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FIELD CROP VARIETIES FOR 1968

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.

For 1968, Dickson barley, Corsoy soybeans, and Frontier rye have been added to the list of field crop vari-
eties recommended by the Minnesota Agricultural Experiment Station. Trophy barley, Redwood flax, and Harosoy
63 and Lindarin 63 soybeans were removed from the list.

Although many factors influence the relative efficiency and profitability of field crop production, selection of
superior varieties is extremely important. Superior varieties provide high returns for little investment. Maturity,
yielding ability, standing ability, plant height, disease resistance, winter yielding hardiness, market quality, etc., all
distinguish one variety from another. They must be considered when selecting varieties to meet a grower's needs.

Barley — Dickson was developed by the North Dakota Agricultural Experiment Station and released in 1964.
However, its status as a malting variety was not determined until 1967. This variety has now been approved by the
malting industry.

Dickson is high yielding, has good resistance to lodging and is the only variety available commercially with
good resistance to prevalent leaf spotting diseases such as net blotch and spot blotch. It is resistant to stem rust.

In 29 trials over 5 years throughout Minnesota, Dickson has yielded about the same as Larker. However, in
two-year tests at Crookston where Dickson and Larker were compared in early and late plantings, Dickson fared
considerably better than Larker with late planting.

The following results were obtained:

Variety

Larker
Dickson
Advantage for Dickson

Yield (bushels per acre) Advantage for
planted late planted late early planting

April May (bushels per acre)

60.7 30.1
62.8 43.4
2.1 13.3

30.6
19.4

While both varieties suffered considerable yield depression from late planting, Dickson yields depressed con-
siderably less than those of Larker.

Dickson produces a lower percentage of plump kernels than Larker. In 29 tests over 5 years, Larker averaged
65 percent plump kernels while Dickson averaged 42 percent.

Trophy was removed fromthe recommended list because it does not yield as well as Larker and Dickson, has
lower percentage of plump kernels than Larker, and is not as resistant to diseases as Dickson.

Soybeans — Corsoy is a new variety developed and released in 1967 by the Iowa Agricultural Experiment
Station. It is recommended for the southern maturity zone only. It matures about 9 days later than Chippewa 64,
about 2 days later than Hark, and about the same as A-100, Harosoy 63 and Lindarin 63.

In southern Minnesota tests, it has yielded 2 to 6 bushels more than other varieties of comparable maturity.
Its standing ability is comparable to other varieties of similar maturity.

Corsoy is susceptible to Phytophthora root rot. However, this disease is not common in Minnesota fields and
the increased yields more than compensate for effects of this disease. It is fairly susceptible to chlorosis, but is
slightly better than Hark in this respect.

Seed will be distributed to registered and certified seed growers in 1968 and will be available to other farmers
for 1969 planting.

Harosoy 63 and Lindarin 63 were removed from the recommended list because newer, high-yielding varieties
of the same maturity are now available.
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Rye — Frontier was developed by the Canada Department of Agriculture and released in 1965. It is a very
winter-hardy, high-yielding, medium-maturing variety. It is tall and susceptible to lodging. In 2 to 3 years of testing
at five Minnesota locations, it produced about 4.5 bushels per acre more than Caribou, another very winter-hardy
variety.

Flax — Redwood was removed from the recommended list because of its lower yield when compared to
other varieties.

Oats — No changes were made in the recommended list, but several new varieties were tested in Minnesota
for the first time in 1967. Much more data will be needed before decisions on recommendations can be made. The
following statements are based on preliminary data and are subject to modification with more testing.

Harmon was developed in Canada. It is late in maturity, below average in yield, tall with average straw strength
and low test weight.

Holden was developed in Wisconsin. It is midseason in maturity, produces good yield, has high test weight, is
medium in height and straw strength. It is similar to Garland.

Kelsey was developed in Canada, produces good yield, is late in maturity, moderately tall, has average straw
strength and below average test weight. It has considerable crown rust resistance, but is susceptible to stem rust.

Sioux was developed in Canada, is late in maturity, produces good yield, is medium in height, is below average
in straw strength and test weight. It is susceptible to crown and stem rust.

O'Brien, selected at the Iowa Experiment Station, is early in maturity, below average in yield and straw
strength, and is medium in test weight and height. It is susceptible to crown and stem rust.

Portal, developed in Wisconsin, is a midseason maturing variety, produces good yield, is medium in height and
straw strength, is good in test weight, and is moderately tall. It has some crown rust resistance, but is susceptible to
stem rust.

Seed of Harmon, Holden, and O'Brien was distributed to certified and registered seed growers in 1967.
Kelsey, Portal, and Sioux will be distributed in 1968.

VARIETAL PURITY

Recommended varieties have demonstrated superior performance compared to other varieties tested. If a
grower is to receive the benefits incorporated into these varieties, he 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 foundation seed maintained by the University
of Minnesota and known to be pure for variety. Production and processing of certified seed are supervised by the
Minnesota Crop Improvement Association.

In addition to varietal purity, certified seed must be high in germination 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.

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 wise policy is to plant certified seed purchased
from a reliable seedsman.
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RECOMMENDED VARIETIES FOR 1968

Oats   Garland, Lodi, Minhafer, Tippecanoe

Barley   Dickson, Larker, Parkland

Winter Rye  Caribou, Frontier, Elk, Pearl,
Von Lochow

Winter Wheat   Minter

Hard Red Spring Wheat  Chris, Manitou

Durum Wheat   Lakota, Wells

Millet   Turghai, Empire, White Wonder

Flax   Bolley, B5128, Summit, Windom

Soybeans   A-100, Chippewa 64, Corsoy, Flambeau,
Grant, Hark, Merit, Portage, Traverse

Sunflowers   Arrowhead, Mingren, Peredovik

Dry Peas     Century, Chancellor, Stral

Birdsfoot Trefoil   Empire

Red Clover   Dollard, Lakeland

Sweetclover   Evergreen, Goldtop

Bromegrass   Achenbach, Fischer, Lincoln

Timothy   Climax, Itasca, Lorain

Kentucky Bluegrass   Park

CHEMICALS FOR WEED CONTROL IN 1968

Gerald Miller, extension agronomist

For further information on weed control in field
crops, see University of Minnesota Extension Folder
212 Cultural and Chemical Weed Control in Field
Crops. Revised yearly.

The University of Minnesota Agricultural Experiment Station continually evaluates promising new chemicals
developed by manufacturing companies. New chemicals, mixtures of chemicals, and methods of application are
compared each year at several locations. Performance is evaluated under different weather and soil conditions
and on various weed species. Corn yields (bushels per acre) and weed growth (pounds of dry matter, per acre) are
given in Table 1. Table 2 gives average soybean yields (bushels per acre) and weed growth (pounds of dry matter
per acre). Results for each year in Tables 1 and 2 are averages from replicated trials at Morris, Lamberton, and
Waseca branch stations.

Tables 3 and 4 are comparative control ratings on common annual weeds for several herbicides used in corn
and soybeans. Relative crop tolerance is also indicated. These ratings are based on field observations. Results
will vary with soil and weather conditions.
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Table 1. Corn and weed yield comparisons with various herbicides and cultivation 

Treatment

Pounds per acre,
AI or AEa/ Corn yield, bulacrebi Weed yield, dry matter lb./acrebi
broadcast 1965 1966 1967 1965 1966 1967

Preplant, incorporated
Atrazine 3 105.5 125.9 135 552
R1910 (Sutan) 4 c/ 104.5 710

Preemergence
Atrazine 3 83.6 104.1 127.1 116 610 555
Atrazine (not cultivated)di 4 83.6 83.1 346 1732
Propachlor (Ramrod) 5 82.6 107.7 111.1 78 581 1133
Propachlor (granular) 5 82.6 98.5 348 438
CDAA (Randox) 5 83.3 100.5 420 317
Linuron (Lorox) 2 81.1 96.9 624 567
Dicamba (Banvel-D) 1 101.2 108.0 800 1366
Amiben 2 83.0 101.0 363 264
CDAA-T (Randox-T) 3 1/2 + 7 81.6 102.8 335 285

a. Atrazine + linuron 1 1/2 + 11/2 81.7 105.7 114.0 270 491 617
Atrazine + prometryne (Caparol) 11/2 + 1 1/2 82.2 119.3 227 317
Atrazine + propachlor 1 + 3 101.1 108.9 270 842
Atrazine + propachlor

(not cultivated)di 1 1/2 + 3 96.4 2369
EPTC + 2,4-D (Knoxweed) 2+ .8 85.3 99.3 114.0 439 692 1094
EPTC + 2,4-D (granular) 2 + .8 101.9 103.7 806 1337
2,4-D + propachlor
(Roundup) 1 + 3 90.8 98.8 205 949

Linuron + propachlor 1 1/2 + 3 104.4 106.9 146 1147

Postemergence
Atrazine 3 83.9 103.0 131.0 174 274 345
Atrazine + oile/ 2 103.8 131.9 169 147
Atrazine 2 99.3 129.4 539 188
Propachlor 5 120.9 593
Atrazine + propachlor + °He/ 1 + 3 126.7 222
Dicamba (Banvel-D) 1/4 97.2 1184
2,4-D 1/2 94.6 1204
Dicamba + 2,4-D 1/8 + 1/4 103.5 1106
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Preemergence + postemergenceei
Propachlor + 2,4-D 4 + 1/2 — — 113.1 — — 679

Propachlor + dicamba 4 + 1/2 — — 110.6 — — 550

Propachlor + 2,4-D + dicamba 4+ 1/4 + 1/8 — — 114.7 — — 330

Postemergence directed
Linuron + WK 1 1/2 + 0.5% 83.0 98.8 — 786 877

Dalapon (Dowpon) + 2,4-D 1 1/2 + 1/2 90.4 98.4 — 916 1221

Cypromid (Clobber) 1 1/2 88.8 97.1 — 652 799

Checks
Cultivated check 81.4 91.3 86.5 999 1851 2142

Handweeded check 89.0 95.8 132.1 11 20 0

al AI = active ingredient, AE = acid equivalent.

bl Yields are averages of three locations each year. Experimental design was a randomized complete block with three replications.

cl Blanks indicate treatment was not in experiment that year.

dl Except for the uncultivated atrazine in 1965 and 1966 and the uncultivated atrazine plus propachlor in 1967, all plots were cultivated twice.

el Oil with 1 percent emulsifier was used at 10 percent of the 17 g.p.a. spray volume or 1.7 gallons per acre.

Propachlor was applied preemergence, 2,4-D or dicamba postemergence.



Table 2. Soybean and weed yield comparisons with various herbicides and cultivation

Pounds per acre,
Al or AE'/ Soybean yields, bu./acrebi Weed yields, dry matter lbjacrebi

Treatment broadcast 1965 1966 1967 1965 1966 1967 
Preplant, incorporated

Vernolate (Vernam) 3 - 25.4 - 924
Trifluralin (Treflan) 1 26.5 35.0 27.6 104 384 378
Trifluralin (not cultivated,

30" - 40" rows) 1 24.8 21.6 - 2299 1568 -
Trifluralin (not cultivated,
6" rows) 1 - - 21.2 - 1027

Preemergence
Amiben 3 28.6 31.2 26.8 283 49 384
Amiben (not cultivated,

30" - 40" rows) 3 22.1 26.7 2535 1028
Amiben (not cultivated,
6" rows) 3 26.6 - - 1283

CDAA (Randox) 5 27.8 33.1 28.2 349 326 394
Propachlor (Ramrod) 5 27.6 34.9 27.4 177 214 562
Propachlor (granular) 5 27.1 35.6 99 241 -

oo Amiben + propachlor 1 + 3 33.8 28.7 151 95
Linuron (Lorox) 2 or 2 1/2 27.5 32.1 26.9 286 416 344
Linuron + propachlor 1 1/2 + 3 34.3 30.2 - 331 40
DCPA (Dacthal) 10 1/2 24.9 - - 608
NPA + CIPC (Alanap Plus) 4+ 2 2/3 - - 28.8 - 303
Vernolate, incorporated 3 26.5 30.7 25.6 409 602 440

Preemergence + postemergenceci
2,4-13101 1/5 21.5 1577 -
Chloroxuron (Tenoran)di 1 1/2 - - 25.5 - - 573
Propachlor + chloroxurondi 4+ 1 1/2 \ - 28.7 - 10
Propachlor + 2,4-DB 5 + 1/5 - - 25.7 - - 103

Checks ,
Cultivated check - 26.2 26.0 21.0 694 982 1217
Handweeded check 27.0 30.7 28.9 53 341 0

al AI = active ingredient, AE = acid equivalent.
bl Yields are averages of three locations each year. Experimental design was a randomized complete block with three replications at each location. Except for the uncultivated

trifluralin and amiben treatments, the plots were cultivated twice. Blanks indicate treatment was not included that year.

ci Propachlor applied preemergence, chloroxuron or 2,4-DB postemergence.

dl 0.5 percent surfactant added.



Table 3. Effectiveness on major annual weeds of herbicides used in corn
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Preemergence Postemergence
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Corn tolerance

Grasses
Giant foxtail
Green foxtail
Yellow foxtail
Barnyard grass
Crabgrass

Broadleafs
Cocklebur
Lambsquarters
Mustard
Pigweed
Ragweed
Smartweed
Velvetleaf
Wild sunflower

G GF GF F G G G

F F F GF
G GGGF
G GGGF
F F F F F
P GG GP

N N
N N
N N
N N
N N P

FNPP FP G G F

G P F P F G G G G
G NPP F G G F G
G F GF F G G G G
G P FPP G G G G
G NF P P F P G G
F NFP P F G G F
P NPPNP F G F

G —Good

F — Fair
P — Poor
N — No control

This is a general comparative control rating based
on field observations. Under unfavorable conditions
any of the herbicides may give unsatisfactory results.
With favorable conditions control may be better than
indicated.
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Table 4. Effectiveness on major annual weeds of herbicides used in soybeans 
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Soybean tolerance GF GF F F P

Grasses
Giant foxtail GF GF GF N

Green foxtail GGGF GF N

Yellow foxtail GGGF GF N

Barnyard grass GF F F GF N

Crabgrass GGGG GP N

Broadleafs
Cocklebur PNPPPPF

Lambsquarters GP P GGP P

Mustard FNP GP PP

Pigweed GF F GGP P

Ragweed GP P GNP P

Smartweed F NPF PPP

Velvetleaf FNPF PPP

Wild sunflower P NP P NNP

G — Good
F — Fair
P —Poor
N — No control

This is a general comparative control

rating based on field observations.

Under unfavorable conditions any of

the herbicides may give unsatisfactory

results. With favorable conditions

control may be better than indicated.
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CHEMICALS

Listing of some herbicides now sold in Minnesota follows. Rate of application refers to pounds of active
ingredient or acid equivalent per acre on a broadcast basis. The information given is not intended to replace label
instructions; follow label instructions closely.

CDAA (Randox)

Use — Annual grass control in corn, soybeans, and sorghum.

Rate of application — 4-5 pounds per acre.

Time of application — Preemergence.

Remarks — Irritating to skin and eyes; handle with extreme caution. Has performed better on soils high in
organic matter than on light colored soils. Do not use on sandy soils because of injury potential and lack of weed
control.

Formulation — 20-percent granular; 4 pounds per gallon liquid.

CDAA-T (Randox-T)

Use — Control of annual grasses and broad-leaved weeds in corn.

Rate of application — Approximately 3.5 pounds CDAA + 7 pounds TCBC per acre.

Time of application — Preemergence.

Remarks — Irritating to skin and eyes. Do not use on soybeans. Some cases of soil residue carryover and
damage to soybeans following corn have occurred. Has performed better on soils high in organic matter than on
light colored soils. Do not use on sandy soils because of injury potential and lack of weed control.

Formulation — 3.1 pounds CDAA plus 6.3 pounds TCBC per gallon liquid; 11.7-percent CDAA plus 23.3-
percent TCBC granular.

Atrazine

Use — Weed control in corn and sorghum and quackgrass control. Experiments in Minnesota and Wisconsin
showed atrazine to be effective in controlling quackgrass with a fall or early spring application followed by spring
plowing. Only corn can be planted following treatment. Used in mixtures with linuron or propachlor preemergence
on corn.

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

Time of application for weed control in corn and sorghum — Preemergence or preplant in corn and post-
emergence in corn and sorghum. You can apply chemical up to 3 weeks after planting. Apply it before weeds are

1 1/2 inches tall. Addition of emulsifiable oil has improved performance of postemergence atrazine sprays
on corn.

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 applications

rather than broadcast applications, and have thorough soil tillage before planting susceptible crops. Granular formu-

lations are no longer available for use on corn. Do not graze or feed treated sorghum for 60 days after application.

Formulation — 80-percent wettable powder.

Amiben

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

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. Amiben is now cleared for use on corn at 2 pounds per acre. Experiment station tests showed a definite
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injury potential to corn and erratic weed control at this rate. Severe stunting of corn occurred in some fields in
1965 following heavy rains. Do not use soybeans for forage.

Formulation — 2 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.

Rate of application — (1) Corn: lh-Ph pounds per acre preemergence in combination with equal rates of
atrazine active ingredient; Ph pounds per acre with wetting agent in postemergence directed spray applications.
(2) Soybeans: %-21/6 pounds per acre; rate is different for different soil types.

Time of application — (1) Corn: Preemergence or directed spray postemergence 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.

Barban (Carbyne)

Use — Control of wild oats in small grains, flax, and sugar beets.

Rate of application — Y4-3/8 pound on small grains and flax; 3/4-1 pound on sugar beets.

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. Time
of application is critical.

Remarks — Widely tested under farm conditions in Minnesota and North Dakota. Results were encouraging

but wild oats were not adequately controlled in many cases. Flax and small grain injury was observed in research

plots; injury on flax was most severe.

Formulation — 1 pound per gallon liquid.

Diallate (Avadex) — formerly DATC

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

Rate of application — 1 1/4 pounds per acre on barley; 11/2-2 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 application. Incorporate in preplanting

applications with disk, cultivator, or harrow to a depth of 2 inches. In postseeding applications, incorporate

chemical with two harrowings at right angles. This chemical is more promising than barban for use on flax. 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.

Triallate (Far-go) — formerly Avadex-BW or DATC-BW

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

Rate of application — 1 pound per acre on wheat; PA pounds per acre on barley.

Time of application — Postseeding (preemergence) for wheat; preplanting or postseeding for barley (post-

seeding preferred). Fall application prior to barley 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

Nil
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2-3 inches. Do not apply to a field in a ridged condition. Do not plant domestic oats where triallate was used the
previous year. This chemical irritates skin and eyes; use caution when handling.

Formulation —4 pounds per gallon liquid.

2,4-D and MCPA

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

Time of application — Postemergence. Use of 2,4-D in a preemergence application on corn is not recommended
because of erratic results and injury to corn.

Rate of application — See University of Minnesota Extension Folder 212.

Remarks — Do not graze dairy cattle for 7 days after treatment of pastures with 2,4-D.

Formulation — Liquids of various concentrations.

Dalapon

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

Rate of application — (1) Flax: 3/4 pound per acre. (2) Sugar beets: 2-3% pounds per acre. (3) Corn:
1.5 pounds per acre.

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: when corn is
8-20 inches tall.

Remarks — Use 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 competition between corn and weeds. Research work indicates that this competition may limit corn yields.

Formulation — 74-percent soluble powder.

Trifluralin (Treflan)

Use — Weed control in soybeans and dry edible beans.

Rate of application — 1/2-1 pound per acre, depending on soil type. Use low rates on coarse textured soils
and high rates on finer textured soils.

Time of application — Preplanting.

Remarks — Must be incorporated into the soil immediately after application. Proper incorporation can be
accomplished by disking field twice, once in each direction, immediately after applying chemical. Do not graze

NO. 
or feed forage from treated fields. This chemical caused soybean stand reduction in some cases.

Formulation —4 pounds per gallon liquid; 21/2-and 5-percent granular.

Propachlor (Ramrod)

Use — Annual grass control in corn and soybeans. Used in mixtures with atrazine or linuron on corn.

• Time of application — Preemergence.

Rate of application — 4-5 pounds per acre.

111111 
than CDAA but handle with caution. Caution: As of December 1967, propachlor is cleared to use on corn for

Remarks — More persistent than CDAA (Randox) and has given slightly better grass control. Less irritating

grain, seed or forage, but on soybeans for seed only. Do not use 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.
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Norea (Herban)

Use — Control of annual grasses and broad-leaved weeds in grain sorghum. Used in a mixture with atrazine
preemergence on grain sorghum and with amiben on soybeans.

Rate of application — 2.4 pounds per acre.

Time of application — Preemergence.

Formulation — 80-percent wettable powder.

Propazine

Use — Control of annual grasses and broad-leaved weeds in grain sorghum.

Rate of application — 2 pounds per acre.

Time of application — Preemergence.

Formulation — 80-percent wettable powder.

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.

Endothall

Use — Control of annual smartweed, wild buckwheat, and marsh-elder in sugar beets.

Rate of application — 3/4-1%, 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 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.

Dicamba (Banvel-D)

Use — Control of broad-leaved weeds except mustard in wheat and oats. Especially useful for controlling wild
buckwheat and smartweed in wheat and oats.

Rate of application — 1/8 pound per acre in wheat and oats.

Time of application — From 2- to 5-leaf stage of wheat and oats.

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.

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

hot
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HERBICIDE MIXTURES

Richard Behrens, professor, agronomy

The use of herbicide mixtures is not new. Mixtures of 2,4-D and 2,4,5-T have been used for brush control
for about 15 years. MCPA-TCA mixtures have been used for weed control in flax nearly as long. Dicamba and MCPA
mixtures have recently come into use on small grains. However, the rapidly growing number of herbicides has
greatly increased the combinations possible. Though many of these new herbicides are excellent, all have weak-
nesses and limitations that might be corrected if the proper mixture is developed.

Here are six possible advantages that may be gained by using combinations of herbicides rather than a single
chemical — (1) Control of a broader spectrum of weeds. (2) Consistent weed control under a wide range of weather
conditions. (3) Reduced possibility of herbicide residues in crops and soils. (4) Decreased crop injury. (5) Lower
herbicide costs. (6) Unexpected synergistic effects (increases in herbicidal effectiveness beyond that expected).

A serious drawback in developing herbicide mixtures for use in crops is that of obtaining government
registration of the use. A commercial company must be willing to go to the expense and effort of obtaining registration
for use of the herbicide mixture and to assume the liability for any problems, such as crop injury or unlawful food
residues, arising from its use. Unless a company takes the responsibility of obtaining a registration for the mixture,
there is little likelihood of it ever being registered for use.

Without registration and labeling by a company, the liabilities are assumed by the user. If he is willing to accept
these liabilities and if the herbicides have been registered individually for use on the crop, the user may legally mix
and apply the herbicide combination to the crop. However, without a label there will be little information available
to the user on the rate of each herbicide that should be used or when to apply the mixture.

A number of herbicide mixtures are registered and are being used in Minnesota crops. These are listed in
Extension Folder 212. Several new promising mixtures for use in corn and soybeans are now being evaluated.
Atrazine-propachlor (Ramrod) and linuron (Lorox)-propachlor (Ramrod) have just recently been cleared for use in
corn. Most of the new mixtures being examined for use in corn contain either atrazine or propachlor. Many of the
mixtures being examined for use in soybeans contain propachlor, though amiben and linuron are being used in mixtures
also.

A great deal of study is now under way to discover useful herbicide mixtures. The number of possible

1110 
combinations is very great so careful thought is necessary in selecting the mixtures that are most likely to give good
results. Improved herbicide treatments for Minnesota crops are almost certain to arise from these studies.

11110 
From Agricultural Pesticide Short Course, University of Minnesota, January 1967.

CONTROLLING PESTICIDE DRIFT

Gerald Miller, extension agronomist

PP The Drift Problem

Pesticide drift is the movement of a pesticide to areas other than the intended area of application.

P PI 
There are two kinds of drift — (1) Spray or dust particles. Particle drift occurs at the time of application when

small spray droplets or dust particles are carried by air movement from the site of application. (2) Vapor drift.
Movement of pesticide fumes from the site of application when the pesticide evaporates. These vapors move by

PI diffusion or air movement.

Pesticide drift may present a hazard by harming sensitive crops, ornamentals, gardens, livestock, wildlife,
or people. Bodies of water, streams or buildings may be contaminated. Drift onto crops could result in an illegal
residue if the residue on the crop exceeds the level for which tolerances have been established or if no tolerance
has been set. Poor performance could result if excessive drift occurs resulting in too low rate of application.
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Factors Affecting and Techniques for Controlling Drift

More potent chemicals are a great drift hazard because small amounts can result in problems. A fraction of an
ounce per acre of herbicides such as 2,4-D, dicamba, and picloram may affect sensitive crops. Some chemicals
volatilize rapidly, but others do not volatilize fast enough to build up injurious concentrations.

Vapor drift can be avoided by using relatively nonvolatile formulations. Low volatile 2,4-D formulations
reduce the vapor drift hazard. Dusts drift more readily than sprays. Measurements of drift from aerial
applications showed from 5 to 100 times more drift from dusts than sprays at distances of 100 feet to 1/2 mile
from the flight pattern.

Larger particles or drops have less drift potential than smaller particles or drops, but consideration must
also be given to adequate coverage.

Distance water droplets drift while falling 10 feet, 3 m.p.h. wind:

Droplet diameter,
microns* Classification

Drift
Feet

30 cloud 500
100 mist 50
200 drizzle 16
500 light rain 7

* 1 micron.= 1/25000 inch •

Spray nozzles produce a wide range of droplet sizes. Thickened sprays are coming into use to increase the
percent of large droplets. However, thickened sprays do not completely eliminate the fine droplets. Application
techniques and precautions are still important in applying thickened sprays to reduce drift problems.

Droplets of emulsions by size class from fixed-wing aircraft:

Emulsion
0-150

Droplet size class (microns)
150-300 300-450 

— -- — — — — — Percent — —
450-900

Standard 37 43 14 6
Invert, 450* 10 45 2/ 21
Invert, 150* 15 51 21 13

* Orientation of nozzles back from the vertical position.

Effect of thickening agents on spray drift:

Spray Drift as % of the water solution spray

Water 100.0
Inverted emulsion 40.9
Hydroxyethylcellulose 9.4
Particulate .9

"Lighter" particles tend to stay airborne longer and therefore, drift farther. Oil droplets are lighter than
water droplets. The specific gravity or density of particles has definite bearing on the drift.

After spray drops are released, evaporation reduces their size which tends to keep the drops suspended
longer. Water evaporates more rapidly than oils (e.g. 35 times as fast as diesel fuel). Small droplets may completely
evaporate before they reach the ground.
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Lifetime of water droplets, 40% relative humidity, 59°F.:

Initial diameter Life Time to fall

microns seconds 20 feet, sec.

50 4 - *

100 16 20+

200 63 10

* Drop will only survive about 1 foot of the free fall.

+ Evaporation would decrease size and rate of fall so drop would not reach ground.

SPRAY EQUIPMENT AND APPLICATION TECHNIQUES

Nozzles and pressure

Nozzles are designed to convert spray liquids into droplets and distribute them in a uniform pattern. Nozzle

construction plus the pressure of operation determine the size and uniformity in size of the droplets.

At low pressures the liquid escapes from the nozzle tip as a liquid film. As the film expands it forms

droplets at the outer edge based on surface tension of the liquid. As pressures increase droplet formation occurs

closer to the nozzle tip with the formation of smaller droplets. At high pressures droplets are formed directly from

the nozzle tip as a result of escape from hydraulic force. Under high pressures droplets may be of a fog and mist size,

creating a drift hazard.

Most nozzles have a relatively low pressure which permits droplet formation as a result of surface tension.

If nozzles are operated at this pressure, there will be a minimum amount of mist size droplets to cause spray drift.

Large nozzles can be used at low pressure to deliver the same gallons per acre as small nozzles at high pressure.

The distance and thus the time required for droplets to reach the ground are directly affected by

height of release. Wind velocities are usually lower close to the ground. Sprays should be released as near the

vegetation or soil surface as will permit adequate coverage. Using drop nozzles to release the spray below the crop

canopy will minimize drift.

Weather

Horizontal and vertical air movements are considerations. In general, air is least turbulent just before sunrise,

and secondly just after sunset and on through the night. Air is usually most gusty and turbulent between 2 and 4 p.m.

Differences between temperatures at ground level and of higher air determine the amount of air turbulence.

Normal daytime heating of the soil causes the air near the soil surface to be warmer than the air above. The warm ,

air at the lower levels rises setting up air currents. The temperature differential is usually least during early morning

or late evening, thus the calmer conditions. As the temperature differential increases, air currents may carry

particles for long distances. Avoid application when this condition exists.

If the air near the soil surface is cooler than the air above (an "inversion" condition), the warm air above

remains on top and no vertical mixing can take place. Low wind conditions with a high inversion (ground air 2 to 5

degrees cooler than the air above) may cause the smallest spray drops or dust particles to remain suspended in the

layer of cold undisturbed air and eventually move out of the area. Avoid application under this condition.

Temperature

High temperatures increase losses of volatile herbicides. The carbamates, dinitro compounds, and high volatile

esters of 2,4-D, 2,4,5-T and other phenoxy compounds volatilize rapidly at temperatures above 80 degrees. At

temperatures above 90 degrees, even the low-volatile esters of 2,4-D and other phenoxy compounds become

significantly volatile. Higher temperatures increase the rate of evaporation from spray droplets resulting in the

droplets staying airborne longer.

Humidity

The relative humidity affects the rate of evaporation from spray drops, the rate being faster at low relative

humidities. Temperature, humidity, and moisture conditions indirectly affect the potential for drift effects on

crops by affecting the susceptibility of the crop to the herbicide. Crops are generally more susceptible to injury

under favorable growing conditions. But favorable growing conditions following herbicide effects may promote

recovery.
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Microweather effects on drift:

Temperature
difference

Wind speed Temperature °F at 32 feet Relative
at 8 feet at 8 feet minus humidity
m.p.h. oF. °F. at 8 feet Percent

3 - 5
2 - 3

8-10

70 - 95 0 20 - 50 Best weather for application

70- 100 +2 to +5 40 - 50 Calm, cool surface air, strong
inversion, drift 3 to 10 times
best conditions

70- 110 0 to -5 20 - 40 Windy, turbulent drift 3 to 6
times best conditions

SUMMARY OF PESTICIDE DRIFT CONTROL

Pesticide drift control should be a consideration in every pesticide application. Severe problems can be avoided

by giving proper attention to chemical formulations, equipment and weather considerations. To reduce drift:

1. Use low volatile formulations.

2. Use low pressure.

3. Use large nozzles.

4. Use high volume.

5. Release spray near crop or soil surface.

6. Avoid spraying at high temperatures.

7. Spray when wind is low and blowing away from sensitive crops or areas that should not be contaminated.
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WEED CONTROL

IN

CORN AND SOYBEANS DEMONSTRATION AND RESEARCH RESULTS 1967

Oliver Strand and Gerald Miller, extension agronomists;
Richard Behrens, professor, agronomy

This report summarizes data obtained by Minnesota county agricultural agents from county demonstration
plots and results from University of Minnesota research. Information may assist in evaluation of herbicide performance
in a large number of trials over a range of soil types and weather conditions. But for information on specific
herbicides, rates, and uses, refer to University of Minnesota Extension Folder 212.

Weed control demonstration kits for use in corn and soybeans are available each year to Minnesota county
agricultural agents. The kits include: (1) several chemicals in quantities sufficient to treat 1/100—acre plots,
(2) rain gage, (3) instructions for plot layout, chemical application, and evaluation sheets, (4) rainfall record
sheets, and (5) signs for labeling individual plots.

Most chemicals in the demonstration were applied preemergence. Exceptions were an early postemergence
(before weeds were Ph inches tall) application of atrazine and a mixture of atrazine plus oil. Another exception
was trifluralin (Treflan) on soybeans which was applied before planting and disked in. A series of combination
treatments on corn with propachlor (Ramrod) applied preemergence and 2,4—D, dicamba and a mixture of
2,4—D plus dicamba applied postemergence was another exception. Finally, two combination treatments were
applied to soybeans with propachlor applied preemergence and 2,4—DB and chloroxuron (Tenoran) applied
postemergence. Sprays were applied with a knapsack sprayer; granules were mixed with inert granules and spread
by hand.

Plots were placed across crop rows. The length of plots was the distance across eight crop rows. The width was
adjusted to compensate for row width so that each plot covered 1/100 acre. One—half of each plot was cultivated;
the other half was left uncultivated. Check plots (no chemical applied) were left in each trial.

Weed control was evaluated about 5 weeks after preemergence chemicals were applied and near the end of
the growing season. 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.

Table 1 summarizes early evaluations of herbicides that have been in demonstrations for the past several
years. Early evaluations in 1967 are summarized in tables 2 and 3; crop injury reports for 1967 are presented in
table 4. Late evaluations are summarized in tables 5 and 6. Evaluations are given for both cultivated and uncultivated
plots. Corn yields for the replicated plots are compared in table 7.

The first 3 weeks' average rainfall, after preemergence herbicides were applied, was 3.0 inches for corn and
4.9 inches for soybeans. A range' of 0.1 to 9.4 inches of rain was reported for the 36 demonstration locations.
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Table 1. Weed control demonstration results, several year summary, early evaluations, uncultivated

Chemical*

Pounds per Years Number of trials Percent of trials in each class

acre, A.I. or in Broad-leaved  Grasses Broad-leaved weeds

A.E. broadcast** trial Grasses weeds Good Fair Poor Good Fair Poor

corn

CDAA, gran. (Randox) 4 1959-64 333 313 40 35 25 11 26 63

CDAA, gran. (Randox) 5 1963-66 252 236 48 30 22 15 21 64

CDAA-T, gran. (Randox-T) 3 1/2 + 7 1960-66 417 397 48 33 19 46 31 23

Atrazine 2 1960-64 294 274 54 27 19 68 20 12

Atrazine , 3 1959-67 513 489 76 16 8 85 9 6

Atrazine, post 3 1961-67 398 374 73 14 13 87 7 6

Linuron (Lorox) 2 1963-65 189 179 52 26 22 61 21 18

Atrazine + prometryne 1 1/2 +
(Caparol) 1 1/2 1964-65 130 125 73 19 8 81 10 9

EPTC + 2,4-D 2 + 0.8 1964-65 131 127 21 31 48 34 31 35

Propachlor, gran. (Ramrod) 5 1965-66 123 119 73 19 8 41 29 30

Propachlor (Ramrod) 5 1965-67 180 176 75 17 8 39 31 30

c) Atrazine + linuron 1 1/2 + 1 1/2 1965-67 179 174 74 16 10 85 9 6c,)

Amiben 2 1965-66 124 122 49 27 24 51 25 24

Atrazine + oil 2 + 10% 1966-67 121 120 93 3 4 91 6 3

2,4-D post 1/2 1966 58 59 5 3 92 58 22 20

Dicamba (Banvel-D) 1 1966-67 119 117 19 20 61 63 17 20

Dicamba, post (Banvel-D) 1/4 1966 62 60 14 5 81 72 10 18

soybeans

CDAA, gran. (Randox) 4 1959-64 219 199 54 29 17 15 27 58

CDAA, gran. (Randox) 5 1963-67 185 168 58 30 12 22 26 52

Amiben 2 1963-66 149 137 54 27 19 56 25 19

Amiben 3 1959-67 319 310 71 19 10. 72 19 9

Linuron (Lorox) 2 1962-67 232 227 50 ' 26 24 63 19 18

Vernolate (Vernam) 3 1965-66 61 58 40 16 44 33 19 48

Trifluralin (Treflan) 1 1965-67 68 64 79 18 3 59 25 16

Propachlor, gran. (Ramrod) 5 1965-66 65 61 80 14 6 41 33 26

Propachlor (Ramrod) 5 1965-67 100 96 75 18 7 43 36 21

* Applied preemergence unless otherwise designated
** = active ingredient; A.E. = acid equivalent
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Table 2. Weed control demonstration results, 1967 summary, early evaluations, uncultivated

Chemical*

Pounds
per acre,

A.I. or A.E.***
broadcast

Number of trials
Broad-
leaved

Grasses weeds

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

Under
50%

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

Over
50-75% 75-95% 95%

Atrazine, early post
Atrazine + oil, early post
Atrazine
Atrazine + linuron
Propachlor (Ramrod)
Dicamba (Banvel-D)
Propachlor + 2,4-D**
Propachlor + dicamba**
Propachlor + 2,4-D +
dicamba **

Atrazine + propachlor

Linuron (Lorox)
CDAA (Randox) gran.
Propachlor (Ramrod)
Amiben .
Trifluralin (Treflan)
DCPA (Dacthal)
Propachlor + chloroxuron**
Propachlor + 2,4-DB**

3
2 + 10%
3

1 1/2 + 1 1/2
5
1

4 + 1/2
4 + 1/4
4 + 1/4 +

1/8
1 1/2 + 3

2
5
5
3
1

10 1/2
4 + 1 1/2
4 + 1/5

57
58
57
57
58
56
58
57

56
57
57
56
57
55
57
56

56 55
57 57

35
35
35
35
24
35
34
24

34
33
34
33
23
34
32
23

corn
0
0
1.8
8.8
10.3
66.1
3.4
7.0

8.8
3.4
12.3
22.8
19.0
23.2
32.8
26.3

52.6
25.9
61.4
43.9
50.0
7.2

51.7
54.4

38.6
70.7
24.6
24.6
20.7
3.6
12.1
12.3

1.8
1.8
3.5
7.1

35.1
.21.8
12.3
17.9

3.6
5.3
5.3
5.4

26.3
21.8
24.6
12.5

30.3
12.3
40.3
42.9
31.6
38.1
49.1
51.8

64.3
80.7
50.9
44.6
7.0
18.2
14.0
17.9

3.6 33.9 46.4 16.1 10.9 16.4 41.8 30.9
7.0 26.3 40.4 26.3 3.5 17.5 40.4 38.6

soybeans
25.7
22.9
8.6

22.9
4.2
28.6
11.8
25.0

25.7
22.9
17.1
25.7
25.0
14.3
20.6
12.5

37.1
45.7
45.7
40.0
62.5
45.7
35.3
41.7

11.4
8.6

28.6
11.4
8.3
11.4
32.4
20,8

14.7
60.6
17.6
12.1
21.7
32.4
6.3
17.4

20.6
15.2
41.2
33.3
30.4
23.5
15.6
34.8

38.2
24.2 0
32.4
39.4
47.8 0
32.3
59.4
26.0

26.5

8.8
15.2

11.8
18.8
21.7

* All applied preemergence unless otherwise designated except for trifluralin which was applied preplant
** Combination treatments so designated in which propachlor was applied preemergence and 2,4-D, dicamba, 2,4-DB, or chloroxuron (Tenoran) was applied postemergence
*** A.L =active ingredient; A.E. = acid equivalent



Table 3. Weed control demonstration results, 1967 summary, early evaluations, cultivated

Chemical*

Pounds Number of trials Percent of trials with each degree of control
per acre, Broad- Grasses Broad-leaved weeds

A.I. or A.E.*** leaved Under Over Under Over
broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95%

corn
Atrazine, early post 3 45 44 0 2.2 42.3 55.6 0 2.3 27.3 70.5
Atrazine + oil, early post 2 + 10% 46 45 0 0 19.6 80.4 0 2.2 17.8 80.0
Atrazine 3 46 45 0 4.3 52.1 43.5 2.2 2.2 35.5 60.0
Atrazine + linuron 1 1/2 +

1 1/2 45 44 0 6.7 55.5 37.8 0 4.5 45.4 50.0
Propachlor (Ramrod) 5 •46 45 8.7 17.4 47.8 26.1 20.0 24.4 46.6 8.9
Dicamba (Banvel-D) 1 . 44 43 40.9 34.1 20.5 4.5 16.3 16.3 39.6 27.9
Propachlor + 2,4-D** 4 + 1/2 46 45 2.2 17.4 60.9 19.6 6.7 20.0 40.0 33.3
Propachlor + dicamba** 4+ 1/4 45 44 4.4 20.0 55.6 20.0 11.4 9.1 43.2 36.4

IN.) Propachlor + 2,4-D + 4 + 1/4 +
dicamba (Banvel-D)** 1/8 44 43 2.3 20.5 54.5 22.7 7.0 9.3 39.6 44.2

Atrazine + propachlor 1 1/2 + 3 45 42 2.2 20.0 44.5 33.3 0 11.9 40.4 47.6

soybeans
Linuron (Lorox) 2 26 25 15.4 19.2 46.1 19.2 8.0 16.0 44.0 32.0
CDAA (Randox) gran. 5 27 24 7.4 14.8 48.1 29.6 33.3 25.0 29.2 12.5
Propachlor (Ramrod) 5 27 26 0 14.8 48.1 37.0 11.5 26.9 50.0 11.5
Amiben 3 26 25 11.5 23.1 46.2 19.2 8.0 28.0 40.0 24.0
Trifluralin (Treflan) 1 19 18 0 21.1 36.9 42.1 16.7 27.8 38.9 16.7
DCPA (Dacthal) 10 1/2 25 25 16.0 8.0 48.0 28.0 12.0 36.0 28.0 24.0
Propachlor + chloroxuron

(Tenoran)** 4+ 11/2 26 26 3.8 19.2 34.6 42.3 7.7 15.4 38.4 38.5
Propachlor + 2,4-DB** 4 + 1/5 19 18 15.8 21.1 36.9 26.3 11.1 38.9 33.4 16.7

* All applied preemergence unless otherwise designated except for trifluralin which was preplant
** Combination treatments so designated in which propachlor was applied preemergence and 2,4-D, dicamba, 2,4-DB, or chloroxuron (Tenoran) was applied postemergence
*** A.I. = active ingredient; A.E. = acid equiralent



Table 4. Weed control demonstration results, 1967 summary, symptoms of crop injury, early evaluation

Chemical*

Pounds per
acre, A.I. or

A.E. broadcast**

Number of trials reported
in each injury category

Slight Moderate Severe

corn (57 trials)
Atrazine 3
Atrazine, early postemergence 3
Atrazine + oil, postemergence 2 + 10%
Atrazine + linuron (Lorox) 1 1/2 +

1 1/2
Atrazine + Propachlor (Ramrod) 1 1/2 + 3
Propachlor (Ramrod) 5
Dicamba (Banvel-D) 1
Propachlor + 2,4-D postemergence 4 + 1/2

r\.) Propachlor + Dicamba, postemergence 4 + 1/4
Propachlor + 2,4-D + Dicamba, 4 + 1/4 +
postemergence 1/8

soybeans (33 trials)
Amiben 3
CDAA (Randox) 5
Propachlor (Ramrod) 5
DCPA (Dacthal) 10 1/2
Linuron (Lorox) 2
Trifluralin (Treflan) 1
Propachlor + Chloroxuron (Tenoran)
postemergence 4 + 1 1/2

Propachlor + 2,4-DB postemergence 4 + 1/5

1
1

10

5

1
7
2
2

4

2
1
3
3
3

7
3

1
5

6
1
1

2

10
1 1

* Applied preemergence unless otherwise designated except trifluralin which was applied preplant
** A.I. = active ingredient; A.E. = acid equivalent
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Table 5. Weed control demonstration results, 1967 summary, late evaluation, cultivated

Chemical*

Pounds
per acre,

A.I. or A.E.***
broadcast

Number of trials
Broad-
leaved

Grasses weeds

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

Under
50%

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

Over
50-75% 75-95% 95%

Atrazine, early post
Atrazine + oil, early post
Atrazine
Atrazine + linuron
(Lorox)
Propachlor (Ramrod)
Dicamba (Banvel-D)
Propachlor + 2,4-D**
Propachlor -t dicamba**
Propachlor + 2,4-D +
dicamba**

Atrazine + propachlor
(Ramrod)

Linuron (Lorox)
CDAA (Randox) granular
Propachlor (Ramrod)
Amiben
Trifluralin (Treflan),
preplant
DCPA (Dacthal)
Propachlor + chloroxuron
(Tenoran)**
Propachlor + 2,4-DB**

3 21 20
2 + 10% 22 21

3 22 21

1 1/2 + 1 1/2 21 20
5 22 20
1 22 21

4 + 1/2 22 21
4 + 1/4 21 20

4 + 1/4 + 1/8 21 20

1 1/2 + 3 21 21

2 12 11
5 12 11
5 12 11
3 12 11

1 9 8
10 1/2 12 11

4 + 1 1/2 11 10
4 + 1/5 12 11

corn
0
0
0

5 24 71 0
0 18 82 0
5 50 45 0

0 24 38 38 0
18 18 27 37 20
27 50 18 5 5
4 23 64 9 5
10 19 52 19 0

5

0

soybeans

17
25
8
8

28 43 24 0

33 43 24 0

33 25 25 18
8 50 17 27
8 50 34 9
25 25 42 0

0 0 67 33 12
8 33 34 25 9

0 27 36 37 0
17 17 41 25 0

20
45
24
24
10

45
29
52

40
25
62
57
70

55
71
48

40
10
9
14
20

20 65 15

14 48 38

9
9
9
18

27
55
55
46

46
9
27
36

13 50 25
46 27 18

10 50 40
9 64 27

* All applied preemergence unless otherwise designated
** Combination treatments in which propachlor was applied preemergence and 2,4-D, dicamba, 2,4-DB, or chloroxuron was applied postemergence
*** A.I. = active ingredient; A.E. = acid equivalent.
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Table 6. Weed control demonstration results, 1967 summary, late evaluation, uncultivated

Chemical*

Pounds Number of trials Percent of trials with each degree of control
per acre, Broad- Grasses  Broad-leaved weeds

A.I. or A.E.*** leaved Under Over Under Over
broadcast Grasses weeds 50% 50-75% 75-95% 95% 50% 50-75% 75-95% 95%

corn
Atrazine, early post 3 28 27 4 11 46 39 0 7 41 52
Atrazine + oil, early post 2 + 10% 29 28 0 7 45 48 0 4 36 60
Atrazine 3 29 27 3 24 52 21 0 11 48 41
Atrazine + linuron
(Lorox) 1 1/2 + 1 1/2 28 27 18 32 25 25 8 26 33 33
Propachlor (Ramrod) 5 29 28 20 21 45 14 46 22 21 11
Dicamba (Banvel-D) 1 28 27 75 11 10 

2
4 . 15 37 44 4

Propachlor + 2,4-D** 4 + 1/2 29 28 24 35 24 17 14 25 39 22
Propachlor + dicamba** 4 + 1/4 28 27 32 14 40 14 15 15 48 22
Propachlor + 2,4-D +

t..)v., dicamba** 4+ 1/4+ 1/8 28 27 32 21 29 18 7 15 45 33
Atrazine + propachlor
(Ramrod) 1 1/2 + 3 29 28 27 21 31 21 18 11 46 25

soybeans
Linuron (Lorox) 2 16 15 50 25 6 19 40 20 7 33
CDAA (Randox), granular 5 16 14 37 13 31 19 50 36 14 0
Propachlor (Ramrod) 5 16 15 25 12 44 19 27 33 40 0
Amiben . 3 16 15 19 19 56 6 7 40 40 13
Trifluralin (Treflan),
preplant 1 11 10 0 18 64 18 20 50 20 10
DCPA (Dacthal) 10 1/2 16 15 25 25 44 6 67 7 20 6
Propachlor + chloroxuron 15 14 27 20 33 20 7 29 43 21
(Tenoran)** 4+ 11/2
Propachlor + 2,4-DB** 4 + 1/5 16 15 37 13 50 0 27 33 20 20

* All applied preemergence unless otherwise designated
** Combination treatments in which propachlor was applied preemergence and 2,4-D, dicamba, 2,4-DB, or chloroxuron was applied postemergence
*** A.I. = active ingredient; A.E. = acid equivalent



Table 7. Corn yields in county weed control trials, Minnesota

Chemical*

Yield, bushels per acre**
Pounds Cultivated Uncultivated
per acre 1965 1966 1967 Av. 1965 1966 1967 Av.

Atrazine, early postemergence 3 102 124 102 109 99 114 100 104
Atrazine + oil,
early postemergence 2 + 2 gal 124 106 115 121 112 116

Atrazine 3 108 129 102 113 104 114 94 104
Atrazine + linuron
(Lorox) 1 1/2 + 1 1/2 104 126 97 109 102 114 95 104
CDAA, granular (Randox) 5 100 115 - 108 83 86 84
Propachlor, granular (Ramrod) 5 97 119 108 93 100 96
Propachlor, W.P. (Ramrod) 5 102 121 92 105 96 103 86 95
CDAA-T, granular (Randox-T) 3 1/2 + 7 103 121 - 112 90 100 - 95
Amiben 2 96 118 - 107 83 104 - 94
Dicamba (Banvel-D) 1 117 73 95 - 94 80 87
EPTC + 2,4-D (Knoxweed) 2 + 4/5 98 - 83 - - -
2,4-D, postemergence 1/2 - 110 - 77 - -
Dicamba (Banvel-D) postemergence 1/4 - 111 - - 81
Atrazine + propachlor (Ramrod) 1 1/2 + 3 - 96 - 97
Propachlor, preemergence +
2,4-D postemergence 4 + 1/2 93 - - 84

Propachlor preemergence +
dicamba postemergence 4 + 1/4 - 103 - 91 -

Propachlor preemergence + 2,4-D
+ dicamba postemergence 4 + 1/4 + 1/8 - 104 - - 93
Check 93 97 85 92 59 57 62 59

* Preemergence unless otherwise designated
** Yields are average of 13 locations in 1965, 15 in 1966, 7 in 1967; two replications at each location



CROP DISEASES AND PROBLEMS IN MINNESOTA IN 1967

Herbert G. Johnson, extension plant pathologist

CORN

Rolled Leaves and Light-Colored Leaves — This symptom appeared in many fields in late June and early July.
It appeared to be more prevalent in some hybrids than in others. The occurrence was usually around 5 percent.
The leaves were curled into a tube and delayed the emergence of new leaves for several days. In most cases the new
leaves pushed out but were light-colored for a few days. Loss of color was probably caused by delayed emergence
of leaves from the whorl. After new leaves pushed out and regained color, the plants looked normal.

The symptom was similar to the "onion lear symptom on corn caused by hormone-type herbicides, but
in most cases this was not the cause in 1967. A genetic tendency for this symptom has been observed in a few corn
lines in previous years. A series of weather events is believed to have brought out the symptom in 1967, but the
exact cause is not known. It is not likely to occur often.

Malformed Ears — This symptom showed up in 1966 and again in 1967. The obvious symptoms are very short
husks with most of the ear exposed, very few kernels developing - indicating lack of pollination, and smutted
kernels. Sometimes this has been associated with the application of certain herbicides shortly before tasseling and
silking. Loss can be severe where this symptom is general in a field.

Maize Dwarf Mosaic — Nothing new has been received since last year on this disease. It has not been found in
Minnesota.

Red Stripe - Information reported at these meetings last year indicated that this disease (a red kernel
discoloration) was caused by a virus transmitted by a wheat mite. Wheat streak mosaic virus was suspected as the
cause, but it was then believed unlikely this disease would appear in Minnesota.

Information received since has changed the picture considerably. It is now believed caused directly by the
wheat mite either by feeding injury or possibly by a toxin. The mite is known to be present in Minnesota and in
the fall of 1967, symptoms of this disease were found in corn plots at the St. Paul Campus trial grounds. The
symptoms are apparent on the kernels; earlier, a somewhat lower market price was paid for corn with this symptom.
Corn pathologists have been unable to demonstrate any quality or yield reduction associated with this symptom
so the price reduction is not justified. Additional survey will be made to determine the extent of red stripe on corn
in Minnesota.

SOYBEANS

More diseases were observed in soybeans in 1967 than are seen in most years. Weather conditions, either
directly or indirectly, contributed to many of the problems.

Weed Chemical Injury - Cereal grains were planted later than normal because of unfavorable weather. The
soybeans had emerged by the time weed chemicals were being applied to the grain. This resulted in more than
normal herbicide drift onto the soybeans with the characteristic symptoms showing up a few days later. The wet
weather in June prevented early corn cultivation and herbicides were used to help kill many of the weeds. This
also resulted in chemical drift to soybeans. Although the effects of these herbicides on soybeans are often very
noticeable, changes in yield are usually very small and difficult to measure. Dicamba was not used extensively in
1967 so few cases of this chemical drift occurred.

Water Damage - The plants on the lowest parts of fields were often subject to direct water damage during
the June rains.

Brown Spot - This is the Septoria leaf spot soybean disease. The June rains apparently resulted in much more
lower leaf infection than normal. The spots were prevalent in late June and by July many of these leaves had fallen
to the ground from lower nodes. The fungus cause of this disease winters over in soybean refuse. Crop rotation
is the recommended control.

Phytophthora Root Rot - This disease was more prevalent in 1967 than previously because of the extended
wet period in June. Conditions that promote a high percentage of plant infection are not likely to occur again for
many years. Several of the new high—yielding soybean varieties are susceptible to this disease. Some judgment should
be used to avoid planting them in low, wet ground and fields that are known to be infested, but otherwise these
varieties should be planted and perform well in Minnesota.
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Brown Stem Rot - This disease was prevalent in the soybean disease nursery and in one field in southern
Minnesota in 1967, but otherwise it was difficult to find. Crop rotation is the recommended control.

Border Effect and Bud Blight - Bud blight is a virus disease caused by the tobacco ring—spot virus. It is
potentially the most serious virus disease of soybeans. Insects are suspected of carrying the virus, but no specific
insects have yet been identified as the vectors. This disease was present in many fields in 1967, but there was also
a border effect that appeared to be a fertility, light, or water effect. Affected plants remain green after the normal
plants of a field have matured. Border effect occurs in rather sharp lines along the edges of fields while bud blight
shows up as scattered plants (in relatively high numbers) at the edges of fields, tapering off farther into the fields.
Bud blight was commonly found near alfalfa fields: the reason for this is not known, another virus that affects
alfalfa may be involved. No feasible control is known.

Russeting of Leaves - This was a common occurrence in late season. The cause is not known. The symptom
is similar to a symptom of bud blight, but it may be a direct weather effect.

ALFALFA

Phytophthora Root Rot - The fungus that causes this disease is related to the one that causes Phytophthora
root rot of soybeans. This disease was found in a few Minnesota locations 3-4 years ago. No one knows how long
it has been here, but in 1967 it became more apparent probably due to the extended wet period in June. A 1967
survey showed the disease is widely distributed in the midwest and was found on both high and low ground
following the June wet period. Plant symptoms are stunting, wilting, yellowing, and dying. Root ends are often
rotted off. The result: some severe loss of stand. No control is available, but the disease should be prevalent
only in abnormally wet seasons.

POTATOES

Late Blight - Traces of late blight were found in a few places, but generally this disease was absent from most

fields.

Early Blight - Early blight was fairly prevalent and caused some leaf loss in a few fields, but significant damage

was uncommon.

Fungicide testing at Rosemount Station in 1966 and 1967 showed that the following registered fungicides

gave good control of late blight and early blight:

Difolatan
Dithane M-45
maneb plus zinc

Polyram

Some variation in order of the effectiveness of these fungicides occurred between seasons and between late.

and early blight. Fixed copper gave generally good results, but not quite up to these fungicides. Readings were

made on percentage of defoliation. Yields in 1966 showed no significant differences. Yields were not taken in 1967.

Many other diseases have been found that can be troublesome such as: Verticillium wilt, Fusarium wilt and
dry rot, purple top wilt, and severe loss of stand.

Improved seed handling and seed piece treatment can be important factors in the success of the crop. Severe
stand loss in some fields in 1967 could possibly have been reduced through improved handling and seed piece
treatment.

The following procedures are believed to approach ideal handling of seed potatoes. The surface treatment
of whole seed with mercury fungicides is believed to kill some of the inoculum of fungi such as Verticillium and
Fusarium and bacteria such as those that cause blackleg. Warming seed and planting it in warm soil will change its
physiology and give it a chance to make rapid growth. Thrifty and rapidly growing plants are believed better able
to resist infection than weak, slow growing ones. Cold seed planted in cold, wet soil without treatment is more
susceptible to infection.

28



•

Procedure. for seed handling:

1. Store during the winter at 40° F.

2. Before planting - warm seed at 60-70° F. for 11/2-2 weeks.

3. Do not handle seed until warm.

4. Plant cut seed immediately in warm (above 50° F.) moist soil.

If cut seed must be held:

1. Keep well ventilated.

2. Store in open containers if possible.

3. Temperature: 60-70° F.

4. Humidity: 85-90% relative humidity:

5. Hold for about a week and then drop temperature to 50-60° F.
to hold longer.

Fungicide treatment:

1. Dip warm, whole seed in mercury fungicide.

2. Dry after dipping.

3. Cut treated and dried seed.

4. Apply organic fungicide uniformly.

5. Plant immediately in warm (above 50° F.), moist soil.

When using mercury treatment:

1. Warm seed to 60-70° F.

2. If using whole seed, treat and dry.

3. If using cut seed, treat and plant immediately.

A complete seed treatment program:

1. Store at 40° F.

2. Warm to 60-70° F.

3. Treat whole seed with mercury and dry.

4. Cut seed.

5. Treat cut seed with organic fungicide.

6. Plant in warm soil.

These procedures may be difficult to accomplish, but they are important in growing crops of high yield and
high quality. All of these items may not be necessary every year, but in some years, with some seed, they can be
critical. It is important for growers to know what ideal handling is and attempt to set up procedures that will
accomplish as much of this program as possible.

The following information is taken from "The Effect of Storage Temperature and Other Factors on Decay
of Potato Seed Pieces", Carl J. Eide, Plant Disease Reporter, 49: P638, July 1965. It supports much of the procedure
just described.
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Table 2. Overall effects of four factors on seed-piece decay and emergence of potato sprouts.*

A. Effect of storage temperature

Storage Days to
temp. decay emerge

35o F. 19.8 15.1
40° F. 9.6 14.4

B. Effect of seed treatment

Captan % Days to
treated decay emerge

Yes 4.9 14.8
No 24.4 14.7

C. Effect of dates of removal from storage and cutting

Date out Date % Days to
of storage cut decay emerge

April 16 April 16 31.0 14.8
April 16 April 25 1.2 13.4
April 25 April 25 11.8 16.0 •

D. Effect of variety

Variety
Days to

decay emerge

Pontiac 15.7 13.0
Cobbler 9.8 16.1
Dazoc 18.5 15.2

*All figures are significantly different except the effect of Captan treatment on emergence.

SUGAR BEETS

Cercospora Leaf Spot - This disease was relatively light in 1967. There was some fungicide application, but as

the season went on, it appeared the disease was not increasing and most spraying stopped.

Fungicide testing at Rosemount Station in 1966 and 1967 showed that the following registered fungicides

gave generally good control of Cercospora leaf spot:

Dithane M-45
Fixed copper
maneb plus zinc

Polyram

Differences were small. In 1966 fixed copper and maneb plus zinc were significantly better than the test
check and Dithane M-45 and Polyram. In 1967 all were significantly better than the check. These were all based
on four applications at 14—day intervals. In 1966 Dithane M-45 gave a significantly higher percentage of sugar
than the check. All of these fungicides are registered and recommended for use on sugar beets.

CEREAL GRAINS

Fungicide Spraying - This is an innovation in disease control on cereal grains. Commercial spraying for leaf
disease control was done in 1966 and 1967 in the Red River Valley and across North Dakota. Estimates are that
about 70,000 acres were sprayed in 1966 and 100,000 acres in 1967. Yield increases ranged from 0-17 bushels
per acre in 1966 and 0-12 bushels per acre in 1967. Increased yields are usually accompanied by quality increases
in bushel weight and plumpness, and in later maturity. The later maturity of the treated fields usually results in
increased yield. Plants in diseased (untreated) fields often die prematurely.
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Zineb fungicide is registered for wheat (including durum) only. Dithane M-45 is registered for wheat
(including durum) barley, oats, and rye. Wheat and barley are the only crops now being treated. Most of the
application is being made with aircraft using Ph pounds of fungicide wettable powder, 1 ounce of spreader sticker,
and 5 gallons of water per acre per application. Two applications are made about 10 days apart. Some spraying
has been done with hydraulic ground sprayers using 20-30 gallons of water per acre and the same amount of
fungicide and spreader sticker per acre as with aircraft.

During 1967 leaf diseases of cereal grains were especially light and need for fungicide application less than
normal. Survey on an area and individual field basis is important every year to determine the need for fungicide
application. Accurate crop survey and timing of fungicide applications can reduce losses.

Chris and Manitou wheat were introduced as leaf rust resistant wheats. In 1967 there were a few instances
of more leaf rust on Manitou than even on Selkirk in side by side plantings. The explanation is not yet known.

Loose Smut of Barley - The embryo test is doing a good job keeping seedsmen and growers informed of the
degree of infection of individual seed lots. The new fungicide "Vitavax" was used as a seed treatment in limited
quantity commercially in 1967 and did a good control job on loose smut. There were a few reports of a few
percent of infected heads in some treated fields, but results were generally good. Vitavax is registered for use on
seed used to produce more seed only.

For embryo test for loose smut in barley, collect a representative seed sample: about 1 pint. Send it to:

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

The charge is $5 per sample. Make checks payable to the Minnesota State Treasurer. Enclose payment with

samples or mail it at the same time. Mark samples "Smut Test."

SUNFLOWERS

Downy Mildew - In 1967 a field was observed with about 50% of its plants infected and severely stunted by

downy mildew disease. Several crops of sunflowers had been grown there in a period of a few years. In this situation

the downy mildew fungus will build up to severe proportions and make further cropping hazardous for several

years. Downy mildew was found in many other fields, but the incidence was low and economic loss, light. Crop

rotation (a 4-5 year interval between sunflower crops) is recommended for control.

Verticillium Wilt - This disease was found in a few fields, but was not common in the fields checked. Some

strains of Verticillium isolated from sunflowers have been found to infect potatoes. Most isolates of the fungus,

from sunflowers that have been tested, do not infect potatoes. There is a real danger that certain strains infecting

both crops could cause trouble if both crops are grown in the same field in short term rotations. Four to five

years between susceptible crops is recommended.

Sclerotinia Stem Rot - Stem rot was found in several fields, but not in economic amounts. Individual plants

that are infected wilt and die and symptoms are quite obvious. Crop rotation of 4-5 years between sunflower crops

is recommended.

Rust - This disease was not prevalent or severe in the fields checked. Since it is spread by windborne spores,

crop rotation is not a factor except that the fungus lives over winter on sunflower plants. No specific control is

recommended, but if rust becomes severe, it may be possible to grow some resistant varieties.

AVAILABLE PUBLICATIONS ON PLANT DISEASES

You may obtain single copies of up to 10 different publications free from county extension offices or from

the Bulletin Room, Institute of Agriculture, University of Minnesota, St. Paul, Minnesota 55101. To purchase the

publications in quantity (except USDA material), obtain details on cost from the Bulletin Room.

Scab of Cereals, USDA Leaflet 426, 1957.

The Dutch Elm Disease, Univ. of Minn. Ext. F. 211, 1964.

Home Fruit Spray Guide, Univ. of Minn. Ext. P. 184, 1966.
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Onion Diseases and Their Control, USDA Agr. Handbook 208, 1961.

Maple Diseases and Their Control, USDA Home and Garden Bull. 81, 1963.

Strawberry Diseases, USDA Farmers' Bull. 2140, 1966.

Control of Grape Diseases and Insects in the Eastern United States, USDA Farmers' Bull. 1893, 1961.

Cheny Leaf—Spot and Its Control, USDA Leaflet 489, 1961.

Care of House Plants, Univ. of Minn. Ext. Bull. 274, 1962.

Soybeans for Minnesota, Univ. of Minn. Ext. Bull. 134, 1962.

Soybean Diseases, USDA Agr. Handbook 302, 1966.

The Home Lawn, Univ. of Minn. Ext. F. 165, 1966.

Lawn Diseases in the Midwest, NCR Ext. Pub. 12, 1966.

Late Blight of Potatoes, Univ. of Minn. Plant Path. Fact Sheet 1, 1966.

Strawberry Diseases, Univ. of Minn. Plant Path. Fact Sheet 2, 1966.

Stalk Rot and Lodging of Corn, Univ. of Minn. Plant Path. Fact Sheet 3, 1964.

Cedar—Apple Rust, Univ. of Minn. Plant Path. Fact Sheet 4, 1964.

Oak Wilt and Its Control, Univ. of Minn. Plant Path. Fact Sheet 5, 1966.

Barley Smuts, Univ. of Minn. Plant Path. Fact Sheet 6, 1964.

Flax Diseases, Univ. of Minn. Plant Path. Fact Sheet 7, 1964.

Raspberry Diseases, Univ. of Minn. Plant Path. Fact Sheet 8, 1964.

Controlling Diseases in the Home Vegetable Garden, Univ. of Minn. Plant Path. Fact Sheet 9, 1964.

Diseases of Peony, Univ. of Minn. Plant Path. Fact Sheet 10, 1964.

Gladiolus Diseases, Univ. of Minn. Plant Path. Fact Sheet 11, 1964.

Tree Damage Caused by Nonliving Agents, Univ. of Minn. Plant Path. Fact Sheet 12, 1965.

Parasitic Diseases of Tomato, Univ. of Minn. Plant Path. Fact Sheet 13, 1965.

Nonparasitic Disorders of Tomato, Univ. of Minn. Plant Path. Fact Sheet 14, 1965.

Cercospora Leaf Spot of Sugar Beets, Univ. of Minn. Plant Path. Fact Sheet 15, 1966.

Fungicides for Lawn and Garden Use, Univ. of Minn. Plant Path. Fact Sheet 16, 1967.

Fireblight, Univ. of Minn. Plant Path. Fact Sheet 17, 1967.

Leaf Spot Diseases of Trees, Univ. of Minn. Form PL-1, 1964.

Cytospora Canker on Spruce, Univ. of Minn. Form PL-2, 1963.

Rust Diseases of Minnesota Pines, Univ. of Minn. Form PL-3, 1963.

Elm Wilts, Univ. of Minn. Form PL-4, 1963.

Wetwood of Elm, Univ. of Minn. Form PL-5, 1966.

Elm Diseases, Univ. of Minn. Form PL-6, 1963.

Helminthosporium Leaf Blight of Corn, Univ. of Minn. Form PL-7, 1961.

Damping—Off of Seedlings, Univ. of Minn. Form PL-11, 1965.

Soil Fumigation with Formaldehyde, Univ. of Minn. Form PL-12, 1962.

Birch Dieback, Univ. of Minn. Form PL-13, 1966.

SMDC for Controlling the Spread of Oak Wilt and Dutch Elm Disease, Univ. of Minn. Form PL-14, 1966.

Leaf Spot Disease of Alpine Currant, Univ. of Minn. Form PL-15, 1966.
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Edible Wild Mushrooms, Clyde M. Christensen, reprinted from Horticulture, November 1960.

Spoilage of Stored Grain, Univ. of Minn. Extension Folder 226, 1964.

Commercial Vegetable Pest Control Guide, Univ. of Minn. Special Report No. 5. (Revised annually).

Pest Control Guide for Commercial Fruit Growers, Univ. of Minn. Special Report 6. (Revised annually).

DEALER'S GUIDE TO INSECTICIDES

John A. Lofgren and Philip K. Harein, extension entomologists

APPLICATION OF INSECTICIDES

The ultimate objective of the use of an insecticide is to introduce a lethal dose of the chemical into the target
insects so that the infestation or population is reduced to a subeconomic level. The selection of insecticide in the
first place is based on factors such as cost, effectiveness, toxicity, specificity, and ease of handling. But once the
chemical is selected, it must be applied in the proper manner in the right place, at the right time, at the right dosage.
The type of placement, coverage, and area to be treated will dictate the formulation and equipment to be used.

FORMS OF INSECTICIDES

DUSTS

Advantages

1. No water or liquid diluting required.
2. Good deposit on waxy leaves.

Disadvantages

1. Greater drift problems.

Equipment

1. Hand dusters.
2. Power ground dusters.
3. Aircraft.

GRANULES

Advantages

1. Slow release.
2. Little drift.
3. Good formulation for soil treatment.
4. Safety.
5. Low deposit on foliage.

Disadvantages

1. Limited to special applications such as soil treatment, corn borer whorl treatments, mosquito larvacides.
2. Little deposit on foliage.

Equipment

1. Modified seeders.
2. Special granule applicators.
3. Aircraft.
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Sprays, mists, fogs, smoke

Droplet Size, microns
(1 micron = 1/25,000 inch)

Coarse spray Over 400 microns
Fine spray 100 to 400 microns
Mist 50 to 100 microns
Fog, aerosol 0.1 to 50 microns
Smoke 0.001 to 0.1 microns
Vapor, gas molecular to 0.001 microns

Full Coverage Sprays — The total volume of spray applied will thoroughly cover the crop being treated to the
point of run-off or drip.

Low Volume, or Concentrate, Sprays — The total volume of spray applied is adequate to uniformly cover crop
being treated, but not as a full coverage treatment to the point of run-off.

Ultra-Low Volume Sprays — The total volume of spray applied per acre is lh gallon or less, applied undiluted,
usually in technical grade.

Suspension Sprays — These are prepared from wettable powders, require thorough agitation, and are best
in high gallonage, pressure sprayers.

Emulsion Sprays — These are prepared from emulsifiable concentrates, may be used in low gallonage, low
pressure hand or powered equipment, and solvents in some formulations may injure some species of plants.

Solutions — Most are oil solutions; a few may be water solutions. Oil solutions are not generally used on
plants. They may be used in small hand sprayer or power equipment.

CHECKLIST FOR INSECT PESTS OF FIELD CROPS

1. Corn

Insects feeding below ground on roots, seed, and underground part of stalk.

  Corn Rootworms (northern, western, or southern) — Slender whitish worms up to about lh inch long
with dark brown or black heads and a small dark spot on posterior end. Tunneling in roots or feeding

on root hairs. Heavy feeding may practically destroy root systems; plants usually lodge or "gooseneck." Found in
corn following corn. Feeding usually begins the end of June and continues through the summer. Larvae begin to
pupate in July.

  Wireworms — Long, slender, "hard shelled" yellow to dark brown worms, largest about Ph inches
long. Feed in or on seed, roots or in base of stalk. Early feeding on seed or on roots of young plants

often reduces stand. Usually most severe in corn following sod or legume-grass mixture. Life cycle usually takes
several years.

  Seed Corn Maggot — White, legless maggots feeding in seed. No distinct head. Seed may be hollowed
out. Causes poor stand. Usually a problem in cool, wet springs.

  Corn Seed Beetle — Small, active black and brown beetles about 1/4 inch long on and in soil. Seed
damaged, often the germ is eaten, resulting in a poor stand.

  White Grub — White, thick-bodied worms with shiny brown head. Usually found partly curled like
a letter "C". Damage roots by pruning. May kill good-sized plants. Usually occur in corn following

sod. Most have a 3-year life cycle.

  Cutworms — Damage appears as plants cut off, small plants dead and cut off at or just below soil
surfaces, ragged feeding on the edges of leaves; larger plants may be tunneled in the base of the

stalk. Caterpillars up to 2 inches long, color variable from light tan or grey to almost black, found under clods
or in soil. Under dry conditions usually found an inch or two deep in soil near moisture. Worms usually curl up
when disturbed.
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  Corn Root Aphid — Plants appear drought stricken usually on higher ground and knolls. Roots
covered with light grayish-colored, soft-bodied louse-like insects. Usually associated with many ant

nests in the fieldAnsects tunneling in stalk above ground or in whorl.

  Stalk Borer — Light-colored worm with dark stripes and a dark "saddle" about 1/3 of the body length
back from the head. Up to 2 inches long. Usually large holes and ragged edges in leaves with brown

castings of the worm in the whorl. May kill the growing point of large plants. Found along marginal rows next to
fences and roadways, very rarely out in the field.

  European Corn Borer — Flesh-colored caterpillars with darker spots feeding in leaf axils, mid ribs,
tassels, ears, and tunneling in stalks and ear shanks. Shot holes scattered in leaves. Stalks

frequently broken.

  Armyworm — Cutworm-like caterpillar usually found in whorl, an indistinct white line lengthwise
down middle of back, pattern of stripes lengthwise on sides. General color from light greenish to

almost black. Ragged holes in leaves and feeding injury on leaf edges. Usually found in July and August. Insects
feeding on leaves, silks, tassels.

  Grasshoppers — Ragged feeding injury on leaf edges, large ragged holes in leaves. Silk eaten. Usually
along margins of field. Jumping or flying insects.

  Billbug — Large oval holes in leaves in regular rows across leaves. Usually found in low, poorly
drained areas.

 Corn Rootworm Adult (northern, western, or southern) — Small. very active beetles about 3/16 — 1/4

inch long. May be uniform tan to bright green or greenish with black stripes or greenish with black
spots. Feed on pollen and silks. Fly readily.

  Corn Earworm — Cutworm-like caterpillar in tip of ear or silk channel. Color variable green to brown,
striped. Dark brown "frass" present. Usually only one per ear.

  Sap Beetle or "Picnic" beetle — Shiny black, slow-moving beetles with four light-colored spots on the
back. About 3/16 inch long. Found in tips of ears and also in borer tunnels. Frequently follow borer,

earworm, or bird damage to ears.

  Corn Leaf Aphid — Small, soft bodied bluish green aphids in tassels, on leaves and under husks.
Secrete sticky honeydew. Black sooty mold frequently grows on the honeydew so tassels and upper

leaves may appear black. ,

2. Small Grain

Insects feeding in soil on seed or roots.

  Wireworms — Slender, tan to brown, "hard shelled" worms feeding on seed, occasionally on roots.
Damage appears as reduced stand in spots in the field.

  White Grub — White bodied grubs with shiny brown heads. Thin stand to complete destruction in
areas in the field.

Insects tunneling in stem.

  Wheat Stem Maggot — Slender, glassy-green, headless larva in stem usually just above top node. Head

turns white and fails to fill. Found in wheat, barley, and rye.

 European ComBorer — Flesh colored caterpillar in stem of oats. Head of infested plant turns white;
stem sometimes lodges.

 Wheat Stem Sawfly — Wheat stems broken off cleanly at or a few inches above ground. Rare in

Minnesota.

Wheat Jointworm — Nodes swollen, gall-like. May have a small "shothole" exit. Stem usually grows at

a sharp angle at infested node. Not common in Minnesota.
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Insects feeding on stem, leaves, heads.

 Hessian Fly — Small greenish white maggots on stem behind lower leaf sheaths. Brown flax seed-like
pupae may be present. Plants lodged, stunted, fail to tiller. Usually in wheat. May appear in barley

and rye.

 Barley Thrips — Very small, slender yellowish to black insects about the size of a printed "i" found
beneath the upper leaf sheath on barley. Leaf sheath may be discolored and stem at base of head may

be crooked or goosenecked.

 Armyworm — Leaves with ragged, chewed edges, heads clipped or awns chewed. Caterpillars found
hiding on or in soil during daytime, feed at night. Worms up to 2 inches long vary from light greenish

yellow to almost black; indistinct white line down middle of back and a pattern of stripes, including some orange
or reddish, along sides. Usually most numerous in rank, lodged growth and may occur in large numbers.

 Cutworms — Similar leaf damage as with armyworm but worms not marked as armyworms. Young
plants may be cut off.

  Grasshoppers — Same type of damage as armyworm but usually occurs along field margins.

 Aphids (See special field key for aphids on small grain) — small greenish, soft bodied sap sucking
louse-like insects. Winged and wingless forms may be present. Usually feed in colonies on leaves,

sometimes in heads. Some species secrete large amounts of sticky honeydew.

Aphids on Small Grain

 Green Bug — Small, light green with dark green band lengthwise on middle of back. Dark tips on
antennae, legs and cornicles. On winged forms single branch in medial vein of forewing. In colonies

on leaves.

grain.

 English Grain Aphid — Dark green. Larger than green bug. Antennae, legs and cornicles all black;
cornicles long. On winged forms anterior medial vein branched. Frequently found in the heads of small

 Corn Leaf Aphid — Pale to bluish green. Tip of "tail", cornicles, legs, antennae black; dark spots on
sides of abdomen; cornicles short, swollen. Secretes much honeydew. Prefers barley and corn. Anterior

medial vein branched.

  Apple Grain Aphid — Dull green with pale reddish color on end of abdomen. Body short, stocky.
Cornicles short, thick. Double branched medial vein. Filament of terminal antennal segment about

4 to 5 times as long as its base, much longer than that of the corn leaf aphid.

3. Legumes (forage and seed)

  Sweet Clover Weevil — Crescent shaped notches in edges of sweet clover leaves. May occasionally appear
on young alfalfa seeded near sweet clover. Small grayish brown snout beetles usually found on soil at

base of plants.

  Alfalfa Weevil — Alfalfa leaves skeletonized, especially the terminals of first growth. Heavy defoliation
gives field a frosted or gray appearance. Light yellow to green larvae up to about % inch long with

shiny black head and a white stripe down middle of back. Adults are brown snout beetles with a dark band down
middle of back, present in fall and spring.

  Clover Leaf Weevil — Clover and alfalfa leaves skeletonized or defoliated. Green larvae with white
stripe down middle of back and brown head. Larger than alfalfa weevil larvae. Seldom economic.

 Alfalfa Caterpillars — Dark green caterpillars up to Ph inch long with white stripe down each side of
body. Adults are alfalfa butterflies.

  Loopers or Green Cloverworm — Light green caterpillars with several white stripes lengthwise on body.
Move by "looping", like an inchworm. Chew ragged holes in leaves.

  Webworms — Yellowish green worms up to 1 inch long with dark spots. Feeds on leaves webbed
together. May be found in a silken tube at the base of plants.

  Flea beetles — Damage appears as shot holes in leaves. Very small black beetles which jump.
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  Blister beetles — Long cylindrical "soft shelled" beetles lh or 3/4 inch long. May be gray, black or

striped. Frequently occur in groups. Chew ragged holes in leaves.

  Cutworms or Armyworms — Ragged edges on leaves to complete defoliation. May feed on regrowth
after hay harvest. Worms up to 2 inches long around base of plants or in loose soil.

  Grasshoppers — Ragged edges on leaves to complete defoliation. Damage usually starts near field
margins. Jumping insects.

1111 Damage appears as stunting, yellowing, or wilting caused by sap sucking insects.

 Pea Aphid — Colonies of slow-moving winged or wingless bright green aphids with long legs and

1111 

cornicles. Usually feed on terminals. Heavy infestations during weather may cause stunting and
wilting. 

  Spotted Alfalfa Aphid — Colonies of yellowish aphids with dark spots. Found on undersides of
lower leaves and stems. Much smaller than pea aphids. Either winged or wingless. Heavy infesta-

tions may cause severe stunting and yellowing.

  Leafhoppers — Very small, elongated, wedge-shaped yellowish to green insects. Adults are very active:
jump and fly. Young, or nymphs may be found in groups on the underside of leaves. Feeding causes

yellowing, starting at the leaf margins, and stunting. Usually cause most damage to second and third hay crop.

  Plant bugs (Lygus) — Greenish to brown active flat-bodied bugs about 3/16 inch long. Feed on buds
and flowers. Of importance to legume seed crops.

Another plant bug which causes similar damage is the alfalfa plant bug. It is larger than Lygus, about 3/8 inch
long.

 Meadow Spittlebug — First-growth alfalfa or clover has conspicuous frothy, spittlelike masses on the
stems and in leaf axils. Yellowish, sap sucking nymphs found in the spittle masses. Heavy infesta-

tions cause stunting and yellowing.

SURVEY METHODS AND DETERMINING NEED FOR CONTROL

There are some general rules of thumb which will help determine the need for 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 population of a particular insect, not to
find the spot with the highest concentration. The field should be examined in a number of sample locations to
obtain an estimate which is representative of the whole field.

Aphid Control in Small Grain

Pill 

Start counts from at least two sides of the field and sample well out into the center, 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 are present at over 25 per linear foot, the grain is small, before heading, and there are

1111 few predators present, insecticidal control would be justified.

If English grain aphids or corn leaf aphids are present in the field at the same stage of growth as above
and number over 100 per foot they should be controlled.

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

Aphid Control in Corn

Control of corn leaf aphids on corn is seldom justified. To be most effective in preventing barren stalks,

111111 

the control should be applied in the whorls before tasseling. Seed fields may warrant treatment as a pre-
ventive measure.

1111 
37



Aphid Control in Alfalfa

Pea aphids can be extermely 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. 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.

Armyworm Control

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 five worms per square foot are present in small
grain and the worms are less than Ph — 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.

Cutworm Control

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 economically important cutworms and they behave differently. Some
feed underground, others may climb up on the plants to feed.

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

Cutworms should be controlled before they are full grown and if there are more than one 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 Rootworm Control

The best treatment for rootworms is a preventive application of insecticide 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
in tunneled roots. One method is to place an inch or two 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 worms per plant
is generally considered to be a damaging infestation. Sample plants from all parts of the field.

Rootworm Adult Control

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 control 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 Control (First brood)

Take counts from 25 plants in four 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.

Early corn is most subject to attack by the first brood. Late corn is more severely hit by the second
brood.
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Grasshopper Control

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. Divide
this total by two 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 cultivated crops before the insects have moved into the field.

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

Nymphs (Young hoppers) per 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 bug (on Clover or Alfalfa Crop) Control

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 Control

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 five per square foot of soil.

Sweet Clover Weevil Control

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.

Spittle bug (on Alfalfa, Clover) Control

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.

By the time spittle masses are large and conspicuous it's usually too late and the best treatment is to harvest
the crop as early as practicable. Except for a few southeast counties in Minnesota, and then only in certain years,
spittle bugs haven't been an important alfalfa pest.
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SUMMARY OF INSECT CONTROL RECOMMENDATIONS FOR 1968

The status of several pesticides registered with the USDA on a "No Residue" basis or with a zero residue
tolerance is uncertain for the coming season. Those uses registered on this basis are marked * in the following
recommendations. Eventually (by the end of 1970) all of these will be reregistered with a finite residue tolerance
or else the registration will be withdrawn.

Users should be sure to check the current status of these materials before applying them in 1968. Information
will be made available to county agents and will also be disseminated from basic manufacturers, formulators, and
distributors.

Until this situation is clarified, it is suggested that aldrin, chlordane, DDT, or heptachlor NOT be used for any
purpose on dairy farms and that corn treated for soil insect control with aldrin or heptachlor be grown for grain only.
If it is absolutely necessary to harvest such treated corn for ensilage, it should be cut to leave a stubble of 12 inches or
more if possible. Livestock should not be allowed to graze aldrin or heptachlor treated fields.

It is further suggested that if aldrin or heptachlor has been used annually as a soil treatment for 5 or more
years, at least 1 year should elapse before planting soybeans in such fields. Illegal residues may result in potatoes,
sugar beets, or carrots if they are planted in fields previously treated with heptachlor or aldrin.

Insect

SUMMARY OF INSECT CONTROL RECOMMENDATIONS ON FIELD CROPS FOR 1968

DO NOT USE AFTER 1968

Crop Insecticide Dosage Limitations

Aphids Small grain malathion 1 lb. 7 days
methyl parathion 4 oz. Not after heads form
parathion 4 oz. 15 days

Corn malathion 1 lb. 5 days
parathion 4 oz. 12 days
phorate (Thimet) 1 lb.

Armyworms Small grain carbaryl (Sevin)* . 1 lb. Do not apply after
heads are visible

toxaphene 11/2 - 2 lb.

Corn carbaryl (Sevin) 1 lb.

toxaphene 11/2 - 2 lb. Do not feed stalks,
leaves, and husks

Bean leaf beetle Soybeans carbaryl (Sevin) 1 lb.

toxaphene 1 - 11/2 lb. 21 days

Beet webworm Sugar beets carbaryl (Sevin) 2 - 3 lb. 14 days (tops)

endosulfon (Thiodan)* 3A - 1 lb. Do not feed tops

toxaphene* 2 - 3 lb. 60 days. Do not
feed tops

trichlorfon (Dylox)* 1/2 - 1 lb. 14 days
28 days (tops)

Corn earworm Sweet corn diazinon 1 - 11/2 lb.

carbaryl (Sevin) - 2 lb.

Corn rootwOrm Corn Bux-Ten* 3/4 to 1 lb. Rate given for 40
inch rows. Band

diazinon 1 lb. application at plant-

phorate (Thimet) 1 lb. ing or cultivation,
except Bux-Ten
should be used at
planting time only

*Status uncertain. See introductory paragraphs on page 40.
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Insect Crop Insecticide Dosage Limitations 

Cutworms Corn aldrin* 2 lb. Preplant broadcast
heptachlor* 2 lb. disked in
chlordane 4 lb.

diazinon 2 -4 lb. Band treatment at
planting time

toxaphene 2 lb. Post-emergence
trichlorfon (Dylox)* 1/2 - 1 lb. directed spray

Small grain toxaphene 2 lb. Do not use straw

Soybeans carbaryl (Sevin) 1 lb.

toxaphene 1 - 11/21b. 21 days

European corn borer Corn carbaryl (Sevin) 11/2 lb. grain only

DDT* 1 - Ph lb. 10 days

- diazinon 1 - 2 lb. 45 days

toxaphene 2 lb. grain only

Bacillus thuringiensis No limitations
(as labeled)

Grasshoppers Alfalfa, carbaryl (Sevin) 1 - Ph lb.
clover hay diazinon 1/2 lb. 7 days
and forage malathion 1 - Ph lb. or

0.6 lb. ULV+ by air.

Corn carbaryl 1 - 11/2 lb.
diazinon 1/2 - 1 lb.
malathion 1 - Ph lb. 5 days
toxaphene 1 - Ph lb. grain only

Small grain carbaryl (Sevin)* 1 lb. Not after heads
are visible

malathion 1 - Ph lb. 7 days
- or 0.6 lb. ULV+ by air

toxaphene 1 - Ph lb. grain only

Soybeans carbaryl (Sevin) 1 - Ph lb. •

malathion* 0.6 lb. ULV+ by air

toxaphene 1 - Ph lb. 21 days
beans only

Grass (pasture, hay) carbaryl (Sevin) 1 - 2 lb.

diazinon 1/2 lb. No time limitations
for grazing, 21 days
for hay, do not re-
treat within 30 days

malathion 1 - Ph lb.
or 0.6 lb. ULV+ by air

naled (Dibrom) V2- % lb.

Leafhoppers Alfalfa diazinon 1/2 lb. 7 days for hay

methoxychlor Ph lb. 7 days

Pea aphid Alfalfa, demetbn (Systox) 4 oz. 21 days
Clover diazinon 1/2 lb. 7 days

malathion 1 lb.

parathion or
methyl parathion 4 oz. 15 days

* Status uncertain. See introductory paragraphs on page 40.
UL V = ultra-low volume.

41



Insect Crop Insecticide Dosage Limitations

Plant bugs Alfalfa
Clover (seed

DDT* 11/2 - 2 lb. . Do not graze or
cut for feed

crop only) toxaphene* 2 - 3 lb.

Sunflower moth Sunflowers endosulfan (Thiodan) 1 lb. Not more than 3
applications

Sweet Clover Sweet clover toxaphene* 2 - 3 lb. Do not graze or
weevil (plowdown) cut for feed

Thrips Barley parathion or
methyl parathion

4 - 6 oz. 15 days

Wireworms Corn, beans,
Small grain

aldrin*, dieldrin*,
heptachlor*, or lindane

1 oz.
per bushel

Seed
treatment

Wireworms and
White grubs

Corn aldrin* or heptachlor*

chlordane

. 1 - 2 lb.

2 -4 lb.

Soil treatment,
row or broadcast

* Status uncertain. See introductory paragraphs on page 40.

INSECT CONTROL RECOMMENDATIONS ON LIVESTOCK FOR 1968

Pest Host Insecticide Rate Limitations

Cattle grubs

Cattle lice

Dairy cattle

Beef cattle

Dairy cattle

Beef cattle

rotenone*

coumaphos (CoRal)
ronnel* (Trolene, Rid-Ezy,
Steer-Kleer)

Ruelene*

trichlorfon *(Neguvon)

Synergized pyrethrum*

rotenone*

Ciodrin*

carbaryl (Sevin)*

coumaphos (Co-Ral)

Ciodrin*

dioxathion (Delnav)

malathion

methoxychlor

ronnel (Korlan)*

toxaphene

trichlorfon (Neguvon)*

71/2 lb. 5% powder per
100 gal. 12 oz. 5% powder
per 1 gal. wash.

0.5% spray, 4% pour-on
In feed or mineral

0.5% spray,
9.4% pour-on

1% spray, 8% pour-on

0.05 - 0.1 %

2 lb. 5% powder per 100
gal.

0.25% emulsion spray

0.5% spray

0.25% spray

0.25% spray

0.15% dip or spray

0.5% dip or spray

0.5% dip or spray

0.25% spray - or 1% in oil
on bacicrubber

0.5% dip or spray

0.25% spray

Not after Oct. 31
60 days before
slaughter

Not after Oct. 31
28 days before
slaughter

14 days before
slaughter

7 days

Not oftener than
2 weeks.

7 days

8 weeks (Spray)
14 days (in Oil)

28 days

14 days

* Status uncertain. See introductory paragraphs on page 40.
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Pest Host Insecticide Rate Limitations

Flies, (horn, stable, Dairy cattle dichlorvos (Vapona)* 1% oil spray
horse) and
mosquitoes

Flies

Beef cattle

Beef cattle

Ciodrin* 1% oil spray
(or combinations of above)

coumaphos (Co-Ral)* 1% on backrubbers At least 5 hrs.
malathion* 4 to 5% dust before milking

methoxychlor*

synergized pyrethrum*
(may also contain
repellants)

thiocyanates*
(Lethane, Thanite)

carbaryl (Sevin)*

coumaphos (Co-Ral)

50% WP as dust

0.05% to 0.1%

3.5%

0.5% spray

0.25% spray
1% on backrubber

Apply after milking
not oftener than
3 weeks

7 days

dioxathion (Delnav) 0.15% spray or dip Not oftener than
1.5% in oil on backrubber 2 weeks

lindane 0.03% spray 30 days
0.2% in oil on backrubber

malathion 0.5% spray
2% in oil on backrubber
0.6 lb. tech ULV+ by air

methoxychlor 0.5% spray
5% in oil on backrubber

ronnel (Korlan)* 0.5% spray
1% in oil on backrubber

toxaphene 0.5% spray
5% in oil on backrubber
50% WP as dust

trichlorfon* (Neguvon) 1% spray

Poultry mites, lice Chickens,** coumaphos (Co-Ral) 1/2% dust
Turkeys 0.25% spray

malathion 0.5% spray,
4 - 5% dust

8 weeks
14 days

28 days

14 days

carbaryl (Sevin) 5% dust

0.05 lb. actual per 100
birds as spray
0.5% spray in building

Sheep Keds Sheep coumaphos (Co-Ral) 0.25% spray 15 days

dioxathion (Delnav) 0.15% spray or dip

diazinon 0.03 - 0.06% spray 14 days
or 2% dust

malathion 0.05% spray

methoxychlor 0.05% spray

ronnel (Korlan)* 0.25% spray 84 days

toxaphene 0.5% spray 28 days

* Status uncertain. See introductory paragraphs on page 40.
ULV = ultra-low volume

** Note: None of these materials has a residue tolerance, other than zero, on eggs.
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PESTICIDE SAFETY
Phillip K. Harein, extension entomologist

Pesticide terminology

It is imperative that users of pesticides understand that these materials are lethal to humans unless they are
handled correctly. We should know basic pesticide terminology such as: toxicity and hazards, lethal dose, mode of
action, and mode of entry to help us understand why and what precautions are necessary.

A clear distinction should be made between the toxicity and hazards of pesticides. Toxicity is the capacity of a
substance to produce injury. Hazard is the probability that injury will result from the use of the substance in the
quantity and in the manner proposed. Of course, an estimate of hazard must be based upon the knowledge of its
toxicity and details of its proposed use.

One term frequently used in expressing the toxicity of a material is its LD values. LD means lethal dose. It is
usually expressed in milligrams of toxicant per kilogram of body weight. LD50 means the quantity of a toxicant
_that will kill 50 percent of the animals receiving-it. Likewise, LDio, LD90, and LD100 means the quantity that will
kill 10 percent, 90 percent, and 100 percent of the animals. All too frequently an LD50 value is misinterpreted as the
amount of the pesticide the individual may absorb before any danger would exist.

The toxicity of a pesticide to warm blooded animals, including humans, is usually related to the method in which
it enters the body. These methods include the respiratory system, digestive tract, and skin. Of these the most toxic
avenue is by way of the respiratory system. Frequently the toxicity of a pesticide by this route is not much different
from that of intravenous injection, because the membranes of the lungs that separate air from the blood are ex-
tremely thin; consequently, absorption is rapid and may be complete.

The next most toxic avenue would be absorption through the digestive tract where the membranes separating
the toxicant from the blood are thicker than in the lungs. The pesticide also has a better chance of passing through
the body without complete absorption.

The skin offers a more effective barrier to pesticides as absorption is slower than through the digestive tract.
Also pesticides can be removed from the skin more readily than from the lungs or digestive tract. Even though the
skin is a relatively effective barrier, it still cannot be considered as highly protective.

Groups of Insecticides

Pesticides are commonly classified in relation to their chemical composition or their mode of action. Two of
the major groups of insecticides are the chlorinated hydrocarbons and the organic phosphates.

Chlorinated hydrocarbon insecticides have the chemical composition implied in the group name in common.
However, beyond this broad similarity, they vary widely in chemical structure and activity. The basic mode of action
is not understood for any of them.

Organic phosphate insecticides are characterized by similar chemical structure (all considered derivatives of
phosphoric acid) and similar mode of action. They all act as irreversible inhibitors of the enzyme cholinesterase
and thus allow the accumulation of large amounts of acetylcholine in the nervous system.

Protective clothing

Your personal safety while mixing and applying pesticides depends on the correct use of protective clothing
and careful handling of the materials. No matter how careful you are, you will be exposed to certain amounts of
these materials and you must use proper protective clothing. A description of the protective clothing commonly
worn follows:

1. Impervious suit — Synthetic rubber will react with some of the more toxic materials while pure rubber
and some plastics will not react.

2. Rubber boots and clean work shoes — Pants should be tied down over the tops of the boots to prevent
pesticides from running down the pant legs into the boots.

3. Goggles (used with half-mask type respirators) — Goggles should be vented to prevent fogging. Vents
should be the slotted type. A face shield attached to a head piece may substitute for goggles.
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4. Respirators — Two types of respiratory protective devices are in general use, chemical cartridge respirators
and gas masks. Most respirators are designed as half-face masks that cover the nose and mouth but do not
protect eyes. One or two cartridges attach to the face-piece by a clamp. Respirator facepieces are equipped
with one-way valves that allow inhaled air to pass through cartridges but prevent exhaled air from passing
through.

Gas masks usually cover the entire face. Facepieces are made to hold a canister directly or to connect to the
canister with a flexible hose. The hose-type canister is carried on the chest or back with straps.

The gas mask canister should be destroyed if any one of the following is true: The canister has been in use
from 8 - 10 hours (a record of time used should be kept on the canister), the seal on the canister has been broken
for a period of 3 months, or an odor is detected while the canister is being used.

After each use, respirators should be cleaned and stored as follows: Wash in water (1200F.) and detergent
mixture (remove and discard cartridges from half-face masks before washing), rinse with clean warm water,
disinfect by immersion for 2 minutes in a water-bleach solution (h, cup household bleach in 5 gallons of water),
and airdry, seal in plastic bag, and store in a dust-free cabinet.

The cabinet or containers where safety equipment is stored should be away from sources of heat (steam
pipes and radiators), and should not be exposed to conditions of extreme cold or excessive moisture. Avoidance
of these conditions will prolong the life of the equipment. Protective equipment should not be stored in clothes
lockers or tool cabinets.

Transportation of Pesticides

A few basic points must be considered in the safe transportation and storage of pesticides to prevent acci-
dents. These follow:

1. Do not permit delivery of pesticides unless a responsible employee is available to receive and store

them properly.

2. Pesticides should not be transported in vehicles used for passengers unless special precautions are taken to

prevent contamination of the area.

3. Store pesticides in the original labeled container under lock and key.

4. Do not store liquid pesticides at temperatures below 40°F.

5. Do not allow anyone to eat, sleep; or lounge in a room where toxic materials are stored.

6. Place warning signs on doors of pesticide storage warehouses.

7. Understand the fire hazards of stored pesticides.

8. Clean out pesticide storage areas each year.

Storage of Pesticides

An adequate facility for pesticide storage and formulation is one of the basic requirements for the proper
use of pesticides. However, other than general instructions that this facility be a separate, isolated, locked building,
few if any specifications are available. The facilities described here are designed to meet the requirements of a
pesticide storage and formulation shed for pest control companies, pesticide retail dealers, commercial spray
companies, University experiment stations, and similar-sized operations.

A 16 by 20 foot shed should be adequate size. It should not have windows. This increases the cost and the
chance that unauthorized or irresponsible people could enter. Entrance to the shed is provided through 2 adjacent
32-inch wide doors at one end and one 32-inch wide door at the opposite end. All doors will be locked when
personnel are not inside.

Without windows, interior lighting will be required. It should consist of ceiling-hung, dust-tight, incandescent
fixtures approved for damp locations. Light switches are located just inside the doors at both ends of the shed.
Switches should also be approved for use in damp locations. Turning on the lights will also turn on the exhaust
fan to supplement ventilation.

Adequate ventilation is a major requirement to prevent build-up of toxic and/or flammable vapors and
dusts. A constant source of fresh air is supplied through a 6- by 24-inch louvered opening framed between the
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The drainage system should be at least 200 feet from any well used as a source of water. For information

kill on the construction of leaching pits or drainfields consult the (1) Manual of Septic Tank Practice, Publication 526,
Public Health Service or (2) Town and Country Sewage Systems, Agricultural Engineering Publication No. 3304,
University of Minnesota.

ceiling joists at one end of the shed. Forced ventilation is provided by an electric fan installed to collect air from the
opposite end of the shed and exhaust it through an outlet between the ceiling joists.

A 10- by 10-inch concrete slab, 6 inches thick is located on one end (outside) of the building. This area is
supplied with water and should be used for (1) completing formulations in spray rigs and (2) washing the interior
and exterior of pesticide application equipment and containers.

A sink provides a formulating or cleaning area. The floor of the shed can be rinsed with water made to flow
through a floor drain near the sink. A safety shower in the shed will be used for fires or for personnel, following
excessive exposure to pesticides.

A fire extinguisher will be located at each end of the shed near the doors. The extinguisher may be either
the conventional 5-pound dry chemical or the 21/2-pound "Purple K" dry chemical. For information on the fire
potential of pesticides see the publication "Fire Hazards of Stored Pesticides", University of Minnesota Fact
Sheet, Agricultural Chemicals No. 1.

Pesticides with an LD50 of 50 milligrams/kilogram or less are rated as highly toxic and should be stored with
special precaution. A small room in one corner of the shed is provided for storage of the highly toxic pesticides.
Shelving is optional. This room may also be insulated and have a strip heater to prevent temperatures from going
below 40° F., and possibly freezing liquid pesticides. The door to this area must be locked except when personnel
enter.

The sink drain, the interior floor drain, and the exterior slab drain are the only connections to the liquid
waste disposal system. This disposal system consists of a distribution box with either a tile drainfield or a leaching
pit, depending on the soil conditions. The tile drainfield is desirable as the waste material can leach into the soil
near the surface where aerobic bacteria will assist in the degradation of the pesticide.

The disposal system must not be used for removal of excess pesticides remaining in the applicator or in
storage containers. Such materials should be buried at least 18 inches deep in soil in an area that will not contaminate
water supplies.

Information on the correct disposal of empty pesticide containers is available in the publication "Disposing of
Empty Pesticide Containers", Agricultural Chemicals No. 3, University of Minnesota Fact Sheet.

The water system for this shed may be installed on a temporary or permanent basis depending on the heating
facilities provided. If the builder insulates and heats the entire shed, it is best to bring the water line in below the
frost level to eliminate draining it in winter. If only the "special storage area" is heated, the line could be brought
in at this point to prevent freezing. Of course, without heat, the system must be drained before winter.

Vacuum breakers should be located on the sink faucets and on the line providing water to the concrete slab
adjacent to the building. These vacuum breakers will prevent pesticides from siphoning back into the water
supply system in case of loss of water pressure when the end of the hose is partially submerged in the pesticide
formulation. To function properly, the vacuum breakers must be installed on the downstream side of any shutoff
valve and above the level of the outside water hose.

Preparing Pesticide Formulations

Proper preparation of pesticide formulation is also an important step in the safe use of pesticides. A step-by-
step procedure is recommended.

1. Select the best pesticide for the job.

2. Read the label twice.

3. Calculate the amount of concentrate needed.

4. Have clean measuring and transfer containers available.

5. Wear the recommended protective clothing in the prescribed manner.

6. Pour concentrate pesticide into measuring container.
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7. Pour measured amount into the transfer container.

8. Fill applicator and clean up formulation area.

Always open paper containers with a sharp knife and do not beat or shake these bags when they are dumped.
Wettable powders should be made into a slurry before being dumped into spray rigs. These suggestions help reduce the
amount of pesticide contamination in the area.

Service Containers

Service containers are measuring and transfer containers (or any other container other than the original
labeled container) or the application device used to hold the pesticide. These containers must be properly labeled to
prevent accidents. Labels on service containers help:

1. Prevent accidental use of the wrong pesticide.

2. Prevent accidental use of a pesticide at the wrong concentration.

3. Prevent accidental misuse of pesticide by the general public.

4. Provide identification if first aid and medical treatment are needed.

The two forms of labels for service containers are the "poison" label and the "warning" label. The poison
label contains the skull and crossbones as well as the word Danger and is to be used only for highly toxic pesticides.
These are pesticides that have an LD50 of 50 mg./kg. or less orally, 200 mg./kg. or less dermally, or 2000 micro-
grams/liter or less inhalation. The warning label should appear on the service containers for all other pesticides.

There are several items required for adequate labeling of service containers:

1. Identification of the contents by words "Exterminating Chemical".

2. Names and concentrations of the active ingredients.

3. General precautions.

4. Recommend first aid.

Pesticide Application

Application equipment must be in good condition to effectively and safely apply the pesticide. Dirty
screens and pumps, leaking or weak hoses or hose connections, worn or plugged nozzles are a few of the normal
problems that must be corrected before applications are attempted. Keep in mind, however, that this equipment is
contaminated and should be handled with respect. Wear the proper protective clothing when making repairs.

Calibration of an applicator is not a difficult task if a specific procedure is followed. The specific procedure
for farm sprayers is covered in the University of Minnesota Agricultural Engineering Fact Sheet No. 4 by D. W.
Bates. The basic procedure is as follows:

1. Know capacity of the spray tank.

2. Replace worn nozzles and clean plugged ones.

3. Fill the tank with water.

4. Check the pump pressure (usually 30-40 pounds).

5. Operate the sprayer in the field at the desired speed.

6. Measure the amount of water applied in one-eighth mile.

7. Use the chart in the fact sheet to calculate the application rate.

8. If the output is too high, use nozzles with smaller apertures, decrease the pump pressure, or drive faster.
The opposite procedure would increase the output.

Based on a survey of pesticide accidents in Minnesota in 1966, it was clear that pesticide drift was the greatest
source of problems. Few pesticide users realize the great distance pesticide droplets will drift from the target area.
For example, when released 5 feet from the ground, a spray droplet of 100 microns diameter will drift 714 feet in a
wind of 1 m.p.h. and 75 feet in a wind of 10 m.p.h. Increasing the height of release to 50 feet results in a drift of
75 feet in a wind of 1 m.p.h. and 750 feet in a wind of 5 m.p.h.

•
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Disposal of Pesticide Containers

No pesticide container is ever completely empty. With the exception of large metal drums that can be recon-
ditioned by professional reconditioners, all pesticide containers should be disposed of by one of several acceptable
methods.

1. Pesticide containers for normal household and garden use should be punctured, or broken and buried 18
inches deep in the soil, or wrapped in newspaper and placed in regular trash collection.

2. Combustible containers (stay out of the smoke as it may be toxic) should be burned in a commercial
incinerator, a supervised public or private dump, an open fire at site of use, or crushed and buried 18 inches
deep in soil.

3. Small noncombustible containers should be washed on the outside, rinsed inside with water containing de-
tergent and lye. Bury the rinse solution 18 inches deep in soil. Break or puncture containers. Bury pieces in
a supervised dump.

4. Large noncombustible containers should have bungs and closures tightened and be transferred to a pro-
fessional drum reconditioner. Return the drum to the manufacturer of the pesticide.

First Aid

Unfortunately accidents will happen no matter how much attention is given to their prevention. It is necessary
that correct first aid be applied immediately.

1. Call physician immediately and explain characteristics of exposure.

2. Remove contaminated clothing and wash skin with soap and water.

3. Induce vomiting if pesticide is swallowed (except for an unconscious person or when a caustic poison or
organic solvent has been used).

4. Give recommended antidotes.

5. Keep patient quiet and warm.

Prevent Accidents

Analyze the cause of each pesticide accident to attempt to prevent reoccurrence. Many times one of the
following items deserves consideration:

1. Mandatory physical examination of all employees.

2. Proper training of pesticide users.

3. Careful planning and thought.

4. Careful execution of the planned operation.

One of the essential elements for the successful and safe handling of pesticides is common sense based upon
the knowledge of the physiological properties of the pesticide being handled and conditions under which it is being
handled. The common sense approach does not mean you should continue handling toxic materials improperly be-
cause it has been common practice. The common sense approach does mean that you must recognize that pesticides
also have the capacity to kill humans.
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62 Pesticide Accidents 1963-1966

Age Groups

0-6 65%

7-17

18
and
OVER

10.6%

24.4%

Causes of
62

Pesticide
Accidents

1963-1966

CAUSE
Failure To Read And/Or
Follow Lobel

Improper Storage Or Security
Of Pesticide

Pesticide Placed
In Different Container

Failure To Wear Protective
Clothing Or Devices

Pesticide Spilled On
Clothing Or Body

Improper Disposal Of
Pesticide Or 'Empty' Container

Rain Runoff From Treated Field
Or Storage Area

Drifting Of Spray Material

PERCENT

13

2

21

26

33

Pesticides
Involved
in 62

Accidents
Investigated
1963-1966

PESTICIDE PERCENT

PARATHION 32.2

ARSENIC 16.1

DIAZINON 11.3

MEVINPHOS 6.5

LINDANE 6.5

TOXAPHENE/STROBANE 6.5

ALDRIN 4.8

OTHERS 12.9
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FERTILIZING ALFALFA IN MORRISON COUNTY

Curtis J. Overdahl, extension soils specialist

Limited experiments and field demonstrations indicate that high yielding, high-quality alfalfa can be grown if
details of fertilization, liming, variety, and proper cutting times are observed.

Alfalfa is seldom grown successfully on sandy-textured soils that test low in potassium or have pH values
below 6.3.

These conditions generally prevail in soil areas of Minnesota approximately north and east of a line from the
Twin Cities to Alexandria, Minnesota to the Canadian border. There are, of course, many exceptions to such a
general description. Although many of these soils are not sandy-textured, the nutrient deficiencies are often
similar.

Experimental plots on alfalfa were established at Pierz in Morrison County in the fall of 1962 on non-irrigated
land. These plots were established to determine needed rates of potassium, lime, and phosphorus, but sulfur and
boron were applied to be sure a deficiency of these elements didn't limit growth.

Results definitely show that high rates of potassium, both at seeding time and topdressed later, are necessary
for most economical production. There is a lime response even with initial pH levels of 6.2 or 6.3. Alfalfa winter
killed in 1966 hence no data are available for that year.

Table 1. Alfalfa yields in tons per acre and related profits according to varying 1963 treatments of potash and
1964, 1965, and 1967 yields.

Year

1963 Seeding time rates of K20, pounds per acre

Cuttings 0 60 120 180 240

1964 2 2.31 2.40 2.60 2.70 3.00
1965 3 4.02 4.16 4.50 5.08 5.36
1967 3 1.32 1.23 1.32 1.70 1.71
3-year yield total 7.65 7.79 8.42 9.48 10.07
Potash cost/acre 0 3.00 6.00 9.00 12.00
3-year increase tons/acre 0 .14 .77 1.83 2.42
Value of increase at $18/ton 0 $2.52 $13.86 $32.94 $43.56
Hay value increase less potash cost 0 $-.48 $ 7.86 $23.94 $31.56

(3-year total)

Table 1 shows that the effect of the 1963 potash treatments has about disappeared after three crop years. All
plots fertilized in 1963 were split three ways in the fall of 1964 and were topdressed annually at 0, 120, and 240
pounds of K20. Each year all plots received 60 lbs./acre of P205. Borated gypsum at the rate of 300 lbs./acre
supplying 50 pounds of actual sulfur and 4% lbs./acre of boron was applied in 1963 and 1967 over all plots.

Soil samples were taken in May 1967, tissue tests were made at the time of the first cutting. Yields were taken
June 13, July 26, and August 31.
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Table 2. Soil treatments of K20 and its relationship to 1967 soil tests, tissue analysis and alfalfa yields. Only two
replicates are involved in this sampling.

K20 Treatment
annually Soil Test Tissue 1967 Yield

1963 1964,65,66 pH p K %K tons/acre

0 0 6.9 21 high 30 V.low 0.7 0.8
60 0 6.3 42 V.high 40 V.low 0.7 0.9
120 0 6.6 40 V.high 40 V.low 1.0 1.0
180 0 6.9 33 V.high 50 V.low 1.3 1.9
240 0 7.1 21 high 40 V.low 0.9 1.7
0 120 6.8 18 med. 150 med. 1.8 2.5
60 120 7.0 18 med. 100 med. 1.9 4.5
120 120 6.9 20 M.high 130 med. 2.1 4.3
180 120 6.8 23 high 190 med. 2.0 3.5
240 120 6.7 21 high 150 med. 1.9 3.9
0 240 6.5 28 high 390 V.high 2.2 4.1
60 240 6.8 28 high 350 V.high 2.3 4.9
120 240 6.9 19 M.high 340 V.high 2.3 4.1
180 240 6.3 28 high 250 high 2.2 3.6
240 240 6.8 16 med. 380 V.high 2.4 5.2

In the soil tests above, with only a few exceptions, the pH seems at an adequate level after 5 years with 5 tons of
lime. Phosphorus levels appear quite adequate, but P205 levels have been increased to 120 pounds for 1968.

Table 3. 1967 Averages from 20 replications of alfalfa..

K20 annual treatments after 1963
0 120 240

Yield 1967 tons/acre 1.52 4.14 4.51
% K in tissue .93 1.96 2.25
Soil test, K 42 V.low 173 med. 325 V.high

Table 4. Lime Results. Alfalfa yields increases in tons/acre from 1962 lime treatments. Adequate phosphorus (P),
potassium (K), sulphur (S), and boron (B) added regularly.

Tons per acre of lime*
2.5 5

1964 (2 cuts) .24 .39
1965 (3 cuts) .14 .41
1967(3 cuts) .60 .88
Total increase to date .98 1.68
pH (6.3 initially) 1967 6.7 7.0

*Calcium carbonate equivalent of the lime was 93%, 31% of the lime passes a 60 mesh screen and 94% passes an 8
mesh screen. Lime is from Bryan's quarry at Shakopee.
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Table 5. Phosphorus Results. Increase in alfalfa yields in tons/acre and related soil test and tissue test. Adequate
lime, K, S, and B added.

Annual Treatment P205
30 60

hill 1964 (2 cuts) .30 .45
1965 (3 cuts) .74 1.03
1967(3 cuts) 1.37 1.86

hill Annual average increases
%P tissue* 

.80 1.11

.22 .28
Soil test P* lbs./acre 1967 18 27 

hill *With no phosphorus tissue contained .19 percent P, and soil tested 10 lbs./acre.

Acknowledgement is due the American Potash Institute for financial support of this project; to L. D. Hanson

hill 
in assisting the establishment of the project; to Gyles Randall assisting in plot work and statistical analysis; and to
Roderick Boser for excellent cooperation with field work and use of his land.

hill
POTATO FERTILIZATION ON SANDY LOAMS

hill Curtis J. Overdahl, extension soils specialist

Potato experiments under irrigation were conducted in 1966 and 1967 near Osseo in Hennepin County and

101 

Clear Lake in Sherburne County. The objective was to determine the need for fertilizer on soils that had been

fertilized intensively for several years where soil tests have been built to very high levels. Also tested was the effect

of high potassium fertilization on magnesium availability.

III 

Two farms were selected where a contrast was possible between a very high buildup of fertility over several
years, and one which had not had the benefit of this nutrient buildup. The latter farm was recently purchased and
put under irrigation and intensive potato production.

MI Yields and related factors follow.

POTASSIUM EXPERIMENTS

1111 Soil tests at beginning of experiment were as follows:

Tessman Farm, Hennepin County P=200+, K=600+, pH=5.4, sandy loam

MI 
Gray Farm, Sherburne County P=17 lbs., K=130, pH=5.4, sandy loam

1966 Results Petiole Analysis 
Yield* CWT**/Acre Tessman Gray

ill 
Fertilizer Treatments Tessman Gray %K %Mg %K %Mg

100+ 100+ 0 332 207 11.6 .14 
100 + 100 + 50 315 - 12.0 .17 - -

Ill 

100 + 100 + 100 293 232 12.3 .09 8.3 .55
100 + 100 + 250 356 313 13+ .15 10.0 .38

100 + 100 + 500 277 338 12.8 .14 11.8 .31
100+ 100+ 1000 - 341 - - 11.3 .37 

IIII * Norland variety
** Hundred weight

1 01
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1967 Results Petiole Analysis 

Fertilizer Treatments
Yield* CWT/Acre Tessman Gray

Tessman Gray** %K %Mg %K %Mg

150+150+0
150+ 150+ 100
150 + 150 + 150
150+ 150+ 250
150+ 150+ 500
150 + 150 + 1000

206

225

222

111 8.0 .22 4.5 .49
194 - - 7.6 .22
- 8.0 .20 - -
198 - - 9.0 .15
199 7.9 .20 9.0 .13
203 - - 9.0 .15

* Average of two varieties
** This plot had severe hail June 30, but the moderately late bounty variety recovered quite well, while the somewhat

earlier Norland yielded considerably less.

Where the potassium (K) test was 600+ at Tessman s, there was no K response in 1966. In 1967, there was
considerable yield variation and no apparent response. Tissue analysis for K showed little treatment effect. Magnesium
(Mg) content tested low for all treatments of K.

In 1966 at Gray's farm near Clear Lake, potato yields increased directly with K treatments, K in the petiole also
increased directly with treatments and magnesium content was correspondingly decreased but not nearly to such a
low level as at Tessman's. In 1967 the results may not be as meaningful because of severe hail damage. The first 100
pounds of K20 gave the only important yield increase, but hail apparently reduced chances of the potatoes being
able to capitalize on any high K treatments. Magnesium content was reduced seriously as K content was increased
due to K treatment.

Changes in soil test due to K treatment are also of interest, particularly on the Clear Lake farm where the
study started from a relatively low level. This land is usually plowed about 7 or 8 inches deep.

K Soil Test
Potassium Treatment After 1966 Crop After 1967 Crop

K20 lbs./Acre 0 - 6 inches 6 - 12 inches 0 - 6 inches 6 - 12 inches

0 130 50 150 70
100 150 50 170 75
250 180 100 180 105
500 200 250 345 330

1,000 230 400 340 365

MAGNESIUM EXPERIMENTS

In 1967 a magnesium experiment was established on the Tessman farm. There was no significant yield
response to magnesium or effect on the magnesium content in the petioles. Results with the bounty variety were
as follows:

Yield CWT
% Mg in petioles

0
Magnesium Treatment lbs./acre

25 50 75 300

339 328 341 344 322
.22 .23 .26 .25 .23

Magnesium was applied as magnesium sulfate. All material was applied in the row except 225 pounds of the 300-
pound treatment. The NPK (nitrogen, phosphate, and potash) rates were 150 + 150 + 500. This plot was adjacent
to the other experiments, but was in rye for soil improvement in 1966.

Two years results with magnesium containing dolomitic limestone on nearby plots gave no yield increase
with four varieties and little, if any, effect on magnesium petiole content. Magnesium in the petioles in 1967
ranged from .19 to .25. Limestone rates ranged from 0 to 8,000 pounds per acre.
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PHOSPHORUS STUDIES

There was no apparent phosphorus response in 1966 at Osseo where the P test was 200+, but in 1967 there
was an obvious starter P response. Where the P soil test was only 17 pounds per acre at Clear Lake, results were as
follows:

1966 Treatment CWT*/A %P 1967 Treatment CWT*/A %P

100+0+ 500 255 .29 150+0+500 98 .16
100 + 100 + 500 325 .26 150 + 150 + 500 233 .43

* 1966 Norland Variety; 1967 Average of Bounty and Norland Varieties.

The P soil test after 1 year was raised from 17 to 26 and after 2 years was raised to 40 pounds of absorbed P per acre.

NITROGEN STUDIES

Response to nitrogen at Tessman's indicated that 200 pounds per acre was superior to 100 pounds, while at
Gray's there was a good response from 100, but 200 pounds in 1966 yielded no better. In 1967, the 200-pound
treatment looked best, but hail kept these plots, from producing very well and conclusions on nitrogen could not
be drawn.

Funds for this project were supplied by the American Potash Institute. Efforts in plot work leadership by
G.W. Randall, C.P. Klint, as well as county agents, George Roadfeldt, Enoch Bjuge; horticulture specialist,
O.C. Turnquist; and TVA specialist, Harvey Meredith, are gratefully acknowledged. The excellent cooperation of
Howard Gray and Eldon Tessman in the use of their machinery, as well as their land, is much appreciated.

COMPUTERIZED FERTILIZER RECOMMENDATIONS
AND SOIL TESTING INNOVATIONS AT MINNESOTA

William E. Fenster, extension soils specialist

The Soil Science Department of the University of Minnesota is currently developing a computerized soil
test lime and fertilizer recommendation program for field and vegetable crops. The main objective of this computer
program is to provide generalized recommendations to the farmer so that maximum crop production may be
realized. In making these recommendations, the following criteria will be taken into account:

1. Subsoil fertility with respect to phosphorus and potassium.
2. Soil test — pH, Organic Matter, Phosphorus, Potassium, and Texture.
3. Previous cropping and fertilization.
4. Drainage and irrigation.
5. Crop to be grown — The yield potential of the particular crop will be considered by area with special

reference to Growing Degree Days (GDD) and rainfall.

The recommendation will be in two categories, corrective and maintenance, for the common agronomic
crops.

1. Corrective Recommendations — Certain minimum soil test levels are required to produce optimum yields
of all crops being grown in any cropping system. If the soil tests are below these levels for pH, Phosphorus,
and potassium, a corrective application of lime, phosphorus, and potassium will be recommended. Cor-
rective applications are made only once every 3 or 4 years. If subsequent soil tests indicate that additional
amendments are needed, then another corrective application would be made. Corrective applications will
be made only for cropping systems which include corn and/or alfalfa.

2. Maintenance Recommendation — This recommendation considers the nitrogen, phosphorus, and potassium
removed by the particular crop being grown; thus the desired soil test levels, attained through corrective
applications, are maintained. However, if the phosphorus or potassium soil test levels are high, maintenance
recommendations would not be given for the nutrient in the high category, except in starter fertilizers.
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Some of the advantages of using computerized soil test recommendations are as follows:

1. Recommendations for lime and fertilizer will be made on both a per sample basis and an average field basis.
In general, the farmer will use the average field recommendations; however, if past history of cropping and
fertilization indicate a special problem, per sample recommendations will be available.

2. Average field recommendations will automatically exclude samples which test considerably higher or lower
than the true mean for field. Due to erroneous soil tests which may result from sampling urine spots, dead
furrows, and fertilizer bands, etc., the computer will check all values against the mean average for all
samples and reject any sample which tests too high or too low. After the sample is rejected a new mean
will be calculated and then a generalized recommendation will be made. It is therefore important that the
farmer take more than two samples from each field, so reliable recommendations can be computed.

3. Recommendations will be made on both the elemental and oxide basis. Although some confusion may
result from this, it is essential to give a dual listing since it is quite evident that eventually fertilizer
recommendations will be made on an elemental basis.

4. Additional factors such as irrigation and drainage etc. will automatically be considered in making recom-
mendations. In Minnesota, top yields are now being realized from land which previously was either too wet
or too dry. These limiting factors are now being controlled in a large measure through tilling and irriga-
tion systems. It is important; therefore, that these systems be taken into account when making fertilizer
recommendations.

5. Recommendations for specialized crops will be given on a routine basis. Every year more and more farmers
are growing increased acreages of vegetable crops. It is imperative that recommendations be routinely
made to accommodate this demand for specialized crops.

6. Computerized soil test recommendations will be a valuable aid to the county agents. Making lime and
fertilizer recommendations take much time in the county agent's schedule which is already overburdened;
It is hoped that the computerized recommendations will alleviate this problem somewhat. If the farmer or
county agent feels that the general recommendation given by the computer is not adequate, the county
agent can make further refinements on the recommendation.

7. Soil test summaries can be prepared when soil test recommendations are machine processed. When these
summaries are prepared they will identify the problems related to soil fertility, consequently, they will be
extremely important and useful in planning educational programs at all levels.

SOIL TEST INNOVATIONS

The University of Minnesota Soil Testing Laboratory will introduce the SMP (buffered solution named for
Shoemaker, McLean and Pratt at Ohio State University) buffer test for making more accurate and reliable lime
recommendations. This test will be run routinely. Soluble salts, zinc, and sulfur will also be run as special tests
when the farmer or county agent deems it necessary. These special tests will involve an additional fee.
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Nil

Mention of trade names in this publication does not imply endorsement nor does failure to mention a name
imply criticism by the Minnesota Agricultural Extension Service.

Nil Issued in furtherance of cooperative extension work in agriculture and home economics,
acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture.

Id Roland H. Abraham, Acting Director of Agricultural Extension Service, University of
Minnesota, St. Paul, Minnesota 55101. 3M-11-67
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