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SUNFLOWER STEM AND SEED WEEVILS 

Dean K. McBride 
Extension Entomologist 

Cooperative Extension Service 
North Dakota State University 

At least five species of weevils have caused economic loss in localized sun
flower growing areas throughout the Dakotas and Minnesota. While their rela
tive importance changes with year and location, two species appear to be pre
dominant from year to year. These species are the sunflower stem weevil 
Cylindrocopturus adspersus (LeConte) and the sunflower seed weevil Smicronyx 
fulvus (LeConte). 

This report is intended to present information on these two weevil species, 
their life cycle, description, location for the various stages in or on the 
plant, damage, and what can be done to reduce their effect on sunflower fields 
in areas where they are a problem. 

SUNFLOWER STEM WEEVIL - CYLINDROCOPTURUS ADSPERSUS 

The sunflower stem weevil has caused yield losses up to 80 percent in some 
fields due to lodging caused by larval feeding in the stalk. Severe stalk 
infestations by the larvae have become nearly an annual occurrence throughout 
southeastern North Dakota and adjacent sunflower growing areas of Minnesota 
and South Dakota with the range of infestation extending outward each season. 
Dry conditions and strong winds contribute greatly to the economic loss in 
yield resulting from sunflower stalk breakage caused by stem weevil larvae. 

The adult stem weevil is 1/6 to 1/5 inch long, brownish-gray with white spots 
on the back. The beak and antennae are black. Adults emerge in mid-June and 
feed on the epidermal and subepidermal tissue of the foliage and upper stem 
of sunflower. This feeding causes negligible damage to the plant. Mating 
and subsequent egg deposition occurs during the latter part of June and into 
early July. Control measures to prevent adult egg laying should be initiated 
at this time if two adult weevils are found per plant. From the standpoint 
of stage of sunflower plant development, the desirable timing of application 
would be vegetative stage 2.3 (third alternate leaf developed or about 14 
leaves in total) to vegetative stage 3.1 (inflorescence head visible but 
tightly surrounded by young leaves or in other words, early bud stage). 

Supracide 2E at 2 pints per acre (1/2 lb. AI/A) is registered for adult sun
flower stem weevil control. Using ground application equipment, apply a mini
mum of 10 gallons of water per acre. Four to five gallons of water per acre is 
advised for aerial application. Fields treated with Supracide should not be 
entered the same day the spray is applied. 
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Research by Dr. C. Y. Oseto of North Dakota State University in 1979 revealed 
that planting time treatments of the granular systemic insecticides Temik 15G 
at 2 lbs. AI/Acre and Furadan lOG at 2 lbs. AI/Acre gave good protection against 
breakage by sunflower stem weevil (Table I.). Granular applications of these 
insecticides replicated 3 times were made in a 7 inch band over the row on 
May 25, 1979 near Lisbon, North Dakota. Ten stalks were selected at random 
from each of the 3 replicates for each treatment and rate and tested for 
stalk breakage by determining the pounds of pull required to cause breakage. 
This research demonstrated that Temik 15G at 2 lbs. AI/Acre and Furadan lOG at 
2 lbs. AI/Acre provided mean stalk strengths of 20.8 lbs. pull and 20.6 lbs. 
pull respectively. Temik 15G at 1 lb. AI/Acre provided a mean stalk strength 
of only 11.9 lbs. pull which compared closely with the nontreated stalks which 
had a mean stalk strength of 9.9 lbs. pull. 

Table I. Stem Weevil Control With Systemic Insecticides - Lisbon, ND - 1979 

Stalk Breakage Range 
Insecticide Rate (lbs. pull) Test* 

Temik lSG 2 lbs. AI/ Acre 20.8 a 

Furadan lOG 2 lbs. AI/ Acre 20.6 a 

Temik lSG 1 lb. AI/Acre 11.9 b 

Control 9.9 b 

* Means followed by the same letter are not significantly different at .05 level -
Duncan's Multiple Range Test. 

Just prior to egg deposition, female weevils descend to the lower portion of 
the plant, where eggs are deposited individually in the epidermal tissue of 
the stem. Females produce up to 20 eggs during a two week period. The eggs, 
only 0.6 millimeter in length and oval shaped, are tannish in color with a 
prominent dark spot on one end at maturity. 

The stem weevil adults are present until about mid-July, although this may vary 
depending on weather conditions. (They have been found in fields into August.) 
Upon hatching in early July, the young larvae feed on subepidermal tissues and 
tunnel into the fibrovascular bundles. Heavy infestations of up to 25 larvae 
per plant are fairly common. 

As the larvae mature, feeding is concentrated in the pith, with larvae forming 
straight longitudinal tunnels upward in about half of the stem. As the fourth 
instar (larval stage) is reached, the larvae commence downward movement, feed
ing on the pith and other contents of the inner stem. Larvae are 1/5 to 1/4 
inch long, creamy white with darkly pigmented heads. The tunnels are filled 
with frass (larval excrement) as the larvae consume and destroy the entire 
pith tissue of the lower stalk. 

Whereas feeding by the first and second instars of the stem weevil results in 
small tunnels in the pith, damage by these stages usually is not severe, 
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although the xylem and phloem vessel systems are affected to some extent. This 
can interfere with plant nutrition and therefore may influence yield by reduc
ing seed set or filling. 

Feeding by the last two instars completely destroys the pith (internal support 
tissue of the plant). Subsequent invasion by fungi further enhances the stem 
tissue breakdown. Stems are weakened and break about four inches above the 
ground prior to harvest. 

By the last week in August, larvae have fed down to just above the soil surface. 
A rudimentary chamber is constructed in the stem, and the weevils overwinter as 
fourth instar larvae. Pupation of the overwintering larva occurs the following 
year in early June. The pupal stage lasts about 2-3 weeks, but above normal 
temperatures in late May and June reduces the length of this period. The pupa 
is 1/5 to 3/10 inch long, white when newly formed, with the extremities and 
eyes gradually turning brown with age. The cycle is completed upon the emer
gence of the adult. 

SUNFLOWER SEED WEEVIL - SMICRONYX FULVUS 

Infestations of sunflower by seed weevils have occurred at irregular intervals 
for more than 50 years. It was the seed weevil complex that forced sunflower 
growers in Missouri and Illinois to stop commercial sunflower production in 
the early 1900's. 

Seed weevils are distributed throughout the United States and probably have 
been in the Red River Valley areas of North Dakota and Minnesota as long as 
sunflower has been grown. 

In the Northern Plains, the distribution of the seed weevils appears to be 
confined primarily to sandy soils. These weevils first gained attention in 
commercial sunflower fields in the northern production areas in 1974, and 
infestations have been steadily increasing since then. There are at least two 
species involved: Smicronyx fulvus and Smicronyx sordidus with S. fulvus 
being most prevalent in the Red River Valley area of Minnesota and North 
Dakota. 

The adult seed weevil ~· fulvus is 1/10 to 1/8 inch in length, with reddish
brown outer wings and a grayish-white underside. The pupation, which takes 
about one week, occurs in the soil. The adults congregate on unopened and 
newly opened heads, feeding between the bracts. When the sunflower heads 
completely open, the adults begin feeding on the pollen. Mating occurs under 
unfolding bracts and ray petals, where several pairs can often be seen. As 
the seeds begin to mature, the female deposits eggs in feeding punctures on 
the seed hull. Feeding punctures will close tightly so external visible 
evidence of egg deposition is usually not noticeable. 

Normally, a single egg is deposited per seed, although research has shown that 
8 to 12 percent of egg deposition may involve multiple eggs per seed. Egg 
deposition generally occurs the last week of July through the first week of 
August. The small, white oval shaped eggs hatch in approximately one week, 
with the larvae beginning to consume the meat of the interior seed by the end 
of July. In heavily infested fields as many as 50 percent of the heads (or 
more) and 80 percent of the seeds become infested with larvae. 
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While some seed may be totally consumed, reserach reveals that most seeds are 
only partially fed upon. This results in difficulty in separating undamaged 
from weevil damaged seed. Larva are small, white, legless and C-shaped. They 
undergo five developmental instars, with the initial four stages ranging from 
7 to 14 days. Preliminary results indicate the fifth instar undergoes diapause 
(physiologically enforced temporary dormancy). 

After completion of larval development, the majority of the larvae drop to the 
ground from mid-August through September. Recognizable larval emergence holes 
are present in the hull when the larvae have left the seed. They overwinter 
in the soil at a depth of about 6 inches. The entire larval period lasts 
about 10 months, although it can extend to 11 months, with pupation the follow
ing year in mid-June to mid-July. 

While larvae normally drop from the head to the soil after completing their 
development, a certain percentage may remain in the seed and be present at 
harvest. The number of larvae remaining in the seed will often be greater 
when growers use a dessicant and harvest their crop earlier in the fall. 
Growers who encounter seed weevil infestation are advised to delay harvest 
whenever possible to allow most of the weevil larvae to leave the seeds; thus, 
larvae will not go into storage with the harvested seed. 

Larvae remaining in the seeds at harvest probably cannot be effectively con
trolled by fumigation. Such a treatment would have to be delayed until larvae 
complete development and emerge from the seeds. As of this writing, the only 
fumigant registered for stored sunflower seed is Phostoxin. 

The most effective control of seed weevils can likely be achieved by treatment 
of infested sunflower fields when adults are active, but before egg deposition 
occurs. NDSU research indicates that the approximate optimal time for an 
insecticide application is at about 15-30 percent bloom if 20 or more adults 
are found per plant in oil type sunflower and 5-7 or more in non-oil sunflower. 
A repeat treatment may be necessary at about 80-90 percent bloom if significant 
weevil populations are still present due to reinfestation. 

Supracide was granted full label registration for sunflower seed weevil control 
in 1979. The recommended rate of application is 2 pints (1/2 lb. AI/A) using 
4-5 gallons of water per acre applied by air. 

Since bees and other pollinators become active in sunflower fields as they come 
into bloom, every precaution should be taken to avoid insecticide application 
at this time unless insect populations indicate the treatment is positively 
necessary. If treatment is warranted, appropriate measures should be taken to 
protect bees by spraying in early morning or early evening when bee foraging 
activity will be minimal. Also, care should be taken to insure that insecti
cide treatments will not drift into bee yards. 
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ALFALFA WEEVIL MANAGEMENT 

Edward B. Radcliffe 
Professor 

Department of Entomology 
University of Minnesota 

Alfalfa weevil, Hypera postica, was first reported in Minnesota from Houston Co. 

in 1970. The weevil has since extended its range throughout the state, but 

until this past year there had been no reports of economic injury. The slow 

1979 growing season and the wet weather which further delayed the 1st harvest 

probably were the principal factors contributing to this year's unexpected 

importance of the weevil, particularly in S.E. Minnesota. This situation bears 

careful watching in 1980, but it seems probable that most years weevil problems 

will not materialize if 1st cutting is not delayed beyond 1/10 bloom. The 

parasite Bathyplectes curculionis, which attracts alfalfa weevil larvae, occurs 

throughout the weevil's range is proving highly effective. A second parasite, 

Microctonus aethiopoides, which attacks adult alfalfa weevils, was successfully 

introduced into Houston Co. in 1977. A second release of Microctonus aethiopoides 

was made in Dakota Co. this fall with a further release planned for next spring. 

Over much of the eastern U.S. parasites have proven so effective that the need 

for insecticidal treatments has been greatly reduced. 
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WILD PROSO MILLET RESEARCH 
IN WISCONSIN 

R. G. Harvey 
Professor of Weed Science 

Department of Agronomy 
University of Wisconsin-Madison 

Wild proso millet is a rapidly spreading weed in Wisconsin which poses 
particularly serious problems in row crops such as field corn, sweet corn, 
and soybeans. Consequently, a major research effort has been underway for 
several years in Wisconsin to evaluate various herbicide treatments and 
planting systems for controlling the weed in those crops, as well as in 
crops such as alfalfa, canning peas, and oats which are frequently grown in 
associated crop rotations. Most of the research as been conducted on a 
heavily infested field near Poynette, Wisconsin, but some studies have also 
been carried out on farmer fields. 

The major wild proso millet problem in Wisconsin is in sweet corn fields. 
Therefore, in 1978 and 1979 a trial comparing 46 herbicide treatments for 
wild proso millet control in sweet corn was conducted. The best control 
was provided by tank-mix or sequential herbicide combinations which include 
EPTCffi (Eradicane) at 6 lb/A (7 1/2 pints/A) applied preplant-incorporated. 
The best yields have occurred when the EPTCffi was combined with preplant
incorporated or preemergence treatments of Cyanazine (Bladex), Atrazine, or 
Simazine (Princep), or with preemergence applications of Pendimethalin 
(Prowl). While herbicides such as Alachlor (Lasso), Butylate (Sutan), and 
Metolachlor (Dual) showed promise in greenhouse tests, they generally have 
performed poorly in the field. 

The same herbicides which are used in sweet corn can, of course, also be 
used in field corn. Results have been similar, but field corn is taller 
and more competitive and is usually grown in rows spaced only 30 inches 
apart rather than 38 to 40 inches apart. Because of this, yield losses 
causes by wild proso millet are usually lower in field corn. In a two 
year date of planting, row spacing, herbicide~interaction study (Table 1), 
a preplant-incorporated treatment of EPTCffi plus Cyanazine provided better 
control in field corn than in sweet corn, in 30 inch rows than in 40 inch 
rows, and when the crop was planted on May 17 than when planted on April 
27. Some wild proso millet persisted under all conditions, however. 

In soybeans, no herbicide treatment provided adequate wild proso millet 
control. The best control early in the season came from Trifluralin 
(Treflan), particularly when applied at a rate of 1.5 lb/A (a 3X rate 
for a sandy soil) and incorporated four times as deep as possible with 
a mulch-treader prior to planting. But weed control failed rapidly as 
the growing season progressed and the soybeans were injured by the high 
rate of herbicide. Other herbicides included in the study were 
Chloramben (Amiben), Alachlor (Lasso), Profluralin (Tolban), Dinitra
mine (Cobex), Metribuzin (Sencor or Lexone), Oryzalin (Surflan), Linuron 
(Lorox), Metolachlor (Dual), and Diclofopmethyl (Hoelon). Actually the 
best yields were obtained with Trifluralin applied preplant-incorporated 
followed with Chloramben applied preemergence, and a preemergence 
application of Alachlor plus Linuron. 
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In canning peas, Triflur~lin, Profluralin, and Dinitramine were all effective. 
In fact, the competition from the crop appeared to make the herbicides work 
better than in soybeans. After peas are harvested in late June or July, the 
proso millet grows rapidly and produces seed regardless of what herbicide was 
used for the pea crop. It is thus advisable to till fields periodically after 
pea harvest to prevent production of wild proso millet seed which will increase 
problems later. 

When establishing alfalfa alone, Benefin (Balan) and Profluralin were effec
tive in controlling wild proso millet in 1978 while EPTC (Eptam) was effective 
in 1979. Once the alfalfa was established and being cut regularly, the weed 
was suppressed. 

Early seeded small grains such as oats competed with and suppressed wild proso 
millet even without use of herbicides. But where planter skips existed or 
herbicide residues from previous crop thinned the crop stand, the wild proso 
millet grew vigorously and produced seed. 

In 1979, cultural practices such as reduced tillage were evaluated for wild 
proso millet control in corn. The most promising technique was to plant 
corn no-till in sod from alfalfa seeded the year previously. These studies 
will be continued in the future. 
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Table 1. Influence of planting date and row spacing on wild proso millet 
control in field and sweet corn. Average of 1978 and 1979 results. 

Row % WiPm Y 
Planting Herbicide Spacing Control at 

Crop Date Treatment l/ (in) Harvest Yield 

Sweet Corn 4/27 No Herbicide 40 0 0.01 T/A 
30 0 0 

EPTCfD 40 30 1.02 
30 33 1.41 

EPTCfD + Cyanazine 40 53 1.51 
30 68 2.14 

5/17 No Herbicide 40 0 0.16 
30 0 0.26 

EPTCfD 40 72 3.51 
30 82 4.68 

EPTCfD + Cyanazine 40 80 4.17 
30 88 5.84 

Field Corn 4/27 No Herbicide 40 0 13.6 Bu/A 
30 0 14.7 

EPTCfD 40 62 61.9 
30 70 72.4 

EPTcfD + Cyanazine 40 69 72.4 
30 82 87.8 

5/17 No Herbicide 40 0 17. 1 
30 0 11.4 

EPTCfD 40 77 87.2 
30 79 95.3 

EPTC~ + Cyanazine 40 81 91.2 
30 89 105.2 

11 Herbicides were applied preplant-incorporated at rates of 6 lb/A of EPTCfD 
and 2 lb/A of Cyanazine. 

Y WiPm = wild proso millet 
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HERBICIDE RESISTANT LAMBSQUARTERS 
IN WISCONSIN 

R. G. Harvey 
Professor of Weed Science 

Department of Agronomy 
University of Wisconsin-Madison 

Failure of atrazine to control late season grass weeds such as fall panicum 
and crabgrass has been recognized for years. These weeds, like corn, are 
able to detoxify the herbicide. ~1ore recently, however, populations of 
atrazine resistant weeds have been discovered of species previously known 
to be susceptible to the herbicide. The first of these weeds was common 
groundsel discovered in 1968 near Olympia, Washington. Since that time, 
atrazine resistant redroot pigweed was discovered near Stanwood, Washington 
(1968), and resistant common lambsquarters was found near Lynden, Washington 
(1973). More recently, resistant pigweed was found in Maryland (1974), and 
resistent common lambsquarters, common ragweed, and wild turnip was found 
in Canada. Such resistant weeds were also found in Europe. All resistant 
species first appeared as scattered plants in fields where triazine herbi
cides had been used for more than six years and where no inter-row 
cultivation had been done. Until 1978, however, none of these risistant 
weeds had been identified in the central United States. 

Last year, however, a farmer in Marathon County, Wisconsin sent researchers 
at the University of Wisconsin-Madison seed from common lambsquarters which 
had taken over his corn field. Greenhouse tests demonstrated that while 
susceptible lambsquarters (seed collected at another site) was killed by 
0.5 lb/A of atrazine, this new seed was not killed with 4 lb/A of the 
herbicide. A press release describing the situation was prepared and dis
tributed throughout Marathon, Wood, and Parage Counties. In 1979, the 
resistant lambsquarters was detected in other areas of Wisconsin as well. 

While the press has given much attention to our "superweed", we are not 
greatly alarmed. We are monitoring the situation and are confident that 
adequate controls (mechanical and chemical) will keep the resistant strain 
of lambsquarters in check. However, considering that these atrazine resis
tant weeds have been identified in many areas in the world, more are likely 
to appear, perhaps in Minnesota. 

These comments are not made to cause undue alarm, but rather to emphasize 
the need to utilize more than one method of weed control. These weeds are 
only resistant to triazine herbicides; but not resistant to all chemicals. 
Use of herbicide combinations and herbicide and crop rotations will help 
keep resistant weeds from spreading. Cultivation and other cultural 
practices will also be helpful. Current evidence suggests that the resis
tant weeds are not new, but are actually less vigorous and competitive than 
the more common susceptible weeds. Repeated use of one type of treatment 
over a number of years allows their populations to increase. But, if 
control practices are changed, the old susceptible weeds will probably 
again become dominant. 
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UPDATE ON HERBICIDES FOR SMALL GRAINS 

Richard Behrens 
Professor 

Department of Agronomy and Plant Genetics 
University of Minnesota 

With no weed control, yield losses of small grains would be very large, 
about 20 percent. With current weed control practices, yield losses in 
wheat due to weeds are still large, approximately 10 percent, which at cur
rent prices result in an annual dollar loss of about $30,000,000 to Minne
sota farmers. Similar yield losses from weeds occur in oats and barley. 
The substantial small grains yield losses from weeds which still occur can 
be reduced by proper use of herbicides, preventing losses in herbicidal 
effectiveness caused by environmental factors, and making use of new herbi
cides which should be available in 1980 or 1981. 

Proper Use of Herbicides 

Poor results with herbicides are often due to application at the wrong 
time. For the broadleaf weed killers, 2,4-D, MCPA, dicamba and bromoxynil, 
there are times of application that are safer to the crop and more effec
tive in controlling weeds. MCPA, bromoxynil and dicamba work best when they 
are applied early (2- to 3-leaf stage of grain) to small broadleaf weeds but 
2,4-D must be applied later, to grain in the tillering stage, to avoid crop 
1nJury. Even though large broadleaf weeds are usually killed by later spray
ings with these weed killers, late treatments should not be used because the 
large weeds have already caused yield losses. Large weeds take moisture and 
minerals needed by the crop and also shade the plants resulting in smaller 
grain plants with fewer tillers. With fewer tillers the number of heads is 
reduced, resulting in lower yields. 

The best time for postemergence herbicide applications also varies 
among the wild oat herbicides. The stage of wild oat growth is of utmost 
importance for success with barban (Carbyne). It must be applied at the 
1 1/2- to 2-leaf stage of wild oats, a very short period, to obtain satis
factory wild oat control. On the other hand, difenzoquat (Avenge) is effec
tive over a longer period, the 3- to 5-leaf growth stage of wild oat. 
However, difenzoquat treatments made after the 4-leaf stage often result in 
yield losses even though the wild oat control is good, because of increased 
competition of wild oats with the grain for moisture, nutrients and light. 
The newest wild oat killer (EPA registration is expected before Spring-1980), 
diclofop (Hoelon), is very effective on both wild oats and the foxtails 
treated at the 2- to 3-leaf growth stage. Later spraying of barley may 
result in barley injury in addition to the increased yield losses from weed 
competition. 

For the best foxtail and broadleaf weed control with propanil (Stampede), 
a new herbicide for use in small grains (EPA registration for wheat is 
expected before Spring-1980), treatments should be applied when the weeds 
are in the 2- to 4-leaf stage of growth. 
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Proper timing of preemergence applications can improve weed control 
results also. Delaying preemergence applications of propachlor (Ramrod 
or Bexton) until just prior to grain emergence improves safety to small 
grains without reducing the effectiveness of foxtail control. EPA regis
tration of this chemical is not expected until 1981. 

Environmental factors 

Environmental factors such as temperature, rainfall, and soil mois
ture have much to do with the success or failure of a herbicide treatment. 
For the small grain herbicides, we are coming to recognize the influence of 
some environmental factors on herbicide action but there is still much to 
learn. Below are some observations on effects of environmental factors. 

1) Temperature effects on herbicidal activity are not well understood 
and need more study. However, for most compounds, temperature and other 
environmental conditions that allow vigorous plant growth result in the 
best weed control. Low temperatures often reduce herbicidal activity and 
high temperatures increase herbicidal activity on both the crop and weeds. 
Therefore, low temperature may result in poorer weed control and high 
temperature may result in greater crop injury. By adjusting application 
rates within the range indicated on the herbicide label, the adverse effects 
of temperature can be reduced. 

2) Rainfall is necessary to "activate" herbicides applied to the soil 
but too much rainfall can result in crop injury if the rain leaches the 
chemical deeper in the soil where it comes in contact with the crop seed. 
Delaying the application of propachlor until just before crop emergence 
reduces the possibility of leaching injury from this herbicide. 

3) Rainfall shortly after foliar herbicide applications will reduce 
weed control by washing the herbicide from the leaves before it is taken 
up by the plant. Some herbicides, especially those that are soluble in 
water such as 2,4-D and MCPA amines, are washed from the leaves of weeds 
more readily than others. The water insoluble esters of 2,4-D and MCPA 
are less readily removed by rainfall and also penetrate leaves more rapidly 
than the amines so rainfall has less effect on weed control of the ester 
formulations. Rainfall reduces wild oat control with barban less than it 
reduces control with difenzoquat or diclofop for the same reasons. 

4) Soil moisture has important effects on plant growth. Low soil 
moisture slows weed growth and reduces weed control. Based on field obser
vations, wild oat control with diclofop and difenzoquat is greatly reduced 
when soil moisture is low. In order to obtain satisfactory wild oat control 
with these compounds under dry conditions it is necessary to increase the 
amount applied to the maximum recommended rate. 

Use of New Herbicides 

In the past we have lacked herbicides for the control of foxtails in 
small grains. However, recently new chemicals have been discovered and 
modified methods of application of older herbicides have been developed 
which will control foxtails in small grains. Trifluralin (Treflan), which 
has been widely used for many years to control foxtails in soybeans, became 
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the first herbicide registered in Minnesota to control foxtails in spring 
wheat. Its use required changing the preplanting incorporation application 
used for soybeans to a shallow incorporation after planting wheat about 
2 inches deep so that the herbicide is located in the soil above the wheat 
seed. Extension of this use of trifluralin to barley and oats is a possi
bility but these use registrations have not yet been approved by the Environ
mental Protection Agency. 

Propanil (Stampede) which had been widely used for many years to control 
barnyardgrass in ric~ should be registered for use in spring wheat by the 
1980 season. Reformulation of this chemical and a reduction in application 
rates below those used in rice were necessary to minimize small grain injury 
from propanil. Propanil may also be registered for use in barley and oats. 
However, durum wheat appears to be too sensitive to propanil to allow its 
use on durum wheat. 

The new herbicide, diclofop (Hoelon), in addition to controlling wild 
oat, gives excellent control of foxtail when applied postemergence to wheat 
or barley. Because it is the only herbicide that will control both wild 
oats and foxtails, we asked the Minnesota Department of Agriculture to ob
tain an emergency clearance from EPA in 1978 and 1979. This clearance allowed 
Minnesota farmers to use diclofop when both wild oats and foxtails were 
present in the same grain field. EPA registration of diclofop for use in 
wheat and barley is expected for 1980. The use of these herbicides in small 
grains will provide better foxtail control than has been possible in the 
past which should further reduce small grain yield losses. 

For further information on weed control in small grains, obtain a copy 
of Extension Bulletin 400, "Cultural and Chemical Weed Control in Field 
Crops." The 1980 revision should be available early in January from the 
Minnesota Agricultural Extension Service at St. Paul or from your County 
Extension Director. 
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UNIVERSITY OF MINNESOTA/NATIONAL WEATHER SERVICE 
COOPERATIVE AGRICULTURAL WEATHER ADVISORY PROGRAM (CAWAP) 

INTRODUCTION 

Mark W. Seeley 
Extension Agricultural Climatologist 

Department of Soil Science 
University of Minnesota 

Minnesota, a region of climatic diversity and great weather variability, 
represents the northernmost reaches of the Corn Belt. Latitudinal position 
puts it on the marginal fringes of adaptability for some important crops, yet 
Minnesota ranks very high in agricultural productivity, most recently 5th 
among states in total cash farm income. 

The length of the freeze free season ranges from a mean of 160 days in the 
southeast to 110 days in the northwest. Precipitation also progressively 
decreases in the same pattern, ranging from an annual mean total of 31 inches 
in the southeast to 20 inches in the northwest. Shifting climatic cycles 
complicate this pattern, as precipitation and length of season characteristics 
shift eastward and westward, or northward and southward from season to season. 

There are several prairie soil associations found throughout the state. Most 
are well suited for agriculture and highly productive. However, the diversity 
in soil types requires different cropping and tillage practices in order to 
best manage the soil-weather interactions for efficient productivity. 

Due to this characteristic variability in both climate and soils, Minnesota 
farmers are required to be both vigilant and thorough in their management 
decisions and practices. Useful climatic information, agroclimatic studies, 
and weather forecasts have traditionally been provided to the farm public 
by the DNR State Climatology Office, University of Minnesota, and the National 
Weather Service. But such information is not always timely or as specific as 
the farmer may need in order to make a decision on his operations. With this 
need in mind, these agencies along with the state and federal Department of 
Agriculture, initiated an agricultural weather advisory program in the spring 
of 1979, with the University of Minnesota Agricultural Extension Service and 
National Weather Service taking the lead in collection and dissemination of 
information. 

CAWAP OBJECTIVES 

This program was established to provide timely weather forecasts which are 
dedicated to addressing the concerns of the state's agricultural community. 
A survey of University of Minnesota Agricultural Extension and Experiment 
Station personnel provided a list of agricultural weather information needs. 
This list is attached as Table I. The major objectives of the present CAWAP 
are listed below: 
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1. To issue weather advisories which are tailored to address the 
"real-time" farm operations and/or problems by region around the 
state; and to develop publications from applied agroclimatic studies 
which illustrate "real-time" applications of weather information. 

2. To develop better methods of collection and dissemination of agro
meteorological information which is operationally pertinent to 
farmers, agribusiness and various state agencies. 

3. To interface with other university programs such as the University 
of Minnesota's Crop Pest Management (CPM) program and Soil Water 
Monitoring Program which are collecting and analyzing data on 
important production limiting factors. 

METHODS OF PROCEDURE 

Objective 1. During the 1979 season, CAWAP issued twice weekly forecasts. 
Collection of both weather data and agronomic data (both crop and pest assess
ments) occured on the day prior to each forecast. For the most part, these 
data were provided by National Weather Service cooperative observers and 
University of Minnesota Extension and Experiment Station staff. Researchers 
and extension specialists made recommendations to the agrometeorologist on 
which weather parameters were critical to present or anticipated farm 
operations. Interpretative weather advisories relating those operations to 
various projected weather parameters were issued the following morning, every 
Tuesday and Friday. Each advisory projected a week ahead. The friday morning 
release also summarized the growing degree day (GDD) accumulations around the 
state as they relate to crop and insect development. 

Sometimes, CAWAP releases included analyses or recommendations from meteo
rologists or extension specialists not routinely involved in the program. For 
example, due to the complexity of weed problems encountered in both row crops 
and small grains, a number of CAWAP releases included extension specialists' 
recommendations on herbicide selection for specific weed problems. Much of 
this information was based on the effects of weather on herbicide performance. 

Since soils, climate, and farming practices are so diverse throughout the state, 
advisories frequently address a variety of subjects, each of which provides 
the public with information that relates to their own counties or regions. 
Thus, the success of the CAWAP program in a particular region of the state 
depends on: 

1. Timely and accurate reporting of data and assessments of farm 
operations by extension agents and researchers. 

2. Timely dissemination of CAWAP releases to regional clientele, 
generally through the extension programs. 

These factors are discussed in more detail as they pertain to Objective 2. 

Objective 2. Because they deal with "real-time" farming operations, CAWAP 
advisories are sometimes quite perishable. Their value is dependent on the 
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amount of time spent collecting, analyzing and disseminating information. 
Presently, a good deal of meteorological and agronomic data are collected 
over the telephone. University professionals in the agricultural sciences 
(particularly those in county extension offices or university branch 
experiment stations who are frequently asked by farmers for advice) are an 
integral part of the CAWAP communications system. They provide valuable 
information on current farm operations and assess the need for weather 
information each week. In some areas, CAWAP advisories can be accessed 
shortly after their release by university and extension personnel who have 
computer terminals linked to the University of Minnesota Computing Center 
(St. Paul) where the information is stored. Greater use of the university 
computer system would facilitate more timely collection and dissemination of 
information and allow extension personnel and National Weather Service 
personnel the opportunity to use more farm management programs which require 
weather data. One of the major objectives in 1980 is to expand and improve 
the computer capability for handling CAWAP information. In addition, the 
present dissemination network which utilizes the AP, UPI, and the Minnesota 
Weather Loop services will be maintained. A sample of a typical CAWAP release 
is listed in Table 2. 

Objective 3. Some new university-operated research and extension service 
programs interface with CAWAP by exchanging useful meteorologic and agronomic 
data. These are described below: 

Crop Pest Management (CPM) Interface 

The inauguration of this program represents an important step in the inte
gration of various agronomic disciplines for the purpose of providing farmers 
with more timely and comprehensive recommendations for farm management 
problems. This year, the program involved scouting corn, sunflower, and 
potato fields for weed, disease, and insect problems. Certain weather data 
are also being collected for use in climate effects studies relating 
development of crop pests to various weather parameters. CAWAP releases 
frequently address problems which are reported through the CPM program, and 
many times the recommended treatments are related to the weather forecast. 
Thus, these programs are both addressing the current needs of growers, as well 
as collecting a wealth of agronomic and weather information for bioclimatic 
studies of crop pests. Maintenance of the interface between the CPM program 
and CAWAP will require more resources as both programs continue to grow. 

Soil Water Monitoring Project 

This project is directed by Dr. D. G. Baker of the Department of Soil Science. 
Soil moisture samples have been taken since the fall of 1978. Over SO sites 
are sampled several times per year. Nearly all types of major vegetation and 
soils in Minnesota are represented in this network. These data have been used 
in CAWAP advisories for the purpose of determining irrigation needs, field 
trafficability, and crop growth potential and rate. 

- 15 -



Soil Temperature Network 

This year, as part of the CAWAP, a soil temperature network was established 
in the early spring. Weekly reports of temperatures at the 4-inch depth 
from 30 locations around the state were mapped and released through the 
Minnesota Crop and Livestock Reporting Service. Additionally, these 
temperatures were used in CAWAP releases to describe patterns of soil thawing 
and seed germination rates around the state. The 4-inch depth was selected 
as the standard for this network because it is the best single reading which 
can serve many purposes, such as describing: (1) soil freezing and thawing; 
(2) denitrification of nitrogen fertilizer; (3) germination rates of crops; 
(4) and potential for root damage to crops. 

In addition to the three programs just described, CAWAP advisories rely on 
temperature and precipitation networks which report to the local National 
Weather Service Forecast Office (WSFO), the Minnesota Department of Natural 
Resources (DNR), and the Minnesota Crop and Livestock Reporting Service (MCLRS). 
These data are collected by a variety of cooperative observers. Though they 
are generally reported weekly, data are made available to CAWAP through DNR 
on a daily basis in the event of a flash flood, hailstorm, or other crop 
damaging weather phenomena. 

EXPANSION OF CAWAP 

Though presently limited to twice weekly forecasts, CAWAP advisories have 
already provided valuable information on a broad range of topics. A list of 
some of the topics included in these advisories can be found in Table 3. 

Response to the 1979 CAWAP has been mostly favorable, while also pointing out 
deficiencies in areas of the program which will require additional resources 
to alleviate. Intended expansion of this program is outlined below. 

1. Agriculture Weather Observation System. 

a. Equip the 30 station soil temperature network with maximum
minimum thermometers for daily reporting. 

b. Install or replace equipment at agricultural experiment stations. 

c. Develop collection and dissemination network utilizing shared 
computer files located at the university. 

2. CAWAP Data Collection, Processing, and Dissemination. 

a. Increase the frequency of advisories from twice to thrice weekly, 
covering the period April 1st-November 1st. 

b. Develop computer software for operation and interpretation 
of bioclimatic models relating crop and livestock responses to 
weather elements. 

c. Develop computer software for collection and dissemination of 
advisory information among University of Minnesota branch 
experiment stations and county extension offices. 
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TABLE 1 

WEATHER INFORMATION NEEDS 

1. Now Forecasting 

a. Hay making weather forecasting 

b. Immediate rainfall forecasting for washing off post-emergence 
herbicides and insecticides. 

c. Forecasting of low humidities and/or dew and their effect on herbicide 
performance. 

d. Better information to help aerial applicator reduce possible damage. 

e. Better winter storm forecasting. 

f. Regulations to govern weather forecasters. 

2. Short Range Forecasting 

a. Probabilities for rainfall to activate herbicides. 

b. Probabilities of good weather field work days. 

c. Better dissemination of soil temperature and surface soil moisture 
conditions. 

d. Better prediction of conditions that might result in disease buildup 
in crops and possible need for treatment. 

e. Better information on wind borne diseases and insects that must move 
into the area each year. 

f. Better use of frost probabilities and its use in predicting need to 
spray sunflowers in order that they dry quickly. 

g. Use of soil moisture levels and precipitation probabilities in 
recommending tillage practices. 

3. Long Range Forecasting 

a. Use of soil moisture levels and precipitation probabilities in 
determining crop selection. 

b. Long range prediction of soil moisture levels and moisture movement in 
the soil that would enable dryland farmers to properly place N in the 
soil at the proper time and would help irrigators to better determine 
the best way to apply their N requirement. 
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TABLE 2 

SAMPLE CAWAP RELEASE 

MINNESOTA AGRICULTURAL/WEATHER ADVISORY 
U OF MN AGRICULTURAL EXTENSION SERVICE 
NATIONAL WEATHER SERVICE MINNEAPOLIS/ST PAUL MN 
1100 AM CDT FRI JUN 19 1979 

RELEASE 79-18 

TWO SEVERE THUNDERSTORM EPISODES OCCURRED THIS WEEK ON TUESDAY AND THURSDAY. 
GUSTY WINDS ... HEAVY RAIN ... TORNADOES ... AND HAIL DAMAGE WERE REPORTED ... 
INCLUDING SOME DAMAGED RESEARCH PLOTS AT THE UNIVERSITY OF MINNESOTA 
AGRICULTURAL EXPERIMENT STATION IN ST. PAUL. THESE RAINS FURTHER DELAYED HAY 
CUTTING IN CENTRAL AND SOUTHEASTERN SECTIONS AND AGAIN BROUGHT TOPSOIL MOISTURE 
SUPPLIES UP TO NEAR FIELD CAPACITY. 

SPRAYING CONDITIONS ... A DRIER PERIOD WITH LIGHT WINDS IS SEEN THROUGH THE 
WEEKEND. HOWEVER ... AFTERNOON TEMPERATURES WILL BE WELL ABOVE NORMAL CREATING 
VOLATILITY AND DRIFT PROBLEMS WITH SOME HERBICIDES. 

INSECTS ... WARMER NIGHTS WITH LIGHT WINDS THROUGH THE WEEKEND WILL FAVOR FEEDING 
BY CORN BORER AND ROOTWORM LARVAE AS WELL AS BY THE SUNFLOWER BEETLE. FREQUENT 
CHECKING FOR SYMPTOMS OF FEEDING IS RECOMMENDED. 

HAY CUTTING ... THE DRIEST PERIOD FOR RESUMPTION OF ALFALFA CUTTING WILL BEGIN 
TODAY AND RUN THROUGH MONDAY. GREATER PROBABILITY FOR WET WEATHER BY MID WEEK 
INDICATES ANOTHER POSSIBLE DISRUPTION IN CUTTING AND A CONTINUATION OF THE 
LIGHT IRRIGATION SEASON. 
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WEATHER ••• THE SIX DAY PERIOD •.• SATURDAY THROUGH THURSDAY •.. SHOULD SEE 
TEMPERATURES AVERAGING 4 TO 8 DEGREES ABOVE NORMAL. AMPLE SUNLIGHT AND GOOD 
DRYING CONDITIONS ARE SEEN THROUGH MONDAY •.• BUT A RETURN OF SHOWERS AND 
THUNDERSTORMS IS SEEN TUESDAY THROUGH THURSDAY. THE NEW 30-DAY OUTLOOK FOR 
JULY IN MINNESOTA CALLS FOR ABOVE AVERAGE TEMPERATURES AND ABOVE AVERAGE 
RAINFALL OVER MOST SECTIONS. CALM NIGHTS AND LIGHT WINDS IN THE MORNINGS 
SATURDAY THROUGH MONDAY SHOULD GIVE WAY TO SOMEWHAT STRONGER DAILY WINDS 
TUESDAY THROUGH THURSDAY. WIND PATTERNS TUESDAY THROUGH THURSDAY WILL FAVOR 
NORTHERLY TRANSPORT OF INSECTS AND FIELDS SHOULD BE CHECKED DURING THIS PERIOD. 

COOPERATORS .•• 
MR. EARL KUEHNAST 
DR. DONALD G. BAKER 
MR. CARROLL ROCK 
U OF MN AGRICULTURAL 
EXTENSION SERVICE 

MARK SEELEY 
AGROMETEOROLOGIST 

JOHN V. GRAFF 
METEOROLOGIST IN CHARGE 

STATE CLIMATOLOGIST 
SOILS SCIENCE U OF MN 
U.S.D.A. 

U OF MN AGRICULTURAL 
EXTENSION SERVICE 

NATIONAL WEATHER SERVICE 
MINNEAPOLIS/ST. PAUL 
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TABLE 3 

SOME SUGGESTED APPLICATIONS OF AGROCLIMATIC DATA 
AND AGROMETEOROLOGICAL FORECASTING 

I. Temperature Forecasting 

A. Relate to thermal requirements for maturation or agronomic and 
horticultural crops. 

B. Relate to chilling requirements for some fruits. 

C. Relate to brood development where insects present problems. 

D. Relate to heat stress of farm animals. 

E. Relate to soil temperatures during sowing and germination. 

F. Relate to field drying rates for grains prior to harvest. 

G. Relate to volatility and other important characteristics in the use of 
herbicides and insecticides. 

II. Precipitation Forecasting 

A. Relate to spring planting conditions. 

B. Relate to soil moisture and consumptive use by primary crops 
throughout the season. 

C. Relate to irrigation scheduling. 

D. Relate to timely use of herbicides and insecticides, as well as 
sidedressing of fertilizer. 

E. Relate to harvesting conditions. 

III. Solar Radiation Forecasting 

A. Relate to solar grain drying operation. 

IV. Dew Point Forecasting 

A. Relate to development of diseases in horticultural and agronomic 
crops. 

V. Wind Forecasting 

A. Relate to aerial applications of pesticides. 

B. Relate to pivot irrigation scheduling. 
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INTRODUCTION 

TILLAGE TECHNIQUES FOR THE SPRING OF 1980 

James W. Bauder 
Extension Specialist 

Department of Soil Science 
University of Minnesota 

During the past several weeks I've spent many hours trying to collect and 
organize some thoughts and facts about Minnesota tillage that I might pre
sent to you in some meaningful manner today. I've thought about spring 
tillage, fall tillage, primary tillage, and secondary tillage. I've 
also thought about many of the complexities of tillage and how tillage 
relates so directly to many of the other things we do on the farm -- or 
see happening on the farm. For example, I made the following list of 
what I think are some of the more important or significant considerations 
involving tillage -- either affected by our tillage practices or affecting 
Minnesota tillage practices today: 

soil compaction and strength 
soil moisture-supply and distribution 
soil/plant fertility-supply and distribution 
soil temperature 
soil erosion-wind and water 
pest control-weeds, diseases, insects 
economics and equipment needs 
crop growing season length 
crop yield and all its ramifications: 

variety 
population 
germination 
early season plant growth 
moisture percentage 
root development. 

Now, certainly I've left some things out; but the point is--there are many 
things to consider. It's a diverse and integrated system of farming we are 
working in today. In order to keep in pace with what's making the system 
go today, we need to understand all we can about tillage. So, we should 
be getting useful information from meetings like this one. 

I'd like to unload the whole program on you, but that's neither possible 
nor practical in 30 minutes. However, I have prepared a list of available 
publications that you might be interested in, and you will find that attached 
here. Fill it out and mail it to me if you are interested inany of these 
publications. Today I'd like to address my comments primarily toward 'What 
to do next spring'. 

In regard to tillage practices, there is no question about it-- 1979 was 
a usual year - UNUSUAL - and consequently this fall and next spring will 
provide each of us with new opportunities. In early November, approximately 
80 percent of the corn crop was still standing in the fields; and no doubt 
some of that crop may still be in the field next spring. We started out 
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the 1979 season a week to 10 days behind normal because of a late spring 
and wet soil conditions and that has extended itself to the point where 
we are now a month or more behind in some situations. Across most of the 
state the soils were wetter than normal this fall and many fields were too 
wet to get harvesting equipment on until freeze up. But, ... that is some
what in the past now, and we need to think about what to do this coming 
spring on those fields where no time was available for fall tillage. 

Fortunately, some of the soils that were too wet to till this fall or did 
not get worked up as usual, can be tilled in the spring, using usual tillage 
practices. This applies particularly to many of the loess soils in the 
southeastern and extreme southwestern part of the state and the well drained 
sandy soils in the central part of the state. As a matter of fact, 1979 
may very well be becoming a learning process for many farmers who have been 
doing most of their tillage in the fall on soils that were suited to spring 
tillage. They may discover out of necessity this year that a good deal of 
tillage can and should be done in the spring on these soils. It is important 
to remember that wherever possible, tillage should be reduced and/or delayed 
as much as possible to minimize erosion. An added benefit of reduced tillage 
may be energy savings. 

A number of recommendations can be made regarding the soils that were too 
wet to till this fall, but which normally require some fall tillage with 
regard to tillage operations on wet soils, most farm operators realize that 
wet soil compacts much more readily than the same soil when dry. Furthermore, 
compaction may persist indefinitely if it is below the tillage depth. How
ever, there are a number of options available to minimize the likelihood of 
long-term compaction of wet soils: 

1) when possible, use dual wheels rather than single wheels, 
thereby distributing the load over a larger area and con
fining compaction from equipment to the tillage zone; 

2) avoid excessive traffic over the field, and where excessive 
transport traffic is necessary, confine traffic to a single 
field road, thus localizing compaction problems; 

3) avoid overworking wet soils this spring, and perform the 
minimum amount of tillage necessary to prepare a seedbed. 

In the spring of 1980 farm operators should avoid excessive tillage operations 
for two reasons: 1) simply to minimize compacting field traffic, and 2) to 
avoid creating very rough, cloddy surfaces that require additional tillage. 
The latter situation is likely to happen if wet soils are moldboard or chisel 
plowed this coming spring. Many soils that are suitable for fall moldboard 
and chisel plowing need the frost action to break down the rough surface 
over winter. Without that beneficial action, as will be the case with spring 
tillage of these soils, an ever worsening situation may develop. Primary 
tillage may lead to very rough surfaces. The natural reaction is to per
form additional tillage, and the consequence is excessive compaction. Sec
ondary tillage, i.e., light disking, harrowing, etc., can cause just as much 
compaction, crusting, and cloddiness as primary tillage. 

A number of tillage studies have been conducted throughout Minnesota during 
the past 10 years. Significant findings regarding tillage operations, soil 
conditions, and crop yields have been reported by researchers at Lamberton, 
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Morris, Waseca, and a number of other locations. Most of those studies 
have shown that under wet conditions or when tillage normally performed in 
the fall needs to be put off until spring, reduced tillage can bring far 
more success than conventional moldboard or chisel plowing. 

SOYBEAN TILLAGE 

Soybean production represents a sizeable crop acreage in Minnesota. Planted 
acreage in 1978 totalled 4.1 million acres and average yield was 35 bushels 
per acre. In south central Minnesota and elsewhere soybeans are generally 
grown in a corn-soybean sequence. In an attempt to answer a number of ques
tions regarding soybean-corn tillage practices a study was initiated at Waseca 
in the fall of 1977. This study, conducted by Dr. Gyles Randall, is intended 
to evaluate various tillage-herbicide systems on soybean production following 
corn. The preliminary reults of that study provide some insight into prac
tices that might be acceptable for the spring of 1980. 

Eight tillage-herbicide treatments are being studied on a Webster clay loam 
and Nicollet clay loam. The primary tillage treatments shown in Table 1, 
were combined with a preplant incorporate herbicide (Treflan) and a pre
emergence herbicide (Lasso). All plots were previously in corn. Corn stalks 
were chopped in the fall on the no tillage, moldboard and chisel plow plots. 
Corsoy soybeans were planted with a John Deere Max-Emerge planter with 211 

fluted coulters. Treflan was preplant applied at a rate of 1 pound active 
ingredient per acre. Lasso was applied at a rate of 3 pounds per acre. Ami
ben was applied at a rate of 5 quarts per acre to all plots. 

Table 1. Influence of primary tillage-herbicide combinations for soybeans 
following corn on early plant growth, volunteer corn, final 
population, and soybean yield. 

Treatment Early 
.T ..... i ,...,11.-a_g_e_~::.=...::=:..:..=..--:-:H,.-e-rb:-1~· c.....,i,_,d,.--e P 1 ant Vo 1 u n tee r 

growth corn 

No ti 11 age 
Fa 11 mo 1 dboa rd 
Fall chisel 
Spring disk (2x) 
Fall & spring disk 
Fall chisel 
Spring disk (2x) 
Fall & spring disk 

Pre:Lassoll 
Pre:Lasso 
Pre-Lasso 
Pre:Lasso 
Pre:Lasso 2 
PPI :Trefl an_/ 
PPI :Trefl an 
PPI:Treflan 

1/ Pre-preemergence, Lasso (3 lb/A) 

g/plant 
4.1 
4.4 
4.3 
4.0 
4.1 
4.7 
4.5 
4.5 

£1 PPI-preplant incorporate, Treflan (1 lb/A) 

plants/A 
130 
130 
152 
502 
305 

66 
179 
82 

Final 
population 
beans/ft. 

7.5 
7.8 
7.7 
7.1 
7.5 
6.4 
6.6 
6.6 

Soybean 
yield 
bu/A 
52.2 
52.1 
54.2 
53.3 
52.8 
54.9 
53.1 
52.5 

Measurements were made of early plant growth, volunteer corn, final popula
tion, and soybean yield (Table 1). The same experiment was conducted in 1979. 
Early plant growth was not significantly affected by tillage treatment, as 
shown in Table 1. Volunteer corn was a severe problem in many south central 
Minnesota soybean fields in 1978. In this study, the volunteer corn popula-
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lation was affected significantly by tillage. In general, the double spring 
disk and fall and spring disk treatments resulted in highest corn population. 
Treflan applied preplant incorporate significantly improved the control of 
volunteer corn compared to the preemergence application of Lasso. Equal 
volunteer corn populations were found with no tillage and fall moldboard 
plowing. Lowest volunteer corn populations were obtained with fall chisel 
plowing or fall and spring disking, followed by a preplant incorporate ap
plication of Treflan. This illustrates that the use of the moldboard plow 
does not necessarily eliminate volunteer corn in soybeans. 

Final soybean populations were significantly different. The differences in 
final population were due primarily to the effect of the herbicides. Tre
flan, in addition to reducing the volunteer corn population, reduced the 
soybean stand in comparison to Lasso. However, stands were considered to 
be adequate for maximum yields. 

Soybean yields in 1978 were not affected significantly by the tillage treat
ments. Although there was a slight trend toward higher yeidls from chisel 
plowing, the other tillage treatments produced yields within 2.5 bu/A of 
the maximum. Reduced tillage, i.e., fall and spring disk, spring d~sk (2x), 
and no tillage, resulted in optimum yields, well in excess of the state 
average of 35 bushels per acre. 

In summary, optimum soybean yields were obtained in 1978 with reduced and 
no tillage systems following corn. Although no tillage systems require an 
extra level of management, they can be used successfully. Reduced tillage 
in the spring, when combined with preplant incorporate applications of 
Treflan, helped control volunteer corn while providing optimum yields. Sur
face residue accumulations of up to 4.2 tons dry matter per acre did not in
fluence soybean development in the first year of this study. Weeds were 
controlled well with all tillage-herbicide combinations. Although yield 
data have not been summarized for 1979, preliminary observations indicate 
similar responses. These results indicate that soybean production following 
corn can be excellent with reduced fall or spring tillage systems that manage 
surface residue while limiting soil erosion and energy requirements. In a 
wet year, like the one we are in now, reduced tillage and a preplant incor
porate herbicide may be one answer to the question of tillage for soybeans 
next spring. 

CORN TILLAGE 

Conventional tillage for corn-soybean in south central Minnesota generally 
consists of fall moldboard plowing, one or two spring diskings and/or field 
cultivation, light harrowing, and planting. Often planting has been followed 
by one or two cultivations to control weeds. Recent tillage studies have 
focused attention on the use of reduced tillage systems, including chisel 
plows, tandem disks, till-planters, and no till planters. 

Table 2 shows results of a comparison of five tillage systems used in con
tinuous corn on a nearly level Webster clay loam soil. In this 1975 through 
1978 study, tillage systems included no till (fluted coulter), fall chisel, 
till-plant, and fall moldboard plow. A John Deere "Max-Emerge'' planter was 
used, except for the till-plant systems, which were planted with a Buffalo 
till-planter. Broadcast fertilizer rates of 175+40+80 (Pounds of N+P2o5+K20) 
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and starter rates of 10+30+40 were applied annually. Stalks were chopped 
on all plots each fall. Moldboard plow plots were field cultivated and 
chisel plots disked and field cultivated once in the spring. Preemergence 
chemical weed control was used. All plots except no till were cultivated 
once for improved weed control. 

Tillage practice significantly affected grain yield during the 4-year study. 
Highest 4-year averages were obtained with the moldboard plow and till-plant 
treatments. Average yields with chisel plowing were significantly lower. 
No till consistently resulted in lowest average yields. 

Table 2. Continuous corn yield as affected by tillage practice on 
Webster clay loam, 1975-78 average, Waseca, Minnesota. 

Tillage 
treatment 

no till 
fall chisel plow 
fall moldboard plow 
till plant 

Average corn 
grain yield 

bu/A 

108 
117 
130 
130 

Lower yields on no till and fall chisel plots were partially due to problems 
with germination, early plant growth, and severe weeds in 1977 and 1978. 
Additional spring secondary tillage in 1977 and 1978 on the chisel plots im
proved stands and yields comparted to 1975 and 1976 results. Additional 
secondary tillage was needed to produce a satisfactory seedbed after chisel 
plowing on this fine textured clay loam soil. Measurements indicated that 
soil temperatures were depressed by large amounts of crop residue on the 
soil surface with no till treatments. At Waseca on a somewhat poorly drained 
LeSueur clay loam, 4-year average continuous corn yields from fall and spring 
chisel plowing with one or two secondary spring tillage operations were with
in 4 bushels per acre of a comparable moldboard plowing treatment. 

In other studies various tillage practices .were looked at in a corn-soybean 
sequence since 1974. Six primary tillage practices were conducted every 
year, regardless of crop, while six other treatments were a "systems" ap
proach to tillage. This meant the primary tillage method varied with the 
crop in the sequence. The "systems" approach incorporated the various con
tinuous tillage systems into reduced tillage systems. All plots were planted 
with a John Deere plateless planter with fluted coulters attached for the no 
till plots. Table 3 shows the twelve primary tillage systems and 4-year 
average yields. 

Continuous no till consistently produced corn and soybean yields significant
ly lower than all other treatments. However, a number of reduced tillage 
operations, including continuous spring disking, produced corn and soybean 
yields within a couple bushel of the maximum yields. Combinations of reduced 
or conventional fall tillage of corn residue in combination with reduced 
tillage of soybean residue resulted in yields equal to or slightly greater 
than conventional tillage. Other studies have shown that relatively high 
crop yields can be attained consistently in Minnesota with reduced tillage 
practices. 
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Table 3. Average crop yields at Waseca, Minnesota as affected by 
tillage practices in a corn-soybean sequence, 1974-77. 
Webster clay loam. Secondary tillage included one of the 
following: no till, disk, and/or field cultivation. 

Tillage treatment 

continuous no till 
fall chisel corn/no till soybean 
continuous spring plow 
continuous spring chisel 
continuous fall chisel 
fall plow corn/spring chisel soybean 
continuous spring disk 
fall disk corn/fall plow soybean 
continuous fall plow 
fall chisel corn/fall cultivate soybean 
fall plow corn/no till soybean 
fall plow corn/fall chisel soybean 

SUMMARY 

Average crop yield, bu/A in 
two-year sequence 

soybean corn 

39 
44 
45 
43 
43 
45 
44 
45 
46 
44 
45 
46 

113 
125 
124 
128 
130 
129 
136 
135 
135 
137 
137 
138 

No doubt many farm operators are still wondering about what tillage is 
necessary and possible for the 1980 season. Although it's not possible to 
second guess what the 1980 spring weather will bring, there are some al
ternatives that should be recognized: 

- spring tillage may turn out to be an improved practice on 
many soils, especially those that are susceptible to 
erosion overwinter; 

- wet soi 1 s, which wi 11 probably be common next spring. compact 
more easily than dry soils and thus traffic should be 
minimized; 

- excessive spring primary tillage may create rough surface soils 
and undesirable seedbed conditions; 

- excessive secondary tillage may lead to extreme soil compaction; 
- soybean production may be accomplished by combining light spring 

tillage with preplant incorporate herbicides, like Treflan; 
- reduced tillage systems for corn, such as till planting and 

light spring disking, may provide the best seedbed conditions 
and 1980 corn yields. 
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REQUEST FOR REPRINTS - SOILS DEPARTMENT, UNIVERSITY OF MINNESOTA 

Please send me 1 copy of each of the following publications: 

NAME 

Grassed Waterways-Construction and Maintenance by C.F. Halsey 
and Kathryn Bolin. Ext. Folder 480 

Reduced tillage practices for South Central Minnesota 
by J.W. Bauder, G.W. Randall, J.B. Swan, J.A. True, 
C.F. Halsey. Ext. Folder 492 

Wind Erosion: Its Control in Minnesota by J.B. Swan, C.F. Halsey 
and D. Breyer. Ext. Folder 496 

Tillage systems in Southwest and West Central Minnesota by 
J.W. Bauder, W.W. Nelson, S.D. Evans, M.J. Lindstrom, J.B. Swan. 
Ext. Folder 491 

Tillage and Wheel Traffic Affect Soil Compaction by J.W. Bauder, 
G.R. Blake, W.W. Nelson, W.B. Voorhees. Soils Fact Sheet No. 32 

Tillage: Its Role in Controlling Soil Erosion by Water by J.W. Bauder, 
C.F. Halsey, W. E. Jokela. Ext. Folder 479 

Tillage of Wet and Dry Soils by W.E. Larson, J.B. Swan. Crops 
and Soils, 70 

Soil Management by Fall Tillage for Corn by J.B. Swan, W.W. Nelson, 
R.R. Allmaras. Ext. Folder 264 

Till plant on Heavier Soils, Too 
by Syl Marking 

Management Considerations in Primary Tillage for Corn and Soybeans 
by James B. Swan and John A. True. Spec. Report 64 

Estimating the Effects of Crop Residue Mulches on Soil Erosion by 
Water by C.F. Halsey and J.W. Bauder. Ext. Folder 477 

-----------------------------
ADDRESS --------------------------- County _______ _ 

Phone No. 

(zip code) 

Return to: J.W. Bauder, Extension Specialist 
302 Soil Science Building 
University of Minnesota 
St. Paul, MN 55108 
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NITROGEN SITUATION FOR 1980 

H. L. Meredith 

Nitrogen supplies in 1980 will be down from the past year and prices will be 
up. The question is, how much is down and how much is up? 

Exports of U. S. produced urea and ammonia in ammoniated phosphate are strong. 
Fall 1979 nitrogen application was below average. The reasons for the decrease 
in application may be attributed to wet fields, late harvest, high interest 
rates, farm income, available cash, etc. Spring 1980 will be typical - HECTIC. 

Farmers will be anxious to get started as soon as possible in 1980. Early 
planting will be especially emphasized. Any operation which delays the date 
of planting will be scrutinized. Custom application will be encouraged to 
get the job done. Solution and dry forms of nitrogen will be in demand to get 
the job done quickly. Herbicides will be incorporated with solutions to reduce 
time and energy where possible. 

Inventories of nitrogen will start off the spring in a gorged position. Ferti
lizer dealers will anticipate a strong demand for nitrogen fertilizers and be 
adequately prepared. The real crunch will come after a strong run of 2-3 weeks 
when inventories begin to be depleted. Will the resupply be available? 

In April and early May 1980 it is a near certainty exports of grain will be 
running near record levels. Demand for grain movement will peak at this time. 
Rail cars and trucks will be tight as grain and fertilizer use the same carriers. 
Rails move vast tonnages of coal to further complicate the picture. 

Fertilizer dealers have been gearing up for the "typical" spring and have greatly 
expanded storage facilities. Perhaps the fertilizer industry is better able to 
cope with 1980 than previous springs. 

How much will the higher price of nitrogen moderate farmer use? Nitrogen is the 
miracle element; it is dynamite in framing the profit picture. Spring 1980 will 
see broadcast forms of nitrogen at 25¢ per pound N and possible higher. The 
question then becomes, how much can I reduce N rates without reducing profit 
per acre? 

Let's use corn as the test case. 

Table 1. Corn Production Costs in 1980. (From John Marten PPI). 

Cost - $/A 

Land 
Labor-Management 
Interest 
Seed 
Drying & Storage 
Machinery 
Pesticides 
P&K 

Total 
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$120 
35 
20 
15 
20 
40 
20 
20 

$290 



Table 2. Corn Profits Based on Production Costs in Table 1, Corn @ $2.50/bu. 

Prod. Net Prod. 
N Yield Cost Return Cost 

Lb/A Bu/A $/A $/A $/bu 

0 72 290 -110 4.03 
40 106 305 -40 2.88 
80 131 318 10 2.43 

120 146 329 36 2.25 
160 154 338 47 2.20 
200 158 347 47 2.20 

(20¢/bu for each extra bu harvested and N @20¢/lb.) 

Table 3. Net Return and Production Costs with Nitrogen at 15 to 30¢/lb. ·and 
at $2.50 a bushel. 

Net Production 
N Return Cost 
Lb/A ~/A ~/bu 

15¢ 20¢ 25¢ 30¢ 15¢ 20¢ 25¢ 
(N cost/lb) (N cost/lb) 

120 42 36 30 24 2.21 2.25 2.29 
140 51 44 37 30 2.16 2.21 2.26 
160 55 47 39 32 2.15 2.20 2.25 
180 56 48 39 30 2.15 2.19 2.25 
200 57 48 38 28 2.14 2.20 2.26 

Extensive studies indicate the most economical nitrogen rate changes only 
slightly as the price of nitrogen is varied over moderate ranges. 

When production costs are increasing, greater emphasis must be given to all 
factors of crop production. 

corn 

30¢ 

2.33 
2.30 
2.29 
2.30 
2.32 

Table 4. Profits from Corn Production, When N @ 20¢/lb and Flexible Corn Price. 

N 
Profit with corn at: 

Lb/A $2.00/bu $2.25/bu $2.50/bu $2.75/bu 

120 -37 0 36 72 
140 -32 6 44 81 
160 -30 8 47 86 
180 -31 8 47 86 
200 -31 8 47 87 

Purchasing, growing, harvesting, storage and marketing become more critical as 
the profit squeeze gets tighter. It is fairly obvious fertilizer nitrogen is 
the best device available to minimize losses and/or maximize profits when teamed 
with all other top management practices. 
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RESEARCH ON HERBICIDE 
APPLICATION TECHNIQUES 

Donald Wyse 
Assistant Professor of Weed Science 

University of Minnesota 

Several methods have been developed to control tall-growing weeds in crops. 
Today I will summarize some of the current research data from studies that 
have been conducted to evaluate selective application techniques. Listed 
below is a summary of the advantages and disadvantages of the major selective 
applicators. 

RECIRCULATING SPRAYER (RES) 

Advantages 

1. Controls tall-growing weeds in soybeans 
2. Permits selective use of nonselective herbicide 
3. Controls volunteer corn 
4. Controls perennials and hard-to-kill annuals 
5. Dispenses adequate herbicide solution for wetting of weeds 
6. ·Some wetting of underside of leaves 
7. Generally controls clumps of corn 
8. A number of companies manufacture the equipment 

Disadvantages 

1. Non-selective in sensitive crops 
2. Spray drift of fine particles increase with wind 
3. Spray splashes when hits weeds 
4. Spray may drip from treated weeds 
5. Dirt and debris causes problems with recirculation of herbicide solution 
6. Some foaming of herbicide solution 
7. Dirt in solution inactivates glyphosate 
8. Misses short and later emerging weeds 
9. Equipment is heavy 
10. Equipment costs $2500 to $4000 

ROLLER APPLICATOR 

Advantages 

1. Controls tall-growing weeds in soybeans 
2. Permits selective use of nonselective herbicide 
3. Readily controls volunteer corn 
4. Controls perennial and hard-to-annuals 
5. Dispenses considerable spray solution 
6. Wets underside of leaves with wiping action 
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7. No recirculation of spray solution 
8. No splash problems 
9. Wind does not affect herbicide application 

Disadvantages 

1. Does not always control clumps of corn 
2. Drips if carpet is allowed to get too wet 
3. Excessive wear of carpet if operated too dry 
4. Herbicide drips on hilly fields if carpet is too wet 
5. Complex electronics with moisture sensor 
6. Weed seeds such as cocklebar will stick to the carpet 
7. Misses short and late emerging weeds 
8. Equipment is heavy 
9. Equipment costs are $2000 to $3500 

ROPE WICK 

Advantages 

1. Controls tall-growing weeds in soybeans 
2. Permits selective use of nonselective herbicide 
3. Controls volunteer corn 
4. No recirculation of solution 
5. Wind does not affect herbicide application 
6. No spray drip or splash problems 
7. Light weight and no moving parts 
8. Simple to build, use and store 
9. Equipment costs $100 to $1500 

Disadvantages 

1. Ineffective on perennial or hard-to-kill annuals 
2. Wick action is too slow in thick weed stands or at fast ground speeds 
3. Some drip of concentrated herbicide solution 
4. Herbicide solution uneven on uneven ground 
5. Does not give complete control of clumps of corn 
6. Dispenses little herbicide on weeds 
7. Must drain when not operating 
8. Use restricted to slow ground speeds 
9. Wets less of the plant than other methods 
10. Misses short and later emerging weeds 
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Insects Infesting Farm-Stored Grain in Minnesota 

Alan V. Barak, Research Associate 
Phillip K. Harein, Professor and Extension Entomologist 

Department of Entomology, Fisheries and Wildlife 
University of Minnesota 

Introduction 
The University of Minnesota has been conducting a survey to determine the 

incidence of insect infestation of farm-stored grain in Minnesota. Initial 
survey work was conducted on farms in Waseca County and in the Granite Falls 
area of West-Central Minnesota. The survey is now underway in 12 areas dis
tributed throughout the production areas of the state. 

Identification of the Problem 
With any Entomological problem, proper identification of the pest insect 

involved is basic. Economic levels of infestation and controls methods necessary 
can be affected by the species of insect involved. For example, the USDA, Fed
eral Grain Inspection Service will designate corn as special grade weevily if 
various combination of numbers of weevils or other live insects injurious to 
stored grain occur in a given sample size. The term "weevil" applies to several 
species of insect, not all of which are true weevils. Some of the insect species 
that have found infesting farm stored corn and wheat include the following: 

1. Silophilus spp., the rice, maize and granary weevils. 
2. Rhyzopertha dominica, the lesser grain borer. 
3. Cryptolestes spp., the flat and rust red grain beetles. 
4. Ahasverus advena, the foreign grain beetle. 
5. Tribolium castaneum, the red flour beetle. 
6. Cynaeus angustus, the larger black flour beetle. 
7. Typhaea stercorea, the hairy fungus beetle. 
8. Oryzaephilus surinamensis, the sawtoothed grain beetle. 
9. Plodia interpunctella, the Indian meal moth. 

Of the above, 1 and 2 are considered "weevils", and the rest often referred 
to as "bran bugs". In many cases the term "weevil" was broadly applied to 
most any insect found in a sample. Grain containing only the fungus feeding 
foreign grain beetle or hairy fungus beetle has been described as weevily. 
One must realize that official inspections are not performed at country elevators, 
the farmers major outlet for grain. 

Recent Findings_ 
When 38 farm bins containing shelled corn were sampled in the summer of 

1977, it was found that 10 of these, representing 31 percent of the binned 
corn sampled, contained sufficient insects to be potentially graded as weevily. 
Another 15 of these bins (36.5 of corn sampled) contained sufficient insects to 
be considered infested by standards used by a number of country elevators 
polled. The insects responsible for samples to contain potentially economic 
levels of infestation were found to be mainly the secondary species and not 
true weevils. When large numbers of insects were found, it was usually the 
results of infestation by a combination of several species. Samples collected 
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at a country elevator near the sample area indicated that the insects detected 
by elevator personnel were not the weevils, but secondary species, as deter
mined by our methods of sampling. 

When the histories of35 farm bins, from West-Central Minnesota, contain
ing shelled corn were determined, it was found that recommended preventive 
measures were not being followed. Nearly all bins (32 of 35) were cleaned out 
before new grain was introduced, but only 2 were treated with residual spray, 
and none had protectants applied to the grain at loading. 

Elevator Policy 
A survey questionaire, of 61 country elevators, regarding policy towards 

infested grain being delivered, revealed a wide variation in methods applied. 
Most elevators would discount delivered, infested grain, but the sample size, 
insect counts and level of expertise was unpredictable. 1-fuen discounts were 
applied, 5 and 10 cents per bushel of corn and wheat were frequently reported. 
Grain would be discounted if it contained, typically, 5 live insects in a 
1 kg sample. Outright rejection of the lot, or specified fumigation, was 
also frequent. 

Current Survey Program 
The insect loss survey is now beginning on a state-wide basis - with the 

cooperation of the Staff and Agriculture Students at 12 Minnestoa Vo.-Tech. 
Institutes around the state. Students are receiving training in grain sampling, 
equipment use, sample analysis and insect identification. The students will 
sample, test and report on the condition of grain on their own or neighbors 
farms. Data regarding storage facilities, storage practices, quality, infesta
tion and dispostion will be computer tabulated and indexed for analyses. This 
information will be useful in the assessment of need for the currently avail
able grain fumigants and protectants, as required by the Pesticide Impact 
Assessment Program. 
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Corn Rootworms - 1979 

J. A. Lofgren 

Some increase in infestations were observed in 1979 although damage has 
not been severe. Wind and rain storms caused some fields to lodge even 
though rootworms were not present but rootworms were blamed. 

Plots at the West Central Experiment station, Morris, Mn. indicated failures 
with Furadan, another carbamate (Fison•s Tattoo), and Mocap after three 
consecutive year's treatment with Furadan followed by two or three years 
of Mocap. 

Plots at the Southern Experiment station, Waseca, Mn., showed control with 
all compounds. The level of infestation was lower than that at Morris. 

Plots at Lamberton and in a Furadan 11 problem11 field at Waseca had non-economic 
infestations. 

Because of the experience this year at Morris and in previous years at 
Waseca we recommend that chemicals be rotated from year to year -in continuous 
corn; especially to avoid using a carbamate for more than 2 successive years 
in the same field. 

Amaze 20 G will be added to the 1980 recommendations if it receives EPA 
registration. 

The adult rootworm survey conducted by the Div. of Plant Industry, Minnesota 
Dept. of Agriculture shows little change in beetle numbers from 1978. 

Crop Reporting Average number of rootworm beetles per acre 
District 1979 1978 

Southeast 38,000 34,000 
South Central 22,000 17,000 
South West 45,000 34,000 
West Central 19,000 18,000 
Central 16,000 21,000 
East Central 19,000 5,000 
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Univ. of Minn. 
Corn Rootworm Insecticide Trials 1979 

I. Southern Experiment Station-Waseca - W. Lues chen 
Planted May 16 
Mi nnhybri d 4201 

Treatment 

Dyfona te 15 G 
Dyfonate 20 G (DEG) 
Dyfona te 20 G 
Furadan 10 G 
Furadan 10 G 
Counter 15 G 
Counter 15 G 
Counter 15 GC 
Counter 15 GC 
Thimet 15 G 
Thimet 20 G 
Lorsban 15 G 
Tattoo 10 G (UK) 
Tattoo 11 G (US) 
Mocap 10 G 
San 326 10 G 
San 326 10 G 
San 326 15 G 
FMC 35001 15 G 
FMC 35001 5 G 
Landrin 15 G 
Amaze 20 G 
Check I 
Check II 

OZ/1000 ft. 

8 
6 
6 

12 
12 in furrow 

8 
8 in furrow 
8 
8 in furrow 
8 
6 
8 

12 
11 
12 
9 

12 
6 
8 

24 
8 
6 

Av. Root Damage 
Ratings (4 reps) 

2.2 
2.9 
2. 1 
2. 1 
2.5 
2.4 
2.2 
2.2 
2.2 
2.3 
2.3 
2.7 
2.3 
2.4 
2.2 
2.4 
2.4 
2.0 
2.4 
2.4 
2.3 
2.2 
3.8 
3.1 

II. West Central Experiment Station-Morris - D. Warnes & S. Evans 
Planted May 31 
Pioneer 3901. Three years Furadan, 3 years Mocap 

Dyfona te 15 G 8 2.6 
Dyfona te 20 G (DEG) 6 3.0 
Dyfona te 20 G 6 2.7 
Furadan 10 G 12 4.2 
Furadan 10 G 12 in furrow 4.2 
Counter 15 G 8 2.8 
Counter 15 G 8 in furrow 2. 1 
Counter 15 GC 8 1.8 
Counter 15 GC 8 in furrow 2.3 
Thimet 15 G 8 2.2 
Thimet 20 G 6 2. 1 
Lorsban 15 G 8 3. 1 
Tattoo 10 G (UK) 12 4.2 
Tattoo 10 G (US) 11 4.3 
Mocap 10 G 12 3.9 
San 326 10 G 6 2.5 
San 326 10 G 9 2.4 
San 326 10 G 12 2.7 
San 326 15 G 6 2.6 
Amaze 20 G 6 2. 1 
Check 4.9 
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The Hops Vine Borer As A Corn Pest In Minnesota - J. A. Lofgren, Extension Entomologist 

In 1977, County Extension Directors, Milt Hoberg, Fillmore Co., and Russ Krech, 
Houston Co., reported injury to corn by cutworm-sized larvae which closely re
sembled pictures of the potato stem borer (Hydroecia micacea). The potato 
stem borer had been reported as damaging corn in New York. 

A specimen from Minnesota was identified by entomologists at Cornell (NY) 
as probably Hydroecia medialis. (No common name) 

In 1978, the insects showed up again in much the same area as the year before. 

In 1979, an apparently larger area and more localized infestations were found 
in Fillmore Co., but no reports were received from Houston Co. 

Dr. Strand, Ext. Agronomist also took some larvae from a sweet corn field 
in Wabasha Co. 

In 1979, workers in Wisconsin reported corn infested with the 11 potato stem 
borer 11 and others in Iowa reported corn injured by the hops vine borer 
(Hydroecia immanis). 

At the present time it appears that all these infestations, plus some in 
Illinois, are the Hops Vine Borer. 

Eggs overwinter in weeds, mainly quack grass and usually in corn fields. 
Eggs hatch during the spring and young larvae begin to feed on corn. Feeding 
is below ground in the base of the stalk. Symptoms in the field resemble 
those of glassy cutworm. The larva pupate in late July and August. The 
moths emerge in late August and lay eggs in the quack grass patches in the 
field. They apparently don•t fly very far from their emergence sites. 

Preliminary observations indicate that chemical control, whether by pre
plant or planti;ng time soil insecticides or by foliar sprays and baits 
are not effective. · 

It is possible that rotating to crops other than corn and improved weed con
trol, especially of quack grass, will help minimize losses. 
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Restricted Use Pesticides 

The following pesticides have been £!:9eosed for restricted use classification 

by EPA. After a period of time for receiving comments EPA vJill issue a final 

order regarding the classification of these pesticides. Some of these 

products could have restricted use labeling by next season. 

Pesticide 

aldicarb (Temik) 

carbofuran (Furadan) 

carbon disulfide 

chloropicrin 

cyclohexamide (Actidione) 

disulfoton (Disyston) 

dicrotophos (Bidrin) 

ethoprop (Mocap) 

EPN 

fenamiphos (Nemacur) 

fensulfothion (Dasanit) 

fenthion (Baytex) 

fonofos ( Dyfonate) 
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Restricted uses or formulations 

Agricultural uses of granules 10% and 
greater (other uses previously 
restricted) 

granules 2% and greater (except on 
pine and cottonwood plantation and 
nursery plantings) 

grain fumigation, burrow treatments for 
woodchuck, ground squirrel. prairie dog 
and rats. 

Formulations greater than 2%, all 
formulations for rodent control. 

formulations 0reater than 4% 

granules 10% and greater; granules 2% 
and greater exce~~ seed beds and 
transplant beds; granules 5% and greater 
in combination with ethoprop 10% and greater. 

Liquid for~ulations 8% and greater. 

granules and fertilizer formulations 3% 
and greater. 

Formulations greater than 4%; granules 
2% and greater. 

granules 10% and greater 

granules and fertilizer combinations 
2% and qrea ter. 

All formulations for aquatic, ornamentals 
and bird control uses. All liquids 70% 
and greater. 

granules 5% and greater. 



Pesticide 

methami dophos (t1onitor) 

methidathion (Supracide) 

nicotine alkaloid 

oxamyl (Vydate) 

phorate (Thimet) 

temephos (Abate) 

terbufos (Counter) 

zinc phosphide 

-2-

Restricted uses or formulations 

Liquids 40% and greater; dusts 2.5% and 
greater. 

All formulations except on nursery 
stocks, safflower and sunflower. 

Formulations 14% and greater in 
greenhouses; all formulations on cranberries. 

Liquids 24% and greater. 

granules 5% and greater 

aquatic uses; liquid formulations 
in orchards. 

granules 15% and greater. 

all dry formulations 60% and greater; 
all baits; all dry formulations 10% 
and greater for domestic uses. 

In addition, EPA has announced a final_ order classifying the following 

pesticides for restricted use. Restricted use labeling may show up on some of 

these products from now on, but registrants have a waiting period for getting 

restricted use labeling in place so many may not be labeled until next spring. 

Pesticide 

carbofuran (Furadan) 

chlorfenvinphos (4072) 

clonitralid (Bayluscide) 

dioxathion (Delnav) 

disulfoton (DiSyston) 
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Restricted uses and formulations 

all concentrates, suspensions and 
wettable powders 40% and greater. 

all concentrates, solutions or 
emulsions 21% and greater. 

wettable pov1ders 70% and greater; all 
- molluscide uses. 

concentrates, solutions or emulsions 
30% and greater; domestic uses of solutions 
3~& and greater. 

concentrates 65% and greater; emulsion 
concentrates 21% and greater in combination 
with fensulfothion 43% and greater; e.c. 
32% and greater in combination with 32% 
fensulfothion and greater. Solutions 
95% and greater for seed treatment. 
Granules 10% and greater indoors (greenhouses) 



Pesticide 

ethoprop (Mocap) 

fenamiphos (Nemacur) 

fensulfothion (Dasanit) 

fonofos (Dyfonate) 

monocrotophos (Azodrin) 

phorate (Thimet) 

phosacetin (Gophacide) 

phosphamidon (Dimecron) 

-3-

Restricted uses or formulatio·1s 

emulsion concentrates 40% and greater 

emulsion concentrates 35% and greater. 

emulsion concentrates and solutions 
63% and greater; e.c. 43% and greater in 
combination with disulfoton 21% and greater 
e.c. 32% and greater in combination 
with disulfoton 32% or greater. 

e.c. 44% and greater. 

liquids 19% and greater. 

liquids 65% and greater. Granules on rice. 

0.1% bait and greater. 

liquids 75% and greater; dusts 1.5% and 
greater. 

Pesticides which were previously classified with restricted uses are: 

Acrolein 

Acryl oni tri 1 e , 

Aldicarb (Temik) 

Allylalcohol 

Aluminum Phosphide 
(Phostoxin, Detia) 

Azinphosmethyl 
(Guthion) 

Calcium cyanide 

Chlordimeform 
(Galecron, Fundal) 

Formulations with acrolein as sole 
active ingredient 

fumigant in combination with carbon 
tetrachloride 

Indoor and outdoor uses on ornamentals 

a 11 uses 

as sole active ingredient 

All liquids with concentration greater 
than 13.5% 

as sole active ingredient 

all uses 
(by registration) 
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Ch 1 orpyri fos 
( Ki 11 master I I) 

Demeton (Systox) 

Endrin 

Ethyl parathion 

Compounds 1080 
and 1081 

Hydrocyanic Acid 

Methiocarb 
(Mesurol) 

Methomyl 
(Lannate, Nudrin) 

Methyl bromide 

Methyl parathion 

Mevinphos 
(Phosdrin) 

Paraquat 

Picloram 
(Tordon) 

Sodium cyanide 

Strychnine 

Sul fotepp 

Tepp 

Zinc phosphide 

~. 

Killmaster II product only 
(by registration) 

All commonly used formulation 

all uses 

all uses 

rodenticides 

As sole active ingredient 

Borderland Blackbird repellent and 
Hopkins Mesrepel only (By registration) 

All except granules; 90% powder in water
soluble bags 25% powder and 2.5%, or 
under dusts. 

All in containers over 1.5 lb. and smaller 
containers having no indicator. 

All 

All commonly used formulations. 

All except o.44% pressurized can and .04% 
and less in liquid fertilizer. 

All except Tordon lOlR 

All 

All except baits below 0.5% for subsoil use~ 
All baits for use with burrow builder are 
restricted. 

All sprays and smokes 

All emulsifiable concentrates 

Z P Tracking powder only 

In. Minnesota the following have been restricted by the·Minn. Dept. of Agr. 

1. All those uses restricted by EPA 

2. Inorganic arsenicals may not be used for weed control. 

3. Compound 1080 and 1081 and phosphorous paste maybe used by licensed 
PCO's under permit only. 

4" . Lindane for speci·fied uses only, including seed treatments, swine mange, 
PCO use and for greenhouse use. 
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RPAR and PIAP Update 

Howard Deer, Assistant Extension Specialist 

EPA 1 s RPAR (Rebuttable Presumption Against Registration) and USDA•s 

PIAP (Pesticide Impact Assessment Program) have been in existence for 

three years now and a review of what has been accomplished and what is 

anticipated from these programs is in order. 

The RPAR program, is a regulatory mechanism created to gather 

further information on the risks, benefits and exposure of pesticides 

when it is determined that certain risk factors have been exceeded and 

that cancellation of the pesticide is a possibility. The issuance of 

an RPAR is not a prejudgement towards cancellation. The final outcome 

may be re-registration, cancellation of some or all uses, or other 

regulatory options such as label changes, changes in protective clothing, 

changes in use patterns and so forth. 

The RPAR process consists of a pre-RPAR review period where risk 

criteria are examined followed by a determination whether or not to 

issue an RPAR notice in the Federal Register. If an RPAR notice is 

issued then a risk/benefit analysis is conducted by EPA and USDA. The 

next period is review of the risk/benefit analysis followed by a 

decision to re-register or to enter the pesticide into some sort of 

cancellation action. If cancellation action is to take place, the 

avenues of Public Hearing and Judicial Review are available to interested 

parties. 

The RPAR process begins when it is determined that any of the risk 

criteria outlined in the regulations are met or exceeded. Any person 

may cause a chemical to be placed in RPAR candidate status by calling 

attention to appropriate risk information. 
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Risk criteria, or triggers, fall into three general categories: 

1. Acute toxicity by the dermal or inhalation route, 

2. Chronic toxicity, including the various 11 genicities, 11 such as 

oncogenic (tumor formation), mutagenic (genetic damage), 

teratogenic (birth defects), or other related effects, and 

3. Impacts on non-target avian, aquatic and mammalian species. 

The PIAP was created by USDA to collect benefits information for RPAR 

pesticides. 

Benefits are determined by USDA formed assessment teams consisting 

of USDA, EPA, and State personnel knowledgeable about the RPAR pesticide 

involved. Joint USDA/STATE/EPA teams commence activities with the 

collection of benefits information both biological and economic, acute 

and chronic exposure information as that exposure relates to the registered 

uses, and identification of short-term researchable data gaps. EPA has 

the responsibility for risk and USDA has the better mechanisms for assess

ing benefits and exposure. 

RPAR notices have been issued for several pesticides that are of 

great importance to Minnesota agricultural pest control and pest control 

in general. To date RPAR notices have issued for benomyl, diallate, 

dimethoate, EBoc•s (mancozeb, maneb, metiram, zineb) endrin, EPN, 

ethylene dibromide, maleic hydrazide, pentachloronitrobenzene, penta

chlorphenol, pronamide, strychnine, 2,4,5-T, and toxaphene. 

Other pesticides being considered for RPAR review include captan, 

carbaryl, carbon tetrachloride, DCPA, dichlorvos, folpet, methanarsonates, 

monuron, paraquat, rotenone, triallate, trichlorfon and trifluralin. 

Regulatory decisions or proposed decisions have been reached for 

several of these pesticides. 
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Regulatory action for endrin included a reduction in available uses, 

additional precautionary statements on the label, registration as a 

restricted use pesticide and more protective clothing required. Pronomide 

regulatory action included a reduction in available uses, new packaging 

requirements, and registration as a restricted use pesticide. The 

regulatory decision for 2,4,5-T and Silvex was to move to cancel all 

registrations for all uses of both herbicides. Those cancellation 

proceedings are in progress at this time and the final outcome will 

probably not be known until 1980 or 1981. Benomyl proposed regulatory 

action included new packaging requirements, additional protective 

clothing, but not registration as a restricted use pesticide. Tri

fluralin regulatory action will require an additional warning statement 

on the label. 

Certain trends can be seen in these RPAR decisions: 

1. RPAR pesticides if reregistered usually become restricted use 

pesticides. 

2. Additional precautionary statements are being added to the label. 

3. More protective clothing is being required. 

4. New packaging techniques are being required. 

5. Use directions are being changed. 

USDA's PIAP (Pesticide Impact Assessment Program) has been providing 

funding over the last three years to collect benefits information for these 

RPAR pesticides. Minnesota has been the recipient of three funded projects 

during that time. 

1. Major Crop Pesticide Use Survey -- Additional funding was made 

available to the Crop and Livestock Reporting Service to expand 

their annual farm pesticide use survey to cover additional crops 

and survey pesticide use in greater detail. 

- 43 -



.. 4-

2. Post Harvest Grain Insecticide Use Survey ...... Funding was provided 

for a survey of farmers, structural pest control applicators and 

manufacturers of post harvest grain insecticides to determine 

insecticides used in this area and their volumes of use. 

3. Small Grains Weed Infestation Survey -- Funding has been provided 

for a county by county survey of small grains to identify and 

quantify weed infestations. This is a regional survey in 

conjunction with North and South Dakota. 

Anticipated projects for which funding will be sought in 1980 include: 

1. Economic impact of the loss of RPAR pesticides to Minnesota's 

vegetable industry. 

2. Economic impact of the loss of RPAR pesticides to Minnesota's 

nursery industry. 

3. Pesticide exposures of commercial apple growers. 

4. Production and economic losses to apple growers if silvex is 

canceled for stop drop and thinning uses. 

Many more RPAR decisions are anticipated for 1980. Decisions are 

likely to be made for carbaryl, EBDC's, toxaphene and triallate as 

well as others. 
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MINNESOTA SMALL GRAIN WEED SURVEY 

Oliver E. Strand 
Extension Agronomist 

University of Minnesota 

In 1976, County Extension Directors and County Agricultural Inspectors 
assisted with a statewide weed survey which provided estimates of the 
extent and severity of weeds in several crops, including small grains. 
In 1979, an actual field survey of about 1,000 small grain fields was 

· conducted on a statewide basis to determine weed species and density. 
Survey results will be compared with previous estimates and will be 
used to help plan effective educational weed control programs. 

FUNDING FOR THE SURVEY 

Dr. Richard Behrens, Weed Research Agronomist at the University of Minn
esota, and I teamed up to plan and conduct the small grain weed survey. 
We applied for up to $20,000 of Federal RPAR (Rebuttable Presumption 
Against Registration) monies in cooperation with North and South Dakota 
to conduct a field weed survey with emphasis on determining frequency 
and density of wild oat and other weeds in small grains. Federal RPAR 
monies were available for this purpose because two wild oat herbicides, 
triallate (Far-go) and diallate (Avadex) are in the process of RPAR 
review and more evidence is necessary to determine if they are needed. 

Funds were used to reimburse county evaluators for mileage and expenses 
at the flat rate of $10.00 per field sampled, for necessary equipment 
and supplies used in conducting the survey, and for computer time and 
programming . 

. SURVEY PROCEDURE 

Our survey and sampling procedures closely followed recent small grain 
weed surveys conducted by Manitoba and North Dakota. We decided to 
sample a minim.um of ten fields per county in counties having 100,000 
acres or less of small grains (wheat, barley, and oats). Counties 
with more than 100,000 acres of these crops were sampled on the basis 
of one additional field for each additional 10,000 acres. 

We provided each county (or portion of county in some cases) with a 
computer printout sheet which gave them sets of random Section, Town
ship, and Range numbers corresponding to the number of fields to be 
samples per county. Counties were then instructed to select a field 
of wheat, barley, or oats that fell within or close to the designated 
section, using convenience of location to a highway as the principal 
criteria for selection. We felt that weed problems are similar in 
wheat, barley, and oat fields and therefore made no attempt to keep the 
number of fields sampled proportionate to the acreage of each of these 
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individual crops in each county. We provided each county with an 
alternate set of section, township, and range numbers to use if no 
small grain fields fell within or close to the original locator point. 

Once the fields were located, the farmer was contacted, usually by 
telephone or by letter, to explain the project and to get permission 
to sample the field. If the farmer was not willing to cooperate, 
another field was selected nearby. 

Fields were sampled mainly during July and August when·the grain was 
heading and when weeds were large enough to be recognizable as to 
species. Individual fields were sampled according to a prescribed 
procedure as follows: Evaluators entered the field at the left corner 
of the field as they approached it. They then moved along the field 
border to the right 100 paces. Then they made a 90° turn and moved · 
100 paces into the field. They then walked an "M" pattern through 
the field taking 20 one-quarter meter quadrat samples {5 on each leg 
of the M) at 20 pace intervals recording the number of weeds found 
within each quadrat by species on a prepared tally sheet. 

In addition to the actual weed survey, the evaluators collected the 
following information from the farmer: field size (acres), crop on 
field in 1979, herbicides used on field in 1979, crop on field in 1978, 
herbicides used in 1978, type of primary tillage used. to prepare field 
for planting during 1978-79 .. Also the farmers name and address and 
field location were recorded so that a resurvey can be conducted, if 
desired, at a later date to determine changes in weed species and 
density. 

SELECTION AND.TRAINING OF EVALUATORS 

We believe that County Agricultural Inspectors, who are employed in 
every county of Minnesota and whose duty it is to enforce the State 
of Minnesota noxious weed laws, are the best qualified people available 
in each county to do weed survey work. We discussed our survey plan 
with Charles Dale, Head of the Weed Regulatory Division, State of 
Minnesota Agronomy Services, and with his District Field Inspectors 
who supervise the County Agricultural Inspectors. They pledged their 
support and cooperation. County Agricultural Inspectors were contacted 
by letter with details of the survey and were asked to assist the 
County Ag Inspector by locating fields, securing permission of the 
farmer and by providing backup support to secure an alternate evaluator 
for the county if the County Ag Inspector could not get the job done. 
In some counties, the County Extension Director did the actual field 
survey work or assisted his County Ag Inspector in doing it. 

RESULTS OF THE SURVEY 

It was evident that cooperation between the County Extension Director 
and the County Agricultural Inspector was excellent in most cases. 
Only three counties reported that they did not have manpower to do the 
actual field survey. However, they helped with selecting farms and 
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fields. (We arranged to survey these counties from St. Paul) Only two 
metropolitan area (Twin City area) counties did not get the survey 
completed and did not inform us in time so we could get it done. We 
originally planned not to survey one metropolitan county (Ramsey) and 
two northeastern counties (Lake and Cook) because acreages of small 
grain in these counties is negligible. 

Weed species and field survey data were coded and given to our St. Paul 
Campus Computer Center for processing. Results are being tabulated 
on a statewide and district as well as county basis. Preliminary results 
on a statewide basis will be presented at the meeting. Results will 
be compared on a regional basis with North and South Dakota and Canada 
as well. Results will be used to help plan more effective weed control 
programs and to provide data to show the need for retention and continued 
use of some of our important small grain herbicides such as triallate, 
diallate, and 2,4-D. Results will also be shared with County Extension 
Directors and County Agricultural Inspectors for them to use at their 
local yearly weed regulatory meetings. 
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TILE LINE STUDIES AND WHAT THEY TELL ABOUT NITROGEN USE 

W. W. Nelson, Superintendent 
Southwest Experiment Station 

Lamberton, Minnesota 

Large areas of soils in the United States, in general, in the upper 
Midwest, in particular, are highly productive and poorly drained and as a 
result are tile drained. These soils are even relatively more productive 
in the western part of the corn belt which are normally short of moisture 
sometime during the cropping season. Since these soils are highly produc
tive they generally receive large applications of fertilizer nitrogen which 
can potentially be lost through tile drains as NO -N. Within the last 
decade efforts have been greatly expanded to incr~ase nitrogen efficiency 
in corn production. The purpose of this study is to determine the nitrogen 
losses from a poorly drained soil via tile drainage to follow the nitrogen 
accumulation and movement in the soil profile and to measure the nitrogen 
use effect on the crop. 

Nutrient movement plots to measure the movement primarily of nitrogen 
were established at the Southwest Experiment Station, Lamberton in 1973 
and at the Southern Experiment Station, Waseca in 1975. These plots were 
isolated by trenching to approximately 6 feet by installing plastic around 
each plot. Within each plot a tile line was installed at a depth of approxi
mately 4 feet and connected to an interceptor pit where flow rates can be 
measured and water samples collected for analysis. The nitrogen rates at 
Lamberton were 0, 100, 200 and 400 lbs. N/A, and at Waseca 0, 100, 200, 
300 lbs. N/A. The crop is continuous oorn and the nitrogen is applied as 
urea in the spring of each year. The data collected includes the grain 
yields, silage yields, total nitrogen uptake in the plant, nitrogen in the 
grain, total tile flow, nitrate concentration in the tile flow, and nitrate 
levels in the profile to 10 feet yearly. 

TABLE l. Grain Yields in Bushels per Acre as Influenced by 
N rate at Lamberton from 1973-79.· 

Year Annual N rate(lb/A) 
O* 100 200 400 

--- --- ---
1973 87 92 95 104 
1974 49 57 65 72 
1975 29 60 40 56 
1976 - - - - -lost to drought - - - - - -
1977 123 131 130 135 
1978 119 129 130 139 
1979 85 131 141 131 

--- --- ---
Total 492 600 601 637 
Ave. 82 100 100 106 
*18# N/A in starter 
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TABLE 2. Grain Yields in Bushels per Acre as Influenced by 
N rate at Waseca from 1975-79. 

Year Annual N rate(lb/A) 

0 100 200 300 
--- ---

1975 57 53 55 74 
1976 30 44 57 64 
1977 94 146 146 144 
1978 81 144 150 156 
1979 78 160 173 175 

Total 340 547 581 613 
Ave. 68 109 116 123 

The yield results since 1973 at Lamberton are listed in Table l. The first 
several years were relatively dry with '76 being almost a complete loss of stand 
and grain production, so out of the last 7 years there have actually been grain 
yields obtained 6 years. Yield response to nitrogen varies with the year and 
the type of year it was previously, as far as drought was concerned prior in 
that year. The maximum response to nitrogen occured in 1979, and the m1n1mum 
perhaps in 1977, following a very dry year with a fairly large amount of nitrogen 
accumulation. Ofer the period of the experiment it would appear that 100 lbs. 
of nitrogen on continuous corn is ample to produce the 100 bushel average that 
we have had since the start of the experiment. Yields at Waseca,which has a 
higher rainfall average, (over the long term approximately 5 inches per year) 
has a greater response to nitrogen. However the response over 100 lbs. amounts 
to 7 bushel for the second 100 lbs. and 7 bushels for the third 100 lbs. This 
again depends upon the moisture the preceding season and the growing conditions 
of that year. 

TABLE 3. Soil NO -N in 0-10 foot profile following harvest in 
1978 at3the Southwest Experiment Station, Lamberton. 

Annual N rate (lb/ A) 
0 100 200 400 

- - - - ppm - -

0-1 6.0 16.7 7.6 81.6 
1-2 1.2 5.4 10.7 23.1 
2-3 0.9 7.1 27.1 85.4 
3-4 1.6 9.2 42.4 94.4 
4-5 1.9 5.5 30.7 59.4 
5-6 2.0 4.2 15.8 31.5 
6-7 2.1 2.8 7.0 15.1 
7-8 2.3 2.8 4.7 8.5 
8-9 2.7 2.8 4.1 3.6 
9-10 2.7 2.5 3.0 2.5 
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The distribution of the nitrates in the soil profile in the fall of 1978 
following 6 years of corn and continuous fertilization at Lamberton is shown 
in Table 3. Concentrations are shown in parts per million of nitrate nitrogen. 
It shows that there is very little buildup in the 100 lb. rate, however, there 
is considerable buildup in nitrate nitrog~n at the 200 and 400 lb. levels. It 
is interesting to note, however, that most of the available nitrates are in 
the top 6 feet. Even at the extremely high rate you are getting practically no 
yield response and that there has been no movement below the 8th foot through 
the fall of '78, as the level is approximately the same as the check which has 
received only 18 lbs. as starter each year. It thus appears that the amount 
of nitrogen in the profile is within the area that is penetrated by a good 
root system and this perhaps would supply the plant with adequate N if there 
is an accumulation in the 4 to 5 foot area during summer drought periods. 

TABLE 4. 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 

Soil NO -N in 0-10 foot profile following harvest in 
1978 at3the Southern Experiment Station, Waseca. 

Annual N rate (lb/A) 
0 100 200 300 

------- ppm --------
5.8 4.6 7.3 12.6 
4.0 3.9 5.7 8.2 
4.3 5.3 11.7 18.0 
4.5 7.1 19.0 28.9 
5.3 7.1 16.2 24.0 
6.7 6.5 13.1 17.5 
6.5 8.6 9.8 12.4 
5.8 8.5 7.9 9.2 
5.9 7.7 7.4 7.5 
6.2 6.9 5.4 6.2 

The same distribution of nitrate nitrogen for the Waseca experiment is 
shown in Table 4. Although the level of nitrate nitrogen is slightly higher 
in the checks, the same pattern holds true that the higher the rate of 
nitrogen the greater the accumulation primarlly in the top 6 foot of the pro
file, with very little accumulation in the 100 lb. rate. After the 4th crop 
year it appears that there has been no movement of nitrates below the 8 foot 
level at Waseca also. At the present time we aare waiting for the 1979 soil 
analysis to come back to see if the heavy tile flow and excess water in 1979 
will affect the downward movement of the nitrate nitrogen below the 8 foot 
level which seems to have been the maximum up to this time. 

The total amount of nitrogen loss in the tile drainage by year and by 
rates of nitrogen from the Southwest Experiment Station, Lamberton is given in 
Table 5, along with the loss of water in acres inches from the tile line and 
precipitation for the year. We noted that the amount of loss was relatively 
low except for the year '75, '78, and '79 when we had extra moisture moving 
through the soil profile and with a relatively high concentration of nitrates 
in the profile prior to this flushing action. The levels of nitrates that had 
accumulated the fall of 1978, as given in Tables 3 and 4 indicate the amount 
that was available for flushing out in 1979. At the high rate of 400 lbs. per 
acre, the amount lost in the tile line amounted to approximately 25 percent of 
the nitrates that were in the profile above the tile line in the fall of '78. 
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It was interesting to note that as this carried through that the lower the 
concentration in the profile, the higher the loss is of those nitrates amount
ing to almost 60 percent of the nitrates in the profile for the check plots. 
This indicates that some of the nitrates lost were perhaps coming from 
mineralization during the season in 1979. 

TABLE 5. Tile 
years 

line nitrogen losses as influenced by N rates over the 
with tile flow rates and precipitation at Lamberton. 

Year 

1973 
1974 
1975 
1976 
1977 
1978 
1979* 

O** 

4 
15 
17 

0 
4 

10 
23 

Total N03-N losses 
since '75(#/A) 73 

Loss over check 
(#/A) 

Total N applied(#/A) 
% of N applies 

* thru Sept., 1979 
** 18# N as starter 

Rate of N application lb/yr Tile Flow Prcpt. 
100 200 400 In/A In. 

5 
20 
22 

0 
6 

26 
64 

143 

70 
700 

10 

lb/A -
4 

27 
53 

0 
7 

43 
133 

267 

194 
1400 

14 

5 
48 

107 
0 

18 
87 

294 

559 

486 
2800 

17 

1. 46 
3.58 
5.04 

0 
.56 

1. 99 
5.97 

18.6 

20.3 
17.9 
29.4 
12.5 
34.0 
20.3 

TABLE 6. Tile line Nitrogen losses as influenced by N rates at Waseca. 

Total N03-N losses since 1975 
(#/A) 

NO -N loss over check (#/A) 
To~al N applied (#!A) 
% N lost in tile flow 

Annual N rates 

0 100 

87 133 
46 

500 
9 

(lb/A) 

200 

228 
141 

1000 
14 

300 

390 
303 

1500 
20 

If we look at the loss since we started the experiment at Lamberton over 
the ckeck and the total amount of nitrogen applied, we see that even with the 
1979 year we have lost 10, 14, and 17 percent of the nitrogen applied through 
the tile line for the 100, 200, and 400 lb. rates. However of this loss over 
half occurred during the 1979 drainage season. If we look at the total nitrate 
nitrogen loss from the tile lines at Waseca where the rainfall is heavier and 
they have greater tile flow, the total amounts to 9, 14, and 20 percent of that 
applied to the 100, 200 and 300 lb. rates respectively. 
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In summary it would appear that from the experimental data at Waseca and 
Lamberton that if adequate N is applied for maximum corn production the amount 
of loss over a period of years is relatively small through the tile 1ine 
drainage. In periods of exceedingly high rainfall N03-N loss from the tile 
line will be approximately 25 percent of the nitrates above the tile line. 
These soils however have the ability to hold a fairly high level of nitrate 
nitrogen in the soil profile that may be utilized by the root systems during 
the periods of short rainfall and potential drouth. A further understanding 
and development of the system to enable the conversion of nitrogen to nitrates 
and movement into the mid to lower part of the root zone without losing would 
be most desirable. Potentially it may be possible to use the nitrates in the 
soil profile to the depths of 5 to 6 feet to estimate the losses that may occur 
in the tile lines as well as serve as a guide for recommending nitrogen fertil
ization for the coming crop season. 
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