine 2016 3.63 3,260 1,630 33,000 30 37,920 .05 95.7 

Cultivator + hand labor 2072 3. 73 37,130 18,565 9,562 65,257 17.57 57.2 

Hand labor 2 times 2128 3.83 32,655 32,655 60.00 117.3 

~/Yield results are an average of six trials in 1961 and 1962 (1). Cultivations varied from 2 to 3 times. 
The calculations are based on 2.5 cultivations, one required 0.41 gal/A of gasoline and spraying 0.09 
gal/A (4). Assumed corn= 1800 Kcal/lb, gasoline = 36,225 Kcal/gal, herbicide = 11,000 Kcal/lb, indirect 

b/machinery costs= approximately~ Kca1 of gasoline used, and labor= 21,770 Kcal/40 hr week (10). 
-Hours labor (8.5 hr/A/hoeing) is based upon hoeing studies in cotton (7), 4 row cultivator at 3 mph, 30ft 

sprayer at 5 mph, and upon personal communication with various individuals. 
£./The plants with no weed control yielded 3024 lb/A. 



Table 3. Energy inputs in Kcal/A for various weed control practices for each 
perfonnance. 

Weed control 
Gasolineaf 

Indirect/ 
LaborE/ practice machine~ Herbicide Total 

Hand labor 21,770 21' 770 
Field cultivator 48,904 24,452 70 73,426 
Tandem disk 37,674 18,837 90 56,601 
Rod weeder 10,505 5,253 70 15,828 
Rotary hoe 7,970 3,985 50 12,005 
Row cultivator 14,852 7,426 125 22,403 
Rotary tiller 106' 139 53,069 375 159,583 
Herbicide, ~ lb/A 3,260 1,630 30 5,500 10,420 
Herbicide, 1 lb/A 3,260 1,630 30 11,000 15,920 
Herbicide, 2 lb/A 3,260 1,630 30 22,000 26,920 
Herbicide, 4 lb/A 3,260 1,630 30 44,000 48,920 

~/Values are based on average gasoline consumption for various types of prac
tices (4), and indirect machine value is ~the calories for gasoline based 
on 1954 to 1970 values by Pimentel et al .(10). 

£/Hours of labor per acre for the various operations were estimated and cal
ories determined on the basis that 21,770 Kcal were required per 40 hr week 
(10). Time for hand labor would vary depending on the weed species, size, 
density, the value is an estimate for a moderate infestation of annual weeds. 

Table 4. The influence two systems of flaxseed production on KealiA energy 
usage. 

Plow 
Field Cultivation 
Seeding 
Harrowing (2X) 
Herbicide, glyphosate ~ lb/A 
Herbicide, MCPA + Dalapon 
Swather 
Combine 

Kcal/A input 
Output/inputS../ 
Input as % of output 

Conventional 

170,854 
73,427 
12,536 
14,182 

15,917 
18,540 
58,250 

363,727 
4.9 

20.0 

a/ 
- Flax yield estimated at 10 bu/A and 2970 Kcal/lb of flaxseed. 
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No-till 

12,536 

10,417 
15,917 
18,540 
58,250 

115' 660 
15.4 

6o0 



INTRODUCTION 

THE PHENOXY HERBICIDE SITUATION 

Oliver E. Strand 
Extension Agronomist 

Department of Agronomy and Plant Genetics 
University of Minnesota 

The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) was developed in the 
early 1940 1 s and was the forerunner of an important group of phenoxy 
herbicides that have added greatly to food production around the world. The 
phenoxys have been used widely for broad-leaved weed control in cereal grains 
and for controlling broadleafs and undesirable brush in pastures and rangeland. 
Yields of cereal grains and carrying capacity of grasslands for livestock have 
often been increased from one-fourth to one-half or more by controlling weed 
and brush competition. 

After 2,4-D was first used commercially in 1947, the use of the phenoxy 
herbicides increased dramatically in the United States for weed control in 
small grains, corn, and rangeland. I~ 1969 in Minnesota, it was estimated 
that 59 percent of the small grain acreage 1t1as sprayed for weed control, most 
of it with MCPA or 2,4-D. In just four years, from 1969 to 1973, the 
estimated small grain acreage sprayed for weed control in l~innesota jumped 
from 59 percent to 85 percent. 

PHENOXY HERBICIDE USE TODAY 

The phenoxy herbicides, or mixtures of them, are used for postemergence 
control of broad-leaved weeds in severaf important Minnesota crops (Table l). 

Table l. The most important phenoxy herbicides used in Minnesota. 

Herbicide Usage 

2 ,4-D 
~·1CPA 
2,4,5-T 
Silvex or 2,4,5-TP 

2,4-DB 

2 ,4-DP . 

Broadleaf control in small grain, corn, pasture 
Broadleaf control in small grain, flax, pasture 
Weed and brush control in pastures, non-cropland 
Brush control in pastures, non-cropland; weed 

control in lawns 
Broadleaf control in forage legumes; cocklebur 

control in soybeans 
Weed and brush control in non-cropland. 

The year 1974 was the first year in the history of herbicide use that serious 
herbicide shortages were evident. As small grain seeding time approached, the 
supply of many phenoxys,as well as other herbicides, was limited in many areas. 
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However, the cold, wet spring delayed planting in many areas and continued 
manufacture and distribution of herbicides throughout the planting season 
helped to alleviate the situation. Also, late planting of crops reduced 
the need for herbicide use somewhat. 

The amount of phenoxy herbicides used annually in Minnesota can be estimated 
from two sources (Tables 2 and 3). 

Table 2. Minnesota crop production and phenoxy and related herbicide use - 1973. 1 

Crop 

Wheat 
Oats 
Barley 
Rye 

Small grain 
(total) 

Flax 

Corn 

Acres grown 
(thousands) 

2,010 
2,550 

894 
90 

5,544 

231 

6' 169 

Estimated acres strayed with each herbicide 
thousands) 

MCPA 2,4-D 2,4-D bromoxynil dicamba 
amine ester 

2,334 1 '741 388 116 49 

170 

1 '1 03 524 535 

1Minnesota Crop, Livestock Reporting Service data. 

Table 3. Estimated phenoxy and related herbicides sold in Minnesota in 1973. 1 

Herbicide Estimated gallons sold (1000's) 

2,4-D amine 
2,4-D ester 
MCPA 
Silvex 
2,4-D + 2,4,5-T 

(Brush Killer) 
2,4-DB 
Bromoxyni 1 
Dicamba 

337.4 
207.3 
134.4 

2.1 
10.8 

13.5 
4. 1 

20.7 

1Minnesota Department of Agriculture (County Agricultural Inspector Reports). 
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THE ANTICIPATED PHENOXY HERBICIDE SITUATION FOR 1975 

An even more serious shortage of phenoxy herbicides is indicated for the 1975 
crop season. Leading manufacturers and distributors report that the production 
and supply of 2,4-D and other phenoxy heribcides is about the same as last 
year. However, last year (1973), the supply 11 pipeline 11 was essentially 11 full 11 

of herbicide on December 1. On December 1, 1974, in contrast, many distri
butors report essentially no reserve supply, and they anticipate filling only 
50 to 75 percent of their bookings for the 1975 crop season on some phenoxy 
herbicides. 

Why the shortage of phenoxy herbicides? Some possible reasons are as follows: 

1. The demand for broad-leaved weed control chemicals for use in small grain 
is at an all time high. With small grain and flax prices high and cost 
of production also high, farmers are more interested than ever in controlling 
weeds in order to harvest higher yields. 

2. It is anticipated that wheat and flax acreage may increase slightly over 
last .year and that oats and barley acreage will remain nearly constant. 

3. A shortage of di-methyl amine and other petroleum base herbicide carriers 
plus a shortage of herbicide containers adds to the problem. Higher costs 
for natural gas, ammonia, and other necessary inputs needed in manufacture 
tend to divert some of these inputs to more profitable uses. 

SUGGESTIONS TO HELP STRETCH PHENOXY HERBICIDE SUPPLIES 

1. Control as many weeds as possible with tillage rather than with herbicides. 
Tillage before and during seedbed preparation will kill many germinating 
weed seeds and contro 1 perenni a 1 s. · 

2. Plant certified seed that is vigorous and free of weed seeds. Use a 
seeding rate with enough crop seeds per acre to compete well with weeds. 

3. Identify your weed problem. Then select the best herbicide or combination 
of herbicide~ for control. Don•t waste herbicides by applying one that 
will not do the best job on your problem weeds. For example, if wild 
buckwheat or smartweed is the predominant weeG problem, use dicamba (Banvel) 
plus f.1CPA (Mondak) in 1t1heat or oats or bromoxynil plus ~·1CPA (Brominal Plus, 
Bromate), or picloram (Tordon 22~ and 2,4-D in wheat or barley rather than 
2,4-D or MCPA alone (Table 4). Refer to the product label for susceptibility 
ratings of specific weeds for the particular herbicide used. 

4. Spray annual and biennial weeds as eariy in the season as possible when 
they are small. Less herbicide is needed to kill small weeds. However, 
check crop tolerance suggestions carefully, and don•t spray when there is 
danger of injury to the crop. 

5. Best control of perennial weeds is often accomplished when weeds are 6 to 
10 inches tall. At this stage the weed canopy is large enough for uptake 
and translocation of a lethal dose of herbicide to the perennial root 
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system. Also at this stage of development, translocation in the perennial 
weed is more likely to be from shoot to root rather than from root to 
shoot, as it is early in the spring when perennials are small. 

6. Reduce rates of herbicides to the minimum dosage suggested on the label 
for each use. Reduced rates will often kill weeds more slowly but just 
as surely as higher rates - and with less danger of crop injury. 

7. Remember that 11 Weed control 11 doesn't necessarily mean 11 Weed eradication.~~ 
Using a high enough rate of herbicide to kill the weed immediately is 
usually not needed. Using a lower rate of herbicide to suppress the v1eeds 
and, depending on crop competition, to 11 Smother out 11 the vJeeds is often 
just as effective. 

8. Check the weed population (density of weeds) in the field to be sprayed. 
A thinner stand of weeds usually permits using less chemical than is 
necessary for a heavy stand of weeds. 

9. You may have to substitute another herbicide for the one that you have 
been using. For example, if you have been using 2,4-D amine for weed 
control in wheat or barley and it is in short supply in your area, you can 
substitute 2,4-D low volatile ester at one-third less chemical per acre 
and expect about the same results. However, you must be aware of greater 
volatility problems if susceptible crops or other plants are nearby. 

10. If certain herbicides are in short supply in your area, use those that are 
scarce for the job they will do the best. For example, save MCPA for use 
on flax because 2,4-D is no longer labelled for use on flax. Also, remember 
that oats are more easily injured by 2,4-D ester than by 2,4-D amine or 
t1CPA. If possible, spray oats with r1CPA or 2,4-D amine and use 2,4-D ester 
on the more tolerant wheat or barley (Table 5). Supplies of 2,4-D oil 
soluble amine can be used interchangeably with either 2,4-D amine or 
ester according to label instructions. 

11. Be sure that you use all of the herbicide that you buy. Rinse the container 
with water two or three times when you empty it, pouring all the rinse 
water into the tank. You will cover more area with your spray and also 
minimize possible environmental contamination from the 11 empty 11 container. 

12. For some spraying jobs, increasing sprayer output by changing to higher 
capacity nozzles or by using higher pressure may provide better coverage 
of the weeds with the spray and allow a slightly lower rate of herbicide 
usage. However, check the herbicide label for recommended gallonage per 
acre and do not increase sprayer pressure if there is a chance that wind 
drift may carry the spray to nearby susceptible plants. 

13. Calibrate your sprayer so that you are sure of sprayer output to insure 
better weed control and greater crop safety. Use correct amounts of 
herbicide for each tankful of water. Measure - don't guess! 

14. Use effective cultural weed control measures whenever possible to aid in 
weed contra l. Hand rogueing of scattered 1:1eeds, or chemica 1 "spot treatment 11 

to control patches of perennial weeds may be all the weed control that is 
needed on relatively clean fields. 
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15. Plan the acreage to be planted to each crop and estimate herbicide needs 
carefully. As soon as herbicide needs have been determined, order early 
and accept delivery as soon as possible. However, herbicides subject to 
freezing damage should not be accepted until spring unless heated storage 
is available. 

16. Be careful about using spray additives (surfactants, etc.) with phenoxy 
herbicides to 11 stretch 11 limited supplies over more acres of small grain 
or corn. Most surfactants or oil additives reduce selectivity between 
the crop and the weeds by increasing spray retention and uptake by the 
crop, thereby greatly increasing the possibility of injury to the crop. 

17. There may be supplies of volatile 2,4-D ester formulations available that 
should not be used in many weed control situations because of possible 
volatility damage to nearby susceptible plants. However, some of these 
volatile forms of 2,4-D can be used \'lith caution on pasture or non
cropland areas or on wheat or barley that is located away from windbreaks, 
susceptible crops, etc. Spray early in the day or early in the season 
when temperatures are no more than 70 degrees F and volatility danger 
is less. Don•t spray when weather changes, such as higher temperature or 
high winds, are predicted within the next 24 to 48 hours. 

18. The Environmental Protection Agency has recently approved a state label 
in Minnesota for the use of picloram (Tordon) in a tank mix combination 
with 2,4-D amine for broadleaf weed control in wheat or barley. Use of 
picloram and other available broadleaf herbicides, such as dicamba and 
bromoxyni 1 in combination with 2 ,4-D or t·1CPA, according to 1 abel directions, 
will help stretch the short supply of 2,4-D and MCPA and will also control 
a broader spectrum of weeds than is possible with any of these herbicides 
used alone. 

Table 4. Effectiveness of herbicides for weed control in small grains and flax. 

Performance rating of herbicide on weedsa 
\>Ji 1 d Wild buckwheat, Canada thistle, Pigweed, 

Herbicide mustard annual smartweed perennial lambs quarters, 
sowthistle common ragweed 

2,4-D G F F G 
r·1CPA G F F G 
Bromoxyni 1 F G N G 
Dicamba p G G G 
Picloram F G G G 

a G = good control, F = fair control, p ·- poor control, N = no control. 



Table 5. Suggested priority use of phenoxy and related herbicides in small 
grain, flax, corn and pasture. 

Herbicide 

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

MCPA amine 
MCPA ester 
2,4-DB 
2,4,5-T 
Silvex 
2,4-DP 
Dicamba 

Bromoxyni 1 

Picloram 

SUMMARY AND CONCLUSIONS 

Estimated supply 

Low 
Limited 

Low 
Limited 
Limited to adequate 
Limited 
Limited 
Limited 
Adequate 

Limited 

Adequate 

Suggested use 

Oats, corn 
Wheat, barley, corn, 

pasture 
Flax, oats 
Flax, oats, pasture 
Legume crops 
Pasture and non-cropland 
Pasture and non-cropland 
Non-cropland 
Wheat or oats in 

combination with r,1CPA, 
corn, pasture 

Wheat, barley, oats, flax, 
in combination with 
t1CPA 

Wheat or barley in 
combination with 
2 ,4-D 

Shortages of the phenoxy herbicides, especially 2,4-D and f,1CPA amine, \vill make 
broadleaf weed control in small grains, flax, corn, pastures, and non-cropland 
more difficult during the 1975 crop season. However, the total supply of 
herbicides available is estimated to be near adequate to meet the total demand. 
If available herbicides are put to the best use, if alternative herbicides 
are used alone or in combination with the phenoxys where feasible, if good 
cultural weed control practices are followed, and if farmers do not hoard 
herbicides, the weed control job facing us in the year ahead will likely be 
accomplished. However, it will take careful planning and the cooperation of 
all concerned. With these ingredients, perhaps the urgency of shortage will 
prompt us to do a little better job with the available resources that we have 
and perhaps teach us to appreciate the herbicides that we have a bit more. 

-59-



WHERE ARE WE HEADED IN CORN ROOTWORM CONTROL 

David D. Walgenbach, Associate Professor, 
Entomology-Zoology Department 
South Dakota State University 
Brookings, South Dakota 57006 

The future direction of corn rootworm control includes several pathways. All 
are contained in the genetic potential and diversity of western, northern and 
possibly hybrid corn rootworms. The emergence of these genetically different 
populations will cause changes in control techniques and chemicals that are 
associated with selective mortality pressures. Some of these changes will be 
due to widespread use of given insecticides creatirg tolerant or resistant 
populations. Other changes in rootworm reaction to control measures will be 
caused by environmental selection; a selective mortality due to weather and 
soil conditions at critical stages in the rootworm life cycle. Farmers also 
have a role in these population changes as differential mortality can be 
expected from fall or spring plowing; subsequent tillage operations; and late 
vs early planting dates. These factors interact and change from field to 
field and certainly change on an annual basis. Only cursory observations and 
data have been obtained on this briefly and inadequately described situtation
it can cause intellectual menopause in entomologists. 

Information has been obtained on the various stages in the rootworm life-cycle 
that shows a wide range of adaptability. It is possible that as the rootworm 
population shifts because of environmental pressures, changes also occur in 
their susceptibility to insecticides. Some of the physiological variations 
that have been observed include a segment of the rootworm population that lays 
eggs that begin development within a short period after being deposited and 
do not go through diapause. At the other extreme, some eggs do not hatch for 
almost 2 years after being laid. In the laboratory the majority of eggs hatch 
over a 30 day period when treated in a similar manner. A differential hatching 
rate can be obtained depending on the length and intensity of the cold treat
ment. The cold treatment is necessary to break diapause in the majority of 
eggs. We are not certain of the situation in the field. Scattered observa
tions indicated that when insecticide failures occurred, root damage was noted 
early in the season. 

The movement of adults from field to field, their habits and patterns of 
migration have not been closely studied. No population marker has been identi
fied in the present population, hence beetle migration has not been studied 
since the migration of the western corn rootworm. The adult males emerge 3-5 
days prior to the females. Mating has been observed shortly after female 
emergence, and oviposition begins 14 to 21 days later. The eggs are found in 
the soil, however oviposition has not been observed in the field. Beetle 
migration and selection of ovipositional sites are not understood although 
observations indicate general adult migration from fields severely damaged by 
larvae. Plant attractiveness had been associated with the availability of 
fresh silks and tassels, hence, late plantings or "trap crops" have been used 
for insecticide evaluation plots the succeeding year. 

The first n1ajor rootworm control problems began in 1960 in Nebraska with the 
development of aldrin resistant western corn rootworm populations. 
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Considerable field losses occurred while researchers evaluated alternative 
chemicals. Part of this situation was due to an early rapid, though erractic 
migration of the western corn rootworm across surrounding states. Diazinon 
use ·began in 1962 and followed the spread of aldrin resistant rootworms. In 
1967-68, resistance to Diazinon was indicated in Nebraska studies and similar 
trends appeared in Minnesota in 1969. Widespread use of Thimet (phorate) 
began in 1964, 2 to 3 years after diazinon and extensive if not increased 
applications have continued to the present time. BUX was first marketed in 
1966 and extensive use did not occur until 1967 and later. Field performance 
problems were first noted in 1970 in Minnesota, Nebraska and South Dakota and 
other areas in succeeding years. 

The method for determining tolerance or resistance in corn rootworms has been 
based on Ln50 values to adults. Techniques involve field collection of adults, 
treatment w1th known concentrations of insecticides dissolved in acetone, 
mortality counts at the end of 2 hrs, and expressing the results for 50 percent 
mortality in micrograms of insecticide per gram of insect. This procedure 
was indicative of rootworm resistance to aldrin and also correlated somewhat 
to diazinon field failures. Thtmet Ln50 values have varied considerably and 
have not been correlated at present with a significant decline in field 
performance. This resistance monitoring program on adults did not show any 
correlations to the decline in the field performance of BUX. 

In 1973 work on a rootworm larval bioassay program was initiated and expanded 
during the past year. The data shows a wide difference in susceptibility 
between adults and larvae. A comparison of Ln50 and Ln90 values indicates a 
segment of the larval rootworm population was resistant to BUX. We have 
defined resistance as the failure of an insecticide to provide rootworm control 
in research plots and/or unexplained consistent failure in the field. These 
field failure situations can be scattered or localized depending on the inter
action of many of the factors previously mentioned. We had one plot in South 
Dakota where BUX provided good rootworm control in 1974. In most locations 
and from where the larvae were collected, poor control was obtained. We see 
evidence of insecticidal tolerance building in the rootworm population to 
other chemicals but cannot as yet predict levels that will cause field failure 
situations. 

Clearly, we are in a critical period for rootworm control based on history and 
current trends in the performance of several compounds. It is my opinion that 
we are headed for a period of less effective rootworm control and a greater 
risk of insecticide failure in continuous corn production. We will have an 
increase in crop rotation because of the unpredictability of rootworm insecticide 
performance . 

Table I provides comparative performance levels of major compounds at successive 
planting dates. 
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' Table 1. Date of Planting - Insecticide Application 
Southeast Experiment Station, Beresford 

Root Ratings - 7" Band 

Planting and Application Dates 
Treatment Rate 

lb. A/A 5/2 5/8 5/20 5/28 6/7 

Root Ratings ~1-6 scale~ 

Furadan 1 2.85a1 2.45a 2.10a 1. 70a 1.60a 

Mocap 1 3.35a 2.75a 3.35ab 2.85 b 2.05a 

Dyfonate 1 3.55ab 3.50a 3.10ab 2.90 b 2 .60ab 

Thimet 1 3.75ab 3.0a 3.05ab 2.75 b 2.35ab 

Dasanit 1 3.90ab 3.4a 3.45ab 2.95 b 2.85ab 

BUX 1 4.25 b 3.7a 3.85 b 3.0 b 2.4ab 

Counter 1 3.0a 2.55 b 2.2a 

urc 4.45 b 5.3 b 5.4 c 4.90 c 3.6 b 

1 Means sharing a common letter do not differ significantly at the 5% level. 

Table II. % Root Protection 2 

Fur a dan 58 72 80 84 83 

Mocap 47 67 56 62 71 

Dyfonate 43 53 61 61 56 

Thimet 38 62 62 64 62 

Dasanit 35 55 55 60 49 

BUX 27 49 47 59 61 

Counter 63 68 67 

2 Means sharing a common letter do not differ significantly at the 5% leve 1. 

% R.P. = 100-(root rating of treatment-!~ 
root rating of UTC 
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The transformation of root ratings to percent root protection allows easier 
comparison between planting dates. 

We need greater research efforts on rootworm-insecticide interaction to 
define insecticidal failure risks as an aid to farmers and industry. 
Resistance would not be expected to simultaneously occur across the corn belt 
and products could be effectively used in defined areas. 

Farmers also require more information on rootworm susceptible corn varieties. 
Considerable work has been done on screening for corn varieties that may show 
some form of resistance to rootworm larvae. As we look to poorer insecticide 
performance we will have a greater need for this information in variety 
susceptibility. 
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NEW STORED - GRAIN INSECT PROBLEMS 
AND SOLUTIONS 

Phillip K. Harein 
Professor and Extension Entomologist 

University of Minnesota 
St. Paul 

All static accumulations of grain are subject to infestation by stored-grain 
insects. A significant source of this infestation in some areas results from 
insect activity in the field, just before or following the initial steps of 
harvest. Some of the important biological characteristics responsible for 
the success of these insects include their wide range of foods and environmental 
tolerances, their ability to survive exceedingly long periods without food, 
and, of course, their reproductive capacity and relatively small_ size. 

Thorough sanitation is the most effective means of preventing insect infestations. 
Although chemical controls are effective, they should be considered as a sup
plement to, rather than as a substitute for, sanitation. Storage areas should 
be clean and constructed tightly enough to keep out insects, rodents, and birds, 
and to keep in fumigant gases if such treatment becomes necessary. Loading 
and unloading docks should also be clean and constructed so that grain cannot 
accumulate under them. Also all grain, dust, and chaff should be removed 
frequently from harvesting machinery, transport vehicles, and storage areas. 
The surface of equipment and storage areas that will be in contact with the 
grain should be sprayed about 2 weeks before harvest with malathion, methoxychlor 
or synergized pyrethrum. 

A program of constant surveillance of incoming grain is a necessary step to 
establish and maintain an effective insect prevention program. Stored grain 
should be inspected at 30-day intervals, especially during the summer and 
autumn months, to determine if some type of treatment is needed. No expensive 
equipment is needed for inspection to detect the insects; it is sufficient 
merely to sift samples of grain over a screen with 10 to 12 wires per in. 
Damaged kernels, abnormal odors, webbing, or hot spots are also important 
clues to inse~t infestation. Insect damage to grain in storage is reportedly 
related directly to the amount of infestation at the time of storage. 

Temperature, moisture, and grain dockage or dust interact to provide conditions 
required for the reproduction and survival of stored grain insects. The most 
favorable temperature for them is about 80°F. At temperatures above 95°F. or 
below 70°F., reproduction is nil and survival time is reduced. 

The most favorable moisture range for stored grain insects is 12 to 15 percent. 
The lowest limit required for their reproduction and survival in clean grain 
is about 9 percent moisture. However, as temperatures increase insects can 
reproduce in grain with a low moisture content, and when moisture increases 
they can reproduce at low temperatures. 

The major residual insecticides applied to stored grain for protection against 
insect infestation are malathion and the pyrethrins, although several new mate
rials are being investigated. These grain protectants have several advantages: 
they persist for extended periods at concentrations lethal to the target in
sects; they are generally safer than fumigants to apply; and they require 
little special equipment or methodology. One application is usually sufficient 
during a single storage season. 
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Most protectants are applied to grain to prevent insect infestation, and are 
not expected to eradicate an existing population. Thus the grain should be 
treated before being placed in storage or at least during transfer from one 
site to another, before infestation. The protectants can be applied as dusts, 
wettable powders, solutions, emulsions, aerosols, or smokes. 

The method of insecticide application varies from gross simplicity to sophis
ticated complexities; each providing specific characteristics that can be 
significant in attempts to attain the desired insect mortality. An example 
of simplicity is a "Drip-On" system developed by the USDA Stored-Grain Re
search Laboratory in Manhattan Kansas. The basic unit consists of an inex
pensive plastic jug with 2 valves and a meas~ring cup. The unit, suspending 
over grain being conveyed into storage, provides a uniform residue over the 
kernels to protect them against insect infestation. 

The use of Shell's No Pest Strip is another example of a simple measure to 
prevent infestation of moths. The dichlorvos vapors are effective against the 
adult moths and inhibit reproduction. 

A more sophisticated method is the ultra low volume (ULV) method of dispensing 
insecticides. It is a relatively new and precise application method that may 
have significant advantages. The ULV mehtod can dispense uniform pesticide 
particles to attain the greatest impingement on an insect. There are probably 
optimum particles sizes for each insect. 

Attempts to find components of natural foods with potential for inhibiting 
stored-grain insect~ are not new but have gained interest especially with 
the increased restrictions on conventional insecticides. Preliminary studies 
in the United States indicate that natural oils extracted from the peels of 
various fruits are moderately toxic to Sitophilus oryzae (L) . In fact, lemon 
and grapefruit oil have proved most effective. Studies should continue in 
an effort to isolate and identify the toxic components in these oils. 

The use of sex pheromones looks promising to attract adult beetles to areas 
treated with chemosterilants, insecticides or disease agents. Juvenile 
hormone formulations have also been effective in controlling specific beetle 
species. 

One reason for the wide acceptance of fUmigants for control of stored-grain 
insects is the multiple methods by which they may be applied. Some modifi
,cations are usually possible to alter application methods required under 
different conditions of climate, storage, etc. 

The bioactivity of fumigants is influenced by the method of application. 
Fumigants can be applied singly or mixed with others to improve their effect
iveness or decrease their potential hazard. They may be applied as a gas, a 
liquid, or a solid in the form of tablets, pellets, or granules. The commodity 
or the space treated may be enclosed by structures composed of metal, con
crete, wood, fiberglass or plastic and held at, above, or below atmospheric 
pressure with or without facilities for recirculating the gas to achieve 
homogenous gas concentrations. 

An ideal fumigant should have the following characteristics: 

1. Low cost per effective dosage, including application costs; 
2. High acute toxicity to both immature and adult insects, but free from 
undue hazard to man; 
3. High volatility and good penetration power but not excessively sorbed by grain; 
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4. Positive warning properties and easily detected; 
5. Noncorrosive, nonflammable, nonexplosive under practical conditions, 
with good storage life; 
6. Nonreactive with the commodity to produce residual odors; 
7. Aerates readily and leaves no harmful residues; 
8. Noninjurious to seed germination or to grain quality; 
9. Noninjurious to milling or processing quality of grain or products; and 

10. Ready availability plus simple and economical application. 

However, a fumigant that meets all the above requirements has not been'developed, 
especially when considering the wide variety of fumigation circumstances one 
may encounter. 

Only eight species of stored-grain insects were known to have developed 
resistance to insecticides by 1965. The pesticides include malathion, 
lindance, pyrethrins, and methyl bromide, the most popular materials for 
chemical control of stored-grain insects. At least 13 species had dev
eloped pesticide resistance by 1970. The total number of all economically 
important insect-and mite-resistant populations was about 160 in 1964 and 
224 in 1969. It is apparent, therefore, that resistance has not developed 
as quickly among stored-grain insects as it has .in insect pests in public 
health and agriculture. Innately tolerant stages of an insect may survive 
an exposure to an insecticide, reproduce and increase the selection of 
more tolerant progeny, thus providing the potential for the development 
of further resistant species. 

Resistance to specific fumigants and cross-resistance to other fumigants are 
definite possibilities under field conditions as well. If we understand 
the mechanisms of developing resistance and consider this information when 
establishing our control programs, we may escape procedures and conditions 
that could support the development of economically important resistant in
sect populations. 

A major step in efforts to provide food to the world's growing human popula
tion is to have adequate facilities and management technology to protect it 
during distribution. This requirement applies to grain from the point of 
harvest, through multiple grain-handling and cereal product-processing 
channels, to wholesalers and retailers, and eventually to the consumer. 

Types of conveyance differ widely depending on the developmental stage of 
the country and the area therein. In terms of volume within developed 
countries, virtually all grain moves through distribution channels in rail
way boxcars, trucks, and ships. Although an increasing number of special
purpose railway boxcars, trucks, and ships are being used by industry, most 
of the grain is transported in vehicles built for multipurpose use. This 
includes grain destined for humans or animals plus an endless variety of non
food commodities. Most of the vehicles used today were not designed to deter 
insect infestations. 

The common railway boxcar is designed to carry anything. A wooden liner is 
usually provided to protect packaged materials from breakage and moisture. 
Even the roof may be lined with plywood to protect the product from condensation. 
End linings are generally installed vertically from floor to ceiling, pro
viding four to six vertical compartments as the liners are bolted against 
the corrugated steel ends of the railway boxcars. 

Commodities such as grain or cereal products soon accumulate behind the 
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wall, end, or ceiling liners, especially if the product is blown into the 
railway boxcar. In addition, the doorpost and floors of these vehicles 
soon become cracked, broken, or gouged, providing areas for accumulation 
of products and a home for stored-grain insects. 

A combination of air-blowing, followed by adequate vacuum-cleaning, appears 
to best remove residual commodity from railway boxcars. They should not 
be cleaned with water. The wet and moldy product that cannot be washe~ 
away provides an optimum environment for many species of insects, some not 
generally categorized as stored-grain insects, and microorganisms. 

In the U.S., the Federal Food, Drug, and Cosmetic Act requires that grain 
be clean, be stored under conditions that protect it from contamination, 
and be free of harmful residues of agricultural chemicals. In food grains 
this includes protection from insects, rodents, birds, and other filth
carrying agents. For example, under the u.s. Food and Drug Administration, 
wheat is subject to federal court seizure if it contains 7% or more insect
damaged kernels as determined by methods presented under the Official 
Grain Standards. Various grains can also be graded "weevily" under the 
U.S. Grain Standards Act if a 1-qt. (1.1-liter) sample contains more than 
one beetle or weevil. 

The significance of stored-product insects and associated microorganisms, 
including their metabolic toxins, as contaminants of food and feed for 
man and animals is not well understood and needs immediate attention. 
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H. Hoger, Superyisor 
Crop Pest Control 

Minnesota Department of Agriculture 

·--·~Division of Plant Industry 
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MINNESorA 1975 
GRASSHOPPER INFESTATION 

(Based on 1974 Adult 
and egg surveys) 

<::::> Non-economic 

( ::;:::::::\:~) Light 

(~) Moderate 

(11T!TTl'Tlr) Abundant 

GRASSHOPPER SITUATION - The areas of economic populations of 8 or more grasshoppers 
per square yard have increased somewhat over last year. An estimated 130,000 acres 
of forage crops had economic infestations in 1974. This was an increase of 22,000 
acres over 1973. The redlegged is still the dominant species over the state. In 
some counties of the NW and WC district the twostriped overshadows the redlegged. 
The differentia~migratory and Packard species continue to be of minor importance 
in Minnesota. 

1975 OUTLOOK - Based on the adult survey, areas of abundant infestations may occur 
in Dodge, Goodhue, Isanti, Anoka, Chisago, Morrison and Benton counties. However, 
egg pod numbers are low. Only one third of the surveyed fields had egg pods. The 
average was 1.5 egg pods for all fields surveyed. Grasshopper populations should 
be about the same in 1975 as they were in 1974. Roadsides will continue to be the 
primary source of infestation, especially in scattered areas of the NW and WC 
districts. 
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MINNESOTA DEPARIMENT OF AGRICULTtJRE, DIVISION OF PlANT INDUSI'RY 
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FALL SURVEY 197 4 

Fall overwintering corn borer populations in 1973 were down from previous years. 
There was little increase in the first generation in spite of good hatch weather. 
The second generation also made few increases and we now have the lowest counts 
of overwintering borers in the history of the survey. 

1975 OUTLOOK - With overwintering populations at their lowest point in most 
districts and very low in others, the prospect for low first generation of borers 
in 1975 are very good. 
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STATE OF MINNESOTA 
DEPARTMENT OF AGRICULTURE 
Division of Plant Industry 
670 State Office Building 
St. Paul, Minnesota 55155 

ADULT CORN ROOTWORM SURVEY - 1974 

Fifty-four counties of the principal corn growing areas were surveyed for corn 
rootworm adults. Five fields were chosen at random and beetles were counted in 
fields that were in corn the previous year. 

The survey revealed an increase in all districts except the SC which had a 
decrease. Two districts, the SH and \-I'C, had a twofold increase. Of considerable 
interest was the threefold increase in lodging over the previous years. 

POPULATION COUNTS - (Both northern & western species) 
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AVERAGE NUMBER OF 
BEETLES P&~ ACRE 

Southwest District - Counts averaged 53114 beetles per acre, the highest of all 
the districts. Five counties had increases. Rock county had the highest number 
of beetles per acre. 

South Central District - Counts averaged 25,074. This district had the only 
decrease, but numbers are still high. Six counties had increases, and five had 
decreases. Watonwan county had the highest counts. 

Southeast District - Counts increased in four counties and decreased in five. 
This district was the third highest with 33874 beetles per acre. Winona county 
had the highest counts, but only a small amount of lodging. 

West Central District - Population counts increased in seven counties and decreased 
in three. Lac Qui Parle county had the largest numbers. This district had 38,549 
beetles per acre, a 69% increase over last year, and the largest increase of all 
districts. 

Central District - Counts were 26322 per acre. Seven counties had increases and 
three had decreases. Scott county, again, had the highest number of beetles in 
the Central District. The Central District had two counties with no beetles in 
the five surveyed fields. 

East Central District - Counts averaged 18,805 beetles per acre, the lowest of all 
the districts. Three counties had increases and two had decreases. Hennepin 
county had the highest number of beetles. 
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The overall ratio of Western to Northern beetles is close to 50-50, with the 
western having a slight edge at 51%. 

The follqwing map shows the percentage of Northern and Western corn rootworm 
beetles in each surveyed district. 

N - Northern Corn Rootworm 
W - Western Corn Rootworm 

The average percentage of lodged plants for the last three years is as follows: 

District 

1975 Outlook 

sw 
sc 
SE 
we 
c 

EC 

Average Percent Lodged 
.!.211 !ill. 197 4 

1.57 
.49 

1.29 
.02 

2.08 
.88 

1.oo 
7.00 
3.70 

.40 
3.10 
1.so 

u.oo 
8.oo 

13.00 
s.oo 

14.00 
9.00 

All districts had increases in beetle numbers except the sc. All districts have 
high populations and a good potential for increased damage in 1975. Th~ most 
severe damage-can be expected in corn that follows corn irt·-rotation. Farmers who 
do not use a rotation that includes crops other than corn."'should plan to use soil 
insecticides to prevent rootworm damage. 

-71-



) 

ALFALFA WEEVIL SITUATION 

Eight (8) new counties, Stearns, Lyon, Pipestone, Yellow Medicine, 

Lincoln, Jackson, Cottonwood and Redwood counties were added to 

the list of counties having this insect. No economic infestations 

were found .. but a few counties had noticeable population increases 

over the previous years, particularly in the second crop. 
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1974 CORN ROOTWORM TRIALS 

J. A. Lofgren 

I. SOUTHWEST EXPERIMENT STATION, LAMBERTON, W. W. Nelson 

Plots planted May 23, treatments in 6-7 inch band except where noted. 
Basal applications July 2 with cultivation. 
Treatments evaluated July 26 
Root ratings 0-5 scale 

A. Planter treatments 

chemical, formulation lb. AI/A Av. Root Av. % Av./ •. 
(40-inch row basis) Rating LGdqad Pull 

Counter 15G 1 0.8 0 243.6 

Landrin 15G 1 0.9 0 210.5 

Dyfonate lOGK 1 1.0 0 272.3 

Furadan lOG 1 1.0 0 245.7 

Dyfonate lOG 1 1.1 0 237.8 

Counter 15G 3/4 1.3 1 233.5 

Mocap lOG 1 1.4 0 259.5 

Dasanit 15G 1 1.5 1 242.7 

Counter 15G (in 
1 furrow) 2.0 2 228.1 

Av. Check 3.3 47.5 170.5 

B. Basal Treatments 

Thimet 15G 1 1.3 0 214.3 

Counter 15G 1 1.3 2 196.2 

Dyfonate 20G 1 1.5 0 195.0 

Bux lOG 1 1.7 2 176.9 

Mocap lOG 1 1.8 1 209.8 

Diazinon 14G 1 2.9 20 158.9 

Av. Check 3.3 47.5 170.5 
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56.7 

59.6 

54.8 

67.4 

58.9 

64.0 

61.7 

67.7 

59.2 

51.9 

74.6 

48.2 

76.8 

63.9 

58.1 

46.1 

47.6 



c. The following tr~atments are considered separately because of lack of 
starter fertilizer due to equipment problems. 

Planter treatments 
chemical, formulations lb. AI/A Av.Root Av. % Av./Ja. Yield 

(40-inch row basis) RatinSJ Lodged Pull 

Dyfonate 20GK 1 lb. planting time 1.2 5 139.8 35.5 

Furadan lOG 3/4 lb. p 1.3 1 195.6 39.5 

Dyfonate 20G 1 lb. p 1.4 2 182.3 44.0 

Furadan lOG 1 lb. Basal 1.8 6 164.7 46.5 

Landrin 15G 1 lb. B 1.8 1 ll9. 7 40.9 

Dasanit 15G L lb. B 1.9 13 157.6 49.5 

Thimet 15G 1 lb. p 2.3 16 130.6 33.1 

Bux lOG 1 lb. p 2.7 27 131.0 35.7 

Check 4 .• 1 88 73.7 17.2 

Weather conditions at Lamberton: 

Rainfall 1974 Long time Av. 

May 5. 77 in. (Av. = 3. 27) 

June 3.02 (Av. ... 3. 55) 

July 0.93 (Av. = 4.61) 

practically no rainfall after June 10 
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II. SOUTHERN EXPERIMENT STATION, WASECA, W. Lues chen 

Plots planted May 20, treatments in 6-7 in. band, except where noted. 
Evaluations made Aug. 2 and 5. 
Root Ratings on 0-5 scale 

Treatment Formulations lb. Al/A Av.Root Av. % Av.lb. Yield 
(40 inch row basis) Ratings Lodged Pull 

Furadan lOG 1 1.5 0 215 103.2 

Furadan lOG 3/4 1.5 2 221 104.5 

Counter 15G 1 (in furrow) 1.6 1 275 91.5 

Counter 15G 4 (in furrow) 1.6 1 236 89.7 

Counter 15G 1 1.6 9 209 100.0 

Dyfonate lOGK 1 1.7 4 290 90.2 

Counter 15G 3/4 1.8 4 197 100.4 

Thimet 15G 1 1.9 2 171 97.7 

Mocap lOG 1 2.0 10 212 93.2 

Bux lOG 1 2.0 12 145 80.4 

Dyfonate 20G 1 2.1 8 197 92.3 

Dyfonate lOG 1 2.2 4 173 95.4 

Dasanit 15G 1 2.3 2 175 95.5 

Check 3.1 43 145 91.6 

Weather conditions at Waseca 

Rainfall 

May 3. 77 in (Av. 3.86) 

June 4.96 in. (Av. 4. 75) 1 rain 1. 74" 6/21 

July 1.80 in. (Av. 4. 02) 
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Crop 

Alfalfa 

Alfalfa, 
clover 

Field Crop Insect Control 1975 

Insect Insecticide Dosage 
Limitations, remarks 
(Days before harvest) 

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

Aphids, 
leafhoppers 

Armyworm, 
cutworms 

Leafhoppers 

Grasshoppers 

(Guthion) cutting. 
carbofuran(Furadan)~- ~lb. 7 days~ lb.,l4 days~ lb. 
methyl parathion ~ lb. 15 days 
Imidan 1 lb. 7 days, one application. 

per cutting. 
diazin~n plus ~ lb.+ 10 days c>.vai.lable as a 

methoxychlor 1 lb. ready-to-use mixture. 
malathion plus 10 days available as ready-

methoxychlor 3/4 lb. to-use mixture. 
Supracide !:! lb. 10 days. 
Cut first crop early to avoid most losses. Treat when over 
30% of plant tips show feeding. Treat stubble if there are 
more than 8 larvae per sq. ft. or when regrowth has 50% of the 
terminals with feeding or if larvae are delaying regrowth. 

diazinon 
dimethoate(Cygon, 

De-Fend, Rebe
late, Dimex 267) 

malathion 

~ lb. 
!.;; - !.! lb. 

1 lb. 
parathion !4 lb. 

7 days. 
10 days. 

No time limitations 
15 days 

Control aphids when thick 
during drought. Spotted 
damage new seedlings. 

enough to cause Nilting, usually 
alfalfa aphids may severely 

carbaryl {Sevin) 1 ~ lb. NollT~itations, spray or bait. 
malathion 1 lb.{or ULV)No time limitations: 
trichlorfon{Dylox)l lb.spray 7 days 1 lb. 

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

azinphosmethyl ~-~ lb. 14 days. 
carbaryl 1 lb. No time limitations 
diazinon !:! 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. 

carbaryl 
diazinon 
malathion 1 

1 to 1~ lb. 
~ lb. 
1~ lb. or l.:l 
technical as 
ULV by air. 

No limitations 
7 days. 

lb. 5 days, ULV 
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. 
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Crop 

Alfalfa, 
clover (Cont'd.) 

Alfalfa, 
clover 

(for seed only) 

Corn 

Insect 

Spittlebug 
Apply on first 
Plant bugs 

Plant bugs 

Armyworm 

Corn rootworm 
larvae 

Insecticide Dosage 
Limitations, remarks 
(Days before harvest) 

methoxychlor 1 lb. 1 dats · 
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+ 1/2 lb.+ 7 days 
methoxychlor 1 lb. 

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

endosulfan (Thiodan) 1 lb. 

toxaphene 2 lb. 
Do not treat crop in bloom. 

Do not harvest for forage or 
graze. 

carbaryl (Sevin) 
malathion 

1~ to 2 lbs. No limitations 
1 to 1~ lb. 5 days. 

toxaphene 2 lb. 

trichlorfon 1 lb. 

Do not feed stalks, leaves, or 
husks. No limitation for grain. 

No limitations. 

Treat when over 10% of the plants are infested. Higher 
rates for large worms. 

carbofuran 
(Furadan) 

Counter** 
Dasanit 

Dyfonate 
Mocap 
phorate(Thimet) 

1 lb. 

1 lb. 
1 lb. 

1 lb. 
1 lb. 
1 lb. 

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 application of 
materials registered for such 
use may be made after rootworm 
eggs hatch in June. Apply at 
base of stalks and cover with 
soil. This may give better con· 
trol than planting time treat
ments on early planted corn. 
Rates given are for 40-inch 
row spacing or for 13,200 ft. 
of row. 

*Restricted use pesticide. Check legal status before use. 
** If registered. 
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Crop 

Corn (Cont' d.) 

Insect 

Corn root
worm adults. 

Cutworms 

European corn 
borer. 

Grasshoppers 

Insecticide 

carbaryl 

diazinon 

malathion 

malathion ULV 

EPN 

Dosage 

1 lb. 

1 lb. 

1 lb. 

Limitations, remarks 
(Days before harvest) 

No time limitations. ULV or 
dilute. 

No time limitations. 

5 days. 

4 to 8 oz as 5 days. 
technical by air 

1a - ~ lb. 14 days. 

Treat when beetles reach 10 per plant when pollen and fresh 
silks are present. 

chlordane 
heptachlor* 

diazinon 

carbaryl 
spray or bait 

4 lb. 
2 lb¥ 

lto2lb. 

l to 2 lb. 

Apply broadcase and aisk in 
before planting 

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

trichlorfon(Dylox) l lb. 

Post emergence spray to cover 
approximately 12-inch band at 
base of plants in at least 
15 gal. total spray per acre. 
Carbaryl bait is more effectivE 
than sprays for cutworms. 

toxaphene 2 lb. 

Apply when over 10% of the plants are infested. 

carbaryl 1~ lb. Spray or granules, no time 
limitations. 

carbofuran 1 lb. Granules. No more than 2 
applications. 

diazinon 1 lb. Granules. No time limitations. 

Dyfonate l lb. Granules. 45 days. 

EPN ~ lb. As spray or granules 14 days. 

phorate 1 lb. As granule!ii. 

toxaphene 2 lb. As granules. Use on corn for 
grain only. 

Treat when 50% of whorl leaves show shot-holing for first 
brood. 

carbaryl n lb. 

diazinon ~ lb. 

malathion 1 lb. or ~ 

technical 
ULV 

toxaphene 1~ lb. 

No time limitations 

No time limitations 

lb. 5 days. 
as 

For grain only, no time limita
tions. 

Treat field margins early·when grasshoppers are small 

*Restricted use pesticide. Check legal status before use. 
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Crop 

Corn (Cant' d.) 

Small grains 

Soybeans 

Insect 

Seed-corn 
maggot, 

seed-corn 
beetle, 
wireworms 

Wireworms, 
white grubs, 

Insecticide 

heptachlor*, 
lindane*, or 
diazinon 

chlordane 
heptachlor* 

Dosage 
Limitations, remarks 
(Days before harvest 

1 oz. per bu. Seed treatment only. Will 
not control heavy wireworm 
infestations. 

4 lb. 
2 lb. 

webworms, 
Seed-corn maggots 
seed-corn beetles. 

Broadcast application disked 
in before planting. A row 
treatment at half the indica
ted rate applied at planting 
time may be used. 

Seed-corn maggots, 
beetles, wireworm 

Dasanit 
. Dyfonate 

l lb. 
1 lb . 

Band in row at planting time 
as for rootworm. 

Wireworms 

Aphids 

Armyworm, 
cutworms 

Grasshoppers 

Wireworms 

Bean leaf beetle 
flea beetles, 
blister beetles 

phorate 1 lb. As for rootworm. 

malathion 1 lb. 

methyl parathion 4 oz. 

parathion 4 oz. 

No limitations 

15 days 

Treatment most economical before heading with over 100 
aphids per ft. of row. Disulfoton may be used on wheat. 

malathion 1~ lb. 7 days 

toxaphene 2 lb. Use for grain only. 

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

malathion 

toxaphene 

l lb. of ~ lb. 
as technical 
by air. 

1~ lb. Use for grain only. 

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

heptachlor* or 
lindane* 

carbaryl 
(Sevin) 

1 oz. per bu. Seed treatment only 

1 lb. No limitations. 

Treat when defoliation exceeds 25% during pod fill or seedling stage or 
when pod feeding is extensive. 

* Restricted use pesticide. Check legal status before use. 
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Crop Insect 

Soybeans (Cont'd.) t 
Cu worms, 

Sugar beets 

Armyworms 

Grasshoppers 

Green clover
worm 

Leafhoppers 

Webworm 

Cutworms 

Root maggots 

Wireworms 

Insecticide 

carbaryl 
toxaphene 

carbaryl 

malathion 

toxaphene 

carbaryl 
malathion 

Dosage 

1~ lb. 
n lb. 

1~ lb. 

Limitations, remarks 
(Days before harvest) 

No limitations 
21 days. Do not feed treated 
plants. 

No lirni tations. 

~ lb. technical 7 days. 
as ULV by air 

1~ lb. 21 days. Do not feed treated 
plants. 

1 lb. No limitations 
1 lb. 7 days 

Treat when defoliation exceeds 25% or when worms number 
more than 15 per foot of row during pod fill. 

malathion 

carbaryl (Sevin) 

endosulfan 
(Thiodan) 

parathion 

trichlorfon 
(Dylox) 

Treat when worms 

carbaryl 

trichlorfon 

aldicarb(Temik) 

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

lindane* 

1 lb. 

1~ lb. 

1 lb. 

4 to 8 oz. 

1 lb. 

exceed 5 per 

2 lb. spray 
1 to 2 lb. 
bait. 

1 lb. 

1~ lb. 

1 to 2 lb. 
2 lb. 
1 lb. 

1 lb. 
1 lb. 

7 days. 

14 days, tops. 

Do not feed tops. 

15 days 

14 days, beets. 
28 days, tops 

sq. ft. 

14 days, tops. Bait formula
tion 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. Some 
products may also be side
dressed at time of fly emer
gence. Check labels. 

1 oz.per bu. Seed treatment only. 

* Restricted use pesticide. Check legal statues before use. 
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crop Insect Insecticide Dosage 

sunflowers· Sunflower moth endosulfan 1 lb. 
larvae (Thiodan) 

methyl parathion 1 lb. 

* Restricted use pesticide. Check legal status before ~se. 
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Limitations, remarks 
(days before harvest) 

Not more than 3 applications. 
Do not feed treated plants. 
No limitations on use of seeds. 

No more than 3 applications. 
5 day intervals 20 days before 
harvest. 



WHAT CAN BE SAID ABOUT DROUGHT IN THE 70's 

Wayne L. Decker, Chairman, 
Department of Atmospheric Science 
University of Missouri-Columbia 

HISTORY OF DROUGHT 

It is not difficult to determine, from after-the-fact observa
tions, when a major drought has occurred. Of course, agricultur
al productivity is not greatly affected by shorter "dry spells" 
which are terminated by favorable weather. It is often a problem 
to recognize when a "dry spell" becomes a drought. In addition, 
the damaging dry weather event is sometimes local, covering a few 
counties or a portion of a state and having only a minor impact 
on total grain production. For a long time it was difficult to 
define the time of the drought's origin, or the intensity and 
extent of a drought. Fortunately, Palmer (1965) provided a 
method for analytically defining drought and the National Weather 
Service reports, on a weekly basis, the intensity and extent of 
drought in the u.s. 

During the past eighty years there have been several periods 
which may be easily identified with drought for the Midwest. 
The most notable of these occurred during the 1930's (the years 
of the dust bowl) and the 1950's. In fact, beginning in the 
early 1890's there have been incidents of drought about every 
twenty years. This has led many observers to suggest mechanisms, 
usually associated with the solar cycle, that allows drought to 
have a twenty-year periodicity. Unfortunately, drought has 
occurred at other times in the solar cycle, such as 1901 and 
1947. 

For Missouri, Decker (1974) identified seven drought years in the 
period 1890 through 1970. The current year will add an eighth 
year to the series so that the frequency for drought becomes one 
every eleven or twelve years. In an additional study, McQuigg 
(1973) suggests for the Midwest that drought occurs with an 
average frequency of 9.6 years out of a hundred for corn, 2.4 
years out of a hundred for soybeans, and 10.8 years out of a 
hundred for wheat. 

To assess likelihoods for continued drought in the Midwest, one 
must decide on the stochasticity of the drought event. Is a 
drought year random among all years? Do droughts tend to occur 
in clusters of years and, if so, do these drought periods occur 
at random? Answers to these questions will vary between 
"experts". 
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The difficulty with drought prediction is identical with all 
forms of climatic prognostication. It is not possible at present 
to establish "cause and effect" relationships between climati'c 
controls and the trends in climatic elements. Until the linkage 
between drought and solar behavior, atmospheric turbidity, 
eccentricity of the earth's orbit or other causative effects are 
established, prediction will remain extremely iffy. 

THE ROLE OF CLIMATIC CHANGE 

It is known that large changes in climate have occurred thr·ough
out the earth's history. Over the past billion years there have 
been at least four and perhaps five major glacial epochs. 
Between these interludes of widespread glaciation, there were 
long periods with quite mild climates over the earth. 

During the period of historical record there is also evidence of 
climatic change. Prior to 5000 BC there was an apparent gradual 
northward retreat of the glaciers. But at about 5000 BC the 
climate changed abruptly toward one similar to the interglacial 
periods of geologic time. Vegetation requiring warm temperatures 
grew in the northern parts of Europe, Asia and North America. 
At about 1000 BC the climate again sharply changed to resemble a 
glacial type pattern. When this cold period ended a climatic 
optimum was reestablished which continued until about 1000 AD. 

During the past 200 years, when measurements by instruments have 
been possible, there have been small but important changes in the 
climate of the earth. The period from 1600 until 1800 was com
paratively mild while the nineteenth century was cold. Just 
_prior to 1900 a warming trend began which lasted until the early 
1940's. Since 1940 all indices of temperature, including expan
sion of glaciers, increase in Arctic ice pack and decline in 
measured temperatures, reflect a cooling trend. 
The warming from the 1880's until 1940 was about .6°C (l.l°F) 
while the cooling since 1940 has been about .35°C. The greatest 
cooling has occurred in the Arctic regions and subarctic regions. 

A lesson to be learned from the preceding discussion is that the 
"climate" is dynamic. Fluxuations in the climate have occurred 
on all time scales from the geologic scene to the recent histor
ical periods. Even in the late twentieth century a detectible 
trend in climate is occurring. At least two questions should be 
raised: 

(1) What effect do these changes have on man? 
(2) Can the change in climate for the next decade(s) 

or century be predicted? 

-83-



THE CONSEQUENCES OF CLIMATIC CHANGE 

Perhaps the most significant consequence of temperature change is 
its effect on the global circulation systems. The earth's sur
face receives energy in different locations (latitudes) in 
varying quantities. In general, the sub-tropics and tropics 
receive greater quantities of solar energy than the polar, arctic 
or antarctic regions. In response to temperature gradients, the 
energy is redistributed by the atmospheric and oceanic circula
tion. Without examining the resulting flow equations one can 
intuitively sense that changes in temperature in the polar lati
tudes must lead to alterations in the intensity and direction of 
atmospheric and oceanic circulation. 

One of the recognized circulatory changes associated with cooling 
of the polar areas of the earth is a shift toward the equator of 
the subtropical arid regions. Even the novus student of climate 
knows that the extensive hot desert regions of the world are 
found between 20° and 30° latitude (Australian desert, Sahara, 
Arabian and Asia minor, southwestern North America). Between 
these deserts and the humid tropics is an area that receives 
adequate to abundant rainfall in summer while turning dry in 
winter. As the polar regions cool there is a tendency for the 
subtropical desert to be extended into the transition zone 
between the desert and the tropics. That is, the summer rainfall 
in these regions becomes less abundant and less reliable. This 
shift appears to have occurred in the area south of the Sahara 
desert in Africa (often called the Sahel) and caused the recent 
failures of the southeast Asia monsoon. 

At the same time, it would not be surprising if other regions of 
the world received higher precipitation. It is interesting to 
note that for Missouri major drought has occurred on six occa
sions between 1900 and 1954. Until 1974 there were twenty consec
utive years since serious drought was experienced in Missouri. 
Heavy rains have occurred over most of the Midwest in recent 
years (1972, 1973 and early 1974). 

An important consequence of climatic change is its effect on food 
production and the nutrition of the world. Obviously a cooler 
.climate will have an effect on the length of the growing season, 
adaptability of current varieties and the rate of photosynthesis. 
But the greatest effect that climate change will make is on the 
water balance of the growing crop. Decker (1974) recently 
observed that in midwestern u.s. the July and August rainfall 
provided the dominant climatic effects on production. Adequate 
rainfall during these periods will assure high yields of both 
corn and soybeans throughout the region and for wheat in the 
northern winter wheat and in the spring wheat regions of the 
Great Plains. 
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Cooler weather in the midlatitudes will reduce the water demand 
by crops and meadows. This removal of stress should improve 
yields by providing for active photosynthesis, growth or grain 
development during the warm summer periods. Recently, John Benci 
and E. C. Runge, of the University of Missouri-Columbia, found 
that·a decrease of summer temperatures in Missouri would increase 
the average corn yields. In fact, a change in climate which 
caused the summer temperatures to fall 2°F and rainfall to 
become less by 10 percent would increase corn yields over current 
values by about 20 percent. 

FORECASTS OF DROUGHTS AND CLIMATIC TRENDS 

A rational forecast for climatic change will be based on mathe
matical models derived from cause-and-effect physical relation
ships. These models will solve the atmospheric motion equations 
based on what is known about the changes in solar energy, the 
aerosol content of the atmosphere, the increase in C02 in the 
atmosphere and changes in land management. These causative 
factors and their interactions would be used as information to 
computers for the solution of the atmospheric equations of 
motion. But a computer system for handling analyses of this 
magnitude are not yet available, and other difficulties also pre
vent the immediate modeling of the atmosphere to simulate 
climatic change. Bryson (1974) has effectively argued that the 
changes in the solar constant, terrestrial reflectivity and 
atmospheric transmittance necessary to induce climate change are 
too small to detect with today's technology. 

In an attempt to overcome the. inability of the science of 
meteorology to utilize atmospheric models for forecasting climate 
change, many climatologists have resorted to statistical tech
niques. Even though each group of experts use the same basic 
historical data as a basis for their statistical analysis, the 
projections often differ. One group argues that the turbidity of 
the atmosphere from man's activity and volcanic erruptions will 
not likely decrease. Thus, the earth should continue to cool 
providing an increased stress on both the high latitude and trop
ical food production. The consequence is an urgent need to 
increase productivity in the middle latitudes, control popula
tions throughout the world and establish an international food 
reserve for disaster areas. 

Other climatologists feel that the present cooling trend is not 
likely to continue. Recently Mitchell (1974) argued that carbon 
dioxide changes anticipated in the future will provide for 
further warming (above present day temperature levels) of order 
O.l°C (0.2°F) by 1980, 0.3°C (0.5°F) by 1990, and 0.6°C (l.0°F) 
by 2000 A.D. If one accepts this possibility of temperature 
reversal the climate should become less stressed in the coming 
decades. 
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Climatic forecasts for the next one or two decades to which most 
scientists can subscribe are not possible at this time. This 
much can be said, that a return of average earth temperatures to 
the 1940 level within a year or a few years is unlikely. The 
stressed climate will continue over the short range. During this 
same time the population will continue to increase. 

MANAGEMENT ALTERNATIVES FOR RESPONSE TO CLIMATIC CHANGE 

However helpful climatic forecast might be to the farm manager, 
they will not be available from the scientific community or 
governmental agencies in the near future. What measures can be 
identified for providing useful and timely management techniques 
to overcome the hazards of the climate? While an adverse 
climatic event, such as drought, might have been a disaster for 
the individual farmer of two or three decades ago; now, because 
of population stress, drought can effect our entire civilization. 

Although simplification of a complex problem is dangerous, the 
productivity in the world's 11 granaries" is keyed to the water 
balance. Climate provides contributions to the water balance 
through rainfall and evaporative demand. Management for weather 
adversity must be concerned with one or both of these components. 

Techniques have been developed for augmentation of rainfall 
through cloud seeding. In many dry agricultural regions of the 
world, such as Australia, Argentina, Russia and the Great Plains 
of the U.S., small percentage increases in rainfall at any time 
of the year would be beneficial. In other areas, rainfall 
enhancement during summer would be useful. What are the facts 
concerning cloud seeding as a means for increasing water supply 
on agricultural lands in the Midwest? 

Cloud seeding involves impregnating clouds with material to 
enhance the precipitation processes. A smoke comprising small 
particles of silver iodide is normally used, although small 
particles of common salt are occasionally employed. Experimen
tal results from cloud seeding have been disappointing. In 
Missouri, where a randomized test was run in the early sixties, 
the rainfall in the test area on the non-seeded days was greater 
than on the seeded days; although the difference was small and 
not statistically significant. In spite of the lack of experi
mental evidence, cloud modification has continued. For example, 
both North and South Dakota have state financed programs. 

Cloud seeding requires the prior existance of clouds to be effec
tive and during periods of drought clouds are often absent. 
Therefore, cloud seeding is not a very effective nor reliable 
means for insurance against drought. 
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Water can also be supplied to growing crops through irrigation. 
Even in subhumid areas such as the Midwest, supplemental water 
will enhance crop growth on nearly every year. In Missouri the 
supplemental water required by a growing corn crop is: 

Probabilit~ Supplemental Water Required 

1 in 10 years more than 9.5 inches 
1 in 4 years more than 8.0 inches 
1 in 2 years more than 6.0 inches 
3 in 4 years more than 4.0 inches 
9 in 10 years more than 2.5 inches 

Just because a crop has a demand for water does not mean that 
significant economic return will be realized by its use. A need 
for supplemental water by a crop similarly does not prove that 
irrigation will always be the best use of the water resource or 
the extra energy required to apply the water. The crop's demand 
for water does suggest a need to continuously reappraise the use 
of the water resources in humid and subhumid as well as in arid 
regions of the world. 

Minimum tillage, mulching, row-spacing, contouring, terracing and 
other water conserving practices will also effectively reduce 
crop water demands. Some of these practices may have additional 
benefits in fuel conservation and fertility use. 

CLIMATOLOGICAL PLANNING GUIDES 

It is well known that the weather of one year is quite different 
from that of another. The realities are that seasonal forecasts 
and forecasts of the trends in climate are not possible at this 
time. At best the farmer must hedge his risks against the 
expected climate of the region. In the period during the 1960's 
and early 1970's there was an unusual string of favorable weather 
years. This run of favorable years caused many agriculturalists 
to operate on the assumption that favorable weather would always 
continue. The drought of 1974 brought the farm manager back the 
realism of the situation. 

There exists a background of information and data on the climate 
of each region of the U.S. These data can be interpreted in 
terms of specific crop and animal response. When the climatic 
expectancies are imposed on reasonable assumptions concerning 
climatic trends, operational guides may be prepared. 

One of the climatic events of particular significance is the 
length of the growing season. Probability statements concerning 
the last spring freeze and first fall freeze can be adapted to 
specific agricultural and horticultural areas. By way of example 
the following data show the risk of killing freezes in northern 
Missouri in spring and fall. 
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Chance for Killing Freeze 

After This Date Before This Date 
Probabilit~ in Spring in Fall 

One year in 10 May 7 Sept. 30 
One year in 2 April 20 Oct. 15 

Another example of a pramatic climatic guide involves the calcu
lation of chance for favorable weather conditions with a given 
soil moisture condition in the spring. Iowa is uniquely located 
between an area to the south and east with rather dependable cool 
season precipitation and an area to the west and north with small 
amounts of water in the winter snows. When the amount of soil 
water in spring is interpreted in terms of the climatic expec
tancy for summer rain, operational guides have been prepared con
cerning farm strategies. These climatic guides offer an insight 
into amounts of fertilizers to apply, pesticide applications and 
other operations in the farm enterprise. 

Climatic guides have been or are being developed for use with 
irrigation, grain drying, animal shelters, and other weather 
sensitive operations. Some of these guides are available in 
Minnesota through the State Climatologist's Office and Agricul
tural Experiment Station. 

SUMMARY 

The science of meteorology can not at this time provide useful 
forecasts of drought. The farmer must use management tools to 
avoid drought by adding or conserving water. He should insist 
that the Extension Service provide him climatic guides that make 
possible the intelligent choice of strategies for managment. 

With current projections on population growth the world's agri
culture has been made more dependent upon the variable climate. 
Severe food shortages, particularly in the tropical regions, is 
a certainty. Are we prepared to accept the political, economic 
and ethical consequences of the climatic stress on food 
production? 
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