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FIELD CROP RECOMMENDATIONS FOR 1971

Harley J. Otto, extension agronomist

For complete information on "recommended, "
"not adequately tested" and "other" varieties,
see University of Minnesota Miscellaneous
Report 24, Varietal Trials of Farm Crops. 

The following changes in crop variety recommendations have been
made for 1971:

Barley--There are no changes in the list of recommended varieties
for 1971 compared with 1970.

Paragon, a blue aleurone variety from Canada, will not be recom-
mended in Minnesota. Compared to Conquest in Minnesota tests, Paragon
has been about equal in yield, but slightly later in heading, has lodged
slightly more, and has produced a lower percent of plump kernels.

Oats--A new variety, Otter, was released by the Minnesota Experi-
ment Station in 1970 and is recommended in the state. Otter is similar to
Garland in maturity and plant height but is equal to Lodi (superior to Gar-
land) in lodging resistance. It is susceptible to the prevalent race of stem
rust, 6AF and is moderately resistant to crown rust. Otter test weight has
been equal to Lodi but lower than Garland in Minnesota tests the past 3 years.

Three new varieties from other states were included in 1970 Minnesota
tests but have not yet been adequately tested. These varieties are:

Diana--an early variety from Indiana.

Froker--a late variety from Wisconsin.

Cayuse--a late variety released by the Washington Agricultural Exper-
iment Station from a cross made in New York.

Hard Red Spring Wheat--Two new semidwarf varieties, Era and
Fletcher, were released by the Minnesota Experiment Station in 1970 and
are recommended in the state. From 1968 to 1970, Era yielded 120.7 per-
cent as much as Chris while Fletcher yielded 97.4 percent of Chris. Both
have good lodging resistance, are resistant to stem and leaf rust, and tol-
erant to septoria, bunt, and ergot. These varieties have high test weight
and satisfactory milling characteristics. Era and Fletcher are lower in pro-
tein content and bake absorption than Chris, but Fletcher is better than Era
in these baking characteristics.

World Seeds 1809 was added to the recommended list. This is an
early semidwarf with good lodging resistance and resistance to leaf and stem
rust. It has yielded 117.5 percent of Chris during the past 2 years. It has
lower protein content and bake absorption than Chris, but higher than Era.
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Waldron, a standard-height variety from North Dakota, was added to
the recommended list. It is an early heading variety with good straw
strength, rust resistance, and quality. In 3 years of testing in Minnesota,
it yielded about 108.6 percent of Chris. Waldron is susceptible to ergot and
this caused problems in several seed production fields in 1969.

World Seeds 1812 and Inia 66 were placed in the "other varieties cate-
gory." World Seeds 1812 has low protein content, bake absorption, and mix-
ing properties and has produced relatively low yields in Minnesota tests.
Inia 66 is a semidwarf wheat variety from the Mexican breeding program
It is susceptible to leaf rust and has low bake absorption and protein content.

The varieties Bonanza, from DeKalb Agricultural Research, and
Bounty 208, from Cargill, Inc., have not been tested sufficiently to deter-
mine whether to recommend them in the state.

Durum Wheat--The variety Hercules, from Canada, was placed in the
"other varieties" category. It is susceptible to leaf rust and has not yielded
better than other durum varieties in the state.

Winter Wheat--The Montana variety, Froid, was placed in the "other
varieties" category because it offers no advantage over Minter and has de-
cidedly lower test weight.

Rye--Cougar was added to the recommended list while Frontier and
Pearl were dropped from the list. Cougar has yielded more than Frontier
and Pearl at most Minnesota locations and is more resistant to lodging than
either.

Soybeans--The Iowa variety, Wirth, was placed in the "other varieties"
category because it did not offer any advantages over Chippewa 64 in most
respects and is susceptible to Phytophthora root rot.

Dunn, a variety from Wisconsin, similar to Chippewa 64 in maturity,
and Morsoy, an early Canadian variety, must be tested further before deci-
sions on recommendations can be made.

Sunflowers -No changes in recommendations were made. Several hy-
brid varieties have been tested in Minnesota but no specific recommendations
for them will be made. Success in producing hybrid seed depends on roguing
about 50 percent of the plants from the female parent in the crossing field
when the plants begin to bloom. Unless a good roguing job is done, the seed
lots will vary in percent of hybrid plants produced. When a high percent of
hybrid seed has been attained, yields of some of the hybrids have yielded
more than the open-pollinated varieties.

Dry, Edible Beans--For the first time, a pinto bean variety is recom-
mended in Minnesota. The variety, UI 114, is recommended where pinto
beans will be grown. This variety has exceeded all others in Minnesota yield
tests. It was released in 1965 by the Idaho Experiment Station.

The complete list of recommended varieties for 1971 follows:

Barley: Conquest, Dickson, Larker, Primus II.



_ 3

Oats: Garland, Lodi, Otter, Portal, Sioux.

Rye: Cougar, VonLochow.

Wheat: Hard Red Spring:

Standard Height Varieties: Chris, Manitou, Polk, Waldron.

Semidwarf Varieties: Era, Fletcher, World Seeds 1809.

Durum: Lakota, Leeds, Wells.

Winter: Minter.

Millet: Turghai, Empire, White Wonder.

Flax: Linott, Nored, Norstar, Summit, Windom.

Soybeans: Altona, Anoka, Chippewa 64, Clay, Corsoy, Hark, Merit,
Norman, Portage, Rampage, Traverse.

Sunflowers: Arrowhead, Mingren, Peredovik, VNIIMK 89.31.

Pinto Beans: UI 114.

Dry Peas: Century, Chancellor.

Birdsfoot Trefoil: Empire.

Red Clover: Dollard, Lakeland.

Bromegrass: Blair, Gaylor, Fox, Lincoln, Sac, Saratoga.

Timothy: Climax, Itasca, Lorain.

Varietal Purity Important 

Recommended varieties have demonstrated superior performance com-
pared with other varieties tested. To receive the benefits incorporated in
these varieties, a grower must plant seed of known varietal purity. This
assurance is best obtained by planting certified seed.

Certified seed is not more than. three generations removed from foun-
dation seed and is known to be pure for variety. The Minnesota Crop Im-
provement Association supervises production and processing of certified
seed.

In addition to varietal purity, certified seed must be high in germina-
tion and meet high standards for freedom from weeds, other crop seeds, and
inert material. Within certified seed, a tolerance for these factors is allowed.
For example, the minimum germination allowed in small grains is 85 percent,
but individual lots may have higher germination. Thus, some certified seed
is better than others; study the analysis tag to determine quality factors for
each individual lot.
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Seed cost represents only a small fraction of the total cost of producing
an acre of a given crop. A crop producer cannot afford to take a chance on
planting poor seed. A dealer cannot afford to sell any seed which is not as
good as the best available.

--
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HERBICIDES

Gerald Miller, extension agronomist

This is a listing of some herbicides now sold for major crop use in
Minnesota. The application rate refers to pounds of active ingredient or acid
equivalent per acre on a broadcast basis. The information given is not in-
tended to replace label instructions; follow label instructions closely. Refer
to University of Minnesota Extension Folder 212, Cultural and Chemical
Weed Control in Field Crops, 1971, for additional information.

Alachlor (Lasso) 

Use--Annual grass control in corn and soybeans, some broadleaf con-
trol. Used in mixtures with atrazine on corn and linuron on soybeans.

Rate of application--2 to 3 pounds per acre.

Time of application--Usually preemergence; preplanting for nutsedge
control.

Remarks--Chemically related to propachlor (Ramrod). Corn and soy-
beans have good tolerance. Research results show good control of annual
grasses, redroot pigweed, and lambsquarters. Control of other broadleafs
was not consistent.

Formulation--4 pounds per gallon liquid, 10-percent granular.

Atrazine (AAtrex) 

Use--Weed control in corn and sorghum and quackgrass control. Ef-
fective in controlling quackgrass with a fall and/or early spring application
followed by plowing. Only corn can be planted following treatment. Used in
mixtures with alachlor, linuron, prometryne, or propachlor preemergence
and with butylate preplanting on corn.

Rate of application--(1) Weed control in corn: 1 to 4 pounds per acre.
Use higher rate on fine-textured soils or soils with high organic matter.
(2) Weed control in sorghum: 2 to 3 pounds per acre. (3) Quackgrass con-
trol: 3 to 4 pounds per acre.

Time of application for weed control in corn and sorghum- Preemer-
gence or preplant in corn and postemergence in corn and sorghum. If ap-
plied postemergence, applications within 3 weeks after planting and before
weeds are 11 inches tall are more effective than later applications. Addi-
tion of emulsifiable petroleum or vegetable oils has improved performance
of postemergence atrazine sprays on corn and sorghum.

Remarks--Susceptible crops have been injured in rotation following
treated crop. To minimize injury to susceptible crops following corn, use
the lowest rate possible consistent with good weed control; use band applica-
tions rather than broadcast applications and thoroughly till soil before plant-
ing susceptible crops. Do not graze or feed treated corn or sorghum for 21
days after postemergence application. 

•
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Formulation--80 percent wettable powder, 4 pounds per gallon disper-

sible liquid.

Barban (Carbyne) 

Use--Control of wild oats in small grains, flax, soybeans, sugar

beets, and sunflowers.

Rate of application--1/4 to 3/8 pound per acre on small grains and

flax; 3/4 to 1 pound per acre on sugar beets; 3/8 pound per acre on sunflow-

ers and soybeans.

Time of application--Postemergence, when most wild oats are in two-

leaf stage (from the time the second leaf first appears until the third leaf

first appears) but not later than 14 days after emergence of wild oats or

crop. Time of application is critical.

Remarks--Flax and small grain injury sometimes occurs; injury on

flax has been more severe. Observe feeding restrictions on label.

Formulation--1 pound per gallon liquid.

Bromoxynil (Brominal, Buctril) 

Use--Annual broadleaf control in wheat and barley. Used in mixture

with MCPA ester.

Rate of application--3/8 to 1/2 pound per acre; 1/4 pound per acre in

mixture with MCPA at 1/4 pound per acre.

Time of application--From two-leaf to early boot stage of wheat or

barley. Early applications more effective on weeds.

Remarks--Controls wild buckwheat and smartweed better than MCPA.

Expensive. Does not control perennials. Injures legumes. Some small

grain injury has occurred at higher rates.

Formulation--2 pounds per gallon liquid.

Benefin (Balan) 

Use--Annual grass control in seedling legumes.

Rate of application--1 1/8 to 1 1/2 pounds per acre.

Time of application—Preplanting.

Remarks--Must be incorporated into the soil by disking before plant-

ing.

Formulation--1 1/2 pounds per gallon liquid.
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Butylate (Sutan) 

Use--Control of annual grasses in corn. Used in a mixture with atra-
zine for annual grass and broadleaf control.

Rate of application--4 pounds per acre; 3 to 4 pounds per acre with 1
to 1 1/2 pounds per acre of atrazine.

Time of application--Preplanting.

Remarks--Must be incorporated into the soil. Proper incorporation
can be accomplished by disking field twice, once in each direction, immedi-
ately after applying chemical.

Formulation--6 pounds per gallon liquid, 10-percent granular.

C-6989 (Preforan) 

Use--Control of annual grasses and broadleafs in soybeans grown for 
seed.

Rate of application--3.75 to 4.5 pounds per acre.

Time of application--Preemergence.

Remarks--Cleared only for soybeans grown for seed. Clearance for
use on all soybeans may be obtained by the 1971 planting season. Research.
results have shown good soybean tolerance and control of most annual gras-
ses and broadleafs except velvetleaf, cocklebur, and giant ragweed.

Formulation--3 pounds per gallon liquid, 15-percent granules.

Chloramben. (Amiben) 

Use--Control of annual grasses and broad-leaved weeds in soybeans
and sunflowers.

Rate of application--3 pounds per acre.

Time of application--Preemergence.

Remarks--Early stunting of soybeans has been observed under some
conditions, but crop usually outgrows injury. Chloramben is cleared for use
on corn at 2 pounds per acre, but experiment station tests showed a definite
injury potential to corn and erratic weed control at this rate. Severe stunt-
ing of corn occurred in some fields following heavy 'rains.

Formulation--2 pounds per gallon liquid; 10-percent granular.
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Chloroxuron (Tenoran) 

Use--Control of certain annual broadleafs in soybeans.

Rate of application--1 to 1 1/2 pounds per acre.

Time of application--Postemergence from time of first trifoliolate leaf

to layby. Weeds should be no more than 2 inches tall. Early applications

are more effective.

Remarks--Most effective against lambsquarters, mustard, and red-

root pigweed. Other broadleafs are only partially controlled. Grasses are

usually not controlled. Use a wetting agent, "Adjuvan-T" with the chemical.

Some soybean leaf burn and delayed growth usually follow treatment.

Formulation--50-percent wettable powder.

Chlorpropham (Chloro IPC)

Use--Smartweed control in soybeans.

Rate of application--2 to 3 pounds per acre.

Time of application--Preemergence.

Remarks--May be used following preplanting application of trifluralin

(Treflan) or in mixture with some preemergence herbicides. Does not con-

trol weeds other than smartweed.

Formulation--4 pounds per gallon liquid. Mixtures with naptalam:

"Alanap Plus"--2 pounds naptalam and 1 1/3 pounds chlorpropham per gal-

lon. "Solo"--2 pounds naptalam and 2 pounds chlorpropham per gallon.

Cycloate (Ro-neet) 

Use--Annual grass and broadleaf control in sugar beets.

Rate of application--3 to 4 pounds per acre.

Time of application--Preplanting.

Remarks--Must be incorporated by disking or power rotary tiller.

Formulation-- 6 pounds per gallon liquid, 10-percent granules.

2,4-D and MCPA 

Use--Broad-leaved weed control in corn, small grains, pastures.

Time of application--Postemergence. Use of 2,4-D in a preemer-

gence application on corn is not recommended because of erratic results

and injury to corn.

Rate of application--See University of Minnesota Extension Folder 212.
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Remarks--Do not graze dairy cattle for 7 days after treatment of pas-
tures with 2,4-D.

Formulation--Liquids of various concentrations.

Dalapon (Dowpon, Basfapon) 

Use--Grass control in flax, sugar beets, and corn.

Rate of application--(1) Flax: 3/4 pounds per acre. (2) Sugar beets:
2 to 3 1/2 pounds per acre. (3) Corn: 1.5 pounds per acre directed or 3/8

to 1/2 pound per acre with atrazine and oil.

Time of application--(1) Flax and sugar beets: when grasses are not
more than 2 inches tall. Postemergence until sugar beets reach 6-leaf
stage, directed from 7-leaf stage until beets are 14 inches. (2) Corn: di-
rected when corn is 8 to 20 inches tall or postemergence with atrazine and

oil when corn is less than 6 inches tall.

Remarks--Use as a directed spray in corn requires special leaf-lifting
devices to keep spray off corn leaves. Unless applications are carefully
made, corn can be severely damaged. Dalapon may be mixed with 2,4-D to
control both grasses and broad-leaved weeds. Do not use this chemical on
corn grown for seed.

As with other postemergence applications, this method of weed control
does not eliminate the early season col-n.petition between corn and weeds.
Research work indicates this competition may limit corn yields.

Formulation--74-percent soluble powder.

DiaHate (Avadex)

Use--Control of wild oats in barley, flax, and sugar beets.

Rate of application-1 1/4 pounds per acre on barley; 1 1/2 to 2 pounds
per acre on flax and sugar beets.

Time of application--Preplanting on flax or sugar beets; postseeding
(preemergence) on barley. Fall application is a possibility.

Remarks—Quite volatile and must be incorporated soon after applica-
tion. Incorporate preplanting applications with disk, cultivator, or harrow
to a depth of 2 inches. In postseeding applications, incorporate chemical
with two harrowings at right angles. Small grain injury has been observed,
particularly with preplanting applications. Do not apply to field in ridged

condition. This chemical irritates skin and eyes; use caution when handling.

Formulation--4 pounds per gallon liquid.

Dicamba (Banvel)

Use--Control of broad-leaved weeds except mustard in Wheat, oats,
corn, and grass pastures. Especially useful for controlling wild buckwheat
and smartweed in wheat and oats.
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Rate of application--1/8 pound per acre in wheat and oats; 1/8 to 1/4
pound per acre alone or with 2,4-D in corn; 1/4 to 8 pounds per acre in
grass pastures.

Time of application--From 2- to 5-leaf stage of wheat and oats. Up to
time corn is 3 feet tall.

Remarks--Can be combined with MCPA in wheat and oats for control
of mustard and other broad-leaved weeds. Use as a postemergence spray in
corn resulted in drift injury on soybeans in the vicinity. If used on pastures,
observe grazing restrictions on label.

Formulation--4 pounds per gallon liquid; commercial combinations
with MCPA are available.

Endothall (Endothal, Herbicide 273, etc.) 

Use--Control of annual smartweed, wild buckwheat, and marshelder
in sugar beets.

Rate of application--3/4 to 1 1/2 pounds per acre.

Time of application--Postemergence.

Remarks--Excessive injury, especially to very small sugar beets,
may occur if temperatures are above 800 F. Poor weed control may result
at temperatures below 600 F.

Formulation--Liquid; concentrations vary.

EPTC (Eptam) 

Use--Control of annual grasses and some broadleafs in sugar beets,
seedling legumes, sunflowers, and dry edible beans.

Rate of application--2 to 2 1/2 pounds per acre on sugar beets; 3
pounds per acre on seedling legumes, sunflowers, and dry edible beans.

Time of application--Preplanting.

Remarks--Must be incorporated to avoid loss of chemical by volatility.

Formulation--6 pounds per gallon liquid; 10-percent granular.

Linuron (Lorox) 

Use--Weed control in corn and soybeans. Used in mixtures with
atrazine or propachlor preemergence on corn and with alachlor preemer-
gence on soybeans.

Rate of application--(1) Corn: 1/2 to 1 1/2 pounds per acre preemer-
gence in combination with equal rates of atrazine active ingredient or with 3
pounds per acre of propachlor; 1 1/2 pounds per acre with wetting agent in
postemergence directed spray applications. (2) Soybeans: 1/2 to 2 1/2
pounds per acre; rate differs with soil types.



Time of application--(1) Corn: Preemergence or directed spray post-
emergence when corn is at least 12-18 inches tall and weeds are 8 inches or
less in height. (2) Soybeans: Preemergence.

Remarks--Use in postemergence directed spray applications does not
eliminate early season competition between weeds and corn. This early
competition can reduce yields. Linuron has caused injury (stand reduction
and stunting) to corn and soybeans in some Minnesota trials. On corn, do
not apply linuron within 60 days of harvest.

Formulation--50-percent wettable powder.

Naptalam and chlorpropham (Solo, Alanap Plus) 

Use--Control of annual grass and broadleaf weeds in soybeans.

Rate of application--2 to 4 pounds per acre of naptalam plus 2 to 4
pounds per acre of chlorpropham depending on soil type.

Time of application--Preemergence.

Remarks--Control of grasses and some broadleafs has been inconsis-
tent in Minnesota and soybean injury has sometimes occurred.

Formulation--"Solo"--2 pounds naptalam plus 2 pounds chlorpropham
per gallon. 10.7 percent naptalam pais 10.3 percent chlorpropham granules.
"Alanap Plus"--2 pounds naptalam plus 1 1/3 pounds chlorpropham per gallon.

Norea (Herban) 

Use--Control of annual grasses and broad-leaved weeds in grain sor-
ghum. Used in a mixture with atrazine or propazine preemergence on grain
sorghum and in a mixture with chloramben (Noraben) on soybeans.

Rate of application--Grain sorghum: 2.4 pounds per acre; 2 pounds
per acre with 1 pound per acre of atrazine or propazine. Soybeans: 0.8 to
1.2 pounds of norea and 1 to 1 1/2 pounds of chloramben per acre.

Time of application--Preemergence.

Remarks--There is some soybean injury potential with the norea-
chloramben mixture. Do not use on sands or sandy loams low in organic
matter. Do not graze or use treated soybeans for forage.

Formulation--Herban: 80-percent wettable powder. Noraben: 1.2
pounds norea and 1.5 pounds chloramben per gallon.

Phenmedipham (Betanal) 

Use--Annual grass and broadleaf control in sugar beets. .Does not
control pigweed or wild oats.

Rate of application--1 to 1 1/2 pounds per acre.
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Time of application—Early postemergence after sugar beets have two
true leaves. Weeds should not have more than four leaves for best control.

Remarks--Applications of phenmedipham following preplanting EPTC
or preemergence TCA have sometimes resulted in sugar beet injury. To
reduce injury do not use more than 1 pound per acre where preplanting or
preemergence herbicides have been used and do not apply when the tempera-
ture is over 850 F.

Formulation--1.3 pounds per gallon liquid.

Propachlor (Ramrod) 

Use--Annual grass control in soybeans grown for seed and corn.
Used in mixtures with atrazine or linuron on corn.

Rate of application--4 to 5 pounds per acre.

Time of application--Preemergence.

Remarks--As of December 1970, propachlor is cleared to use on corn
for grain, seed or forage, but on soybeans for seed only. Do not use prop-
achlor-treated soybeans for food, feed, or oil. Cleared for use on corn in
combination with atrazine or linuron.

Formulation-65-percent wettable powder; 20-percent granular.

Propazine (Milogard) 

Use--Control of annual grasses and broad-leaved weeds in grain sor-
ghum.

Rate of application--2 pounds per acre.

Time of application--Preemergence.

Formulation-80-percent wettable powder.

Pyrazon (Pyramin), Pyrazon and dalapon (Pyramin Plus) 

Use--Control of most annual broadleafs in sugar beets. Mixture also
controls annual grasses. Used alone or in mixture with dalapon or following
preemergence or preplanting herbicides.

Rate of application--3.8 pounds per acre alone or with 2.2 pounds per
acre of dalapon.

Time of application—Preemergence on low organic matter soils.
Postemergence before broadleafs have more than four leaves has given bet-
ter results than preemergence in Minnesota.

Remarks--Some sugar beet injury has occurred when applied after
preplanting or preemergence herbicides.
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Formulation--80-percent wettable powder or 27-percent wettable pow-
der with 18. 5-percent dalapon powder.

S-6115 (Outfox)--Caution: As of December 1970, this chemical is not
cleared for general use.

Use--Annual grass and broadleaf control in corn.

Rate of application--3/4 to 1 pound per acre.

Time of application—Early postemergence when weeds are less than
1 1/2 inches tall.

Remarks--S-6115 may receive clearance for use in 1971. Some corn
leaf burning and stunting has occurred in trials.

Formulation--1 pound per gallon dispersible liquid.

SD 15418 (Bladex)--Caution: As of December 1970, this chemical is not
cleared for general use.

Use--Annual grass and broadleaf control in corn.

Rate of application--2 to 4 pounds per acre depending on soil texture
and organic matter.

Time of application--Preemergence.

Remarks--SD 15418 may receive clearance for general use in 1971.

Formulation--80-percent wettable powder, 4 pounds per gallon dis-
persible liquid.

TCA

Use--Control of annual grasses except wild oats in sugar beets, flax,
alfalfa, sweetclover, and birdsfoot trefoil.

Rate of application--6 pounds per acre in sugar beets; 5 pounds per
acre in flax and legumes.

Time of application--Preemergence in sugar beets; postemergence in
flax and legumes.

Formulation--Soluble powder or pellets and liquid; concentrations
vary.

Triallate (Far-go) 

Use--Control of wild oats in spring and durum wheat and barley.

Rate of application--1 pound per acre on wheat; 1 1/4 pounds per acre
on barley.
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Time of application- Postseeding (preemergence) for wheat; preplant-

ing or postseeding for barley (postseeding preferred). Fall application prior

to barley or spring wheat is a possibility.

Remarks--Must be incorporated by two harrowings at right angles for
postseeding applications. Incorporate preplanting applications as described
previously for diallate. In postseeding applications, seed crop to a depth of
2 to 3 inches. Do not apply to a field in a ridged condition. Do not plant do-
mestic oats where triallate was used the previous year. This chemical irri-
tates skin and eyes; use caution when handling.

Formulation--4 pounds per gallon liquid.

Trifluralin (Treflan) 

Use--Annual grass control in soybeans, dry edible beans, sunflowers,
and sugar beets.

Rate of application--1/2 to 1 pound per acre, depending on soil type.
Use lower rates on coarse textured soils and higher rates on finer textured

soils.

Time of application--Preplanting on soybeans, dry edible beans and
sunflowers; postemergence on 2- to 6-inch sugar beets after blocking or

thinning and before new weeds come up.

Remarks--Must be incorporated into the soil immediately after appli-
cation. Proper incorporation of preplanting applications can be accomplished

by disking field twice, once in each direction, immediately after applying
chemical. This chemical sometimes caused soybean stand reduction.

Formulation--4 pounds per gallon liquid; 5-percent granular.

Vernolate (Vernam)

Use--Controls annual grass and some broadleafs in soybeans.

Rate of application--3 pounds per acre.

Time of application--Preplanting.

Remarks--Should be incorporated by disking twice or using power ro-

tary tiller. Early soybean injury has sometimes occurred.

Formulation--6 pounds per gallon liquid and 10-percent granules.
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CORN AND SOYBEAN WEED CONTROL DEMONSTRATION RESULT5--1970

Oliver Strand and Gerald Miller, extension agronomists

Tables 1 to 9 summarize results of weed control demonstrations con-
ducted by Minnesota extension agents and extension specialists. These data
are the average results from a large number of trials on various soil types
and under different weather conditions. They may assist in evaluating her-
bicides, but for information on herbicides, rates, and methods of use for
specific situations, refer to University of Minnesota Extension Folder 212,
Cultural and Chemical Weed Control in Field Crops, 1971. 

Chemicals were applied on 1/100-acre plots either preplanting and in-
corporated (before planting and disked in), preemergence (after crop planted
but before crop or weed emergence), or postemergence (after crop and
weeds emerged) as specified in the tables. Preemergence treatments were
not incorporated. All chemicals were applied as sprays with a knapsack
sprayer. Plots were located across eight crop rows. One-half of each plot
was cultivated once or twice as needed, the other half was left uncultivated.
Several check plots with no chemical applied were left in each trial.

Early postemergence applications of atrazine (AAtrex) alone or with
petroleum or soybean oil, S-6115 (Outfox), and the atrazine-dalapon (Dow-
pon)-oil mixture on corn were made when weeds were less than 1 1/2 inches
tall. Propachlor (Ramrod) was applied preemergence to corn to control
grasses before the postemergence treatments of 2,4-D or dicamba. Triflu-
ralin (Treflan) was applied preplanting to control grasses in soybeans before
chloroxuron (Tenoran) or dinoseb (DNBP) were applied. The early post-
emergence treatment of chloroxuron was applied when weeds were less than
1 1/2 inches tall and when soybeans were in the first trifoliolate leaf stage.
Dinoseb was applied just as the soybeans were emerging. Trifluralin was
applied preplanting on soybeans before the preemergence application of
chlorpropham (Chloro IPC) or linuron (Lorox).

Weed control was visually evaluated 3 to 8 weeks after chemicals were
applied (early evaluations) and again near the end of the growing season (late
evaluations). Control is rated "good" if more than 75 percent of the weeds
were controlled, "fair" if 50 to 75 percent of the weeds were controlled, and
"poor" if less than 50 percent of the weeds were controlled. "Grasses" in
the tables refers to annual grasses such as foxtails, barnyardgrass, and
crabgrass. "Broadleafs" refers to annual broad-leaved weeds such as red-
root pigweed, lambsquarters, pennsylvania smartweed, common ragweed,
cocklebur, velvetleaf, wild mustard, etc. Perennial weeds such as Canada
thistle and quackgrass were not included in the evaluation.

Table 1 summarizes early evaluations of herbicides that have been in-
cluded for two or more years. These results are from uncultivated plots.
Tables 2 to 9 are 1970 results. Each table specifies uncultivated or culti-
vated and early or late evaluations.



Table 1. Weed control demonstration results, several year summary, early evaluations, uncultivated

Chemical

Pounds
per acre

A. I. or A. E. *
broadcast

Preemergence 
Atrazine (AAtrex) 3
Propachlor (Ramrod) 5
Atrazine + linuron (Lorox) 1 1/2+1 1/2
Atrazine +propachlor 1 1/2 + 3
Linuron+ propachlor (Londax) 1 1/2 + 3
Alachlor (Lasso) 2 1/2
SD 15418 (Bladex) 3
Preemergence followed by postemergence 
Propachlor and 2,4-D 4+1/2
Propachlor and 2,4-D+
dicamba (Banvel) 4+1/4+1/8

Early postemergence 
Atrazine 3
Atrazine+ oil 2 + 1 1/2 gal.
Atrazine +dalapon
(Dowpon)+ oil 1+3/8+1 1/2gal.

Preplanting (disked in) 
Trifluralin (Treflan) 1
Preplanting followed by preemergence 
Trifluralin and chlorpropham
(chloro IPC) 3/4+3

Preemergence
Chloramben (Arniben)
C 6989 (Preforan)
Linuron (Lorox)
Propachlor (Ramrod)
Alachlor
Norea + chloramben (Noraben 1
Preplanting followed by postemergence 
Trifluralin and chloroxuron
(Tenoran)+ "Adjuvan-T"

3
4 1/2

5
2 1/2

1/5+1 1/2

3 / 4 + 1 1 / 2 +

Years in
trial

1959-70
1965-70
1965-70
1967-70
1968-70
1969-70
1969-70

1967-70

1967-70

1961-67
1966-70

1969-70

1965-70

1969-70

1959-70
1968-70
1962-70
1965-69
1969-70
1969-70

0.5% 1968-70

Number of trials 
Broad-leaved

Grasses weeds 
CORN

613
283
271
147
99
58
58

588
278
270
158
98
57
57

143 151

140 148

398 374
222 221

56 55
SOYBEANS

129 122

Percent of trials in each class 
Grasses Broad-leaved weeds

Poor Fair Good Poor Fair Good

8 16 75 5 9 86
6 12 81 32 28 40
6 16 78 4 11 84
1 13 86 2 9 88
5 8 87 9 14 76
2 9 90 38 18 44
3 14 83 10 18 72

6 9 85 9 9 75

6 11 84 8 12 80

12 14 73 6 7 87
4 8 88 2 4 94

11 21 68 4 5 91

2 12 87 16 23 61

37 36 .0 8 92 3 22 75

387
67
298
145
43
42

374
63
289
138
42
40

56 52

10 16 74 8 17 74
3 21 76 14 11 75
23 26 51 15 21 64
6 13 81 25 36 39
7 2 91 19 26 55
7 19 74 12 25 62

2 5 93 4 6 90

'A.I. = active ingredient; A. E. = acid equivalent



Table 2. Corn weed control demonstration results, 1970, early evaluations, uncultivated
Pound s.
per acre

A. I. or A. E. *
Number of trials

Chemical broadcast Grasses
Preplanting (disked in) 
Alachlor (Lasso) 2 1/2 21
Atrazine (AAtrex) 3 21
SD 15418 (Bladex) 3 21

Preemergence 
Atrazine 3 24
Atrazine + linuron
(Lorox) 1

Propachlor (Ramrod
Atrazine +
propachlor 1 1/2+3

Linuron+ propachlor
(Londax) 1 1/2 + 3

Alachlor 2
SD 15418 3
Atrazine +
alachlor 1 1/2+2

Linuron + alachlor 1 1/2+

1/2+1 1/2
5

Broad-leaved
weeds

Percent of trials with each degree of control 
Grasses Broad-leaved weeds

Under Over Under Over
50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95%

20 14.3 23.8
20 4.8 19.0
20 19.0 19.0

57.1
52.4
52.4

23 4.2 29.2 29.1

24 23 8.3 12.5 50.0
25 24 0.0 4.0 48.0

25 24 0.0 16.0 48.0

24 23 4.2 4.2 58.3
1/2 25 24 0.0 12.0 52.0

25 24 0.0 16.0 64.0

25 24 0.0 8.0 52.0
24 23 0.0 8.3 50.0

Preemergence followed by postemergence 
Propachlor and 2,4-D 4+ 112 23
Propachlor and 2,4-D
+ diamba (Banvel) 4 + 1/4 + 1/8 23

Postemergence 
Atrazine + oil 2 + 1 1/2 gal. 24
Atrazine + dalapon
(Dowpon) .+ oil 1 + 3/8 + 1 1/2 gal. 25

Atrazine + soybean oil + 1/2 gal. 25
S-6115 (Outfox) 1 25

A. I. = active ingredient; A. E. = acid equivalent

4.8
23.8
9. 5

50.0
0.0
15.0

20.0
5.0
15.0

15.0
35.0
35.0

37.5 0.0 0.0 30.4

29.2 0.0
48.0 20.8

13.0
29.2

21.7
37.5

36.0 0.0 4.2 25.0

33.3
36.0
20.0

4.3
37.5
8.3

40.0 0.0
41.7 4.3

17.4
16.7
16.7

8.3
8.7

43.4
33.4
41.7

33.3
34.7

15.0
60.0
35.0

69.6

65.2
12.5

70.8

34.8
12.5 '
33.3

58.3
52.2

19 13.0 4.3 52.2 30.4 0.0 10.5 57.9 31.6

20 13.0 8.7 47.8 30.4 5.0 10.0 55.0 30.3

24 12.5 16.7 33.3

24 16.0 16.0 60.0
24 12.0 20.0 40.0
24 12.0 8.0 56.0

37.5 0.0 4.2 25.0 70.8

8.0 0.0 12.5 25.0 62.5
28.0 0.0 8.3 25.0 66.7
24.0 0.0 4.2 29.2 66.7



Table 3. Corn weed control demonstration results, 1970, early evaluations, cultivated
Pounds Percent of trials with each degree of control 
per acre  Number of trials Grasses  Broad-leaved weeds

A.10 or A. E. * Broad-leaved Under Over Under Over
Chemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95%
Preplanting (disked in) 
Alachlor (Lasso) 2 1/2 20 19 10.0 0.0 55.0 35.0 21.1 21.1 26.4 31.6
Atrazine (AAtr ex) 3 20 19 0.0 10.0 25.0 65.0 0.0 0.0 31.6 '68.4
SD 15418 (Bladex) 3 20 19 10.0 15.0 25.0 50.0 5.3 21.0 15.8 57.9

Preemergence 
Atrazine 3 24 23 0.0 8.3 41.7 50.0 0.0 0.0 17.3 82.6
Atrazine + linuron
(Lorox) 1 1/2+1 1/2 23 22 4.3 4.3 47.8 43.5 0.0 4.5 18.2 77.3

Propachlor (Ramrod) 5 24 23 0.0 0.0 33.3 66.7 8.7 8.7 39.1 43.5
Atrazine +
propachlor 1 1/2 + 3 24 23 0.0 8.3 33.3 58.3 0.0 4.3 13.0 82.6

Linuron+ propachlor
(Londax) 1 1/2 + 3 23 22 0.0 4.3 47.8 47.8 4.5 9.1 36.4 50.0

Alachlor 21/2 24 23 0.0 8.3 41.7 50.0 8.7 26.1 30.4 34.8
5D15418 3 24 23 0.0 8.3 41.7 50.0 0.0 13.0 30.4 56.5
Atrazine +
alachlor 1 1/2+2 24 23 0.0 4.2 29.2 66.7 0.0 4.3 21.7 73.9

Linuron+ alachlor 1 1/2 + 2 23 22 0.0 4.3 26.0 69.6 4.5 0.0 22.7 72.7

Preemergence followed by postemergence 
Propachlor and 2,4-D 4 + 112 22 19 9.1 4.5 31.8 54.5 0.0 0.0 26.4 73.7
Propachlor and 2,4-D
+ dicamba (Banvel) 4 + 1/4 + 1/8 22 19 9. 1 4.5 27.2 59.1 5.3 0.0 21.1 73.7

Postemergence 
Atrazine + oil 2 + 1 1/2 gal. 23 22 4.3 13.0 26.1 56.5 0.0 0.0 27.3 72.7
Atrazine + dalapon
(Dowpon) + oil 1 + 3/8 + 1 1/2 gal. 24 23 4.2 20.8 25.0 50.0 0.0 0.0 21.7 78.3

Atrazine + soybean oil 2 + 172 gal. 24 23 0.0 16.7 16.6 66.7 0.0 0.0 21.7 78.3
S-6115 _(Outfox) . 1 22 23 4.5 9.1 27.2 59.1 0.0 0.0 26.0 73.9 *
A. I. = active ingredient; A. E. = acid equivalent



Table 4. Soybean weed control demonstration results, 1970, early evaluations, uncultivated
Pounds Percent of trials with each degree of control
per acre Number of trials Grasses Broad-leaved weeds

A. I. or A. E. * Broad-leaved Under Over Under Over
Chemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95% 
Preplanting (disked in) 
Trifluralin (Treflan) 1 21 21 0. 0 4. 8 47. 6 47. 6 9. 5 28. 6 48. 6 14. 3
Alachlor (Lasso) 2 1/2 21 21 0.0 9.5 47.6 42.9 28.6 19,0 38,1 14.3

Preplanting (disked in) followed by preemergence 
Trifluralin and chlorpropham
(Chloro IPC) 3/4+3 21 20 0.0 9.5 47.7 42.9 0.0 15.0 65.0 20.0

Trifluralin and linuron
(Lorox) 3/4+1 1/2 21 20 0.0 4.8 42.8 52.4 0.0 0.0 60.0 40,0

Preplanting (disked in) followed by postemergence 
Trifluralin and
chloroxuron (Tenoran)
+ "Adjuvan-T" 3/4+1 1/2+

0.5% 20 19 0.0 10.0 55.0 35.0 10.5 0.0 31.6 57.9 1
Trifluralin and
dinoseb (DNBP) 3/4 + 2 1/4 21 20 0.0 19.0 57.1 23.8 5.0 25.0 40.0 30.0 ̀ci

Preemergence
Linur on 2 21 20 19.0 28.6 47.6 4.8 0.0 30.0 25.0 45.0
Chloramben (Arniben) 3 22 21 4. 5 4. 5 50. 0 40. 9 4. 8 9. 5 52. 3 33. 3
C 6989 (Preforan) 4 1/2 21 20 0.0 28.6 28.6 42.9 0.0 10.0 70.0 20.0
Alachlor 2 1/2 22 21 0.0 0.0 40.9 59.1 9.5 19.0 52.4 19.0
Norea + chloramben
(Noraben) 1 1/5 + 1 1/2 21 19 0.0 14.3 57.1 28.6 0.0 21.1 63.1 15.8

Naptalam + chlorproipham

(Solo) 3 + 3 21 20 33.3 28.6 38.1 0.0 0.0 25.0 45.0 30.0

A. I. = active ingredient; A. E. = acid equivalent



Table 5. Soybean weed control demonstration results, 1970, early evaluations, cultivated
Pounds Percent of trials with each degree of control per acre  Number of trials Grasses Broad-leaved weeds A. I. or A. E.* Broad-leaved Under Over Under OverChemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95% Preplanting (disked in) 

Trifluralin (Treflan) 1 18 18 0.0 0,0 11. 1 88.9 0.0 5.6 38.9 55.6Alachlor (Lasso) 2 1/2 18 18 0.0 11.1 27.8 61.1 5.6 5.6 50.0 38.9
Preplanting (disked in) followed by preemergence 
Trifluralin and chlorpropham
(Chloro IPC) 3/4+3 18 17 0,0 0,0 22.2 77.8 000 0.0 41.2 58.8Trifluralin and linuron
(Lorox) 3/4+1 1/2 18 17 0.0 0.0 27.8 72.2 0.0 0.0 23.5 76.5

Preplanting (disked in) followed by postemergence 
Trifluralin and
chloroxuron (Tenoran)
+ "Adjuvan-T" 3/4+1 1/2+

0.5% 17 16 0.0 0.0 23.5 76.5 0.0 0.0 12.5 87.5 1Trifluralin and 
N)dinoseb (DNBP) 3/4 + 2 1/4 18 17 0.0 0.0 50.0 50.0 0,0 5.9 47.1 47.1 c"
1Preemergence 

Linur on 2 18 17 11.1 0.0 50.0 38.9 0.0 5.9 29.4 64.7Chloramben (Amib en) 3 19 18 0.0 0.0 21.0 78.9 0.0 5.6 38.9 55.6C 6989 (Preforan) 41/2 18 17 0.0 5.6 38.9 55.6 0.0 0.0 47.1 52.9Alachlor 2 1/2 19 18 0.0 0.0 10.5 89.5 5.6 5.6 33.3 55.6Norea + chloramben
(Noraben) 1 1/5+1 1/2 18 17 0.0 5.6 50.0 44.4 0.0 11.8 35.3 52.9Naptalam + chlorpropham
(Solo) 3 + 3 18 17 16.7 16.7 33.3 33.3 0.0 5.9 47.0 47.1 
A. I. = active ingredient; A. E. = acid equivalent



alachlor 1 1/2+2 14 13 0.0 7.1 64.2 28.6 0.0 0.0 38.5 61.5
Linuron+ alachlor 1 1/2 + 2 14 13 0.0 14.3 35.7 50.0 7.7 0.0 46.2 46.2

Preemergence followed by postemergence 
Propachlor and 2,4-D 4 + 1/2 14 13 21.4 7.1 57.1 14.3 7.7 0.0 46.2 46.2
Propachlor and 2,4-D
+ dicamba (Banvel) 4 + 1/4 + 1/8 14 13 21.4 7.1 50.0 21.4 7.7 7.7 38.5 46.2

Postemergence 
Atrazine + oil 2 + 1 1/2 gal. 14 13 21.4 7.1 35.7 35.7 0.0 0.0 15.4 76.9
Atrazine + dalapon
(Dowpon) IF oil 1 + 3/8 + 1 1/2 gal. 14 13 28.6 7.1 50.0 14.3 0.0 0.0 23.1 76.9

Atrazine + soybean oil 2 + 1/2 gal. 14 13 21.4 14.3 35.7 28.6 0.0 0.0 15.4 84.6
5-6115 (Outfox)  1 14 13 21.4 14.3 42.8 21.4 0.0 0.0 23.1 76.9 
*
A. I. = active ingredient; A. E. = acid equivalent

Table 6. Corn weed control demonstration results, 1970, late evaluations, uncultivated
Pounds Percent of trials with each degree of control 
per acre  Number of trials Grasses  Broad-leaved weeds 

A. I. or A. E.* Broad-leaved Under Over Under Over
Chemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95% 
Preplanting (disked in) 
Alachlor (Lasso) 2 1/2 13 12 30.8 23.1 38.5 7.7 33.3 41.7 8.3 16.7
Atrazine (AAtrex) 3 13 12 23.1 7.7 38.5 30.8 0.0 0.0 58.3 41.7
SD 15418 (Bladex) 3 13 12 15.4 15.4 53.9 15.4 0.0 16.7 58.3 25.0

Preemergence 
Atrazine 3 14 13 14.3 21.4 28.6 35.7 0.0 7.7 30.8 61.5
Atrazine + linuron
(Lorox) 1 1/2+1 1/2 14 13 28.6 7.1 28.6 35.7 0.0 0.0 23.1 76.9

Propachlor (Ramrod) 5 14 13 0.0 14.3 57.1 28.6 15.4 23.1 53.9 7.7
Atrazine +
propachlor 1 1/2+3 14 13 7.1 21.4 50.0 21.4 0.0 0.0 30.8 69.2

Linuron+ propachlor
(Londax) 1 1/2 + 3 14 13 21.4 14.3 35.7 28.6 15.4 0.0 38.5 46.2 

Alachlor 2 1/2 14 13 0.0 14.3 57.2 28.6 23.1 15.4 53.9 7.7 
I

SD 15418 3 14 13 7.1 21.4 50.0 21.4 15.4 15.4 38.5 30.8
Atrazine + 1



Table 7. Corn weed control demonstration results, 1970, late evaluations, cultivated
Pounds Percent of trials with each degree of control 
per acre Number of trials Grasses  Broad-leaved weeds 

A. I. or A. E.* Broad-leaved Under Over Under Over
Chemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95% 
Preplanting (disked in) 
Alachlor (Lasso) 2 1/2 13 12 0.0 15.4 53.9 30.8 8.3 8.3 50.0 33.3
Atrazine (AAtrex) 3 13 12 0.0 0.0 38.5 61.5 0.0 0.0 33.3 66.7
SD 15418 (Bladex) 3 13 12 0.0 0.0 46.2 53.8 0.0 8.3 41.7 50.0

Preemergence 
Atrazine 3 14 13 0.0 7.1 35.8 57.1 0.0 0.0 23.1 76.9
Atrazine + linuron
(Lorox) 1 1/2+1 1/2 14 13 0.0 7.1 35.8 57.1 0.0 0.0 23.1 76.9

Propachlor (Ramrod) 5 14 13 0.0 0.0 42.8 57.1 0.0 15.4 38.5 46.2
Atrazine +
propachlor 1 1/2+3 14 13 0.0 7.1 21.4 71.4 0.0 0.0 23.1 76.9

Linuron+ propachlor
(Londax) 1 1/2+3 14 13 0.0 7.1 42.8 50.0 0.0 15.4 30.8 53.8

Alachlor 2 1/2 14 13 0.0 0.0 50.0 50.0 0.0 15.4 38.5 46.2
5D15418 3 14 13 0.0 7.1 28.6 64.3 0.0 7.7 23.1 69.2
Atrazine +
alachlor 1 1/2+2 14 13 0.0 0.0 28.6 71.4 0.0 0.0 30.8 69.2

Linuron+ alachlor 1 1/2 + 2 14 13 0.0 7.1 21.4 71.4 7.7 0.0 23.1 69.2

Preemergence followed by postemergence 
Propachlor and 2,4-D 4 + 1/2 14 13 14.3 0.0 28.5 57.1 7.7 0.0 30.8 61.5
Propachlor and 2,4-D
+dicamba (Banvel) 4+1/4 + 1/8 14 13 7.1 0.0 42.9 50.0 7.7 7.7 15.4 69.2

Postemergence 
Atrazine + oil 2+1 1/2gal. 14 13 0.0 7.1 28.6 64.3 0.0 7.7 7.7 84.6
Atrazine + dalapon
(Dowpon) + oil 1 + 3/8+ 1 1/2 gal. 14 13 0.0 14.3 35.7 50.0 0.0 0.0 15.4 84.6

Atrazine + soybean oil 2 + 1/2 gal. 14 13 0.0 7.1 21.4 71.4 0.0 0.0 15.4 84.6

S-6115 (Outfox) , 1 14 13 0.0 7.1 28.5 64.3 0.0 0.0 15.4 84.6

A. I. = active ingredient; A. E. = acid equivalent



Table 8. Soybean weed control demonstration results, 1970, late evaluations, uncultivated
Pounds Percent of trials with each degree of control
per acre  Number of trials Grasses  Broad-leaved weeds 

A. I. or A. E.* Broad-leaved Under Over Under Over
Chemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95% 
Preplanting (disked in) 
Trifluralin (Treflan) 1 15 13 0.0 0.0 60.0 40.0 7.7 15.4 61.6 15.4
Alachlor (Lasso) 2 1/2 15 12 0.0 0.0 66.7 33.3 8.3 16.7 58.3 16.7

Preplanting (disked in) followed by preemergence 
Trifluralin and chlorpropham
(Chloro IPC) 3/4+3 15 13 0.0 6.7 46.7 46.7 7.0 15.4 61.6 15.4

Trifluralin and linuron •
(Lorox) 3/4+1 1/2 15 13 6.7 13.3 33.3 46.7 0.0 0.0 46.2 53.8

Preplanting (disked in) followed by postemergence 
Trifluralin and
chloroxuron (Tenoran)
+ "Adjuvan-T" 3/4+1 1/2+

0 . 5% 15 13 0.0 6.7 73.3 20.0 0.0 15.4 53.9 30.8 1
Trifluralin and 

N
dinoseb (DNBP) 3/4 + 2 1/4 14 12 7.1 14.3 42.8 35.7 8.3 33.3 25.0 33.3

Preemergence 
Linur on 2 15 13 20.0 13.3 53.4 13.3 7.7 23.1 38.5 30.8
Chloramben (Amiben) 3 15 13 0.0 6.7 40.0 53.3 0.0 15.4 46.2 38.5
C 6989 (Preforan) 41/2 15 13 0.0 26.7 40.0 33.3 0.0 23.1 38.5 38.5
Alachlor 2 1/2 15 13 0.0 0.0 40.0 60.0 15.4 7.7 46.2 30.8
Norea + chloramben
(Noraben) 1 1/5+1 1/2 14 12 0.0 14.3 57.2 28.6 0.0 8.3 50.0 41.7

Naptalam + chlorpropham
(Solo) 3 + 3 14 12 14.3 21.4 64.3 0.0 0.0 25.0 41.7 33.3

A. I. = active ingredient; A. E. = acid equivalent



Table 9. Soybean weed control demonstration results, 1970, late evaluations, cultivated
Pounds Percent of trials with each degree of control
per acre  Number of trials Grasses Broad-leaved weeds 

A. I. or A. E.* Broad-leaved Under Over Under Over
Chemical broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95% 
Preplanting (disked _in)
Trifluralin (Treflan) 1 12 12 0.0 0.0 16.7 83.3 0.0 0.0 58.4 41.7
Alachlor (Lasso) 2 1/2 12 12 0.0 8.3 33.4 58.3 0.0 25.0 33.4 41.7

Preplanting (disked in) followed by preemergence 
Trifluralin and chlorpropham
(Chloro IPC) 3/4+3 12 12 0.0 0.0 25.0 75.0 0.0 8.3 58.3 33.3

Trifluralin and linur on
(Lorox) 3/4+1 1/2 12 12 0.0 8.3 33.3 58.3 0.0 0.0 25.0 75.0

Preplanting (disked in) followed by postemergence 
Trifluralin and
chloroxuron (Tenoran)
+ "Adjuvan-T" 3/4+1 1/2+

0.5% 12 12 0.0 0.0 50.0 50.0 0.0 0.0 50.0 50.0 .
Trifluralin and
dinoseb (DNBP) 3/4 + 2 1/4 11 11 0.0 9.1 36.4 54.5 0.0 9.1 36.4 54.5 ,(,)

Preemergence 
Linur on 2 12 12 8.3 0.0 33.3 58.3 0.0 8.3 25.0 66.7
Chloramben (Arniben) 3 12 12 0.0 0.0 8.3 91.7 0.0 8.3 33.3 58.3
C 6989 (Preforan) 4 1/2 12 12 0.0 0.0 33.3 66.7 0.0 0.0 33.3 66.7
Alachlor 2 1/2 12 12 0.0 0.0 8.3 91.7 0.0 8.3 33.3 58.3
Norea + chloramben
(Noraben) 1 1/5+1 1/2 11 11 0.0 9.1 18.2 72.7 0.0 0.0 36.4 63.6

Naptalam + chlorpropham
(Solo) 3 + 3 11 11 0.0 9.1 54.6 36.4 0.0 0.0 54.6 45.5

A. I. = active ingredient; A. E. = acid equivalent
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SURVEY METHODS AND DETERMINING NEED FOR CONTROL OF CROP INSECTS

J. A. Lofgren, extension entomologist

General

There are some rules which will help determine the need for the appli-
cation of insecticides. These are guides only. A number of factors must be
considered in making the decision to spray or not to spray: the stage of
growth of the crop, the stage of development of the insect, the potential
value of the crop, the cost of the treatment, and the availability of effective
chemicals or other measures.

The objective of surveying or sampling a field is to estimate the popu—
lation of a particular insect, not to find the spot with the highest concentra-
tion. Therefore, the field should be examined in a number of sample loca-
tions so that a representative estimate for the whole field is obtained.

Aphids 

A. Small Grain

Start counts from at least two sides of the field and sample
well out into the center of the field. Take counts 25 to 50 paces
apart and average the counts per linear foot of row. Count aphids
on the plants and on the ground.

If green bugs or corn leaf aphids are present at over 100 per
linear foot, the grain is small, before heading, and there are few
predators present, insecticidal control would be justified.

If English grain aphids average over 50 per head up to the
early dough stage--they should be controlled.

If the grain is headed out and/or large numbers of predators
are present (lady bird beetles, lace wings, and syrphid fly larvae),
it is generally inadvisable to spray. Corn leaf aphids are frequently
a problem on late seeded barley.

B. Corn

Control of corn leaf aphids on corn is seldom justified. To
be most effective in preventing barren stalks the control should be
applied in the whorls before tasseling. Seed fields may warrant
treatment as a preventive measure. If 10 percent of the plants
have over 500 aphids per plant prior to tasseling, treatment may
pay.

C. Alfalfa

Pea aphids can be extremely numerous on alfalfa, especially
on the first crop in the spring; but unless there is a shortage of
moisture little damage is done before the first hay crop is harvested.
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If there is a drought and the plants begin to wilt and have several
hundred aphids per plant and it is still 2 or more weeks before harvest
--it may pay to spray. Spotted alfalfa aphids are much more destru.c-
tive to alfalfa than are pea aphids. New seedings are especially vul-
nerable. If spotted alfalfa aphids average over 1 per seedling they
should be sprayed. On established plants, an average of over 25
aphids per stem and the presence of honeydew would indicate need for
control.

Armyworm

During the day the worms will be found in loose soil or under plant
debris or clods so it is necessary to scratch the surface of the soil to find
them. Very small worms are difficult to find. Check several spots all
across the field, not just the edges or lodged spots. When 5 worms per
square foot are present in small grain and the worms are less than 1 1/2 to
2 inches long, treatment will pay. If the crop is mature and the worms are
not clipping the heads or the worms are full grown--2 inches long--it will
generally not pay to spray.

If armyworms are found in the whorls of 10 percent of young corn
plants, treatment will generally pay unless the worms are full grown.

Cutworms

Cutworms hide in loose soil, under clods and debris during sunny days,
and feed at night or on cloudy cool days. There are several species of eco-
nomically important cutworms and they behave differently. Some feed under-
ground, others may climb up on the plants to feed.

In corn the signs of damage are cut off or dead plants. The worms can
usually be found near the base of the plants.

Cutworms should be controlled only before they are full grown and if
there are more tlian five per square foot in small grain or flax or legumes.
Late infestations in soybeans after the pods have set may need control at
lower numbers if the worms are feeding on the pods. In corn, the cutworms
should be controlled if they are found at more than 10 percent of the plants.

Corn Rootworms

The best treatment for rootworms is a preventive application of insec-
ticide at planting time or with a cultivation in June.

Infestations can be detected by examining the roots late in June or
early July for the presence of worms or tunneled roots. One method is to
place 1-2 inches of water in a bucket. Lay a piece of 1/2-inch mesh wire
screen across the top of the bucket. Knock the loose soil from the roots of
a plant, lay the roots on top of the screen and put it in the sun. The larvae
will fall into the bucket and float on the water--adding salt to the water will
help float the larvae. Make a count after about 20 minutes. Ten or more
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worms per plant is generally considered a damaging infestation. Plants
should be sampled from all parts of the field.

Rootworm Adults

These beetles feed on pollen and fresh silks. Heavy infestations at the
time of pollination may cause poorly filled ears. It may be practical to con-
trol the beetles if they average 15 or more per ear during the critical period
of pollination. Take counts from 100 plants representative of the whole field.

European Corn Borer--(First Brood) 

Take counts from 25 plants in 4 representative separate locations in
the field. Record the number of the plants showing the "shot-hole" feeding
symptoms in the whorl leaves. Treatment of field corn will pay if 50-75
percent of the plants are shot-holed. Sweet corn should be treated at 20-25

percent shot-holed. Seed fields may also be economically treated at the 25

percent infestation level.

For the control of second brood borers on field corn, it is necessary

to count the egg masses. These are flat, pearly white masses usually on the
undersides of the leaves near the ear. When an average of 100 egg masses

per 100 plants is reached, treatment will generally pay.

For sweet corn or seed fields, treatment should be applied when the
count reaches 20 egg masses per 100 plants, or when the moth flight begins

to peak as determined by light traps, and continued when unhatched egg

masses reach 20 per 100 plants.

Early corn is most subject to attack by the first brood. Late corn is

more severely hit by the second brood.

Grasshoppers 

Grasshopper populations are measured in terms of numbers per
square yard. However, it is usually easier to estimate the number from a

square foot, especially if they are very numerous.

Start at one corner of the field and walk diagonally past the center,
then turn and walk straight out to one side of the field. Make 18 separate
square foot counts along this route, adding the total hoppers observed. Di-

vide this total by 2, which results in the average number per square yard.

A rating may also be obtained by counting the hoppers along the field
margin--the road side, headland or fence row. This may be useful for cul-
tivated crops before the insects have moved into the field.

The use of insecticides is generally justified when the infestation is in
the threatening category. The specific crop and its potential value may
make it advisable to use a lower rating.
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square yard

Rating Margin Field

Light 25- 35 15-23
Threatening 50- 75 30-45
Severe 100-150 60-90
Very Severe 200+ 120+

Adults per square yard 

Rating Margin Field

Light 10- 20 3- 7
Threatening 21- 40 8-14
Severe 41- 80 15-28
Very Severe 80+ 28+

Plant Bugs on Clover or Alfalfa Crop 

Two groups of plant bugs are the principal pests of clover and alfalfa
seed crops. These are Lygus bugs and the alfalfa plant bug. Feeding on the
buds and flowers causes the blossoms to die.

Controls should be applied at bud or early bloom state when the bugs
average one per sweep with a standard 15-inch diameter insect net.

Take at least 10 sweeps at each of about 10 locations throughout the
field and average the counts.

Sugar Beet Webworm 

Larvae are about 1 inch long, yellowish green to almost black with a
black line down the back. The worms may be found on the foliage, on the
soil, or around the base of the plants. Take square foot counts at several
locations throughout the field.

Control measures are advised when the count is over 5 per square foot
of soil and the plants growing on the square foot.

Sweet Clover Weevil

The presence of this insect is indicated by the characteristic feeding
damage on the leaves. The weevils are seldom seen.

There will be regular circular or crescent-shaped notches chewed in
the edges of the leaves. When 50 percent of the leaf surface has been eaten,
controls should be applied. New seedings should be inspected carefully and
early to prevent severe damage.
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Spittle Bug on Alfalfa, Clover 

The best time to spray for spittle bug control is early in the spring
when the growth is 4 to 8 inches high. At this time the spittle masses are
just beginning to appear. Treat when spittle masses average more than one
per stem.

By the time spittle masses are large and conspicious it's usually too
late and the best treatment is to harvest the crop as early as practicable.

Alfalfa Weevil

Damage is most severe to the first crop when cutting is delayed. Cut
first crop early to avoid heavy losses. Treat when 50 percent of the plant
tips show feeding injury. Treat stubble if there are more than 8 larvae per
square foot.

Potato Leafhoppers on Alfalfa 

Damage is usually most severe on the second crop, occasionally on
third. Treat when the regrowth is 8 to 12 inches and leafhoppers average
over 2 per sweep with an insect net.

Barley Thrips 

Adult thrips are black and very tiny, about the size of a typed small
"i. " They may be found between the flag leaf sheath and the stem. If there
is an average of over 4 adult thrips per plant just at heading time, treatment
will generally pay in reducing the percent of thin kernels in malting barley.

Green Cloverworm, Bean Leaf Beetle and Other Defoliators on Soybeans 

Soybean plants are able to withstand considerable defoliation and not
suffer yield loss. Extremely early infestations on seedlings will be more
damaging than later defoliation. When defoliation exceeds 25 percent control
measures may be advisable.

Late infestations of bean leaf beetles or climbing cutworms may cause
injury to the pods and may require control.
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INSECTICIDE NEWS ITEMS IN 1970

Phillip K. Harein, extension entomologist

Pesticide residue tolerances: For the past 3 years, the USDA Pesti-

cide Regulation Division has stated that the final deadline for establishing a

finite tolerance on pesticides registered on a "no residue" or "0" tolerance

level would be December 31, 1970. However, in early November 1970, the

USDA informally agreed to extend the registration of subject pesticides be-

yond December 31, 1970, if manufacturers had presented to the Food and

Drug Administration a fully documented petition for a negligible residue

tolerance before January 1, 1971. The problem is more complex with the

transfer of these responsibilities to the Environmental Protection Agency.

Environmental Protection Agency (EPA) 

EPA will have an estimated annual budget of $1.5 billion with 8, 000

personnel and consist of the following:

1. Federal Water Quality Administration, now in the Department of

Interior.

2. National Air Pollution Control Administration, now in Health, Ed-

ucation, and Welfare (HEW).

3. Parts of the Environmental Control Administration, also now in

HEW.

4. Pesticide research and standard-setting program of the Food and

Drug Administration.

5. Pesticide registration authority of USDA.

6. Authority to perform general ecological research from the Council
of Environmental Quality.

7. Certain pesticide research authorities of the Department of Interior.

8. Environmental radiation protection standard-setting function of the

Atomic Energy Commission.

9. Functions of the Federal Radiation Council.

William D. Ruckelshaus is the director of EPA.

Memorandum of Understanding 

This is intended as an agreement between the Agricultural Research

Service (USDA) and any state relating to the use of certain pesticides con-

sidered so toxic that special restrictive labeling and registration require-

ments are necessary to protect man and the environment. Such a memoran-

dum is being considered for ethyl parathion and contains the following:
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1. Each buyer of ethyl parathion will be informed:

a. That this material is extremely toxic and must be handled with
care not only as it relates to accidental ingestion, but also in con-
nection with skin contact and inhalation.

b. Of the antidotes which should be used in the event of accidental
poisoning.

c. Of precautions concerning entering treated fields after applica-
tion per label instructions.

d. That this chemical should not be mixed with other chemicals.

e. That treated fields should be posted.

f. Of a contact point (telephone number) for their area in event of
accidental poisoning.

Z. Each dealer handling this pesticide shall be informed as outlined
above for buyers.

3. Doctors (M.D. ) through appropriate associations, should be made
aware of areas in the state where this pesticide is likely to be used.
Efforts will be made to acquaint MDs with sources of information
regarding the best procedures to be utilized to check on alleged
poisoning with this material and to encourage having such tests made.

4. The state will in cooperation with 
and pesticide manufacturers and dealers develop an education pro-
gram to be utilized in acquainting the concerned public with prob-
lems associated with the use of this chemical.

Footnotes

1. The agreement shall specify who is responsible for notifying buyers.

Z. Additional requirements should be added dependent on state laws:
e. g., if a state permit is required for buyers to obtain restrictive
registration pesticides that provision should be added.

Pesticide Safety Network

The National Agricultural Chemicals Association recently formed a
Pesticide Safety Team Network to minimize the risk of injury arising from
the accidental spillage or leakage of Class B Pesticides (toxicity of 50 mg/kg
or less, thus requiring a skull and crossbones on the label). .This network
is designed primarily to provide personnel, equipment, and expertise for the
prompt and effective cleanup of pesticides involved in major •accidents. The
Network procedure is as follows:
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Following a pesticide accident, contact Telephone Central, (513)
961-4300 in Cincinnati, Ohio. Telephone Central relays your emergency
message to the Area Coordinator who immediately communicates with the
manufacturer or producer of the pesticide involved in the accident. Togeth-
er, they decide who will handle the cleanup and decontamination of the af-
fected area. They then contact you regarding corrective measure to be
taken. If the accident is serious, a safety team is sent out by the Area Co-
ordinator.

Pesticide Disposal 

When pesticide use is restricted, it is only natural that the interested
and concerned desire to collect pesticides to avoid further contamination
problems. However, without proper transporting or disposal methods, the
results can be disastrous. Minnesota does not have the required disposal
facilities. Therefore, all pesticides are to remain stored under lock and
key by the individual user until further notice.

Accidental Poisoning Reports--1969 

The National Clearinghouse for Poison Control Centers received
116,301 poisoning reports in 1969. These did not include poisoning fatality
data nor were they total numbers of poisoning cases as many are handled_ by
private physicians or hospitals. The results showed that insecticides de-
creased from a high of 6. 1 percent of the total cases in 1959 to 2.4 percent
in 1969. Actual numbers were 1,850 in 1969; 1,858 in 1968; 2,120 in 1967;
and 1,960 in 1966.

DDT Restriction Problems

USDA and other groups have recently met to evaluate the hazards of
parathion use which is increasingly being substituted for DDT. Between 20
and 25 million pounds of parathion is produced in the U.S., of which 10 to 15
million pounds are used for domestic purposes. California, Texas, North
Carolina and other states report a significant increase in human over-expo-
sure cases compared with previous years.
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CORN ROOTWORM CONTROL IN 1970

J. A. Lofgren, extension entomologist

Rootworms made a tremendous comeback in 1970. Generally, treat-
ments were effective in reducing losses but not in eliminating all lodging.
Several reports of unsatisfactory results were received. Most of these
were due to one or more of the following reasons:

1. Poor calibration of equipment resulting in low rates of application.

2. Faulty adjustment and operation of equipment resulting in poor
placement and distribution of chemical.

3. Improper use of liquid formulations especially with liquid fertilizer
solutions.

4. High moisture conditions in some areas immediately following early
planting time treatments.

5. Very dry conditions in some areas at time of cultivation treatments.

6. Overwhelming numbers of rootworms with enough treatment surviv-
ors to cause damage.

There is no good evidence of resistance to presently suggested insecti-
cides. L. K. Cutkomp, professor, entomology, fisheries, and wildlife,
continued his monitoring on field collected beetles. This work actually indi-
cated more susceptibility in 1970 than in 1969.

LD/50s (micrograms per gram), rootworm adults from 7 counties. Lower
the number means greater the toxicity.

Northern Western

Diazinon
1968 15.5 11.3
1969 25.1 21.0
1970 6.5 8.0

Thimet
1968 8.5
1969 22.8 21.7
1970 12.5 13.5

The same trends were observed with other materials.
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Results of Field Trials 1970

1. Planter Treatments, Southwest Experiment Station, Lamberton,
Minnesota. Planted May 7. Light to moderate infestation.

Treatment

Average root rating
(1 = light damage Percent
5 = severe damage) lodged Yield 

Bux 10G 3/4 lb. 1.2 4
Dyfonate 20G 3/4 lb. 1.5 0
Furadan 10G 3/4 lb. 1.6 4
Dasanit 15G 3/4 lb. 1.8 4
Thimet 15G 1 lb. 1.9 4
Mocap 10G 3/4 lb. 1.9 2
Furadan 10G (furrow) 2.0 4
Check 2.9 26

2. Cultivation Treatment, Southwest Experiment Station. Applied June
19, Planted May 7.

Treatment
Percent

Average root rating lodged Yield 

Thimet 15G 1 lb. 1.4 8
Furadan 10G 3/4 lb. 1.5 2
Mocap 10G 3/4 lb. 1.5 4
Dasanit 15G 3/4 lb. 1.7 4
Bux 10G 3/4 lb. 1.8 4
Dyfonate 20G 3/4 lb. 1.8 18
Mocap 10G 1/2 lb. 1.9 6
Check 2.9 26

3. Planter Treatments, Rock County, D. Hengeveld Farm. Heavy In-
festation. Planted May 20.

Treatment

Furadan 10G 3/4 lb.
Dyfonate 20G 3/4 lb.
Bux 10G 3/4 lb.
Mocap 10G 3/4 lb.
Thimet 15G 1 lb.
Dasanit 15G 3/4 lb.
Check

Percent
Average root rating lodged Yield

1 . 6
1.6
2.0
2.4
2.1
2.6
4.4

0.0
1.5
0.0
6.0 •
28.5
14.0

100.0
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4. Planter Treatments--Rate and Placement Plots--Brown County.
Norman Moe Farm. Cooperators—L. Peichel, County Agent and
Niagara Chemical Division. Planted May 18.

Percent
Treatment Average root rating lodged 

Furadan 2 lb. (furrow) 1.6 0
Furadan 1 lb. (furrow) 2.2 0
Furadan 1 lb. (band) 2.2 2
Furadan 3/4 lb. (band) 2.4 3
Furadan 3/4 lb. (furrow) 3.2 6
Bux 3/4 lb. (band) 2.8 7
Diazinon 3/4 lb. (band) 4.0 14
Check 4.2 91

5. Northcentral Regional Coop. Study, 1970. Average of results from
Iowa, Kansas, Nebraska, and Ohio.

Treatment Average root rating 

Furadan 3/4 lb. 1.91 a-
1/

Bux 1 lb. 2.19 b
Dasanit 1 lb. 2.22 bc
Thimet 1 lb. 2.25 bc
Mocap 1 lb. 2.37 bcd
Dyfonate 1 lb. 2.41 cd
Diazinon 1 lb. 2.56 d
Check 3.51

1/ Treatments with the same letter are not statistically different.

Corn Rootworm Adult Survey 1970 
(from Division of Plant Industry, Minnesota Department of. Agriculture)

Total Fields Surveyed 270

Percent Fields 1st year Corn
Fields with beetles
Fields with no beetles

Percent Fields Two or
More years in Corn
Fields with beetles
Fields with no beetles

27.3 percent
32.0 percent
68. 0 percent

72:7 percent
86.0 percent
14.0 percent

Average Beetles per Acre 1969 OM OM 15,000
1970 33,000
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1970 ADULT CORN ROOTWORM SURVEY
(Beetles per Acre - 1000 s)

Courtesy, Division d Plant Industry,
Minnesota Department of Agriculture

1970 EUROPEAN CORN BORER
FALL SURVEY

(Number of Borers
per (00 plants)

Courtesy, Division of Plant Industry,
Minnesota Deportment of Agriculture

1970 CORN ROOTWORM SURVEY

%Northern
Western

Courtesy, Division of Plant Industry,
Minnesota Department d Agriculture

1970

GRASSHOPPER SURVEY

Non Economic

Light

Moderate

Abundant

Courtesy, Plant Protection Division, ARS, USDA

1970 ALFALFA WEEVIL DISTRIBUTION
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SUGGESTIONS FOR THE USE OF INSECTICIDES

TO CONTROL INSECT PESTS OF FIELD CROPS IN 1971

J. A. Lofgren, extension entomologist

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Aldrin, DDT, dieldrin, endrin, heptachlor, lindane, and

TDE (DDD) are classed as restricted-use pesticides in Minne-

sota. Dealers must have dealers' permits before they may sell

these products and farmers must have users' permits before they

can use them. The permits for specified uses are available from

the Minnesota Department of Agriculture.

To help prevent illegal residues in livestock products, it is suggested

that the restricted-use pesticides not be used for any purpose, except seed

treatment, on dairy farms. If these pesticides are used as soil treatments

on corn the crop should be harvested for grain only and dairy cattle or meat

animals being finished for slaughter should not be allowed to graze in treated

fields. Dairy men, poultry producers, and feeders should also'be sure that

purchased hay or other feed does not contain illegal residues.

If fields have received a soil treatment with a restricted use pesticide

annually for 5 or more years, at least Z years without treatment should

elapse before planting soybeans or alfalfa.

Illegal residues may also occur in root crops (potatoes, sugar beets,

carrots, etc.) grown in fields previously treated with these chemicals.

Carbaryl (Sevin), ULV malathion, and parathion are very toxic to bees.

Crops in bloom should not be treated and applications should not be made

near bee yards or when bees are present in the field to be treated.

Demeton (Systox), disulfoton (Di-Syston), mevinphos (Phosdrin),

methyl parathion, parathion, phorate (Thimet) and phosphamidon (Dimecron)

are highly toxic chemicals and should be used only by persons acquainted

with the necessary precautions for their safe use. The granular formula-

tions are less hazardous to the operator than are the liquids. Avoid inhala-

tion of dusts or vapors and contact with the skin. Follow directions on the

labels for the use of protective clothing and other safety measures.



DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Crop Insect Insecticide Dosage Limitations 
(Days before harvest)

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

methyl parathion 1/2 lb. 15 days

Imidan 1 lb. 7 days, one application per cutting

diazinon plus 1/2 lb. + 1 lb. 10 days--available as a ready-to-use mixture
methoxychlor

malathion plus 3/4 lb. + 10 days--available as a ready-to-use mixture
methoxychlor 3/4 lb.

Cut first crop early to avoid most losses. Treat when over 50 percent of plant tips
show feeding. Treat stubble if there are more than 8 larvae per square foot.

Aphids, demeton (Systox) 1/4 lb. 21 days, one application per cutting
Leafhoppers

diazinon 1/2 lb. 7 days

malathion 1 lb. No time limitations

parathion 1/4 lb. 15 days

Control aphids when thick enough to cause wilting, usually during drought

Alfalfa, Armyworm, carbaryl (Sevin) 1 1/2 lb. No time limitations
clover Cutworms

Treat when over 5 per square foot

Leafhoppers carbaryl 1 lb. No time limitations

diazinon 1/2 lb. 7 days



Crop 

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Alfalfa, Leafhoppers methoxychlor 1 lb. 7 days
clover

malathion 1 lb. No time limitations

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

carbaryl 1 lb. No limitations

diazinon 1/2 lb. 7 days

Spittlebug

Plant bugs

malathion 1 1/2 lb. or 5 days, ULV
+

0.6 lb. tec4ni- No time limitations
cal as ULV
by air'

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

methoxychlor 1 lb. 7 days

Apply on first crop when spittle masses average over one per stem

malathion +
methoxychlor

diazinon +
methoxychlor

3/4 lb. +
3/4 lb.

1/2 lb. +
1 lb.

7 days

7 days

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

ULV = ultra-low volume.
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DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Alfalfa, Plant bugs endosulfan (Thiodan) 1 lb. Do not harvest for forage or graze
clover
(For seed toxaphene 2 lb.
only)

Corn,
field

Aphids

Armyworm

Do not treat crop in bloom

malathion 1 lb. 5 days

methyl parathion 4 oz. 12 days

parathion 4 oz. 12 days

phorate (Thimet) 1 lb. Granules applied in the whorl just before tassel-
ing. Do not use if phorate was also used as
soil treatment.

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

carbaryl (Sevin) 1 to 2 lb. No limitations..-----„\

Gardona 1 to 1 1/3 lb. No limitations: for grain; 5 days for forage

toxaphene 2 lb. Do not feed stalks, leaves or husks. No limi-
tation for grain.

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



Crop 

Corn

Insect

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insecticide Dosage 

Corn rootworm Bux 1 lb.
larvae

carbofuran
(Furadan)

Dasanit

diazinon*

Dyfonate

3/4 lb.

*diazinon will perform better as
a cultivation treatment than d.s a
planting time application on early
planted corn

prophos (Mocap) 1 lb.

phorate (Thimet) 1 lb.

Treat corn following corn

Corn rootworm carbaryl 1 lb.
adults

malathion 1 lb.

malathion ULV
+

4 to 8 oz.
as technical
by air

Limitations 
(Days before harvest)

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

Cultivation time applications of materials reg-
istered for such use may be made after root-
worm eggs hatch in June. Apply at base of
stalks and cover with soil. At this time Bux,
Dasanit, diazinon and phorate are so registered.

Rates given are for 40 inch row spacing or for
13,200 feet of row

No time limitations

5 days

5 days

ULV = ultra-low volume.



Crop 

Corn

Corn

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Corn rootworm Gardona 1 lb. 5 days for forage. No limitations for grain.
adults

EPN 1/4 to 1/2 lb. 14 days

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

Cutworms aldrin* 2 lb. 1

chlordane 4 lb. ] Apply broadcast and disk in before planting

heptachlor* 2 lb.

diazinon 1 to 2 lb. Apply in 7 inch band as for rootworms at plant-
ing time

Cutworms, carbaryl 2 lb. Postemergence spray to cover approximately

webworms 12 inch band at base of plants in at least 15

trichlorfon (Dylox) 1 1/2 lb. gallons total spray per acre. Limitations
same as for armyworm, 28 days for trichlor-

toxaphene 2 lb. fon.

Apply postemergence spray when over 10 percent of the plants are infested.

European corn carbaryl 1 1/2 lb. Spray or granules, no time limitations
borer

diazinon 1 lb.

EPN 1/2 lb.

Gardona 1 lb.

Granules. No time limitations.

As spray or granules, 14 days

As spray, 5 days for forage, no time limita-
tions for grain

* Restricted use pesticide, see statement on page 37.



Crop 

Corn

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

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

Bacillus thuringiensis As labeled. No time limitations.

Treat when 50 to 75 percent of whorl leaves show shot-holing for first brood; when
egg mass count reaches 100 per 100 plants for second brood. Use granules before
tassel emergence.

Grasshoppers carbaryl 1 lb. No time limitations

diazinon 1/2 lb. No time limitations

malathion 1 lb. or 6 5 days 1
oz. tecil_nical
as Uth. u..)

1

toxaphene 1 1/2 lb. For grain only, no time limitations

Treat field margins early when 'hoppers are small.

Seed corn aldrin,* dieldrin, 1 oz, per bu. Seed treatment only. Will not control heavy
maggot heptachlor,* wireworm infestation.
Seed corn lindane, * or'
beetle diazinon
Wireworms

ULV = ultra-low volume.
*Restricted use pesticide, see page 37.



Crop 

Corn

Insect

Wireworms,
White grubs,
Webworrns,
Seed-corn mag-
gots, Seed-
corn beetles

Wireworms

Small grains Aphids

Armyworm,
Cutworms

Grasshoppers

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insecticide

aldrin*
chlordane
heptachlor*

Diazinon
Dyfonate
phorate

malathion

methyl parathion

parathion

Dosage 

2 lb.
4 lb.
2 lb.

1 to 2 lb.
1 lb.
1 lb.

1 lb.

4 oz.

4 oz.

Treatment most economical before

carbaryl (Sevin)

toxaphene

malathion

Limitations 
(Days before harvest)

Broadcast application disked in before planting.
A row treatment at half the indicated rate ap-
plied at planting time may be used.

Band on the row as for corn rootworm

No limitations

15 days

heading with over 100 aphids per foot of row.

1 to 2 lb. Do not apply after heads are visible. Higher
rate for large worms.

2 lb.

1 1/2 lb.

Use for grain only

7 days

Treat when number of worms exceeds 5 per square foot.

carbaryl 1 lb. Do not apply after heads are visible

*Restricted use pesticide, see page 37.



Crop Insect

Small grains Grasshoppers

Barley

Soybeans

Wireworms

Thrips

Bean leaf
beetle, Flea
beetles, Blister
beetles.

Cutworms,
Armyworms

Grasshoppers

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Ins ecticide

malathion

toxaphene

Dosage 

1 lb. or 0.6
lb. as te_Fhni-

' cal ULV by
air

1 1/2 lb.

Limitations 
(Days before harvest)

7 days

Use for grain only

Treat when over 8 per square yard in field or over 30 in margins.

aldrin, * dieldrin, *
heptachlor,* or
lindane*

1 oz. per bu. Seed treatment only

parathion or methyl 6 oz.
parathion by air

carbaryl (Sevin) 1 lb.

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

No limitations

Treat when defoliation exceeds 25 percent or when pod feeding is extensive

carbaryl

toxaphene

carbaryl

2 lb.

1 1/2 lb.

1 lb.

No limitations

21 days. Do not feed treated plants.

No limitations

+
ULV = ultra-low volume.

*Restricted use pesticide, see page 37.



Crop 

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Small grains Grasshoppers malathion 6 oz. tech4- 7 days
cal as ULV
by air

toxaphene 1 1/2 lb. 21 days. Do not feed treated plants.

Green clover- carbaryl 1 lb. No limitations
worm

malathion 1 lb. 7 days

Treat when defoliation exceeds 25 percent.

Leafhoppers malathion 1 lb. 7 days

Sugar beets Webworm carbaryl (Sevin) 2 lb. 14 days, tops

endosulfan (Thiodan) 1 lb. Do not feed tops

parathion 4 to 8 oz. 15 days

Cutworms

toxaphene 3 lb. 60 days, do not feed tops

trichlorfon (Dylox) 1 lb. 14 days, beets
28 days, tops

Treat when worms exceed 5 per square foot.

carbaryl 2 lb. 14 days, tops

trichlorfon 1 1/2 lb. 14 days, beets
28 days, tops

ULV = ultra-low volume.



Crop 

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Sugar beets Root maggots disulfoton (Disyston) 1 lb.

Potatoes Aphids, Flea
beetles, Leaf
hoppers

Aphids

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

phorate (Thimet) 1 lb.

diazinon 2 lb.

Dasanit 1 to 2 lb.

(Carbofuran, g-ur ad ag and Dyfonate may be registered for 1971 season.)

disulfoton (Disyston) 2 to 3 lbs.

phorate (Thimet) 2 to 3 lbs.

Row treatment in fertilizer bands at planting 1
time. 75 days. Higher rate for heavy soils.

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

demeton (Systox) 1/2 lb. 21 days

dimethoate (Cygon 1/2 lb. No limitations
. De-Fend)
endosulian (Thiodan) 1/2 to 1 lb. No limitations

malathion 3/4 lb. No limitations

oxydemetonmethyl 1/3 lb. 7 days
(Meta Systox R)

phosphamidon 3/4 lb. 7 days
(Dimecron)



Potatoes

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Cutworms carbaryl (Sevin) 2 lb. No limitations

toxaphene 2 lb. No limitations

Colorado azinphosmethyl 1/2 lb. 7 days

potato beetle (Guthion)

carbaryl 1 1/2 lb. No limitations

endosulfan 1/2 to 1 lb. No limitations

toxaphene 3/4 lb. No limitations

Flea beetles azinphosmethyl 1/2 lb. 7 days

carbaryl 1 1/2 lb. No limitations

endosulfan 1/2 to 1 lb. No limitations

naled (Dibrom) 1 lb. No limitations

phosphamidon 1/4 lb. 7 days

toxaphene 3/4 lb. No limitations

DDT* 1 lb. No limitations

Leafhoppers carbaryl 1 1/2 lb. No limitations

demeton 1/2 lb. 21 days

dimethoate 1/2 lb. No limitations

*Restricted use pesticide, see page 37.



Crop 

Potatoes

Sunflowers

Mustard,
rape seed

Wild Rice
(in paddies)

Insect 

Leafhoppers

Wireworms

White grubs,
Cutworms

Sunflower moth
larvae

Flea beetles

Diamond back
moth larvae

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insecticide

endosulfan

malathion

oxydemetonmethyl

parathion

DDT*

chlordane

phorate

chlordane

Dosage 

1/2 to 1 lb.

3/4 lb.

1/2 lb.

1/2 lb.

1 lb.

4 lb.

2 to 3 lb.

4 lb.

endosulfan (Thiodan) 1 lb.

methyl parathion 1 lb.

carbaryl (Sevin) 2 lb.

carbaryl

malathion

Wild rice worm malathion

2 lb.

2 1/2 lb.

1 to 1 1/2 lb.

Limitations 
(Days before harvest)

No limitations

No limitations

7 days

5 days

No limitations

Broadcast before planting

Band treatment at planting

_Broadcast before planting

Not more than 3 applications.
treated plants. No limitations

No more than 3 applications.
30 days before harvest.

14 days

14 days

7 days

Do not feed
on use of seeds.

5 day intervals

7 days after eggs appears in floret.
applications as needed.

Additional

*Restricted use pesticide, see page



Blue grass
(for seed)

Insect

Plant bugs
(capsus)

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insecticide

diazinon

malathion

Treat as heads

Blue grass, Meadow plant malathion
Timothy bug
(for seed)

Corn,
sweet

Armyworm

Earworm

Dosage 

1/2 lb.

3/4 lb.

Limitations 
(Days before harvest)

No limitations

No limitations

emerge when capsus bugs are detected or at first sign of silver top.

3/4 lb. No limitations

Treat at early heading stage when there is an average of two bugs per net sweep.

carbaryl

malathion

1 1/2 lb.

1 lb.

No limitations

No limitations

Treat when there are 5 worms per square foot.

carbaryl

diazinon 1 1/2 lb.

endosulfan (Thiodan) 1 1/2 lb.

Gardona

methomyl (Lannate)

1 lb.

No limitations before harvest. Highly toxic to
bees. Do not apply as dust to pollinating corn.
Avoid treating. while bees are in the field.

2 days

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

5 days, forage

1/4 to 1/2 lb. 3 days, forage. May cause injury to some
varieties.



Crop 

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Corn, sweet Corn rootworm Bux
larva

diazinon

Dyfonate

pho rate

Corn rootworm carbaryl

See under field corn

1 1/2 lb. No time limitations, see bee precautions under
adults earworm

malathion 1 lb. or 4 oz. 5 days
techrcal as
ULV

EPN 1/4 lb. 14 days

parathion 1/4 lb. 15 days

Gardona 1 lb. 5 days for forage

Cutworms, carbaryl 2 lb. No limitations
Armyworms

. toxaphene 2 lb. Do not feed or ensile treated plants

European corn carbaryl 1 to 2 lb. No time limitations; see bee precautions under
borer earworm.

diazinon 1 to 2 lb. 10 days for forage

ULV = ultra-low volume.



DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Corn, sweet European corn EPN 1/4 lb. gran- 14 days
borer ular

1/4 lb. spray

Bacillus thuringiensis As labeled

Gardona 1 lb. 5 days, forage

Wireworms aldrin, dieldrin, 1 oz. per bu. Seed treatment only
heptachlor,*
lindane," diazinon

diazinon 1 to 2 lb. ]

Dyfonate 1 lb. ] Band on the row at planting

phorate 1 lb.

Peas Aphids demeton (Systox) 1/4 lb. 21 days

diazinon 1/2 lb. 1 day feeding of vines, 4 days hay

dimethoate (Cygon) 3 oz. Do not feed or graze vines if mobile viner is
used. 21 days if stationary viner is used.

malathion

mevinphos
(Phosdrin)

1 lb. 3 days. 7 days for forage.

O. 2 lb. 1 day

*Restricted use pesticide, see page 37.



Crop 

Peas

DO NOT USE THESE RECOMMENDATIONS AFTER 1971

Insect Insecticide Dosage Limitations 
(Days before harvest)

Aphids naled (Dibrom) 1 to 2 lb. 4 days

parathion 1/4 lb. 10 days

Loopers carbaryl 1 1/2 to 2 lb. No time limitations

parathion 1/2 lb. 15 days

mevinphos 4 oz. 1 day
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LIVESTOCK AND POULTRY RECOMMENDATIONS FOR 1971

David M. Noetzel, extension entomologist

DO NOT USE AFTER 1971

Pest Host

Cattle Beef
grubs cattle

Use but one
of following
treatments
for grub con-
trol. Attempt
to treat when
animal is not
under stress.

Cattle Dairy
lice cattle

Insecticide

coumaphos
(Co-Ral)

crufomate
(Ruelene)

famphur
(Warbex)

fenthion
(Tiguvon)

ronnel
(Trolene)

(Rid-Ezy)

(Rid-Ezy)
(Steer-
Kleer)

trichlorfon
(Neguvon)

crotoxy-
phosdi-
chlorvos
(Ciodrin-
Vapona,
Ciovap)

Dosage 

0.5% spray
4% pour-on

6. 2% pour-
on in water

9. 4% pour-
on in oil

0.375% spray

13.2% pour-
on

0.199% feed
pre-mix

0.255% spray
0.051% spray

0.6% in feed

0.26% in feed

5.5% in min-
eral block

1% spray
8% pour-on

0.25%

Limitations

None.

1 oz. 6.2% or 3/4 oz. 9.4%
pour-on per 100 lb. not to ex-
ceed 8 oz. /animal.

Do not repeat application with-
in 28 days nor apply within 28
days before market.

Not after November 1st.

1 oz. /200 lbs. bodyweight (do
not exceed 4 oz.) Do not re-
peat treatment.

4 oz. per 100 lb. daily for 10
days.

1 application per season.
2 applications per season.
Do not use either within 45
days of slaughter.

0.3 lb. per 100 lbs. for 7 days.

0.3 lb. per 100 lbs. for 14
days.

For 75 days.
Do not apply ronfiel within 28
days of slaughter.

14 days before slaughter.
21 days before slaughter.

spray Do not apply oftener than once
every 7 days.
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DO NOT USE AFTER 1971

Pest Host Insecticide

Cattle Dairy crotoxy-
lice .cattle phos

(Ciodrin)

synergized
pyrethrins

rotenone

Beef carbaryl
cattle (Sevin)

coumaphos
(Co-Ral)

crotoxy-
phos
(Ciodrin)

crotoxy-

phosdi-
chlorvos
(Ciovap)

crufomate
(Ruelene)

dioxathion
(Delnav)

fenthion
(Tiguvon)

malathion

methoxy-
chlor

ron.nel
(Korlan)

Dosage 

0.25% spray
3.0% dust

Limitations

Every 14 days.

0.05% to 0.1% No time limitations.

2 lb. 5% pow-
der per 100
gallons

0.5% spray

0.25% spray
or dip

0.25% spray
or 3% dust

0.25% spray

7 days before slaughter; not
oftener than every 4 days.

5.0% pour-on]
in water

0.375% spray] 28 days before slaughter.

9.4% pour-
on in oil

0.15% pour-on Not oftener than 2 weeks

1% in oil On backrubber.

0.5% dip or 7
spray

0.5% dip or
spray

10% dust

0.25% spray
1.0% in oil

No time limitations.

8 weeks (spray).
14 days (backrubber).
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DO NOT USE AFTER 1971

Pest Host Insecticide 

Cattle Beef toxaphene
lice cattle

trichlorfon
(Neguvon)

Face Dairy coumaphos
flies cattle (Co-Ral)

Flies
(horn,
stable,
horse)
and
mos-
quitoes

crotoxy-
phos
(Ciodrin)

crotoxy-
phos
Vapona
(Ciovap)

dichlorvos

pyrethrins
+ synergist

dichlorvos

Beef _Same as
cattle for dairy

or Ciodrin

or ronnel

or toxa-
phene

Dosage 

0.5% spray
dip

0.25% spray

1% in oil

1% oil
solution

1 1/4 oil
solution

1% oil
solution

0.075% oil
solution

Limitations

28 days.

14 days.

For face rubber
(1 gallon per 20 foot cable).

Apply as mist spray daily at
not over 2 oz. per head.

0:5% baited spray. (1 teaspoon to forehead)
Once per day, morning preferable.

2% oil
solution

1% oil
solution

5% oil
solution

] On backrubbers. to permit face
] treatment.

Dairy Only limited control of horse, deer, and stable flies will be
cattle be achieved using the following treatments:

dichlorvos
(Vapona)

1% oil spray Not over 2 oz. per animal daily
as a mist.
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DO NOT USE AFTER 1971

Pest Host Insecticide

Flies Dairy
(horn, cattle
stable,
horse)
and
mos-
quitoes

crotoxy-
phos
(Ciodrin)
(or combi-
nation of
above,
Ciovap)

coumaphos
(Co-Ral)

malathion

methoxy-
chlor

synergized
pyrethrins
(may also
contain re-
pellents)

Beef carbaryl
cattle (Sevin)

coumaphos
(Co-Ral)

crotoxy-
phos
(Ciodrin)

crufomate
(Ruelene)

dioxathion
(Delnav)

Dosage 

1% oil spray

1% on back
rubbers
1% dust or as
a dust bag

4 to 5% dust

50% W. P. as
dust (1 table-
spoon)

Limitations

Not over 1 1/2 oz. per animal
daily as a mist.

At least 5 hours before milking.

Apply after milking not oftener
than 3 weeks.

0.05% to 0.1% Not over 2
as a mist.

0.5% spray

0.25% spray
1% on back-
rubbers
1% dust or as
a dust bag

1% spray
1% oil on back-
rubbers
3.0% dust in
dust bag

9.4% pour-on
solution in oil
0.375% spray
6. 2% emulsion
as pour-on

0.15% spray
or dip

1.5% in oil on
backrubbers

oz. per animal daily

7 days before slaughter; not
oftener than every 4 days.

28.days before slaughter.
Horn flies only.

Not oftener than Z weeks.
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Pest Host

Flies Beef
(horn, cattle
stable,
horse)
and mos-
quitoes

House
flies

DO NOT USE AFTER 1971

Insecticide

fenthion
(Tiguvon)

malathion

methoxy-
chlor

ronnel
(Korlan)

toxaphene

trichlorfon
(Neguvon)

Milk _pyrethrins
house
or
food
pro-
cess-
ing

Barns pyrethrins
and
animal dichlor.vos
hous-
ing naled
areas

Dosage 

1% in oil on
backrubber s

0.5% spray
2% in oil on
backrubbers
0 6% lb.
ULV

+ 
by air

0.05% spray
5 or 6% in
oil on back-
rubbers

0.5% spray

1% in oil on
backrubbers

Limitations

8 weeks before slaughter.

14 days before slaughter.

0.5% spray 28 days.

5.0% in oil on
backrubbers

1% spray

0.1% plus
synergist

14 days before slaughter.

Space spray.

I Space spray with fogger,

aerosol or mist.

ULV = ultra low volume
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DO NOT USE AFTER 1971

Pest Host Insecticide Dosage Limitations

House
flies

Poultry
mites,
lice

Barns diazinon*
and
animal
hous- naled
ing
areas dichlorvos

dimetho ate

Dimetilan
(Snip)

malathion*

ronnel
(Korlan)

chlorfen-
vinphos
(Compound
4072)

Rabon
(Gardona)

Rabon
(Gardona)
+ dichlorvos

trichlorfon
(Dipterex)

fenthion
(Baytex)

Chick- coumaphos
ens, =:":' (Co-Ral)
Tur-
keys

malathion

1.0%
0.2% bait

0.5% bait

0.5% bait

1.0% residual
spray

Fly bands

1% residual
spray
1 to 2% bait

0.5% to 1.0%
residual spray

0.5% residual I
spray

1.0% residual I
spray

1.0% + . 25%
residual
spray

1.0% bait

1.0% residual
spray

1/2% dust
0.25% spray
(1 gallon per
100 birds)

Not in poultry houses.

Hang securely so animals can-
not contact bands.

Do not use in poultry houses.
Wear clean rubber gloves and
a mask approved by USDA
when spraying for prolonged
periods.

Not in poultry houses.

0.5% spray 1
] No time limitations.

4 to 5% dust ]

* If flies are not easily killed, resistance may be_involved, newer materials
with residual effect are dim.ethoate, ronnel, Compound 4072, and Rabon.

** Note: None of these materials has residue tolerance, other than zero, on
eggs.
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DO NOT USE AFTER 1971

Pest Host Insecticide

Poultry Chick- carbaryl
mites, ens, =:":' (Sevin)
lice Tur-

keys

Sheep
Keds

Sheep coumaphos
(Co-Ral)

dioxathion
(Delnav)

diazinon

malathion

methoxy-
chlor

ronnel
(Korlan)

Mange Swine lindane
mites
(Sar-
coptic)
and
lice

malathion

Dosage 

5% dust
(1 lb. per
100 birds)

0.5% water
mist spray
(1 gallon per
100 birds)

0.25% spray
1/2% dust

0.15% spray
or dip

0.03 to 0.06%
spray or
dust

0.05% spray

0.5% spray

0.25% spray

0.06% as
spray or dip
1.0% dust

0.2% in oil
on backrub-
ber

0.06% spray
or dip

0.5% on rub-
bing devices

5 to 6% dust

Limitations

15 days.
15 days.

Not oftener than 2 weeks.

14 days.

No time limitations.

84 days.

Do not treat before animals
are 3 months old or sows with-
in 2 weeks of farrowing; must
be 30 days before slaughter,
dips 60 days. If growth rates
approach 200 pounds in 150
days, another chemical should
be used.

No time limitations.

Note: None of these materials has residue tolerance, other than zero, on
eggs.
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DO NOT USE AFTER 1971

Pest Host Insecticide

Mange Swine toxaphene
mites
(Sar-
coptic)
and
lice

Lice
only

Swine coumaphos
(Co-Ral)

carbaryl
(Sevin)

crotoxy-
phos
(Ciodrin)

crotoxy-
phosdi-
chlorvos
(Ciovap)

dioxathion
(Delnav)

methoxy-
chlor

ronnel
(Korlan)

Dosage Limitations 

0.6% spray ]
or dip

I Do not treat before animals
5% dust

] are 3 months old. 28 days.
5.0% on rub- ]
bing devices

0.25% spray

0.5% spray

0.25% spry

0.25% spray

0.15% dip
or spray

0.5% dip
or spray

0.25% spray
or dip

5% granular
to bedding at
1/2 lb. per
100 square
foot

No animals under 3 months of
age.

No oftener than once every 4
days.

] No oftener than once a week.

No oftener than once in every
2 weeks.

No time limitations.

No oftener than once in 2 weeks.

Remove from treated bedding at
least 2 weeks before slaughter.
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CROP DISEASES AND PROBLEMS IN MINNESOTA IN 1970

Herbert G. Johnson and Howard L. Bissonnette,
extension plant pathologists

CORN DISEASES

Southern Corn Leaf Blight

Cause--A new race designated "T" of the fungus Helminthosporium
maydis, an old disease of the southern states, was responsible for the
severe outbreak of Southern Corn Leaf Blight (SCLB) in 1970. This new
race was particularly virulent on hybrids that contained the Texas male
sterile cytoplasm. These two factors, together with favorable weather
conditions, caused the most serious nationwide disease of corn that we
have seen.

Source--The start of the disease in 1970 has been traced to Florida
from which it spread generally to Georgia, Alabama, Mississippi, and then
north through the central cornbelt and reached as far north as northern Min-
nesota, Wisconsin, Michigan, Ohio, New York, and into Ontario, north of
Lake Erie. To the west, it reached into eastern parts of Nebraska and South
Dakota. Apparently because of weather conditions, the early spread was
west from Georgia rather than north. However, the disease was present
over the entire eastern United States.

Earliest Infection in Minnesota--Southern Corn Leaf Blight was first
positively identified in Minnesota on August 18, 1970. However, leaves of
corn that had been preserved from late July from fields where Yellow Leaf
Blight was present indicate that traces of SCLB may have been present in
Minnesota in early July. Information from other nearby states also indicates
that SCLB could- very well have been present in Minnesota in early July. The
disease would have been present mostly in the southeast corner and along the
southern edge of the state initially.

Final Range of SCLB in Minnesota--The survey by various people and
the verification of the disease from specimens in the laboratory indicate that
the SCLB reached a northern line approximately through the western bulge of
Minnesota at Big Stone Lake and Lake Traverse and extended northeast from
there to approximately Duluth. The disease was definitely verified from a
field at Staples. Most fields south of this line had at least a trace of the dis-
ease by the end of the season.

Symptoms--Of six leaf spot diseases of corn identified in Minnesota in
1970, the SCLB can generally only be confused with Yellow Leaf Blight.
Both of these leaf spots range from about 1/4 to 1 1/2 inches long and about
1/4 of an inch wide. Most of them are about 1/2 inch long. The interior of
the spot is generally gray, tan, or brown and often there is a somewhat
brownish margin. When the infected leaf is held up to light, there is a
narrow yellow margin around the spot. Positive identification is made by
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placing infected leaves in a moist chamber. After about ten hours the sur-
face of the leaf spot is inspected with low power magnification of about 25 to
50 times. The large distinctive spores of the SCLB are readily seen if they
are present. If the leaf spots are of a size in the range of those of SCLB,
then the identification is definite. The only other disease of corn in this
area that would produce similar spores is Northern Corn Leaf Blight which
produces an extremely large spot that may range from 2 to 6 inches in length.

Severity--Surveys in Minnesota in late August showed that the great
majority of corn fields had trace to light amounts of SCLB spots on the
leaves. Rarely a field was found where the disease had killed the lower
leaves up to 2 to 3 feet above the ground and had spotted the upper leaves
rather generally. Such fields were found at widely scattered locations along
the extreme southern edge of Minnesota. The severity of these most heavily
infected fields would probably be rated no higher than medium in states to
the south of us. These most severely infected fields are believed to have
been hybrids that were the most susceptible to the disease. Other fields
near these most severely infected fields would generally be at light to trace
rating of the disease. The original spore shower over all fields in the vicin-
ity was likely very uniform.

Losses--Losses in yield and quality to the Minnesota corn crop were
estimated in August at less than 1 percent and there has been no reason to
change this estimate during the fall. Mild leaf infection by disease on most
crops does not cause a measurable yield loss. The old leaves on the lower
part of the plant were generally most heavily infected and these probably
contribute the least to final yield. Infection of the husks was found in a few
fields that had the heaviest leaf infection. Some of these were checked later
on toward harvest and the darkening of kernels from fungus infection was
rarely found. Yield losses from drought, stalk rot, lodging, ear drop, corn
borer, and root worm are believed to have been more significant in Minne-
sota than SCLB.

Corn Hybrids--The severity of the disease in Minnesota in 1970 was
not high enough to cause serious loss in even the most susceptible hybrids.
The hybrids that did have the most serious infection will likely be discarded
from planting in the 1971 crop. Estimates of corn seed supply in Minnesota
for 1971 indicate about 21 percent on normal cytoplasm, 55 percent on "T"
cytoplasm and 24 percent blends of the two. With the elimination of a few of
the most susceptible hybrids and assuming a level of disease in 1971 no
greater than 1970, we can expect little loss from SCLB in 1971.

Storing the Corn Crop--No changes are indicated in storing and han-
dling the Minnesota crop due to effects from SCLB. Harvesting problems
that were encountered in southern states apparently have not occurred in
Minnesota.

Feeding the Corn Crop--All information indicates that there is no
problem in feeding corn from infected fields. A large amount of corn from
infected fields in southern states grown in 1969 was fed to livestock and no
problems developed. Feeding trials with corn infected with the SCLB fungus
have since been run and no problems have been encountered. In the southern
states, the corn has been reduced in quality as a result of SCLB infection,
but it is safe to feed.
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Overwintering of the SCLB Fungus in Minnesota--The old field race of
the SCLB is not known to have survived the winter north of a latitude of about
southern Iowa. The overwintering ability of the new race "T" is not known,
but it is expected that it will not survive much farther north than the old field
race. Numerous tests are being run in the northern states this winter to try
to establish the overwintering ability of the fungus. The greatest interest in
overwintering of the fungus is based on its ability to survive in the field on
crop refuse. There is one instance in central Iowa of ear corn from an
SCLB-infected field that was stored in a crib. In July 1970, the corn was
shelled from this crib and a fan-shaped infection area on nearby fields was
found downwind from the crib. This indicates that the fungus survived under
the relatively dry conditions of ear corn in the crib. This makes one possi-
bility of the fungus surviving in northern areas. Another possibility involves
seed with some degree of infection in the kernels. This may be kernels with
a fungus grown into the kernels or with the fungus spores on the outside of
the kernels. Seed treatment will very likely control most of this infection
and so far research has indicated that such infection may cause seedling
blight but it has not been found to result in leaf infection.

Prospects for 1971--The elimination of the most susceptible hybrids,
both in areas to the south and in Minnesota, is expected to reduce the disease
generally. Many hybrids will be grown that have varying degrees of suscep-
tibility. If the fungus does not survive in the field, the infection can be ex-
pected to be delayed. We can expect, hoWever, that the spores will be blown
into Minnesota from areas to the south. This will result in a later infection.,
probably sometime in the middle of the summer. Minnesota weather condi-
tions in 1970 were unusually favorable for this disease. There was an ex-
tended period of above normal temperature and above normal humidity dur-
ing most of the summer. Temperature closer to normal or even below nor-
mal can be expected to reduce the amount of infection. These factors can be
expected to reduce the general level of disease in Minnesota in 1971. We
cannot be sure at this time, however, about the severity of the disease in
1971. In 1970, SCLB was at a high level and we cannot be absolutely sure
that it has reached its peak in this area.

Control of SCLB--The use of the most resistant hybrids is the basis
for control of this disease. For 1971, however, that is not enough resistant
seed for everyone to plant his total acreage with it. Other suggestions have
been made and some of these have some merit, but none is believed to be of
great importance. Sanitation, through the plowing down of corn residues, is
a sound practice in control of leaf diseases but it would have to be practiced
thoroughly over a very wide area in order to be effective. This is hardly
feasible in southern Minnesota. A good weed control program and the plant-
ing of moderate rates of seeds can give better ventilation in the crop and,
therefore, allow for drying off of free moisture on the plants following rain
and dew. Field locations with good air drainage can also reduce the length
of time of free water on the plants. SCLB, however, has been found to
cause infection with as little as six hours of free water on the plants. We
frequently have dew periods or periods following rain that exceed this.
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Yellow Leaf Blight and Eyespot of Corn

These are two new leaf spot diseases of corn that have been in the area
only 2 to 3 years. Eyespot caused damage in a few corn fields in 1968. In
1970 there was some severe loss of foliage early in the season from Yellow
Leaf Blight (YLB) in the southeast corner of Minnesota and areas to the
south. The fungi that cause these diseases overwinter very well in Minne-
sota. In 1969, some of the hybrid seed corn companies made changes. in
some of their seed corn production procedures to increase the resistance
of hybrids to YLB. This resulted in some degree of increased resistance to
SCLB also. Field sanitation, through the plowing down of corn refuse in the
fall, is a significant factor in the control of YLB and Eyespot on an individ-
ual field basis. This is true where corn follows corn. Crop rotation is also
a significant factor in the reduction of YLB and Eyespot. Continuous corn
and the use of trashy type cultural practices have many merits in corn pro-
duction and land management, but they do promote YLB and Eyespot. If
good resistance can be developed to these two diseases, then trashy type
cultural practices can be continued. YLB and Eyespot were present in Min-
nesota in 1970 but did little damage. They are favored by lower tempera-
tures than we had in 1970. Therefore, if we have average to below average
temperatures in 1971, we could have a reduction in SCLB but an increase in
YLB and Eyespot.

Northern Corn Leaf Blight

This disease was found in only trace amounts in extreme southern
Minnesota. Some farmers stated during harvest that Northern Corn Leaf
Blight had caused early killing of leaves in some fields in the southern part
of the state. This was not verified and surveys by plant pathologists indicate
that this disease was at very low trace amounts.

Rust and Holcus Leaf Spot

Corn rust and Holcus leaf spot were also identified in Minnesota corn
fields in 1970. These have always been minor diseases on the field corn
crop but they are present over the entire corn growing areas. Altogether in
1970, there were six distinct leaf spot diseases of corn..

SOYBEAN DISEASES

Phytophthora root rot was present in many fields in 1970. This dis-
ease is associated with susceptible varieties and some blends may be made
up in part of susceptible varieties. Situations of heavy soil on low ground
are generally very favorable for this root rot to develop and, even on higher
or sloping ground, the disease may develop if there has been rain for several
days. Symptoms were often very striking, with the stem.turning black from
the ground line up a few inches and then an abrupt line from black to the nor-
mal green stem. This symptom is obvious at an intermediate stage of the
disease but later on the plant will be dead and the..symptom is no longer
present. This disease is apparently present over most of the soybean grow-
ing area of Minnesota and can be expected to cause trouble on wet soil with
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susceptible varieties. If the disease has been a problem, it can be controlled

very satisfactorily by growing the resistant varieties which appear to be es-

sentially immune to the disease.

A few cases of Anthracnose disease were identified. This disease can
be confused somewhat with Phytophthora root rot because there is a darken-

ing of the lower part of the stem of the plant. However, the line between the

darkened stem and the normal green stem above is not sharp as in the case

of Phytophthora root rot and there will be scattered spots of diseased areas

higher up on the stem.

There was more than a normal amount of lodging of soybean plants in
1970 but this did not appear to be related to a particular disease infection.

Bacterial blight and brown spot, two of the most common leaf diseases,

were present but generally not severe in 1970.

There were several reports again of delayed maturity of soybean plants

in areas of fields in 1970. It has been difficult to determine the exact cause

especially when some fields show a delayed maturity of border plants or a
delayed maturity of plants within the fields with the border plants maturing

normally. Some times this may be related to disease and other times it may

be just variations in growing conditions.

ALFALFA DISEASES

Bacterial wilt, Phytophthora root rot, leaf diseases, and virus dis-

eases are the main disease problems of this crop. There was at least one

instance of severe seedling loss that was believed to have been caused by

Phytophthora root rot. In the same field, the stand was lost from both its
spring and August plantings and the few surviving plants had root symptoms

of the Phytophthora root rot disease. This loss was in a situation of heavy

soil and a prolonged period of wet conditions after emergence of the plants.

Phytophthora root rot disease has been known to cause seedling loss before

but this was an-extreme instance of the problem. In many alfalfa fields,

there are low spots where the stand has been materially reduced or even
eliminated. In the past, we have generally figured that this was from direct
water damage. With the information now on Phytophthora root rot, it's most

likely that these spots were lost from this disease in association with high

levels of soil moisture. Now that we know the disease and its symptoms, it

is fairly easy to verify this in individual situations by pulling, up the plants or

digging them out and looking for the rotted areas on tap roots that may occur

from 2 inches to 8 inches below ground line. Plants with the tap root rotted

off do not always die, but the yield of hay is materially reduced and the
plants generally show symptoms of poor production, poor growth, and some

wilting, depending upon weather conditions. Under very dry conditions, the

plants can be expected to wilt and die. Under some moist conditions, they

will probably continue to stay alive but make little growth.
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CROP DISEASES AND PROBLEMS IN MINNESOTA IN 1970
Herbert G. Johnson and Howard L. Bissonnette,

extension plant pathologists

CEREAL GRAINS

Seed Treatment--Planting good quality disease-free seed in a well-
prepared seedbed when the soil is warm and moist would eliminate the need
for most seed treatment. However, these ideal conditions usually do not oc-
cur—so seed treatment is needed to protect the seed from pathogenic organ-
isms on the seed and in the soil.

State and Federal registration for the alkyl-mercuries have been with-
drawn. Therefore, this type of seed treatment material may not be moved
inter-state. Apparently supplies of such materials on hand may be used to
treat seed. Treated seed may be moved inter-state, but not the chemical.

The phenyl mercury acetate types of seed treatment are still registered
(at this time) but it is very doubtful if they will have such registration after
January 1, 1971.

Several nonmercury chemicals for use as dusts or slurries are now
available as seed treatment fungicides. During the last few years of field
testing these new chemicals have appeared favorable. The rates of applica-
tion of these nonmercury chemicals are different from the mercury com-
pounds so be sure to check the suggested use rate on the label.

Seed treatment chemicals are also available as drill-box treatments.
When used as directed, this type of treatment is effective in preventing
damping-off and seedling blight.

Where wireworms may be a problem, the addition of a suitable insec-
ticide or combination product is desirable.

To the best of our knowledge, the barley loose smut fungicide Vitavax
will have registration for use only on barley that is being grown for seed
purposes.

An embryo test for loose smut detection may be obtained through the
State Department of Agriculture. Send about 1.pint of seed representative of
the lot to:

Division of Plant Industry
670 State Office Building
St. Paul, Minnesota 55101

There is a $5 per sample charge which should accompany the sample.
Make checks payable to the Minnesota State Treasurer.
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Leaf Spot—Cereal leaf spot diseases (Septoria leaf spot, leaf rust,

and others) are controllable with foliar applications of fungicides. The

knowledge that these diseases are present and do cause crop loss is the

first step toward eliminating such crop losses. Now that the significance

of such plant diseases is known, farmers and agribusinessmen should pro-

ceed with the business of producing these cereal crops without the benefit of

a 20 or 30 percent loss. It can and is being done.

Cereal leaf disease control with fungicides

Wheat

1st application Early heading--1/4 of
plants starting to head

2nd application 10 days after first ap-
plication

Chemicals

Rates

Method

Dithane M-45
Manzate 200
Zineb

Barley 

5 days to 1 week before
heading (head can be
felt in the boot)

10 days after first ap-
plication

Dithane M-45
Manzate 200

Spreader-sticker--3/4-1 ounce/acre

All chemicals--1 1/2-2 pounds of formula-
tion per acre each application

At present only aerial application has been worked
out. A minimum of 5 gallons of water per acre must
be applied. The aircraft must have the proper
equipment and develop a uniform spray pattern.

--

SUGAR BEETS

Cercospora Leaf Spot--This disease was light in most areas this year.

Leaf spot spraying was successful in the Crookston and Appleton areas

where the disease was most prevalent.

Fungicides!' for leaf spot contro1-
2/

Dithane M-45
Fixed coppers (Kocide 101)
Manzate 200
Polyram

2/
Benlate—
Mertect

1-1 Similar materials may be sold under different local names.

—
2/ 

Fungicide use patterns are being reviewed by the Pesticides Registration.

Division of USDA and Food and Drug. For compliance with the finite tol-

erane residue requirements, some of the fungicides on this list may lose

their registration January 1, 1971. Therefore, be sure you check such

registration before buying, selling, and using.
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POTATOES

Seed Piece Decay--Poor quality seed, poorly stored, treated improp-
erly, and planted in cold soil resulted in some very poor stands. Seed piece
decay may be caused by a variety of fungi and/or bacteria. Chemical seed
treatment along with proper seed handling will reduce the loss caused by the
seed piece decay organisms.

Good potato seed handling 

1. Before planting, warm seed at 60°-70° F. for 1 1/2-2 weeks.

2. Do not handle seed until warm.

3. Plant cut seed immediately in warm (50
o 
F.) moist soil.

4. If cut seed must be held:

a. Store in well-ventilated area for suberization at 60°-70° F. with
a relative humidN of 85 percent. Hold for 1 week; then lower
temperature to 50 -60° F.

NOTE: Acid Mercury--cannot legally be used to treat potatoes. This chem-
ical does not have registration or a tolerance established from the
USDA and FDA.

Fungicides for use on potatoes

Seed piece treatment

*captan
*maneb
*Poly ram
*zineb

Rhizoctonia
*PCNB--emulsifiable con-
centrate
(Broadcast--or in-furrow
application)

Blight and foliage disease 

Bravo
Copper (Kocide 101)

*Difolatin
*Dithane M-45
Duter
*maneb
*Manzate 200
*Polyram
*zineb

A Spreader-sticker should be used
for better distribution and retention
of the chemical if advised on label.

* The establishment of finite tolerance levels for several use patterns of
these chemicals is in the process of review by the Pesticides Regulation
Division of USDA. We expect the use as potato fungicides will be extended;
however, the extensions for use have not been granted at this time.
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The application of fungicides to potato plants with a low volume weed
sprayer will not give adequate disease protection. Likewise, dust applica-
tion with poor equipment will not protect the plant from disease. Use the
proper equipment that has been calibrated in the correct manner or don't
waste your time and money.

TURF GRASS DISEASES

Ward C. Stienstra, extension plant pathologist

Disease

Grasses
on which it

Chemical most commonly
control Occurs Remarks

Powdery Mildew Tersan 1991 Merion blue-
grass

When the white my-
celium of the fungus
is visible on the leaf

Fusarium  Blight Tersan 1991 Merion blue-
grass

Frequent watering to
prevent the lawn
from drying out

Sclerotinia Dollar Dyrene,
Spot Daconil 2787

Tersan 1991,
or Mertic

Bentgrass Disease occurs from
May to November
during cool periods

Rhizoctonia Brown Fore, Daconil Bentgrass Disease occurs dur-
Patch 2787, Dyrene ing hot and humid

July and August
weather

Typhula Snow
Mold

Tersan SP
Cab- gran

Bentgrass and
annual blue-
grass

Apply two weeks
prior to first
permanent snow

Helminthosporium Fore, Actidione- Common blue- Apply in spring and
Leaf Spot Thiram, or grasses and fall--bluegrass vari-

Daconil 2787 fescue eties resistant to the
disease: Merion and
Fylking

Leaf Smut Tersan 1991
and PCNB

Merion blue-
grass

Disease occurs dur-
ing cool weather in
the spring and fall

Stem Rust No chemical Merion blue- Keep lawn well fer-
recommended grass tilized

None of the presently available fungicides is effective against fairy
ring. However, another method of control involves removal of the sod and
sterilization of soil underneath using a soil fumigant (e. g., methyl bromide,
chloropicrin, Vapam, VPM Soil Fumigant, etc.). The manufacturer's direc-
tions must be followed carefully.
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ANOTHER LOOK AT AN OLD PROBLEM

Charles A. Simkins, extension specialist soils

Scientists have been searching many years for a way to determine the
nitrogen supplying power of soils. An estimate of this nitrogen supplying
power is important, since it is soil nitrogen, plus the nitrogen supplied by
fertilizer (giving consideration to the efficiency in which fertilizer nitrogen
is taken up by the plant) that determines the total amount of nitrogen avail-
able to the crop.

NITROGEN SUPPLYING POWER OF SOILS

The ability of a soil to supply nitrogen is influenced by: (a) total or-
ganic matter, (b) soil moisture, (c) soil temperature, (d) cropping history
and, (e) residual fertilizer nitrogen. Most mineral soils of the world do not
have sufficient nitrogen supplying powers for satisfactory yields of our culti-
vated non-legume crops. Few can supply sufficient nitrogen for even one
crop at the production potentials that are now acceptable in favorable sea-
sons with good management.

In cropping systems where legumes are grown at regular intervals,
nitrogen fixation supplements the soil supply and may meet the needs for
high crop yields provided the legume crops are good. In livestock farming
systems, manure supplements the soil nitrogen supply. On most farms
when non-legume crops are grown, supplementary nitrogen fertilizer is
necessary for high yields.

LABORATORY TESTS FOR SOIL NITROGEN

Soils tests for nitrogen include: plant tests, microbiological tests,
and chemical tests. In plant tests, the soils to be tested are cropped with a
non-legume crop on a small scale in a growth chamber or greenhouse. The
plant is harvested and the amount of nitrogen in the plant determined. This
nitrogen gives an indication of the nitrogen supplying power of the soil.

The soil sample is incubated in microbiological tests under specific
conditions of temperature and moisture and the amount of nitrate formed in
a certain period of time is determined. This nitrate rate is then related to
crop response in greenhouse and field trials.

A nitrification procedure was developed and used by Iowa State Univer-
sity for several years.

Today, biological and plant tests are not used in soil testing laborato-
ries. They are time consuming, not easily adaptive to routine soil testing
laboratories and often do not offer great advantages over chemical measure-
ments. Many of these tests, however, are still used in research studies.
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The determination of the organic matter content of the soil has been
the most widely used chemical test for determining the nitrogen supplying
power of the soil. The procedure most extensively used is based on a wet-
combustion reaction adapted to rapid routine testing. Chemical determina-
tions of the amounts of ammonium and nitrate forms of nitrogen in the soil
have also been widely used. In the past, research workers have not found a
close relation between nitrate content of soil samples and nitrogen response.
Determinations of nitrate nitrogen and ammonium nitrogen have been useful
in measuring residual amounts of nitrogen in the soil.

SUCCESS IN USE OF NITRATE TEST

During the past 10 years, North Dakota and Canadian researchers have
found a close correlation between nitrate nitrogen tests of the soil and the
response to nitrogen fertilizer use.

•Nitrogen fertilizer recommendations from North Dakota State Univer-
sity are based on nitrate nitrogen tests, stored moisture at seeding, and
probable growing season precipitation.

Nitrate-Nitrogen (NO3-N) tests are made on the top 2 feet of soil at or
near seeding time. Nitrogen fertilizer rates are based on specific yield po-
tentials.

To determine the actual nitrogen to apply, the NO3-N in the soil is
subtracted from the total nitrogen required.

Under good moisture conditions in the Red River Valley, it is estimated
that a yield of 35 to 40 bushels of wheat per acre can be obtained. This yield
will require approximately 110 pounds of nitrogen. If the nitrate-nitrogen
test shows 50 pounds of NO -N present, it will be recommended that 110
pounds minus 50 pounds or -60.pounds of nitrogen per acre be applied. North
Dakota has been zoned according to production potentials and nitrogen required
to reach these yield levels. It is recommended that the farmer test his soil
each cropping year.

South Dakota has also adopted the nitrate test as a means of adjusting
nitrogen recommendations. Nitrogen fertilizer recommendations are made
on the basis of organic matter content of the soil. These recommendations
are then adjusted based on the amount of NO

3
-N in the top 2 feet of soil.

Recent communication with South Dakota researchers indicates that they have
obtained good correlation between nitrate-nitrogen content of soil samples
taken to a depth of 2 feet and response of small grains to nitrogen fertilizer.

The use of the nitrate specific ion activity electrode for measuring
NO,-N in the soil has proven to be rapid, simple, precise, and adaptable to
rouline laboratory testing. Additionally, with new soil sampling equipment,
the ease and practicability of obtaining 2 foot samples has encouraged the
adoption of this method for determining the nitrogen supplying power of the
soil.
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RESEARCH RESULTS—UNIVERSITY OF MINNESOTA

Research data obtained by the Soils Department of the University of
Minnesota show that the nitrate soil test can be a valuable tool to measure
the residual nitrogen in Minnesota soils. Findings have not indicated that
this method can be a reliable method of estimating the nitrogen supplying
power of all soils in Minnesota.

Investigations indicate that most soils of southern Minnesota have
much greater nitrogen supplying power than a nitrate-nitrogen test at 2 feet,
or even a 4 foot depth, would indicate.

Let us look at the NO
3-N content of some continuously cropped soils of

southern Minnesota. Table 10 shows the NO1-N content of soils cropped to
corn for 11 years. The pounds of NO

3 
-N to depth of 4 feet is less than 45

pounds per acre. Yet the soil at Morris produced corn yields of 50 bushels
per acre without benefit of nitrogen fertilizer application. Similarly, the
soils at Lamberton and Waseca have consistently produced more than 70
bushels of corn per acre without benefit of additional nitrogen fertilizer.

Table 10. Pounds of NO
3
-N per acre in soils cropped to corn for 11 years

Soil Barnes Loam Webster S. Clay LeSueur S. Clay
location Morris Lamberton Waseca 
Depth pounds NO-N per acre

0-1' 16.1 5.3 29.1
1-2' 10.8 3.7 7.6
2-3' 8.0 2.6 4.4
3-4' 9.8 4.3 3.0 
Total 44.7 15.9 44.1

Studies conducted by Caldwell and Ogata from 1949 to 1952 indicate
similar NO3 -Naccumulations in a continuously cropped soil, but significantly
different levels in a fallowed soil (table 11).

Table 11. Pounds NO
3
-N per acre in Skyberg silt loam soil under various

cropping 

Cropping pattern
Depth Continuous crop Fallow 1 year 

pounds NO
3
-
•
N per acre

Fallow 2 years

0- 6" 18 290 576
6-12" 8 144 354
12-24" 6 116 288 
Total 32 550 1,218



- 74 -

Farmer samples from the Red River Valley of North Dakota analyzed
from July 1969 to June 1970 indicate a somewhat higher level of NO

3
-N for

non-fallowed soils (table 12).

Table 12. Nitrogen soil test results--Red River Valley, North Dakota--
July 1, 1969-June 30, 1970

Non-fallow
lbs. N/A 2 feet

Level 0-30 31- 60 61-100 over 100
140 fields 63 110 116 107
Percent of fields 16 28 29 27

Table 13 illustrates the high level of NO3-N often found in non-fallow
soils of the Red River Valley of Minnesota.

Table 13. Nitrogen soil test results--Red River Valley, Minnesota--1962 

Non-fallow
Fargo clay Fine sandy loam

Soil Crookston Ada 

0-1' 95.6 96.4
1-2' 59.6 37.2
2-3' 48.8 24.8
3-4' 39.6 28.4 
Total 243.6 186.8

Bearden S. C. L.
W. Polk

111.2
81.6
60.0
40.0 
292.8

A summary of nitrogen soil test results representing 133 fields in the
Red River Valley of North Dakota shows that 83 percent of the fallow fields
contained more than 100 pounds per acre of nitrate nitrogen.

MEASURING RESIDUAL NITROGEN

Of particular interest to the scientist, as well as the farmer, is the
possible accumulation of nitrogen in the soil as a result of nitrogen fertilizer
applications.

Investigations conducted by several members of the Soil Science staff
of the University of Minnesota show that the NOz-N test can serve as a good
means of measuring residual nitrogen accumula-tions. One example of this
work is shown in table 14.
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Table 14. Influence of nitrogen fertilizer applications on NO
3
-N accumula-

tion after 11 years continuous corn--Barnes S. Loam, Morris, Minnesota
Annual 0 40

11 Years 0 440
Depth  pounds NO -N per acre

240
2,640 

0- 1'
1- 2'
2- 3'
3- 4'
7- 8'
11-12'

31.5
8.8
9.4
6. 6
6. 6
17.3

43.0
10.4
9. 6
12.
18.3
22.8

205.4
.123.8
110.4
72.3
145.8
47.9

During 11 years of continuous corn at the Morris location, an applica-
tion of 40 pounds of nitrogen per acre resulted in significant increases in
corn yields. Applications exceeding 40 pounds of nitrogen per acre resulted
in little or no significant increases in corn yields. Since this excess nitro-
gen was not consumed by the corn plants, it accumulated in considerable
quantity, as indicated in the 240 pound annual application.

SUMMARY

Research findings in North Dakota, Canada, and South Dakota have
shown that the NO3 

-N content of the top 2 feet of soil is well correlated with
the nitrogen supplying power of the soil and the response to nitrogen fertili-
zer applications. The use of the nitrate specific ion activity electrode for
measuring NO,-N in the soil has proven to be accurate and adaptable to rou-
tine testing. The ease and practicability of obtaining soil samples from a
depth of 0-24 inches, with new equipment, has encouraged the adoption of
this method as a means of determining the nitrogen fertilizer needs for a
crop to be grown on a specific soil.

Research in Minnesota has shown that the use of the NO3
-N test would

be a poor indicator of the nitrogen supplying power of a large number of cul-
tivated soils of southern and central Minnesota.

Determinations, however, can serve as a means of measuring residual
nitrogen accumulations.

Investigations show that the nitrate-nitrogen soil test can be very help-
ful in estimating fertilizer nitrogen needs of soils of the Red River Valley.

FUTURE NITRATE NITROGEN TESTING—UNIVERSITY OF MINNESOTA

RED RIVER VALLEY, MINNESOTA 

Farmers in the Red River Valley of Minnesota will be encouraged to
make use of the NO

3
-N test for determining their nitrogen fertilizer needs.
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The University of Minnesota Soil Testing Laboratory will accept sam-

ples for testing which have been taken from the depth of 0-24 inches. If a

farmer wishes to obtain a complete fertility recommendation, he should sub-

mit from each field a sample taken from 0 to 6 inches, as well as a sample
taken from 0 to 24 inches. Lime, phosphorus, and potassium recommenda-

tions will be made on the 0- to 6-inch sample, while nitrogen recommenda-

tions will be made on the 0- to 24-inch sample.

Farmers from the Red River Valley who submit samples taken from

the 0-6-inch depth only, will receive nitrogen fertilizer recommendations

based on organic matter content and past cropping history.

OUTSIDE RED RIVER VALLEY, MINNESOTA

Farmers and land owners in central and southern Minnesota who wish

to obtain information on the nitrate-nitrogen buildup in their soils can take

advantage of the nitrate test offered at the University of Minnesota Soil Test-

ing Laboratory. The sample submitted for this test should be a composite

sample taken from 10 to 20 locations at a depth of 0-24 inches. This test

will not serve as a basis for making nitrogen fertilizer recommendations.
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THE PURSUIT OF HIGH CORN YIELDS

C. J. Overdahl and W. E. Fenster, extension specialists soils*

Over the past 10 years, southern Minnesota corn growers have greatly
increased fertilizer applications and, as a result, P and K soil tests are of-
ten very high.

The limiting factor in the past was usually something other than fertil-
izer. Improved weed and insect control, higher yielding hybrids, and other
factors make it possible for today's top farmer to produce considerably high-
er yields than 10 or 15 years ago. No doubt, fertilizer plays a big role in
the increased yields, but is it obtained by increasing all nutrients, or is one
nutrient chiefly responsible? Close observation would indicate that 150
bushel corn yields are produced with about the same P and K levels, espe-
cially P, that formerly produced 100 bushels. Nitrogen levels, however,
must be increased with increased yield goals.

Intensive experiments were initiated in two counties (Waseca and
Martin) to study the need for higher N, P, and K rates with high corn pro-
duction practices during 1970.

As background, we have the experience from the now terminated
longtime NPK plots at the Waseca and Morris Experiment Stations. We also
have the benefit of field trials from neighboring state colleges, as well as
close contact with corn producers in practical experiments that they were
trying.

One corn grower doing his own field studies is Edgar Urevig, manager
of the Tilney Farms at Lewisville in Watonwan County. His trials had N
rates ranging from 0 to 300, P2O5 from 0 to 200, and K,)0 rates from 0 to
320 pounds per acre. In general, it can be said that with his heavy clay
loam soil and past intensive fertilization, he found over 4 year's time that
150 pounds of N, 0 to 50 pounds of broadcast P2 

0
5 

and 0 to 80 pounds of
,

broadcast K70 did the job. All plots had starter tertilizer. Yields were as
high as 186 bushels per acre. He now intends to continue to study the plot
area with only nitrogen and annual row treatments to see if the residue from
the high broadcast P and K rates are necessary and, if so, how long the ef-
fects last. On the Tilney Farm trial plots, soil tests ranged from the mid
20's to ZOO+ on P, and from 330 to 600+ for K.

A corn growing champion in Missouri (Joy Ortloff) reports experi-
ments on fertility and soil building starting in 1956+. His story of the first
five years of soil building is as follows:

* Research from Waseca was under the direction of R. D. Frazier, soil
scientist, Waseca Experiment Station.

+ Agricultural Nitrogen News, May 1968.
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Table 15. Fertilizer treatments and related corn yields, 1956 to 1960 

Year N 
P205 

K
2
0 Yield/acre

1956 150 lbs.
1957 170 lbs.
1958 300 lbs.
1959 150 lbs.*
1960 227 lbs.

125 lbs.
135 lbs.
150 lbs.
130 lbs.
57 lbs.

120 lbs.
165 lbs.
230 lbs.
180 lbs.
12 lbs.

118 bu. corn
140 bu. corn
186 bu. corn
140 bu. corn
190 bu. corn

* 150 lbs. N applied preplant with intentions of sidedres sing an additional
150 lbs. Before corn could be sidedressed, heavy rain reduced stand.

Soil test 1956 OM low, P 13 med., K .80 low, pH 5.4
Soil test 1961 OM low, P 225 v. h., K 350 v. h., pH 5.1

In 1961, his county agent suggested he leave a check strip of 8 rows to
see how long it took to use up the residue. Table 16 shows how long the
treatments lasted and his continued success where he maintained high fertil-
ity.

Table 16. Effects of fertilizer residue compared to high treatments on sub-
sequent corn yields, 1961 to 1964

Year
Fert.

P
2
0
5 

K 0
2 

Yield/acre
Unfert. check
Yield/acre

1961 242 192 114 177 bu. corn 151 bu. corn
1962 300 205 205 219 bu. corn 146 bu. corn
1963 425 175 94 216 bu. corn 46 bu. corn
1964* 200 200 235 175 bu. corn 53 bu. corn

* Leaf miner infestation destroyed 50 percent of leaf surface before insect
could be identified and controlled.

If P and K treatments had been continued, yields probably would have
dropped off at about the same rate because of the nitrogen deficiency. From
1956 through 1964, 2,164 pounds per acre of N had been applied and 1, 561
bushels of corn removed. A bushel of corn contains about 1 pound of nitro-
gen, hence 2,164-1, 561 = 603 extra pounds of N. Since the stalks contain
more N than the grain, and the stalks were returned to the soil, much of the
600 extra pounds of N were, at least for a time, tied up in the organic form.
Milo was grown the next 2 years, with yields of 140 and 145 bushels per acre,
respectively, and the third year (1967) the field was in soybeans that yielded
65 bushels per acre. At least 400 more pounds of N were removed by these
crops. No fertilizer was applied after 1964 on any of the land.

The above arithmetic shows a N budget of about 600 pounds excess for
the 9 years of intensive farming and down to 200, 3 years later.
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On most Minnesota soils in the corn belt, we believe that some of this
excess could be avoided while still getting top yields by using rates some-
what lower than the 300 or 400 pounds per acre of N used certain years in
the Missouri trial.

The NPK experiment at Waseca and Morris showed very high yield in-
creases from 160 pounds of nitrogen annually (25 to 30 bushels annually at
Morris, and as much as 75 bushels per acre at Waseca during the latter
years of the trial). Over the 12 years, seldom was there a response to P or
K, even though soil tests were not really high and yields were as high as 160
bushels per acre at Waseca. A low rate of starter fertilizer was applied
across all plots. On a corn management study at Waseca, yields of nearly
200 bushels per acre were obtained. On these plots, nitrogen treatments of
about 150 to 200 pounds of N appeared adequate.

In the fall of 1969, we established plots at two locations to measure
feasibility rates of N, P, and K on highly productive land. Tables 17 to 20
show the 1970 yields, soil tests and tissue tests, according to N, P, and K
treatments.

Table 17. 1970 corn yields at 2 locations according to nitrogen treatments
(adequate P, K, and Zn on all plots)

lbs. /A

0
50
100
150
200
400

Martin County Waseca County

120 a
128 ab
140 c
132 bc
131 abc
135 bc

82 a
109 b
143 c
153 cd
163 d
169 d

Where letters differ at each location, yields are statistically different.

Table 18. 1970 corn yields at 2 locations according to phosphate and potash
broadcast treatments (all phosphate plots received a basic treatment of
200+0+200+20 Zn and all potash plots had 200+150+0+20 Zn)
P
2
0
5

lbs. /A

Martin Co. Waseca Co.
yields bu. /acre

K
2
0

lbs. /A

Martin Co. Waseca Co.
yields bu. /acre

0
50
100
150
200

Avg. starter
increase

155
151
162
146
145

4

133 0 156 134
136 50. 147 129
132 100 152 139
136 200 147 132
138 400 160 . 134

13 16 10

There were no significant differences in corn yields from any of the
broadcast P and K treatments.
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Table 19. 1970 soil tests of P and K and corresponding treatment one year

after application 

P
2
0
5

lbs. /A

Martin Co. Waseca Co.
lbs. /acre P

K
2
0

lbs. /A

Martin Co. Waseca Co.
lbs. /acre K

0 46 34 0 202 260
50 36 31 50 212 275
100 56 31 100 222 260
150 65 40 200 270 262
200 64 53 400 243 312

Avg. pH 7.7 6.4 6.4 6.4

Table 20. 1970 tissue tests (July) and relationship to P and K treatment 

P205
 

Martin Co. Waseca Co. K
2
0 Martin Co. Waseca Co.

lbs. /A S* NS* S NS lbs. /A S NS S NS 

0 .26 .27 .31 .30 0 1.8 1.6 1.6 1.5
50 .26 .24 .30 .31 50 1.8 1.6 1.7 1.6
100 .27 .26 .28 .26 100 1.6 1.6 1.6 1.7
150 .28 .26 .29 .29 200 1.9 1.7 1.7 1.8
200 .28 .25 .29 .31 400 1.8 1.7 2.2 2.1

* S = starter
NS = no starter

Significant yield increases from N, shown in table 17, indicate the im-

portance of high yearly treatments even when past treatments of N have been

very high. Results for one year are never conclusive, but the need for nitro-
gen is very apparent and the starter response as high as 16 bushels per acre
demonstrates the need to continue this practice even on high testing soils.

The plot work must continue for some time to best evaluate the need for
large broadcast rates of P and K.

SUMMARY

It has been our observation that most farmers when planning a higher

fertility program, increase the nutrients N, P, and K in about equal propor-

tion. Yields, no doubt, have increased considerably. Evidence from earlier
experiments in Minnesota and neighboring states indicates that the high corn

yield increases are due primarily to nitrogen and starter fertilizer. Exper-

iments where yields, tissue tests and soil tests are observed under intensive

corn production will be continued to better understand P and K broadcast
needs.



- 81 -

CATION EXCHANGE CAPACITY OF SOILS ( C. E. C. )

C.A. Simkins, John Grava, C. J. Overdahl, W. E. Fenster,
extension specialists soils

All soils contain organic matter and clay sized particles in varying
amounts. The clay particles, which are very small in size, are composed
of many layers--like miniature slices of bread stacked on each other.
These slices are held together much like a magnet holds metal.

Figure 1. Clay particles are composed of many layers. Each layer has
negative charges (-) on its surface and its edges. Plant nutrients such as
calcium, magnesium, potassium and ammonia are held on the clay layers by
these negative (-) charges.

The clay and organic matter in soil attracts and holds calcium (ca++),
magnesium (Mg++), potassium (K+), hydrogen (H+) and other elements on
their surfaces and edges. These elements all have positive charges (+).

The cation exchange capacity of a soil is a measure of the number and
quantity of these elements (mainly calcium, magnesium, potassium, and hy-
drogen) which a particular soil can attract and retain.

IMPORTANCE OF C. E. C.

The cation exchange capacity of your soil often indicates its natural
fertility and its ability to supply calcium, magnesium, and potassium for
plant growth. It is also a measure of the ability of your soil to store potas-
sium fertilizer. It can also help us determine the quantity of limestone
needed to correct soil acidity.
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Soils which have a low exchange capacity cannot store large amounts of
plant nutrients and must be fertilized more often. Such is the case with a
sandy soil which is low in organic matter and clay particles.

FERTILIZER RECOMMENDATIONS BASED ON C. E. C.

The cation exchange capacity of a soil can be determined by removing
the positively charged ions such as calcium, magnesium, potassium, and
hydrogen from the clay and organic matter of the soil. This is accomplished
by chemical means.

Some soil testing laboratories measure the cation exchange capacity
and then suggest the "ideal" proportions of calcium, magnesium, and potas-
sium that a soil should contain. The suggested proportion of nutrients is
considered to be 75 percent calcium, 10 percent magnesium and 1.7 to 5.3
percent potassium.

After a test or measurement of the cation exchange capacity has been
made, recommendations are developed which would adjust the levels of cal-
cium, magnesium and/or potassium by making additions of limestone and/or
potassium fertilizer to the soil.

This approach has worked very well in areas where the cation exchange
capacity of the soil is low and where calcium and magnesium, as well as po-
tassium, are in low supply in the soil.

C. E. C. OF MINNESOTA SOILS

In cooperation with the Minnesota Soil Conservation Service, many
known soil types have been collected and determinations made for cation ex-
change capacity. These data have proven to be valuable in assisting the soil
scientist in understanding the nutrient supplying power of Minnesota soils.
Let us make a comparison of some of our Minnesota soils. Analysis of soils
from different areas in Minnesota show a wide range in the quantities of cal-
cium, magnesium, potassium and sodium held by the soil. Table 21 shows
the relative quantities held by different soils.
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Table 21. *Units of calcium, magnesium, potassium and sodium in Minne-
sota soils

Approx.**
Soil type Units* C.E.O.

and location Calcium Magnesium Potassium Sodium total
Bearden Clay Loam
Hallock 21.1 9.5 1.1 0.5 32.2

Webster Clay Loam
Owatonna

Aastad Loam
Benson

Hubbard Loamy Sand
Elk River

Nicollet Silty Clay Loam
Gaylord

Ulen Sandy Loam
Halma

22.0 10.0 .5 .1 32.6

18.9 4.6 .3 .1 23.9

4.4 1.8 .06 .04 8.6

18.1 8.5 .4 .1 27.1

12.0 4.9 .16 .06 17.1

* For sake of simplicity, the quantity of the various elements in meq/100
grams is designated as units.

** This is an approximate figure, since there may be small amounts of hy-
drogen, ammonia and other cations present.

Each element has a different relative weight, the same as different
farm crops have different weights per bushel. The weight of each element is
shown in table 22.

Table 22. Comparative weight of various elements in which one unit or mill-.
equivalent is expzessed in pounds per acre

1 unit.or meq 100 grams
Element in the soil weighs

Calcium 400 pounds acre
Magnesium 240 pounds acre
Potassium 780 pounds acre
Sodium 460 pounds acre
Hydrogen 20 pounds acre

Using the known weight of these elements, we can calculate from a
cation exchange analysis the pounds of each element present in the soil. The
pounds per acre of calcium, magnesium, potassium and sodium found in
various soils in Minnesota is shown in table 23.
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Table 23. Pounds per acre of exchangeable calcium, magnesium, potassium

and sodium (calculated from soils shown in table 22)
Pounds per acre

Soil type Calcium Magnesium Potassium Sodium

Bearden Clay Loam 8440 2280 858 230

Webster Clay Loam 8800 2400 390 46

Aastad Loam 7560 1104 234 46

Hubbard Loamy Sand 1760 432 47 18

Nicollet Silty Clay Loam 7240 2040 312 46

Ulen Sandy Loam 4800 1176 125 28

The quantity of clay (soil particles less than 1/25000 of an inch) plus

the organic matter in the soil usually determines the cation exchange capa-

city of our soils. Scientists have found that:

Percent organic x 2 + percent clay x 0.5 = approximate C. E. C.

Thus, a soil containing 6 percent organic matter and 42 percent clay
would have a cation exchange capacity of approximately 33 meq/100 grams,

or would contain 33 total units of calcium, magnesium, potassium and/or

other elements per given quantity.

VALUE OF C. E. C. TEST FOR MINNESOTA

The use of this test as a means of making more precise fertilizer rec-

ommendations is not widely applicable in Minnesota. Why?

First: Except for the very sandy soils in Minnesota, most soils con-

tain liberal quantities of calcium and magnesium. Under these conditions,

maximum yields of crops can be obtained over a wide range of proportions of

calcium and magnesium as long as the potassium level is carefully checked

and amended if needed.

Second: Researchers in Minnesota, after many years of investigations,

have found that little or no response to potassium fertilizer is obtained when

the soil test value for exchangeable potassium is greater than 300 lbs. /acre.

This is regardless of the relative proprotions of calcium, magnesium and

potassium in the soil.

Third: The cation exchange capacity of many Minnesota soils cannot

be an absolute or definite figure. The amount of calcium, potassium and

magnesium which any test will measure will depend upon the procedure used

to measure it. Minnesota soils often contain considerable quantities of cal-

cium, magnesium and potassium which are not attached to the soil organic

matter and clay. They often interfere and cause great error in cation ex-

change determinations.
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SOIL TESTS AS A MEANS OF DETERMINING LIME
AND POTASSIUM FERTILIZER NEEDS

The carefully calibrated soil tests now employed by the University of
Minnesota Soil Testing Laboratory make it unnecessary to use the cation ex-
change capacity as a guide to fertilizer applications. The characteristics of
many Minnesota soils make cation exchange determinations unrealistic and
often worthless in determining fertilizer recommendations.

The pH and buffer tests for lime, plus the exchangeable potassium
test, have proven to be the most reliable means of assisting Minnesota farm-
ers in making decisions regarding use of lime and potassium fertilizer.
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