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DETERt~INING NITROGEN NEEDS FOR CORN 

W. E. Fenster and C. J. Overdahl 

In the fall of 1969, nitrogen experiments were established with 

continuous corn on highly productive land to determine what rates of 

nitrogen would result in highest economic yields with a minimum of 

nitrate movement through the soil profile. It is quite apparent that 

both nitrification and denitrification play major roles in ascertaining 

amounts of fertilizer nitrogen that should or should not be applied, 

in any given year, on fine textured, high organic matter soils. This 

is well illustrated in the Waseca experiment where, in 1971, nitrogen 

deficiency was noted with nitrogen applications up to and including 

200 pounds per acre. After the soil had warmed up in the spring of 

1971, excessive amounts of rain kept the soil waterlogged for a 

period of about 2 or 3 weeks after which time very little moisture 

fell for the rest of the season. These weather conditions were ideal 

for excess denitrification (loss of nitrogen to the atmosphere) early 

in the year and very little nitrification (the forming of nitrates 

from ammoni urn forms) 1 ater in the summer and early fa 11. The 

combination of these two biotic reactions caused severe N deficiency, 

even with N applications normally considered adequate for maximum 

corn production. 

In 1972, no nitrogen response or deficiency was noted in the 

nitrogen treatments that exceeded 50 pounds of N per acre. Here the 

weather conditions varied quite markedly from 1971. The soil was 

moist early in the spring and periodic rainfalls throughout the 

summer created ideal conditions for nitrification for much of the 

growing season. On this particular year, therefore, the soils were 
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able to produce nearly enough available nitrogen to sustain the corn 

crop in 1972. It is quite obvious that on any given year it may be 

very difficult to accurately predict fertilizer nitrogen needs. This 

is mainly due to high or low rates of soil denitrification and/or 

nitrification which may take place .. There is one saving feature, 

however, on the fine textured soils; if the applied nitrogen is not 

utilized the first year it will remain within the rooting zone for 

corn and be available for subsequent crops. 

The yield, tissue, and nitrate-nitrogen results from the Waseca 

experiment are given in tables 1-3. 

Table 1. l-Jaseca county corn yields as influenced by nitrogen 
treatments (8 replications). 

N Yield 
(lbs/A) (bu/A) 
annua 11 v 1971 1972 

0 43 a 118 a 
50 63 b 138b 

100 93 c 134b 
150 131 d 144 b 
200 144 e 141 b 
400 151 f 144 b 

Where letters differ, yields are statistically different at 
the 10% level. 

All plots received a basic treatment of 0+150+200+20 Zn. 

The soil is classified as Webster silty clay loam. 

Table 2. Percentage nitrogen in tissue* (July) as related to 
nitrogen applications on continuous corn in Waseca county. 

N 1971 1972 
(lbs/A) % % 

0 1.5 2.4 
50 1.7 2.6 

100 2.2 2.6 
150 2.6 2.7 
200 2.9 2.7 
400 3.0 2.7 

* sixth leaf at tasseling 
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Table 3. Amount of nitrate-nitrogen in the soil profile on 
continuous corn in Waseca county. 

ppm N03-N 
Soil Treatment - lbs N per acre applied 
Depth 0 50 100 150 200 400 
(ft.) 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 ---- ---- ---- ---- ---- ----
0-l l 2 4 11 6 9 6 32 5 14 17 
l-2 2 2 2 5 3 3 4 17 3 17 12 
2-3 3 2 3 4 3 2 3 24 3 21 27 
3-4 2 2 2 5 2 2 3 6 3 9 17 
4-5 3 2 2 4 3 3 4 4 4 5 10 

Conducted under the leadership of: 
Dr. Gyles Randall, Soil Scientist, University of Minnesota, Waseca 
Experiment Station. 

Two adjacent nitrogen experiments, one on continous corn and 

one established to continuous corn on a virgin soil, were also 

established in Martin County. The continuous corn experiment was 

established the same time (fall 1969) as the Waseca experiment and 

the one on the virgin soil was established one year later. In 1972, 

a hail storm severely damaged the corn crop. Because of this, the 

yields are quite low and no meaningful statistical analysis could 

be run. Also, because of this hail damage, it is apparent that 

the crop did not draw down the nitrogen in the soil at a norma 1 or 

expected rate. Yield, tissue, and nitrate-nitrogen results from 

these experiments are given in the following tables for the years 

1971 and 1972. 
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Table 4. Martin county corn yields as influenced by nitrogen 
treatments (8 replications). 

N Yield (bu/A) 
(lbs/A) Continuous corn olots Virgin elots 

annua ll.z 1971 1972 
I 

1971 1972 

0 130 a 1 68 2 179 a 103 
50 142 b 78 190 be 107 

100 151 b 68 187 be 88 
150 144 b 76 183 b 103 
200 147 b 69 194 c 96 
400 153 b 64 190 be 103 

Where letters differ for each experiment, yields are statistically 
different at the 10% level. 

2 A meaningful statistical analysis could not be run in 1972 because 
of severe hail damage. 

All plots received a basic treatment of 0+150+200+20 Zn. The soils 
were classified as vJebster silty clay loam. 

Table 5. Percentage nitrogen in tissue* (July) as related to 
nitrogen application on corn in Martin county. 

% Nitrogen in Tissue 
N Continuous corn Virgin 

(lbs/A) 1971 1972 1971 

0 2.5 2.4 2.8 
50 2.7 2.9 2.7 

100 2.6 2.8 2.8 
150 2.9 2.7 2.8 
200 2.9 2.9 2. 8' 
400 2.9 2.7 2.9 

* sixth leaf at tasseling 

Table 6. Amount of nitrate-nitrogen in the soil profile on 
continuous corn in ~1artin county. 

ppm N03-N 
Soil Treatment - lbs N per acre applied 
Depth 0 50 100 150 200 

e 1 ots 
1972 

2.9 
2.8 
2.8 
2.8 
2.9 
2.8 

400 
(ft.) 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 ---- ---- ---- ---- ---- ----
0-l 9 5 9 7 9 8 12 13 23 21 60 33 
1-2 5 3 5 4 8 6 17 l3 23 21 45 42 
2-3 5 3 13 9 13 8 43 27 26 19 30 53 
3-4 6 6 15 14 15 13 30 23 20 20 26 40 
4-5 7 9 14 21 14 15 28 22 17 26 18 37 
5-6 10 10 13 24 14 17 23 22 17 24 18 32 

Average of 4 replicates. - 4-



Table 7. Amount of nitrate-nitrogen in the soil profile on virgin 
soil planted to corn in Martin county. 

Soil 
ppm N03-N 

Treatment- lbs N per acre applied 
Depth 0 50 100 150 200 400 
(ft.) 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 ---- ---- ---- ---- ---- ----
0-1 17 10 19 17 24 17 15 30 31 24 40 22 
1-2 10 6 23 14 32 24 29 38 47 33 32 42 
2-3 7 6 9 18 8 25 14 32 14 28 11 56 
3-4 3 6 5 11 4 15 5 16 4 21 5 46 
4-5 3 5 3 9 4 11 5 12 6 16 3 31 
5-6 4 5 3 7 4 9 4 9 6 13 4 22 

Average of 4 replicates. 
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SOILS NO. 21-1972 
C. J. OVERDAHL AND W. P. MARTIN 

Organic matter has attained a charisma way out of pro
portion to its actual role. Lay people, as well as scientists, know 
the importance of organic matter and its effect on plants. Or 
do they? 

What is organic matter? 

Soil organic matter represents an accumulation of par
tially decayed plant ~nd animal high carbon residues and also 
material in advanced stages of decay, which is less easily de
cayed humus. Each warm season brings active decomposition 
of these materials since they serve as food for soil micro-organ
isms. Because organic matter comes and goes in soils, farmers 
and gardeners must constantly emphasize a renewal, chiefly 
through incorporation of plant residues. Manures, grass clip
pings or composts are probably best to improve gardens. 

What does organic matter do for a soil? 

When organic matter is depleted, some of the symptoms 
can be soil compaction, high water runoff because of reduced 
infiltration, damaging erosion, and poor plant growth. These 
are related conditions and one leads to another. 

In areas where the fertile topsoil has been scraped away 
(such as backslopes along new roads) even the slightest runoff 
causes serious soil erosion. To a lesser extent, soils originally 
low in organic matter still erode, even if untilled. 

Additions of organic matter greatly improve the soil's 
physical condition through sticky substances that are bypro
ducts of microbial decay. These materials hold small particles 
of soil together to form a structure that creates more air and 
water spaces. This means these soils have greater water holding 
capacity and less runoff. 

Organic matter contains essential plant nutrients which 
are released during decay, but in small quantities and often too 
slow or too late in the growing season to fully benefit the plant. 
During decay, micro-organisms compete with plants for released 
nutrients and this further cuts down on nutrient benefits from 
organic sources. Therefore, the primary objective of incorpor
ating organic materials into a soil is for physical, not nutrient 
improvement. 

What happens to nutrients that are released from decomposing 
organic matter? 

Nitrogen, phosphorus, sulfur, boron, and other important 
elements are released when organic matter decays. These ele
ments become inorganic and join the many inorganic nutrient 
ions already present. In this pool of nutrients, the identity as 
to source is lost. Nutrients coming from either inorganic or 
organic sources initially are available for plant absorption. 

How do plants absorb nutrients? 

The basic plant nutrient absorption is from inorganic ions. 
Some simple organic compounds can be absorbed, but only to 
a very limited extent and plants cannot depend on these for 

Organic farming And Gardening 

nutritional needs. It is well known that when weather condi
tions are conducive to good plant growth, organic compounds 
are rapidly decomposed, releasing their nutrients in inorganic 
forms. This conversion will occur and there is no practical way 
to stop it. 

The carrier concept, which is highly accepted among 
scholars in mineral nutrition, shows how nutrients are absorbed. 
Very simple ions travel from the soil into the plant cell in a 
series of steps involving carriers. The nutrient ion must move 
across a semipermeable membrane and be exchanged for an ion 
of equal electrical charge that comes out simultaneously. Since 
organic nutrients are generally complex compounds, it is doubt
ful that they could be absorbed in this manner, but even if it 
were possible, the rapid conversion to inorganic compounds prior 
to entry makes the whole idea of organically grown food totally 
improbable. 

There is no difference between plants nourished with in
organic nutrients released from organic matter or added from fer
tilizers. So-called organically grown food is actually inorganically 
produced. Also, vigorous plants can easily be grown hydroponic
ally in nutrient solutions that contain neither soil nor organic 
matter. 

What is organically grown food? 

The expression organically grown food was formerly a 
term applied to food from crops that were fertilized through 
organic materials such as manure, plant residues or animal scraps 
from butcher shops or packing houses. In more recent times, the 
term has been broadened to refer to the absence of all chemicals 
such as insecticides and herbicides, as well as food additives. 

Science, a journal for the American Association for the 
Advancement of Science, tells of "a quaint lore that exists to
day about organic food which reveals nearly total ignorance 
about nutrient uptake, even among some college trained people". 
If organic farming or organic gardening means organic absorption 
of plant nutrients, it is wholly a myth. 

Surveys reveal that the expressions, organic farming or 
gardening, and the foods from these sources, have various mean
ings. Replies to the question, why do people purchase organic 
food, reveals they are opposed to chemicals like fertilizer, pes
ticides or foods that contain additives. Most pesticides, 2,4-D or 
DDT, for example, are organic, so the thinking is inconsistent. 

Foods produced to avoid all chemicals are still inorganic
ally grown, regardless of farming or gardening technique!i. 

How to improve soil organic matter 

Crops convert inorganic compounds and elements to or
ganic matter. Plants combine carbon dioxide and water in their 
leaves in sunlight: .the result is the formation of-the organic 
carbohydrates, and with nitrogen, sulfur, and other elements go 
on to form proteins. Mineral nutrients are necessary to make 



the whole process complete. If the soil has a nutrient shortage, 
the addition of needed inorganic nutrients through tertii izer, 
helps the plant attain full growth. Such a vigorously growing 
plant is larger than one grown under the handicap of a nutrient 
shortage. Thus inorganic fertilizers assist in the manufacture of 
organic materials. Productive farmers, who produce most of 
our food, use these methods and are as close to being organic 
farmers as anyone. 

Returning crop residues to the soil after the grain or seed 
is harvested is the most practical way to maintain soil organic 
matter. Barnyard manure is inexpensive and of great benefit, 

but there is seldom enough of it for most farms. Gardens should 
have grass clippings, manure or compost, when possible, to 
maintain the proper physical condition. 

Issued in furtherance of cooperative extension work in agriculture and 
home economics, acts of May 8 and June 30, 1"914, in cooperation with 
the U.S. Department of Agriculture. Roland H. Abraham, Director of 
Agricultural Extension Service, University of Minnesota, St. Paul, Min
nesota 55101. We offer our programs and facilities to all people without 
regard to race, creed, color, sex, or national origin. 



SULFUR RESPONSES IN SOUTHERN MINNESOTA 

Dean Fairchild 
Department of Soil Science 
University of ~1innesota 

Interest in sulfur as a plant nutrient has increased markedly over the past 
few years and reports of sulfur deficiencies are rising. Concern over 
these deficiencies may in part be due to: (1) increased use of high-analysis, 
sulfur-free fertilizers, (2) increased crop yields, (3) decreased atmospheric 
sulfur, and (4) decreased use of sulfur in fungicides and insecticides. 

Sulfur is an essential element to plant growth. Like nitrogen, phosphorus, 
potassium, calcium and magnesium, sulfur is a macronutrient and must 9e) 
available in larger amounts than micronutrients for good crop growth.l2 

HISTORY OF SULFUR RESEARCH 

To better understand sulfur's role in Minnesota agriculture, we should 
review the sulfur research in the north central states. 

Designating sulfur deficient Minnesota soils, determining sulfur supplying 
capacity of soils and defining sulfur crop needs are not new to Minnesota 
agriculture. Alway (1920-30) found the annual fallout of sulfur from rain, 
snow, and dust to vary from 100 lbs/A in ~1inneapolis to less than 5 lbs/A 
in northern areas of the state.(l) Evans and Rost (1940-50) determined 
the total sulfur 1 total organic sulfur, and sulfate sulfur of 39 different 
Minnesota soils.~4) More recently Caldwell and associates (1960) have 
done considerable research on defining the sulfur supplying capacity of 
soils and ~rQp needs for fertilizer applied sulfur in north central 
~1innesota.l7 J 

SOIL SULFUR 

The University of f1innesota soil testing laboratory provides a soil test 
for sulfur that extracts soluble and adsorbed sulfates. It is quite 
reliable for areas in Minnesota where soil organic matter and fallout 
concentrations of sulfur are insufficient. The chief limitation of the 
sulfur soil test is that it does not measure two other major forms of 
sulfur: organic and atmosphere sulfur. Organic sulfur reacts similar to 
organic nitrogen in that about 2 percent is released each year in the 
process of organic matter decomposition. Recent work by Bremner in Iowa 
with a number of soil types common to southern Minnesota have indicated 
th~t or(g?nic sulfur can account for 95-98 percent of the total sulfur in 
SOllS. 8) 

Figure 1 divides t1innesota soils into two parts based on the soil sulfur 
supplying capacity. Deficiencies occur mainly in sandy, lmv-organic 
matter soils of north central Minnesota. 
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Fig. 1. Reference map for sulfur recommendations. 

Tables l and 2 provide the present interpretation of sulfur soil tests and 
probabilities of crop responses.(6) 

Table l. For shaded area of map. 

Extractable Sulfur 
S ppm 

Less than 7 
7 - 12 
~~ore than 12 

Relative 
Level 

Low 
~~1edi urn 
High 

Table 2. For unshaded area of map. 

Extractable Sulfur 
S ppm 

Less than 7 
~~ore than 7 

PLANT SULFUR 

Relative 
Level 

Low-t~edi urn 
Medium-High 

Yield Increase Expected 
From Sulfur Applications 

Highly possible 
Possible 
Unlikely 

Yield Increase Expected 
From Sulfur Applications 

Possible 
Unlikely 

The sulfur requirement of a plant is the m1n1mum amount of sulfur required 
for adequate nutrition, or the amount of sulfur that is just sufficient to 
maintain the plant in a healthy, normal condition and provide maximum 
yield.t5) 
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Table 3 indicates that crops differ in their requirements for sulfur. 

Table 3. Sulfur content of some crops (2) 

Alfalfa 
Corn 
Wheat 

Yield/Acre 

6 tons 
200 bu. 

80 bu. 

Sulfur, Lbs./Acre 

30 
44 
22 

Research indicates that alfalfa containing less than 0.20 percent sulfur 
likely will respond to sulfur fertilization. Corn containing less than 
0.15-0.20 percent sulfur in the ear leaf likely will respond to sulfur 
fertilization.(5) Also, nitrogen to sulfur ratios greater than ll:l 
indicate a possible sulfur deficiency.(3) 

SULFUR NEEDS IN SOUTHERN MINNESOTA 

What about sulfur needs for southern and western ~~innesota corn farmers? 
To try and answer this question, research was conducted in 1970, 1971, 
and 1972 with rates, forms, and sta.rter sulfur fertilizers. The following 
is a summary of this research. 

RATE OF SULFUR STUDY (1970-1971) 

In the spring of 1970, a project was initiated to determine if corn will 
respond to additions of sulfur. The experiment was located at the 
Southwest Experiment Station at Lamberton on a Webster clay loam soil. 
General soil test information is given in Table 4. 

Table 4. Soi 1 test levels of experimental site. 

Soil Depth p K s Zn pH O.M. 
lbs/A ppm 

0-3 11 28 240 ll 2.7 5.9 H 
3-6 11 27 235 12 2.8 6.0 H 
6-12 11 ll 195 13 1.7 6.2 H 

Elemental sulfur rates of 0, 20, and 100 lbs/A of actual S were broadcast 
in early spring of 1970 before tillage. No additional sulfur was applied 
in 1971 as the experimental site was being used for a sulfur residual 
study. No significant yield responses resulted from the addition or 
increased rates of sulfur (Table 5). 
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Table 5. Sulfur treatments and corresponding 1970 and 1971 corn yields 
at Lamberton. 

Fertilizer 1970 1971 
Treatment 

lbs. El. S/A Yield (Bu/A) (15.5%) 

0 155 113 
20 157 114 

100 154 109 
Si gni fi cance N.S. N.S. 

As evidenced from Table 6, there was no significant difference in plant 
tissue sulfur contents in 1970. Significant increases in plant tissue 
sulfur contents, however, are indicated in 1971. This would indicate 
that in 1970 the applied elemental sulfur was not oxidized to an 
available form to plants. Tissue samples were collected when corn was 
10 inches tall and at silking stage of growth. 

Table 6. Sulfur content of corn tissue under variable sulfur treatments, 
Lamberton 1970 and 1971. 

Fertilizer 1970 1971 
Treatment 10 11 Ear Leaf 10 11 Ear Leaf 

lbs. S/A % s in dry matter 

0 0.29 a* 0.28 a 0.23 a 0.22 a 
20 0.28 a 0.27 a 0.23 a 0.21 a 

100 0.29 a 0.27 a 0.26 b 0.24 b 

*Numbers followed by the same letter are not significantly different at 
the 5.0% level. 

INVESTIGATIONS ON FORMS AND RATES OF SULFUR (1971 and 1972) 

Ten field experiments were estahlished in 1971 to study the effects of 
sulfur rates and forms with corn, soybeans, and alfalfa. Five locations 
representing common soil types in southern and western Minnesota will be 
presented here. General information on the experimental sites is given 
in Table 7 and Table 8. 

Table 7. Location and soil type of experimental sites. 

County 

Wabasha 
Houston 
Steele 
Chippewa 
Pope 

Cooperator 

J. Welti 
J. McCormick 
G. VanRuden 
C. Phillips 
Weispfinnig 

Soil Type 

Port Byron silt loam 
Fayette silt loam 
Kenyon loam 
Nicollet loam 
Estherville sandy loam 

- 12-

Crop 

Corn 
Corn 
Alfalfa 
Corn-Soybeans 
Corn 



Table 8. Soi 1 test levels of experimental sites. 

County p K s pH 0. ~1. 
lbs/A ppm 

Wabasha 68 390 16 6.8 L 
Houston 65 190 16 6.6 L 
Steele 28 240 10 6. 1 ~1 
Chippewa 52 500 19 7.9 H 
Pope 41 280 15 6.4 M 

The following forms and rates of sulfur were applied in the spring of 
1971 before tillage. 

Forms of Sulfur Corn Sites Alfalfa Sites 
s ( 1 bs I A 

0 0 

K2S04 25 50 

Elemental-S 25 50 

K2S04 50 100 

Elemental-S 50 100 

All coorerators used optimum rates of N, P, and K with good weed and 
insect control. 

Plant tissue samples were collected at the following stages of growth: 

1. Corn -whole plants at 10-inch height and 6th leaf at silking, 

2. Alfalfa - top one-third of plant at harvest, 

3. Soybeans - urper fully developed trifoliate at bloom stage. 

No significant yield increases resulted with the addition of sulfur to 
corn, soybeans, and alfalfa (Table 9, 10, 11). 
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Table 9. 1971 and 1972 corn yeilds on sulfur fertilization trials. 

Wabasha Houston Chippewa Pope 
Treatments 1971 1972 1971 1972 1971 1971 1972 

lbs. SJ A Yield (Bu/ A) 

0 145 145 193 164 90 98 86 

25 (K2S04) 144 138 190 159 89 101 86 

25 (Elemental S) 157 147 192 166 90 102 86 

50 (K2S04) 157 142 196 163 90 98 90 

50 (Elemental S) 151 144 184 159 100 101 85 

Si gni fi cance N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

Table 10. 1972 so~bean ~ields on sulfur fertilization trials. 

Treatment chierewa 
lbs. S/A YieldBu/A) 

0 38 

25 ( K2so4) 37 

25 (Elemental S) 38 

50 (K2S04) 38 

50 (Elemental S) 36 

Significance N.S. 

Table ll. 1971 and 1972 alfalfa yields on sulfur fertilization tria 1, 
Steele Co. 

Treatments 1971 1972 
lbs. S/A Yield (Tons/A) 

0 4.2 4.9 

50 (K2so4) 4. 1 5.2 

50 (Elemental S) 4.2 5. 1 

100 ( K2so4) 4.0 5. 1 

100 (Elemental S) 4. 1 5. 1 

Si gni fi cance N.S. N.S. 
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STARTER SULFUR 

In the spring of 1972, a study was initiated to determine whether or not 
the addition of sulfur to starter fertilizers would affect early plant 
growth and yield of corn. The experiment was located at the Waseca 
Experiment Station on a Cordova silty clay loam. The initial soil test 
indicated 14 ppm of extractable sulfur. The following sulfur treatments 
were applied: 

1. no sulfur 
2. 5 lbs/A sulfur with starter 
3. 15 lbs/A sulfur with starter 
4. 15 lbs/A sulfur as broadcast 

As shown in Table 12, no significant increases in small plant weights or 
yield resulted from varying sulfur treatments. 

Table 12. Sulfur treatments and corresponding small plant weights and 
yields at Waseca. 

Fertilizer 
Treatment 

lbs. S/A* 

0 
5 (starter) 

15 (starter) 
15 (broadcast) 
Si gni fi cance 

* Used K2so4 

Sma 11 Plant 
Weights 

gms. 

105 
106 
104 
96 

N.S. 

Yield 
Bu/A (15.5%) 

156 
161 
155 
166 
N.S. 

However, sulfur applications resulted in significant increase in sulfur 
content of young plants (Table 13). No significant increase was noted in 
the ear leaf sulfur contents. 

Table 13. Sulfur content of corn tissue under variable sulfur treatments, 
Waseca 1972. 

Fertilizer 
Treatment 
1bs. S/A 

0 
5 (starter) 

15 (starter) 
15 (broadcast) 

Small Plants Ear Leaf 
% S in dry matter 

.27 a* 

. 28 ab 

.29 b 

.30 c 

. 19 a 

.20 a 

.20 a 

. 21 a 

*Numbers followed by the same letter are not significantly different 
at the 5.0% level of population. 
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CONCLUSIONS 

l. In 1970 and 1971, the elemental sulfur was apparently not oxidized 
to an available form for plants, but was equal to potassium sulfate 
the second year after application. 

2. Three years of research showed no yield increases with varying rates 
and forms of sulfur applied either as a starter or as a broadcast. 

3. No economic yield gains were realized with additional sulfur 
applications to corn, alfalfa and soybeans on soil types common 
to southern Minnesota. 

4. In all cases, the sulfur content of various plant tissues appeared 
above the critical level and were adequate for maximum yields. 

5. It is presently recommended to apply sulfur only on a trial basis in 
southern Minnesota when sulfur soil tests are low (less than 7.0 ppm). 
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Agriculture in the Decade Ahead 

A. J. Linck, Dean 
College of Agriculture 

To try to forecast even a decade ahead in agriculture is risky business, 
but everyone - scientist, educator, producer of food or fiber and business
man alike - try to plan ahead, try to anticipate trends and env~s~on major 
events yet to occur. To do these things one must look into the future and 
try to make some forecasts. 

To describe agriculture as we currently view it, we can only say this must 
be the decade of paradox. At no time has agriculture been so praised for 
accomplishments or so condemned for real or imagined ills than now. 

Agriculture is, indeed, in a paradoxical position and we can only wonder if 
we will end the current decade with a better image and better understanding 
by the public as well as a central role in the production of food so 
important to the quality of life as well as to life itself. 

New demands by the public for different, fast, convenience foods and for 
the preparation of even more meals for consumption away from home will 
mark the remainder of this decade. Opportunities for the increased 
utilization of crops such as soybeans for oil and for textured protein 
seem likely. New challenges face us - the need for higher protein oats, 
for more efficient use of water, as crops compete with other "water-consumers" 
in our economy, for more efficient use of land. Land - once thought 
inexhaustible - but now land highly suited for farming is rapidly being 
diverted from agriculture to urban uses. Minnesota faces competitive 
challenges from other parts of this country, for example in beef production 
- to meet the ever increasing demands of Americans as well as the rest of 
the world for red meat. 

The decade ahead should bring greater production of such special crops as 
wild rice, now being grown on some 20,000 acres in the state this year. 
Horticulturalis~forsee high density plantings of dwarf applies and greater 
acreages of blueberries for pick-yourself and home gardens as well as turf 
which will stay green under adverse conditions. 

Finally agriculture must fact problems of a better understanding by the 
public of what we do and what scientific agriculture is all about. No one 
else can or will explain why modern agriculture needs chemicals and how these 
compounds can be used safely in food production and in food products. Or 
how chemicals can be teamed up with biological organisms in the control of 
pests and diseases. Only we can explain and hopefully convince a doubting 
segment of society that agriculture contributes in a very limited way to 
environmental pollution and that significant advances in our agricultural 
waste technology promise that agriculture will contribute even less. 

The decade ahead - though paradoxical for agriculture - can be rewarding 
indeed - to the society we serve as well as to us - if we, as agriculturalists 
work together, agree on goals, strive to present our needs to government 
agencies and to candidly explain our problems and limitations to the public 

who in the end will make the judgement on how well they were served. 
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FERTILIZER--WET OR DRY 

By 

H. 1. Meredi ttf. 

High quality liquid and dry fertilizers manufactured during the 

past 10 years are a compliment to fertilizer technological research. They 

also are a tribute to the manufacturers and distributors of fertilizers 

and fertilizer application equipment from the point of production to 

actual application on the farm. The question of which type of fertilizer 

to use--liquid or dry--is a recurring episode without a finite answer. 

Some of the decision making processes involved in determining and 

selecting fertilizer materials will be discussed. 

History 

Following the dramatic plant growth stimulation observed by 

adding various organic wastes and mineral substances to the soil, the 

fertilizer industry was born. Manure, ground bones, vTood ashes (pctash), 

saltpeter (nitrate of potash or Chile saltpeter), and gypsum ( calciu..'n 

sulfate) were among the early soil additions which stimulated plant 

growth. Results were often erratic because of the peculiar differences 

among soils. A treatment which resulted in a spectacular growth response 

on one soil sometimes showed little growth differences or even deleterious 

effects on another. 

---------·---·--------------
1. H. 1. Meredith is Agriculturist_, Test and Demonstration Branch, 

Tennessee Valley Authori t~f, and Rese~u·ch 1-\ssor:!iate, Soil E\:ience Dcp::trtment, 
University of Minnesota, St;. Paul, Ninnesota. This paper will be presentsd 
at the Minnesota Plant Food Association on December 12, 1972, Minneapolis, 
Minnesota. 

- 19-



Modern fertilizer industrialization is generally attributed to 

Justus Liebig, a German chemist, who was given the title "father of 

agricultural chemistry." He recognized that plants obtain carbon from 

the air through photosynthesis, and only mineral salts and water from 

the soil. He was aware of the role of nitrogen but believed plants could 

get necessary nitrogen from the air. Liebig conceived the concept of 

a fertilizer industry to produce nutrients such as phosphate, lime, 

magnesia, and potash in chemical factories. He believed that elements 

in the soil removed by crops and natural weathering processes must be 

replaced to maintain soil fertility. 

Liebig's philosophy was that "perfect agriculture is the true 

foundation of all trade and industry--it is the foundation of the riches 

of nations. But a rational ~ystem of agriculture cannot be formed 

without the application of scientific principles for such a system must 

be based on an exact acquaintance with the means of vegetable nutrition. 

This knm'lledge we must seek through chemistry." 

We are now experiencing the true value of Liebig's statements 

as abundant American agricultural production is providing this nation 

with the most nutritious food available ac the lowest cost anywhere 

in the world. Our exports of agricultural goods are also making a 

giant impact in correcting the deficit international trade balance of 

this country. 

Proponents who advance the concept that liquid fertilizers are 

neophytes peeping over the horizon are somewhat awed by the---fact that the 

first commercial fertilizer was a liquid distributed in wooden casks. Treat

ment of bones with sulphurir:: acid began in about 1830. The fertilizer was 

actually a slurry containing g:cound bones and dilute acid. Potash salts 
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(potassium), and sulfate of ammonia or nitrate of soda were sometimes 

added to the slurry. This combination culminated in the production of 

the first liquid mixed chemical fertilizers. 

Making a Choice 

The kind of materials a grower selects is often determined 

by need. This is influenced by the cropping system, climate, and 

soil conditicns. If a "starter" fertilizer is desired, the materials 

shpuld contain water-soluble phosphate, be nontoxic to plants in the 

placement used, and be easily handled for fast application. Either wet 

or dry fertilizers may be selected to meet the first two criteria. 

Generally, fluid fertilizers are better adapted to fast application for 

band placement. Wet or humid weather does not affect storing and handling 

characteristics of fluids but adversely affects drys. 

It is easier to "prescription mix" additives with fluid than 

with dry fertilizer. Sulfur, most micronutrients, and m~~y pesticides 

cru1 be mixed in the field at levels to meet the needs of specific local 

conditions. This cru1not be done with drys although many additives can 

be put in by the blender, particularly, secondary and micronutrients. 

Drys are more suitable when the inclusion of magnesium is needed. 

Local availability of supply and relative cost may be 

determining factors in choice of materials. To compare cost of materials, 

the total cost of equal amounts of plant nutrients applied in the field 

is determined. Higher application cost for one fertilizer may offset a 

lower cost of materials in somt; farming systems. Generally, fluid mixed 

materials cost more than drys, but the ease of application and .savi.ngs in 
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labor may tend to equalize total cost in many situations. The higher 

cost of liquid phosphatic-base materials plus a higher transportation 

cost (because of lower analysis of mixed liquids) are responsible for 

the higher cost of fluid mixed fertilizers. 

Some have tried to sell wet or dry forms of fertilizer on the 

basis of difference in crop response. P~ants are unable to distinguish 

whether a nutrient was applied in wet or dry form. Most nitrogen is 

taken up as a nitrate and phosphate as orthophosphate. If these nutrient 

forms are available in the rooting zone, it makes no difference whether 

fertilizer was applied as organic, inorganic, wet, or dry. Abundant 

research has been conducted to evaluate the growth effects of different 

forms of plant nutrients. Researchers have generally agreed that 

differences among commonly used sources are insignificant. The important 

facet is that nutrients in the proper amounts far outweigh effects due 

to sources--liquid or dry. 

Fertilizer Use 

'I'he latest data available show fertilizer consumption in the 

u.s. 2 to be: N, 8.1 million tons; P205, 4.8 million tons; and K20, 

4.3 mJllion tons. Table l lists consumption of major sources of N 

for direct application in fiscal year 1972. About 3 times as much 

N was used from anhydrous ammonia as ammoniu.rn nitrate or nitrogen solutions. 

In fiscal year 1971, about 3 million tons of liquid mixed fertil-

izers were used in the U.S. Data on N, P205, and ~0 consumed as liquid 

2. Corrunercial Fertiliz~rs, Consumption in th;.c United States, ,July l, 
1971, to Jun-"~ 30, l972, SpCr 7 (I0::-'72) Crop Rcpol'tin~ Boa:'d, Statistical 
Reporting Service, USDA, Washington, D.C., October 1972. 
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versus dry are not easily·obtainable. A recent paper3 indicates 720,000 

tons of P205 were consumed in fluid fertilizers in 1971. About one-

third of this was used in suspension fertilizers. The total represents 

about 15 percent of the P205 consumption in the U.S. I estimate that N 

and K20 in nonpressure liquids make up about 15 and 8 percent, respectively, 

of the U.S. totals. 

The consumption of primary plant nutrients in Minnesota in 

1972 was: N, 372,858 tons; P205, 261,394 tons; and K20, 258,094 tons. 

The level of consumption was slightly lower than 1971 for each nutrient. 

Use of the major sources of N in Minnesota is shown in table 2. Use of 

anhydrous ammonia as a portion of total N used is higher than for the 

Nation. The most striking shift in use of N materials is the increased 

use of urea. About 3.5 times as much urea was used in 1972 as in 1971. 

Even though a relatively small quantity of urea is now used, urea will 

make a dramatic impact on N consumption in the near future. 

Summary 

Fluid fertilizers have advantages of ease of handling and 

micronutrients and certain pesticides can be easily mixed in liquids. 

Dry fertilizers have advantae;es of lower material cost, many contain 

secondary and micronutrients as impurities and higher analysis than 

liquids. 

The grower's choice of wet or dry may best be made by 

evaluating the availability of supply, service offered, cost of nutrients 

applied and which fits the cropping systent best. 

3. Achorn, F. P. and H. L. Balay. "Fluid Fertilizer Hixtures," 
submitted for publication in Phosuhorus in Agriculture, Interna~ional 
Superphosphate and Compound Manufacturers' Association, Paris, France, 
August 1972. _ 23 _ 



Table 1. Consumption of Major Sources of N fo2 Direct Application 
in U.S. (July 1, 1971-June 30, 1972) 

N Percent of Total 
{Million Tons} N Used 

Anhydrous ammonia 3.1 38 

Ammonium nitrate 1.03 13 

Nitrogen solution 1.04 13 

Urea 0.31 4 

5.48 68 

Table 2. Consumption of N by Major Sources for Direct Application in 
Minnesota (July 1, 1970-June 30, 1971) Compared to July 1, 
1971-June 30, 1972)2 

N Percent of Total 
(Thousand Tons) N Used 

1971 1972 1971 1972 

Anhydrous ammonia 243.2 204.8 59 55 

Ammonium nitrate 41.4 41.5 10 11 

Nitrogen solution 24.8 25.6 6 7 

Urea 4.0 14.6 1 4 

313.4 286.5 76 77 

2. Com..-·nercial F'ertilize:cs, Consum_p_!:.ion in the United States, July 1, 
1971, to June 30, 1972, SpCr 7 (10-72) Crop Reporting Board, Statistical 
Reporting Service, USDA, Washington, D.C., October 1972. 
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FOOD FADS: FACTS AND PROMISES 

Theodore P. Labuza 
Associate Professor, Food Technology 

Department of Food Science and Nutrition 
University of Minnesota 

I. Introduction 

A. The protected society 

II. Causes of the organic food movement 

A. Lost faith in society 

B. Pollution: ecology 

a. Chemicals in foods 

b. FDA priorities 

C. Health food cures 

a. Doctors; medicine 

b. Minimal processing 

D. Religions 

a. Dietary codes 

b. Zen diets 

E. Political 

III. Natural and organic foods 

A. The organic supermarket 

B. The cooperative 

c. The organic "Ma-Pa" store 

1. Processing concerns 

2. Chemicals 

3. variety vs. quality 
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Page 2 
FOOD FADS : FACTS AND PROMISES 

IV. Choices for society 

A. The magic of foods 

B. Role of government 

C • Education 
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1. Alfalfa Weevil 

CROP INSECT CONTROL FOR 1973 

John A. Lofgren 
Extension Entomologist 

The spread continued during 1972 but at a reduced rate com-

pared with '71. This insect is now found west to Martin and 

Watonwan Counties and north to McLeod County. 

We have not observed economic infestations in Minnesota. 

So far, the development of the crop and the timing of the feed-

ing by the weevil larvae is such that the first cutting is har-

vested before feeding becomes severe. Apparently, the economic 

injury level is about 40 larvae per sq. ft. One rule of thumb 

used to predict this level is the appearance of feeding injury 

or scars on 35% of the terminals. 

Carbofuran (Furadan) and Supracide were registered for 

alfalfa weevil control. 
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2. Corn Rootworm ~ . ' . ~ 

The fall surveys conducted by the Minnesota Department of 

Agriculture indicate little change in average numbers of beetles 

from 1971. Counts were up slightly in the southwest district 

but down in the other districts. Heaviest infestations were in 

the $OUtheast district again in 1972. Insecticide plots at 

Waseca and Lamberton were not heavily infested but some differ

ences in root damage were observed at Waseca. This work was 

done in cooperation with William Lueschen, Southern Experiment 

Station, University of Minnesota, Waseca. The plots were planted 

May 11th, the basal treatments were applied June 21st. The 

ratings are on a 0 to 5 scale with 0 = no feeding and 5 = severe 

feeding, at least 3 rings of roots destroyed. 

Planter·· Treatments 

Insecticide, .Rate Root Damage Rating (0-5) 

carbofuran (Furadan) 3/4 lp. 1.3 

phorate (Thimet) 1 .lb. 1.4 

Dasanit 1 1.6 

Mocap 1 1.9 

Bux 1 2.1 

Dyfonate 1 2.1 

diazinon 1 3.0 
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Insecticide, Rate (Cont' d.) Root Damage Rating (0-5) 

AC 92100 1 1.2 

SN 316 1 1.6 

EL 411 1 2.1 

Check 3.1 

carbo fur an 3/4 1.5 

phorate 1 1.9 

Mocap 1 2.1 

Dasanit 1 2.1 

Bux 1 2.2 

Dyfonate 1 2.4 

diazinon 1 2.6 

Recommendations for 1973 will be for corn following corn use 

3/4 lb. carbofuran or 1 lb. of Bux, Dasanit, Dyfonate, Mocap or phorate 

in a 7 inch band at planting time. Liquid formulations are becoming 

available but granules would be preferable mainly because we have more 

experience with them. 

Landrin, a carbamate, has been resurrected and is now registered 

tor rootworm control. 
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3. European Corn Borer 

Although we had some localized hot spots of second brood 

borers in late sweet corn the borer population practically 

collapsed because of weather conditions. The only area where 

the fall infestations held up was the west-central district. 

No major changes in recommendations are contemplated, 

except Bacillus thuringiensis will be ~emoved because it is 

not registered for this use. 

4. Grasshoppers 

Some very localized heavy infestations showed up again this 

year in the southeast district. There were also more general light 

to threatening areas in the northwest where several hundred acres 

were treated. This was mostly field margins and some sugar beets, 

sunflowers and small grains. Infestations are likely to remain 

spotty in 1973 and not likely to cause any more problems unless we 

get some hot dry weather during the summer. 
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5. Cutworms 

Most of the cutworm problems were in the northwest during 

1972 rather than in soutl\ern Minnesota corn. sunflowers, sugar 

beets and small grain were involved and the control picture was 

confused as is frequently the case. The principal cutworm was 

evidently the army cutworm although at least one other species 

was probably present. Quite a bit of treatment was applied with 

varying degrees of success - mostly poor. 

Toxaphene was granted a temporary registration for the season 

but this developed a bit late. The experience pointed out that 

we do not have available adequate control measures for this sort 

of situation. With the chemicals registered now we cannot expect 

to control cutworms over half-grown or for cutworms which feed 

below the surface. If they are small and moisture is adequate so 

they feed above ground at night we can probably do a good job. 

However, if they are large or if it is so dry they feed below 

ground, or if it is an infestation of a subterranean species, 

such as the glassy cutworm, then results are going to be pretty 

dismal. In general, it appears as though the bait formulations, 

will work over a wider range of conditions than will sprays. 
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Hetropoli tan l~osqui to Control District 
797 Hayr.1ond .<:.venue 

i)t, Paul, ~~1innesota 55114 

1, IN'l'f~UDUG'I'luJ:i_ 

••• ~~here \ve are now in mosquito control 

B. Gonsidere.tions ip a control program 

1. ,jafety 

2. ~ffectivaness 

3, l.:nvironmental impact 

4, Cost 

.a .• i-.dul ticides 

1 ' Hala.thion 

2. Naled (Dibrom) 

3. Fenthion (Baytex) 

'~' Pyrethrum 

5. l·:8thoxychlor 

6. Carbaryl (;;;evin) 

7. Dichlorvo~ (Vapona) .. 35 ... 



B. Larvicides 

1. i.bate 

2. i·~alathion 

3. Fenthion (Baytex) 

4. E'uel Oil 

B. Birds 

C. Microorganisms 

4. ~~i.i?I,IO..i .. TIUN H.t ... <.:Hil~illi.Y (Shown on Jlides) 

.i·>.. Ground 

1. ~yclone grass seeder 

2. Knapsack sprayer 

3. Compression Bprayer 

4. ULV·Backpack- Hudson 
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5. Fogger 

6. ULV-Hll Leco 

7. J.1ist Blower 

B. ..~erial 

1. Helicopter 

2. l"ixed ';ij_ng 

"~· ~ncephali tis 

1. Galifornia l'ype 

2. ';[estsrn and .Jt. Louis Type~; 

B. Heartworn of l.iotrs ,, 
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WEED COMPETITION IN WHEAT AND BARLEY 

Richard Behrens, Professor 
Department of Agronomy and Plant Genetics 

University of Minnesota 

Plant breeders are making substantial changes in small grain morphology 
in their efforts to increase yields. Recently developed higher yielding 
semi-dwarf wheat and barley varieties are 6 to 10 inches shorter than older 
varieties. Some breeders are selecting varieties with more upright leaves 
which allow greater light penetration of the crop canopy. Weed scientists 
believe that these changes in small grain structure will give weeds a better 
competitive advantage for light. The studies described herein were initiated 
to compare the ability of the new and old style grains to compete with weeds. 
This is a preliminary report of studies that are still in progress. 

Seven weed competition experiments with wheat and six with barley have been 
conducted in Minnesota during the past three years. Comparisons were made 
of yield losses from weeds among semi-dwarf and normal types using Chris 
(normal) and Era (semi-dwarf) wheat varieties, and Larker (normal) and 65-220 
(semi-dwarf) barley varieties. Three levels of weed infestation were used: 
1) Few weeds in hand-weeded plots 2) Herbicide (MCPA + bromoxynil) for broad
leaf control 3) No control - natural populations of broadleaf and grassy 
weeds. A split plot experimental design with 8 replications and 8 x 15 ft. 
sub-plots was used. 

Results: In trials with wheat, yield reductions from weed competition occur
red in four of seven experiments. Weed populations were too sparse to affect 
wheat yields at Morris in 1971 and 1972 and at Crookston in 1971. When weeds 
caused yield reductions, the yield losses were much greater for the semi
dwarf wheat, Era, than for the taller wheat, Chris (Table 1). 

Table 1. Wheat yields (bu/A) under differing weed populations. 

Rosemount Crookston 
1970 1971 1972 1972 Mean 

Treatment Era Cfi ri s Era Cfiri s Era Cnri s Era Cfi ri s Era cnri s 

Hand-weeded 27 29 33 28 46 40 57 45 41 36 

Herbicide 24 28 24 25 21 34 57 42 32 32 

No control 21 26 24 26 9 19 52 44 27 29 

LSD 5% 2 2 3 3 7 7 3 3 
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Yields from weedy plots of Era averaged 35% less than the hand-weeded 
plots while the yield of weedy plots of Chris averaged 19% less than that 
of the hand-weeded plots. The poorer competitive ability of the shorter 
wheat, Era, is also indicated by the greater weight of weed ~rowth har
vested from the Era plots than from the Chris plots (Table 2). 

Table 2. Weed growth ( Kg/ha) in wheat - Rosemount. 

1971 1972 Mean 
Treatment Era Cfi ri s Era Cfi ri s Era Cfi ri s 

Hand-weeded 148 133 537 161 343 147 

Herbicide 591 477 1739 863 1165 670 

No control 1048 608 3255 2033 2152 1321 

LSD 5% 204 204 507 507 

In trials with barley, yield reductions from weed competition occurred in 
three of six experiments. Weed populations were too sparse to affect barley 
grain yields at Morris in 1971 and 1972 and at Crookston in 1971. When weeds 
caused yield reductions, the losses were greater for the semi-dwarf, 65-220 
than for Larker (Table 3). 

Table 3. Barley yield (bu/A) under differing weed populations. 

Rosemount Crookston 
1971 1972 1972 Mean 

Treatment 65-220 Larker 65-220 Larker 65-220 Larker 65-220 Larker 

Hand-weeded 54 51 77 78 59 60 63 63 

Herbicide 40 44 61 77 51 62 51 61 

No control 48 46 45 63 53 55 49 55 

LSD 5% 6 6 11 ll 3 3 

Yields from weedy plots of 65.220 averaged 22% less than that of the hand-weeded 
plots while the yield of weedy plots of Larker averaged 13% less than that of 
the hand-weeded plots. The weight of weed growth on the 65-220 plots was 
considerably greater than that on the Larker plots, which indicates the relatively 
poorer competitive ability of the shorter variety (Table 4). 
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Table 4. Weed growth (kg/ha) in barley - Rosemount. 

1971 1972 Mean 
Treatment 65-220 [arl<:er 65-220 [arl<:er 65-220 [arl<er 

Hand-weeded 150 174 338 64 244 119 

Herbicide 1014 490 823 181 919 336 

No control 992 930 2269 662 1631 796 

LSD 5% 220 220 351 351 

From the studies completed thus far, it seems probable that the new style 
wheat and barley varieties (semi-dwarf types) are less competitive with 
weeds than the old style varieties (taller types). Yield losses from weed 
competition are likely to be greater when semi-dwarf types are grown. 
Therefore, the necessity of controlling weeds becomes more important. 
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DIFFERENCES IN CORN HYBRID TOLERANCE TO HERBICIDES 

W. E. Lueschen, Agronomist 
Southern Experiment Station 

University of Minnesota 
Waseca, Minnesota 

The use of agricultural chemicals, especially herbicides, has increased greatly in 
recent years. With the development of new herbicides, today's farmer has the 
opportunity to choose a weed control program that fits his particular situation. 
During the course of any growing season, a farmer may select a number of chemical 
treatments to control weeds on his farm. Little, if any, information is available 
on the response of hybrids to individual chemicals. Herbicides are selected on 
the basis of weeds to be controlled, price, etc. with little regard to hybrid(s) 
being used. 

In 1971 and 1972 trials were conducted at the Southern Experiment Station, Waseca, 
Minnesota, in an attempt to determine if major differences in susceptibility to 
injury from certain herbicides existed among a number of inbred lines and in one 
study their single cross hybrids. The 1971 trial involved single cross hybrids 
developed from 14 inbred lines, while the 1972 trial involved 20 inbred lines. 
The herbicides selected for study included butylate, atrazine, dalapon, 2,4-D 
ester, cyanazine and cyprazine. Butylate was applied as a preplant incorporated 
(double tandem disking) treatment at the rates of 4 and 8 pounds of active ingre
dient per acre. All other materials were applied post emergence as listed in 
Table 1. 

TABLE 1. HERBICIDES, METHOD OF APPLICATION AND RATES STUDIED 

Chemical Time of Application 

Butylate (Sutan) Preplant Incorporated 
Dalapon** (Dowpon) Post Emergence 
2,4-D Ester Post Emergence 
Atrazine**(Aatrex) Post Emergence 
Cyanazine (Bladex) Post Emergence 
Cyprazine (Outfox) Post Emergence 

*Rates of acid equivalent or active ingredient per acre 
**Applied with lYz gallons/A petroleum oil 

*Rate (Lbs/A) 

4 and 8 
~ and 1 
1 and 2 
2 and 4 
2 and 4 
1 and 2 

Each chemical was applied with a bicycle sprayer using 17 gallons of liquid per 
acre. Approximately 16 seeds of each inbred or hybrid were planted in each of two 
paired strips. One strip was treated with a herbicide, while the other strip was un
treated to serve as a check for evaluating the effects of the treatments. Approxi-
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mately 6 weeks after planting, all treatments were evaluated by taking visual 
injury ratings (1 = no injury; 10 = complete kill) and stand counts using the 
untreated area for a reference. 

Although the results are preliminary with only one year of data for each trial, 
the results indicate a wide range in susceptibility to herbicide injury among 
the inbreds and hybrids evaluated. In 1971 the hybrids involving three inbreds 
showed more susceptibility to butylate injury than the hybrids from other inbreds. 
Certain hybrids appeared to have very good tolerance to butylate. 

In 1972 when 20 inbreds were evaluated, the only herbicides causing substantial 
corn injury were dalapon plus oil and 2,4-D ester. With certain inbreds consid
erable injury resulted with these herbicides with substantially more injury at 
the higher rate of application. Butylate caused very little injury in 1972 in 
this trial. Cyanazine, cyprazine and atrazine and oil caused some mild leaf 
burn and slight stunting of certain inbreds. 

Before any general conclusion can be reached, more information is needed on the 
response of corn hybrids and inbreds to properly evaluate injury potential from 
herbicides. Many factors other than the herbicide itself may contribute to crop 
injury. Proper time and rate of application, weather conditions, plant vigor 
and soil factors are only a few of the factors that may contribute to injury 
potential. 

These results emphasize the need to follow label directions carefully and have 
equipment in good operating condition when applying herbicides. Although there 
is not a great deal of information available on injury of specific hybrids from 
individual herbicides, seed dealers may be helpful in providing some information. 
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DEVELOPMENTS IN SUGARBEET WEED CONTROL-1972 

Alan Dexter 
Extension Sugarbeet Weed Control Specialist 

University of Minnesota - North Dakota State University 
Fargo, North Dakota 

EPTC (Eptam) received clearance from the Environmental Protection Agency 
in August, 1972 for fall application to land which will be planted to sugar
beets the following spring. The recommended rate is 4 to 4 1/2 lb/A with 
the higher rate used on heavy, high organic matter soils. Eptam should be 
applied in the fall between October 15 and soil freeze-up. The extended 
Eptam label for fall use includes sugarbeets grown in Minnesota and North 
Dakota but sin~e performance trials were only conducted in the Red River 
Valley, fall applied Eptam should probably not be used on sugarbeets grown 
out of the Red River Valley. 

The advantages of applying Eptam in the fall include a) the elimination of 
spring incorporation and consequently soil moisture in the spring is con
served, b) no chance of adverse spring weather preventing herbicide applica
tion, c) a deeper, more thorough incorporation can be done in the fall without 
harming the spring seedbed, d) sugarbeets can be planted in the spring without 
waiting to apply a herbicide. 

Disadvantages of fall Eptam application include a) higher cost since 2-3 lb/A 
should be used in the spring while 4-4 1/2 lb/A should be used in the fall, 
b) adverse weather after October 15 may prevent application, c) fall Eptam 
limits the choice of crops which can be applied to that land the next spring, 
d) incorporation of Eptam in the fall may leave the land more subject to ero
sion over the winter. Ridging the soil after application will help prevent 
erosion. 

In the fall of 1971 and the spring of 1972 Eptam was applied at 3 and 5 lb/A, 
with and without rototiller incorporation, and in the granular and emulsifia
ble concentrate (liquid) formulation. 

No significant differences in green foxtail control were found between fall 
and spring applications when Eptam was incorporated although 3 lb/A in the 
fall tended to give less green foxtail control than 3 lb/A in the spring. 
Incorporated Eptam at 5 lb/A gave 96% green foxtail control in the fall and 
98% control in the spring. 

Eptam granules gave better green foxtail control with surface application 
than the liquid formulation. When averaged over rate and time of applica
tion, incorporated granules gave 97% green foxtail control and incorporated 
liquid 94% while surface applied granules gave 79% control and surface applied 
liquid gave 68%. This indicates that Eptam granules would be less sensitive 
than the liquid to incorporation method. When liquid and granule formulations 
were incorporated thoroughly with a rototiller in the fall and spring, no 
significant differences in performance of the formulations were found. Eptam 
applied to the surface in the fall gave poorer green foxtail control than 
Eptam applied to the surface in the spring indicating that a thorough incor
poration of Eptam is at least as important in the fall as in the spring. 
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A mail survey was sent in September, 1972 to all the sugarbeet growers in the 
Red River Valley of North Dakota and Minnesota and in Southern Minnesota. A 
question on the survey asked the sugarbeet grower to name his worst weed 
problem in sugarbeets in 1972. Redroot pigweed was named the most by a wide 
margin. This weed was named on 48% of the replies from the Red River Valley 
and on 63% of the replies from Southern Minnesota. The herbicides now availa
ble for use in sugarbeets often miss redroot pigweed. Redroot pigweed has 
been controlled most effectively in the past by using Eptam preplant incorpora
ted and then using pyrazon + dalapon (Pyramin Plus) postemergence. This treat
ment often gives nearly complete redroot pigweed control but has sometimes 
failed and at other times has caused considerable sugarbeet injury. Two 
experimental sugarbeet herbicides have been performing very well against red
root pigweed in trials the past two years. One is a preplant incorporated 
herbicide NC 8438 (Nortran) and the other is a postemergence herbicide EP 475. 
If these two herbicides can obtain a label for use on sugarbeets, they will 
be a great help in controlling redroot pigweed in sugarbeets. 
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STATE LAWS AND PROCFIDtJR&S FOR HANDLING PESTICIDE COMPLAINTS 

Leo M. Lehn 
Supervisor - Fertilizer and Economic Poison Control 

Division of Agronomy Services 
Minnesota Department of Agriculture 

The Minnesota Spraying and Dusting Act of 1965 was amended in 1971 to provide 
inspection of alleged damage due to pesticide application. The Commissioner 
of Agriculture was designated as the official to carry out this provision. 

I would like to briefly cover the provision of the law relating to such in
spection requests. 

First of all, the person claiming damage must file a request for inspection. 
Regulations call for this request to be on a fo~ furnished by the Commissioner. 
We have the for.ms available from the State office or from any one of the 16 
District Agronomy inspectors stationed throughout the state. Information 
required on the forms include the following: 

Name and address of the person filing. 
Name of person for whom the chemical application was made. 
Date of chemical application. 
Date alleged damage was noted. 
Description of the damage. 
Map of the area involved. 
Other information relative to the problem. 

There is a time limitation for filing the request for inspection. The re
quest must be filed within 60 days after the pesticide was applied or if an 
agricultural crop is involved, before 25% of the crop has been harvested. 

The law also provides that the Commissioner will furnish, upon written re
quest, copies of investigation reports to the claimant, the applicator or 
their agents. 

This past season, the Agronomy Division of the Department of Agriculture has 
furnished all claimants the proper request for inspection for.ms. When com
pleted requests were received an inspector, or inspectors if necessary, was 
assigned to immediately investigate the claim and file a report of his find
ings. 

The Department has tried to do such inspection work in an efficient and effec
tive manner. Inspectors were assigned according to the problem and with a 
working knowledge in the area involved. As an example, claims for bee losses 
call for a visit by an apairy inspector. Livestock loss could well require an 
inspection by a veterinarian as well as a person versed in chemical usage. 

The inspector is instructed to investigate and report all findings relative 
to the situation. These findings often reveal such things as neighborhood 
feuds, non payment of accounts and damage from other sources. 
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The Department or inspectors have not placed a dollar value on losses noted. 
We are limiting our report of findings to observations, measurements of area 
involved, percentage of crops or area injured, number of trees damaged, col
onies of bees destroyed or injured, etc. 

The determination of the value of the crops or produce damaged is up to the 
individuals involved. In the event they cannot agree it may be necessary 
for a court decision on the matter. 
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Diagnosing and Evaluating Field Situations 

John A. Lofgren 
Extension Entomologist 

Insects 

A. Insect-crop interactions may take many different forms and 

several types are usually present in a particular field at the 

same time. 

1. Damage symptoms and active insects conspicuously 

present. Examples: grasshoppers and defoliation; 

aphid colonies and leaf curling and stunting. 

2. Damage symptoms conspicuous but causative insect hard to 

detect, hidden or departed. Examples: armyworms or 

cutworm damage observed during daytime; lodging or stalk 

breakage by rootworms or corn borers; wheat stem maggot 

damage. 

3. Damage and insects inconspicuous in field but with effect on 

yield or quality at harvest. Examples: corn borer without 

extensive stalk breakage , or second brood; wireworms in 

potatoes 1 stand reduction by soil insects. 

4. Conspicuous symptoms but little or no economic damage. 

Examples: Defoliation or leaf injury on soybeans up 

to economic level. 

5. Large numbers, or noticeable types, of insects present but 

no damage symptoms. Examples: Lady bird beetle larvae, 

syrphid flies, midges in a corn field near a pond. 
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6. Direct damage and perhaps causative insect very 

inconspicuous but highly destructive later in 

season. Disease transmission by an insect vector. 

Examples: Yellow dwarf in small grains; yellows 

in flax. 

7. Conspicuous damage symptoms and insects present but not 

related. Damage caused by other factor(s). 

Examples: Sap beetles in bird-damaged ears of corn. 

B. standardized survey and sampling methods should be used whenever 

available. Observations should be expressed in numbers per unit 

(plant, sq. ft., foot of row, etc.). Sample entire field. 

c. Economic thresholds are needed on which to base control programs 

but these should be arrived at through carefully controlled 

studies. 
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NEW DEVELOPMENTS IN WEED CONTROL IN POTATOES 

R. E. Nylund, Professor 
Department of Horticultural Science 

University of Minnesota 

In 1969, we completed a 3 year study of the value of various herbicides for 
potatoes grown on three Minnesota soil types: a silty clay loam (Red River 
Valley), a sandy loam (Grand Rapids), and a peat (Excelsior). The results 
of this study may be summarized briefly as follows (Table 1): 

I. None of the herbicide treatments applied pre-emergence gave adequate 
weed control at all locations and/or in all years. Eptam at 6 pounds 
per acre gave excellent weed control on both mineral soils but not on 
peat. Patoran gave adequate weed control only on the low organic 
matter sandy loam. Ramrod and Amiben + Ramrod gave variable weed 
control. 

II. The four herbicides applied just as potato plants were emerging and 
weeds were in the 2-6 leaf stage also gave variable weed control but 
as a group generally gave better weed control than the pre-emergence 
herbicides particularly on peat soil. Only Premerge alone failed, on 
the average, to give adequate weed control at all locations. The 
effectiveness of the "at-emergence" herbicides tested was affected 
little by types of weeds present and by soil types but "W8S affected by the 
degree of weed emergence. 

III. Potato yields were not directly affected by any of the herbicides 
tested but were reduced where weed control was inadequate. 

In 1970 and 1971, two types of experiments were conducted. In the first, 
the influence of "rainfall" (irrigation) immediately after herbicide application 
on weed control and on potato yields was studied. In the second, we attempted 
to produce potatoes without cultivation by using a single application of 
various herbicides . 

. RAINFALL AND HERBICIDE EFFECTIVENESS 

This study was conducted on a coarse sand (OM=l.5%) at Elk River for two years. 
The results obtained with some of the herbicides applied in 1970 are shown in 
Table 2. "Irrigated" plots received l" of water immediately after the PPI and 
PE treatments were applied and 0.5" after the At-E treatments. Weed control 
was rated about 5 weeks after planting and yields at harvest in mid-September. 
(Crop yields are not shown as none of the herbicide treatments affected yields). 
All of the herbicide treatments gave excellent grass control regardless of 
post-treatment irrigation. Broad-leaved weed control was good to excellent in 
the non-irrigated plots (no rain fell for at least 4 days following treatment) 
but post-treatment irrigation reduced the effectiveness of broad-leaved weed 
control with Eptam, Sencor, and Premerge + Dalapon. 

This study was repeated in 1971 with the addition of some other herbicides and 
the omission of others (Table 3). Again, no rain fell for at least 3 days 
following herbicide application. As in 1970, all the herbicides tested gave 
excellent grass control regardless of post-treatment irrigation. However, 
control of broad-leaved weeds, in contrast to results obtained in 1970, was 
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only slightly reduced by irrigation in the Eptam-treated plots and Sencor 
activity was improved by irrigation following treatment, particularly at the 
lower rates of application. The effectiveness of Lasso was also improved by 
irrigation. The differential effects of post-treatment irrigation on the 
herbicidal activity of Eptam and Sencor in the two years is difficult to explain. 
Since both are water-soluble, their herbicidal activity should have been reduced 
by irrigation in both years. However, only 0.5" of irrigation water was used 
in 1971 in contrast to 1" in 1970. This could account for part of the difference 
in broad-leaved weed control. The remainder could have been due to the influence 
of irrigation on the germination and early growth of the predominant broad-leaved 
weed species present which differed in each of the two years. 

SEASON-LONG WEED CONTROL 

In both 1970 and 1971 experiments were conducted at Grand Rapids in which potatoes 
were grown without cultivation by using a single application of various 
herbicides. As seen in Table 4 only Lorox gave long-lasting weed control in 1970. 
However, in spite of the fact that weeds came into the Eptam-and Patoran-treated 
plots in late summer, these plotsyieldedas much potatoes as cultivated, hand
hoed plots. Paraquat gave only temporary control of weeds with the result that 
the plots were very weedy at harvest and gave low yields of tubers. 

In 1971, weeds were inadvertantly allowed to grow in the control plots until 
July 15 with the result that yields were greatly reduced. Sencor failed to 
give adequate weed control, possibly because of high rainfall during June 
which may have leached out the herbicide. Eptam, Maloran, and Lorox all gave 
excellent weed control for most of the summer which resulted in satisfactory 
yields. 

In summary, the choice of an herbicide for use in potatoes depends on the 
soil type in which it is to be used, on the weed species present, and on the 
length of weed-free period desired. In certain soils having known weed problems, 
it is now possible to grow potatoes without cultivation. 
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STORED-GRAIN INSECT CONTROL 
NEW PROBLEMS, NEW DEVELOPMENTS 

Phillip K. Harein 
Professor and Extension Entomologist 

University of Minnesota 

Damage and losses to stored grain from insect attack can be as 
great as those sustained by growing crops. In addition - insect damage 
to crops may be compensated by partial recovery of the damaged plants 
or by increased yield from survivors. The 10 to 20% annual insect 
damage to stored grain is final and without compensatory adjustments. 

The management of grain in storage to prevent its deterioration 
from all factors, including insects, is not an easy task especially 
with increasing food and feed standards, increased restrictions on 
the use of pesticides, increased pest resistance, larger grain masses 
within one storage area, etc.; all of which reflect on the resulting 
economics in grain marketing channels. successful management appears 
feasible only if our efforts are interdisciplinary oriented and we 
emphasize pest prevention rather than pest control. 
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DISPOSAL OF PESTICIDES AND CONTAINERS 

Phillip K. Harein 
Professor and Extension Entomologist 

University of Minnesota 

I. Current Recommendations. 

A. Minimize your disposal problem. 

l. Don't overstock. 

2. Arrange the return of large containers 

to your supplier. 

3. Minimize purchases of pesticides likely 

to be restricted. 

4. Mix only enough pesticides for your 

immediate needs. 

B. Surplus Pesticide Disposal. 

l. Burial 

a. Current approved disposal sites. 

2. Storage. 

C. Empty Pesticide Containers. 

l. Combustible containers. 

2. Metal containers. 

3. Decontamination procedures. 

II. Current Pesticide Container Disposal Practices in Minnesota. 

A. Burial. 

B. Burning. 

C.• Other. 
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III. Pertinent Highlights of the 1972 National Conference 

on Pesticide Containers. 

IV. Current Disposal Sites Approved by the Minnesota 

Pollution Control Agency. 
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INTRODUCTION 

POTENTIAL FOR HERBICIDES IN PASTURE IMPROVEMENT 

Oliver E. Strand 
Extension Agronomist 

Department of Agronomy and Plant Genetics 
University of Minnesota 

In Minnesota, about 30 percent of the land in farms is used for forage pro
duction. Of the total forage acreage, 58 percent, about 4 1/2 million acres, 
(according to the 1969 Census of Agriculture) is in pasture. Forty-two percent 
of these pasture acres are classed as cropland pasture. The remaining 58 
percent, about 2 1/2 million acres, is classed as grass and woodland pasture. 

Only a small part of the grass pasture acres in Minnesota is classed as 
"improved pasture" {about 7 l/2 percent). Depending on the extent of improve
ment, many of these improved pasture acres can support one to two cows per 
acre during the grazing season. Most unimproved pasture areas, on the other 
hand, may support only one cow for every two to four acres or less, depending 
on the extent of the weed and brush problem, the soil fertility level, the 
type of grazing management, the available moisture supply, and other factors. 

In terms of hay equivalent yields, many of the unimproved grass pastures pro
duce less than a ton of grass forage per acre per year. In comparison, 
improvement of grass pasture acres with fertilizer and weed control has pro
duced hay equivalent yields of over 3 ton per acre per year. 

There is then a big potential for pasture improvement in Minnesota. Both the 
quantity and the quality of forage can be improved by the right combination 
of pasture practices. 

PASTURE IMPROVEMENT REQUISITES 

Pasture improvement requires a combination of several management practices in 
order to be successful: 

1. An adequate stand of forage grasses and/or legumes is necessary. 
Renovation or reseeding may be needed. 

2. Adequate soil fertility must be maintained. 

3. Weeds and brush must be controlled. 

4. Some system of rotational grazing must be used. 

5. Periodic clipping of grass residues and spreading of droppings may 
be needed. 
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WEED AND BRUSH CONTROL IN PASTURES 

The first logical step in pasture improvement is to rid the area of undesirable 
weeds and brush. A recently renovated or reseeded pasture, properly fertilized, 
may have a vigorous and productive stand of legumes and grasses that will 
resist invasion by broadleaved weeds and woody plants. Proper grazing and 
mowing management may be all that is needed on these pastures to control weeds. 
However, many grass pastures on land areas not suited for renovation or 
reseeding may have an adequate stand of grass but also may have many competi
tive broadleaved weeds and brush that need to be controlled if the pasture is 
to remain productive. 

Weeds and small brush can be effectively controlled by periodic mowing, by the 
use of herbicides or by a combination of these practices. Once this unpro
ductive vegetation is controlled, the pasture can be fertilized and managed 
for optimum forage production. 

USE OF HERBICIDES 

Some herbicides are more effective than others for controlling pasture weeds. 
It is best to identify the predominant weed or brush species present and then 
select the herbicide or combination of herbicides that will give the best con
trol. 2,4-D is the most commonly used pasture herbicide and is effective for 
many broadleaf weeds and some woody species. However, some weeds and brush 
species are resistant to 2,4-D and may be more readily controlled with a mix
ture of 2,4-D and 2,4,5-T, commonly called 11 brush killer. 11 CAUTION: Do not 
use 2,4,5-T near water supplies (lakes, streams and drainage ditches) or 
around the home. Do not graze dairy cattle on pastures treated with 2,4-D for 
seven days after treatment. Do not graze dairy animals within six weeks and 
do not slaughter meat animals grazing on treated areas within two weeks after 
2,4,5-T is applied. 

MCPA can be used as a pasture herbicide at low rates to control susceptible 
broadleaf weeds where legumes such as alfalfa or clover are present without 
serious injury to the legumes. MCPA is also more effective on certain pasture 
weeds such as buttercup. 

Dicamba may be used alone or in combination with 2,4-D for the control of 
certain broadleaved weed and brush species that are 2,4-D resistant. CAUTION: 
After treatment of pastures with dicamba, do not graze dairy animals for seven 
to sixty days nor harvest hay for 37 to 90 days, depending on rate of applica
tion. Do not graze meat animals in treated pastures within 30 days of slaughter. 
See the product label for further details. 

Silvex may be used alone or in combination with 2,4-D on grass pastures for 
control of woody plants. Proper timing of the herbicide application is impor
tant in achieving good weed and brush control. Perennial broadleaved weeds 
should be sprayed when they are six to eight inches tall and up to bud stage. 
Woody plants should be sprayed when they are fully leaved out in the spring 
and during the active growth period of early summer. Apply herbicides uniformly 
and carefully. Avoid drift to susceptible crops and ornamentals by keeping 
spray pressure low and by not spraying on windy days. Refer to University of 
Minnesota Extension Folder 212, Cultural and Chemical Weed Control in Field 
Crops for additional information on herbicides, rates of application and 
precautions for use. 
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RESULTS OF RECENT PASTURE IMPROVEMENT STUDIES IN MINNESOTA 

A series of pasture fertilization and weed control demonstrations were 
conducted during 1971 and 1972 at 12 locations in Northwestern Minnesota 
in cooperation with County Extension Agents and interested farmers. The 
demonstrations were established in a representative portion of the farmer•s 
pasture and the plot area was fenced to control grazing. Fertilizer 
treatments were applied early in the spring and included broadcast appli
cations of 30-15-15, 100-50-50, 100-0-0, and an untreated check. These 
four treatments were included with and without 1 lb/A of 2,4-D LV ester 
applied the first week in June to control broadleaved weeds. Two replica
tions were used at each location. Individual plot size was 1/100 acre. 
Plots were sampled to determine yields two times during the 1971 season and 
were grazed off after each cutting. Many of the plots contained substantial 
growth of white clover which was severely injured or killed by the 2,4-D. 
Also, the first cutting in 1971 was taken shortly after application of the 
2,4-D. For these reasons, yields of forage in 1971 from the 2,4-D treated 
plots were generally about the same or slightly less than yields from 
untreated plots. 

The 1971 fertilizer response was reported in the Combined Soils, Fertilizer 
and Agricultural Pesticides Short Course Proceedings, December 1971 (1). 

In 1972, 11 of the demonstrations were continued and fertilizer and weed 
control treatments were repeated as in 1971. Before the first cutting was 
made in early June, a visual evaluation of weed growth was made on each plot. 
This evaluation was used to adjust total forage yields to yields of grass 
and weeds (Table 1). Three cuttings were made during 1972, and the plot 
area was grazed off after each cutting. Principal weeds were Canada thistle, 
common dandelion, goldenrod sp., and common milkweed. 

At one location in the study (Red Lake County) the first cutting of forage 
in each plot was hand sorted into broadleaved weeds and grass and indivi
dually weighed (Table 2). Results were quite similar to the overall stuqy. 
It is obvious that weed control alone is not adequate to improve pasture 
yields. It is just as obvious that fertilizer applications alone do not 
result in hi9h yields of grass because weed growth is stimulated along with 
the grass (2). 

A Stearns County pasture study conducted in 1970 gave additional evidence 
that a combination of weed control and fertilizer is necessary to produce 
optimum yields of grass (3). In this study, nitrogen was applied early in 
the spring and 2,4-D ester was applied the last week in May. Yields were 
taken on June 15. Results showed that the 2,4-D application effectively 
increased grass yields over the untreated check (Table 3). Also, the 
nitrogen application doubled the total growth of forage as compared to the 
untreated check, but half of this additional growth was weeds. Both nitrogen 
and 2,4-D were necessary to double the yield of grass. 

Weed control is an important first step in grass pasture improvement. For 
an investment cost of one to two dollars an acre for herbicide, many broad
leaved weeds (some poisonous to cattle) can be replaced by productive grass. 
The grass then needs to be fertilized according to need to make a productive 
and profitable pasture. 
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Table 1. Yields of broadleaved weeds and grass in Northwestern Minnesota 
pasture improvement trials, 10 1 ocati ons , 3 cuttings , 1972.JJ 

Treatment Percent grass Total forage Weeds Y Grass Y 
{N + P205 + K20) in stand (tons/acre) (tons/A) (tons/A) 

0 + 0 + 0 53 1.24 .58 .65 
0 + 0 + 0 + 2,4-D 86 1.08 .15 .93 
30 + 15 + 15 61 1.92 • 75 1.17 
30 + 15 + 15 + 2,4-D 90 1.63 .16 1.47 
100 + 50 + 50 66 2.90 ,99 1.91 
100 + 50 + 50 + 2,4-D 95 3.07 . 15 2.92 
100 + 0 + 0 62 1.67 .63 1.04 
100 + 0 + 0 + 2,4-D 86 1.80 .25 1.55 

!!Marshall County (2), Norman County (2), East Polk County (2), West Polk 
County (1), Pennington County (1), Mahnomen County (1), Red Lake County 
(1). One location in West Polk County, with considerable birdsfoot 
trefoil in the stand, was not included in the summary. 

2/Yields of weeds and grass were calculated using the visual estimates of 
percent grass and weeds in stand. 

Table 2. Yields of broadleaved weeds and Kentucky bluegrass in Red Lake 
County pasture improvement demonstration, first cutting, 1972.Y 

Treatment Total foraJe Weed yi e 1 dsY Bluegrass yields 
{N + P205 + K20) (tons/acre (tons /acre) (tons/acre) 

0 + 0 + 0 . 31 .14 .17 
0 + 0 + 0 + 2,4-D .14 0 .14 
30 + 15 + 15 .42 . 14 .28 
30 + 15 + 15 + 2,4-D .49 0 .49 
100 + 50 + 50 1.09 . 19 .90 
100 + 50 + 50 + 2,4-D 1.02 0 1.02 
100 + 0 + 0 . 31 .10 .21 
100 + 0 + 0 + 2,4-D .26 0 .26 

!!First cutting made June 8, 1972. 

YPredominant weed species were common dandelion and Canada thistle. 
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Table 3. Yields of grass and broadleaved weeds in Stearns County pasture 
study, harvested June 15, 1970. 

Treatment 

2,4-0 ester, 1 lb/A 
Nitrogen, 33.5 lb/A 
2,4-0 + nitrogen 
Untreated check 

LITERATURE CITED 

Grass 

3,485 
3,049 
8,276 

871 

Green weight, lb/A 
Broadleaf weeds 

436 
4 '792 

3,049 

Total 

3,921 
7,841 
8,276 
3,920 

l. Simkins, C., 0. E. Strand, M. Johnson, and P. Groneberg, 1971. Pasture 
improvement through fertilization and weed control. Combined Soils, 
Fertilizer and Agricultural Pesticides Short Course Proceedings, Agri
cultural Extension Service, University of Minnesota, St. Paul. 

2. Simkins, C., 0. E. Strand, M. Johnson, P. Groneberg, and R. Schopper. 
Unpublished data, Forage Trials in N.W. Minnesota, 1972. 

3. Strand, Oliver E., 1970. Grass pasture improvement in Minnesota with 
2,4-0 and nitrogen fertilizer. Combined Soils, Fertilizer and Agricul
tural Pesticides Short Course Proceedings, Agricultural Extension 
Service, University of Minnesota, St. Paul. 
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UREA AS A NITROGEN SOURCE FOR CORN 

W. W. Nelson, Professor and Superintendent 

Southwest Experiment Station 

High yielding efficient corn production depends upon adequate appli
cation of nitrogen fertilizer annually. There are a number of forms 
of nitrogen available to utilize, depending upon the time, the 
equipment available, soil conditions, and the cost as to which would 
be the most desirable. 

Urea is presently becoming a promising source of fertilizer nitrogen 
on the basis of its form, its cost, the concentration of nitrogen, 
and ease of application. Several laboratory studies have shown 
however that you could expect sizeable losses of N due to volatiliza
tion, due to hydrolysis of the urea. 

Twelve years ago an experiment was established at the Southwest 
Experiment Station, Lamberton to compare the relative effectiveness 
of urea with ammonium nitrate as to time and rate of application. 
Ammonium nitrate was chosen to compare with urea in that in previous 
experiments, if properly applied, it was found to have been equal 
with anhydrous ammonia and solutions on a pound for pound of nitrogen 
basis. 

METHOD 

The continuous corn fertilization experiment began in 1960 using 
ammonium nitrate and urea at 40, 80 and 160 lbs. of actual N per year, 
applied in the fall, spring and as sidedressing. The fall treatment 
was split in that all of the treatments were plowed down and the 
lighter 40 lb. rate was also applied after plowing on the surface and 
left undisturbed over winter. The experiment was located on a tiled 
Webster silty loam soil which is a typically important productive 
soil of the southern Minnesota corn belt. The soil pH was 6.7 and ade
quate phosphorus and potash were broadcast to maintain P and K soil 
tests level at a high reading. A starter fertilizer at 175 lbs. of 
8-24-12 has been used each year. In addition as management practices 
changed we have attempted to keep up with the better management as 
understood with adequate plant population, selected commercial hybrid, 
herbicides and insecticide results. 

RESULTS 

Table 1 give the 12 year average grain yield, based on 15.5 percent 
moisture obtained from the continuous corn experiment. A significant 
yield increase was obtained with 40 lb. rate of nitrogen. Another 
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significant yield increase was obtained at 80 lbs., however, the 
160 lb. rate was not significantly better than the 80 lb. rate. 

The rate of application gave a significant yield increase at 40 lbs. 
and another very substantial boost with 80 lbs. However, the 
increase from 80 to 160 was minimal and not significant. Thus the 
most efficient or economical rate of application for the continuously 
grown corn in the experimental soil with approximately 26 inches 
annual precipitation appeared to be approximately 100 to 125 lbs. of 
nitrogen per acre per year. 

In comparing times of application the fall application applied at 
the lowest rate, 40 lbs., tended to be lower than the same treatments 
applied in spring or sidedressing. However, this only approached signi
ficance with less of a trend at the 80 lb. rate and that was not 
apparent at the 160 lb. rate. 

In comparing sources of nitrogen, urea tended to be slightly better 
than the ammonium nitrate at fall application, especially if we 
compared the 40 lb. rate where we should be able to pick up the 
losses in the fall. Urea also showed no greater loss from having it 
applied on the surface over winter. In comparing all rates and times 
of application, urea appeared to be fully as effective and equal to 
ammonium nitrate 1n producing corn yields. 

TABLE 1. Effect of time, rate and placement of NH4N03 or urea on 
continuous corn grain yields. 

Broadcast Time and 6 Years 12 Years 
Rate & Form Placement Average Average 

1967-72 1960-71 

0 75.1 65.7 a 
40 NH4No3 fall plowdown 102.5 80.1 b 
40 Urea " 113.2 86.2 bed 
40 NH4No3 fall plow surface 108.1 85.5 be 
40 Urea " 111.3 89.5 cde 
40 NH4No3 spring topdress 116.1 93.5 cdefg 
40 Urea " 118.2 91.9 cdef 
40 NH4No3 sidedress 123.4 94.3 defg 
40 Urea " 118.9 91.1 cde 

80 NH4N03 fall plowdown 129.8 100.5 ghi 
80 Urea " 132.2 99.9 fghi 
80 NH4N03 spring topdress 139.7 105.2 hi 
80 Urea " 137.9 106.1 i 
80 NH4No3 sidedress 121.6 97.2 efgh 
80 Urea " 140.8 107.0 i 

160 NH4N03 fall plowdown 139.3 105.1 hi 
160 Urea " 139.2 107.9 i 
160 NH4N03 sidedress 133.5 104.8 hi 
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In addition to the 12 year average yields the last 6 years are also 
shown to give an indication of the type of production that has been 
obtained in the last 6 years. This may be due to weather, improved 
management techniques such as changes in population, hybrid, weed 
control and insect control, and the effectiveness of the treatments 
under these conditions. 

In looking at the amount of nitrates accumulated in the soil after 
10 years it was found that at the 0, 40 and 80 lb. rates there 
appeared to be no accumulation of nitrogen. It was only at the 
heaviest rate of 160 lbs. that any accumulation occurred in the pro
file. However, this accumulation was all above or even with the 
tile line depth and there was no accumulation below the tile line 
and into the sub-surface ground water area. Apparently the heavier 
concentrations of nitrate nitrogen are being removed near the tile 
drainage waters. 

SUMMARY 

Urea form of nitrogen is as effective as ammonium nitrate for the 
production of corn on slightly acid Webster soils in Minnesota. 
They are as effective as ammonium nitrate in fall and spring side
dressing applications. However in all cases there tends to be a 
slight loss from fall application. This may be still the best time 
of application if the soil conditions are more favorable, there may 
be more time available and the cost may be more favorable than in 
the spring where the soils tend to be wetter, the prices higher, and 
timeliness more important. 
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ANIMAL WASTE DISPOSAL 

Gyles Randall 
Soil Scientist 

Southern Experiment Station 
University of Minnesota 

Waseca, Minnesota 

To meet the increased demands of animal products by our growing 
population, livestock production practices have undergone many 
changes in the last few decades. Confinement feeding and in
creased livestock concentrations have been significant changes 
which have resulted in greater amounts of manure for disposal. 
This has necessitated the proper management of animal wastes 
that meets environmental standards. As a result, livestock 
producers are seeking approved, economically feasible methods 
of disposing and utilizing animal manures. 

During the last three years, research projects have been estab
lished at five branch experiment stations (Crookston, Grand 
Rapids, Morris,.Rosemount and Waseca) to gather information on 
the disposal of animal wastes. Some of the primary objectives 
have been to investigate: (1) the problems associated with the 
heavy annual application and incorporation of manure, (2) the 
downward movement of nutrients from the application of manure, 
(3) the capacity of land to serve as a disposal medium for 

manure, and (4) the response of corn following the application 
of manure. 

An experiment involving four rates of manure (0, 10, 20 and 30 
T dry matter/A) and a commercial fertilizer treatment was ini
tiated on a Webster clay loam at the Southern Experiment Sta
tion in the fall of 1970. The five treatments were replicated 
three times and have been fall-applied annually before plowing. 
A 110-day maturity corn hybrid was planted each year at 26,000 
plants per acre. Soil, plant, water and manure samples were 
taken at frequent intervals during the experiment for chemical 
analyses. The results of these analyses and the crop yields 
provide the basis for discussion in this paper. 

The total amount of nutrients applied with the treatments for 
the 1972 crop year is shown in Table 1. Manure application 
rates fell short of the intended 10, 20 and 30 T/A rates (dry 
matter basis) because of the difficulty in rapidly determin
ing the exact water content of the manure. Nevertheless, the 
amounts of manure-applied N, P and K were high and exceeded 
the amounts of fertilizer-applied nutrients. Approximately 
80% of the nitrogen in the manure was in the organic form 
with the remainder in the ammonium form. Negligible amounts 
of nitrates were found in the manure. Consequently, mineral
ization and nitrification reactions must occur to convert the 
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organic and ammonium nitrogen to the nitrate form before the N in 
the manure can be used by the plants. Likewise, much of the phos
phorus in the manure has to be mineralized before plant usage. On 
the other hand, because K is not organically bound, it would be 
available immediately to the plant. 

Table 1. Nutrient applications for 1972 crop from manure and com-
mercial fertilizer applied in the fall of 1971 at Waseca. 

Total Org. NH+- No--
Treatment N N N4 N3 p K 

Manure (T/A) * 
lbs./A 

0 0 0 0 0 0 0 
6.9 266 216 50 <.1 167 232 

14.4 555 452 103 <.2 348 484 
22.6 872 710 162 <.4 546 758 

Fertilizer 
NPK 180 0 40 140 37 79 

* Dry matter basis. Corresponding fresh dairy manure rates 
would be approximately 0, 35, 70 and 110 T/A, respectively. 

In 1971, the 23.2 T/A manure rate significantly reduced the corn 
yield (Table 2). The reason is not clear, but it may have been 
due partially to increased compaction because of larger manure 
loads and more trips spreading. The N, P and K concentrations 
in the grain were generally increased by the manure treatments, 
especially the high rate. 

Table 2. Effect of manure and fertilizer treatments on the yield 
and nutrient concentration of corn grain at Waseca in 
1971 

Treatment* 

Manure (T/A)** 
0 
6.6 

13.2 
23.2 

Fertilizer 

Yield 
bu A 

131.9 
134.2 
134.8 
116.2 

Nutrient Concentration 
N P K 
--------% 

1.52 
1.56 
1.59 
1.67 

.346 

.365 

.352 

.397 

.529 

.531 

.505 

.585 

NPK 125.5 1.42 .310 .496 * All plots received 75 pounds N/A. 
** Dry matter basis. Corresponding fresh dairy 

would be approximately 0, 33, 66 and 116 T/A 
manure rates 
respectively. 

The effect of the manure treatments on rootworms and the incidence 
of lodging due to root pruning was additionally investigated in 
1972. This was prompted by results obtained at Morris in 1971 
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where manure treatments without any insecticide resulted in very 
little lodging; whereas, corn grown without insecticides on check 
and fertilized plots lodged severely. At Waseca in 1972, no sig
nificant yield difference was found between the with and without 
insecticide treatments (Table 3). The grain and fodder yields 
were depressed with increasing rates of manure. Premature death 
of a majority of the corn plants could have been the predominant 
reason for this yield depression. By mid-September, 68 to 84% 
of the plants from the manure treatments were entirely dead. 
This could have also resulted in increased lodging noted on the 
manure treatments. 

Table 3. Corn yields and plant characteristics as influenced by 
manure and fertilizer treatments at Waseca in 1972. 

Grain Yield Fodder Dead Plants 
Treatment +Insect. -Insect. Yield 9-15-72 Lodging 

bu/A T DM/A % % 
Manure (T/A) * 

0 124.1 122.5 3.7 32 3 
6.9 122.2 123.5 3.4 68 10 

14.4 113.3 120.6 3.4 78 7 
22.6 108.8 115.4 3.3 84 30 

Fertilizer 
NPK 130.3 128.2 3.9 49 5 

*Dry matter basis. Corresponding fresh dairy manure rates 
would be approximately 0, 35, 70 and 110 T/A, respectively. 

Causes of the premature death and subsequent lodging were spec
ulated by plant pathologists. In general, it was felt that a 
primary infection of pythium (a water mold) and a secondary in
fection of other fungi in the lower stalk caused the rotting of 
the plant's conductive tissues. Precipitation during the 1972 
growing season was above normal and was recorded on 27 out of 62 
days during July and August. These frequent rains kept the soil 
surface wet and the humidity high, especially in the manure treated 
areas where the corn had a very dense, succulent growth. The 
combination of a high number of rainy days and a dense vegetative 
growth may have provided a more favorable environment for the 
pythium fungi. The check and NPK plots lacked the vegetative 
density and apparently did not provide optimum microclimatic 
conditions for the disease. 

Tissue analyses of the fodder was conducted in both years (Table 
4). In 1971, plant P and K levels were increased and Mg decreased 
by the manure treatments. Plant Zn was unaffected. However, after 
two years of manure (1972), the manure treatments increased the P 
and K concentration in the fodder to higher levels with concomitant 
decreases in both Mg and Zn; to the point where Zn may be deficient 
and Mg near the critical level. 
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Table 4. Effect of manure and fertilizer treatments on the con-
centration of selected nutrients in the fodder tissue 
at Waseca in 1971 and 1972. 

1971 1972 
Treatment p K M9: Zn p K Mg Zn 

% ppm % ppm 
Manure (T/A) * 

0 .13 1.18 ·. 35 18 .24 1.26 .23 20 
6.6 .17 1.70 .25 20 .34 1.79 .17 14 

13.2 .19 1.83 .26 17 .38 1.89 .16 13 
23.2 .18 1.88 .26 20 .42 2.10 .16 12 

Fertilizer 
NPK .13 1.22 .28 18 .23 1.44 .20 17 

* Dry matter basis. Rates are given for 1971 crop year. 

Soil water was obtained from the 2, 4 and 6' depths by suction 
lysimeters in 1972. The preliminary results from these samples 
are quite variable. However, at this time the nitrate-nitrogen 
concentrations in the water have not been found to be very high 
(Table 5) . Water from the manure treated plots did not contain 
higher concentrations of nitrates than the check plots. The 
very low nitrate levels in the water from the 14.4 T/A treatment 
may have been due to denitrification in this poorly drained soil. 

Table 5. Nitrate-nitrogen concentration of the soil water in the 
soil profile as influenced by manure and fertilizer 
treatments at Waseca on August 30, 1972. 

Sam:ele De:eth 
Treatment 2' 4' 6' 

N0 3 - N (ppm) 
Manure (T/A) * 

0 12.6 11.0 15.6 
6.9 5.2 13.8 11.1 

14.4 9.9 1.2 2.0 
22.6 13.2 12.3 12.0 

Fertilizer 
NPK 31.6 20.8 8.8 

* Dry matter basis, 1972 rates. 
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In addition to the previously discussed "manure rate study", 
another experiment was established to determine the maximum 
quantity of manure that can be applied and incorporated in a 
limited non-crop area. During 1971 and-r972, beginning in 
mid-May and ending in mid-October,l971 and mid-September, 1972, 
dairy cattle manure taken directly from the barn was applied to 
the surface of a LeSueur clay loam soil. The manure was allowed 
to dry for 1 to 7 days before incorporation into the soil. The 
incorporation methods included disking and field cultivating 
with periodic plowing by either moldboard or chisel plow. Manure 
was applied to the same 0.5-acre area in both years. By weighing 
each load of manure and by gathering random manure samples through
out the season for chemical analyses, dry matter and nutrient 
application rates could be calculated (Table 6). Due to the very 
high application rates of manure, this experiment has come to be 
known as a "manure saturation study". 

Table 6. Manure rates and resultant nutrient loads applied in a 
maximum disposal (saturation) experiment at Waseca in 
1971 and 1972. 

Variable 

Manure Rate (T/A)** 

Total N (lbs./A) 
Org. - N (lbs./A) 
NH4 - N (lbs./A) 
NO- - N (lbs ./A) 
Tofal P (lbs./A) 
Total K (lbs./A) 
Total Cl (lbs./A) 

1971 

115 

6870 
5270 
1600 

<1 
2710 
3200 
4050 

1972* 

100 

5900 
4350 
1550 

<1 
3240 
3800 
4480 

* Preliminary data estimated on manure samples analyzed as of 
10-10-72. 

** Dry matter basis. Corresponding fresh dairy manure rates would 
be approximately 575 and 500 T/A, respectively. 

Manure application rates in 1972 were slightly less than in 1971 
primarily because of the wetter summer season in 1972. July's 
precipitation totaled 7.85 inches, which completely halted manure 
application from July 10 to August 7. This rainfall left the soil 
waterlogged to the point where it could not support the tractors, 
spreaders or tillage equipment. Nonetheless, 100 T/A (500 T/A on 
a fresh weight basis) was applied and incorporated into the soil 
during the four-month period. With the exception of July, this 
0.5-acre area was able to handle easily all of the manure produced 
by the 60-cow dairy herd. 

As would be expected with these high manure rates, the amounts of 
nutrients applied to the soil are large (Table 6). To monitor 
their accumulation and/or movement, samples of the soil profile 
were taken initially, in the fall of 1971 and the spring of 1972. 
Table 7 shows the concentration of selected nutrient forms in the 
soil profile after one year's manure application. The ammonium 
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(NH:} and nitrite (N02} forms accumulated within the plow layer. 
Whereas, the nitrate (NO~} and chloride (Cl-} forms, which are 
more mobile, tended to move downward in the soil profile. Be
cause high amounts of rainfall occurred after the September samp
ling, soil samples were taken to a depth of seven feet in May, 1972. 
Results from these samples show a buildup of nitrates to the 5' 
depth. The increased nitrate concentration in May, 1972 over Sept
ember, 1971 may have been due to the fall rains which encouraged 
mineralization of the manure followed by nitrification. These 
reactions resulted in increased nitrate formation, some of which 
moved down with the water through the soil profile. 

Table 7. 

Soil 
Depth 

0-1' 

1-2' 

2-3' 

3-4' 

4-5' 

5-6' 

6-7' 

Nutrient movement and accumulation in a soil under a 
maximum manure disposal regime in 1971 at Waseca. 

Sampling 
NHA Time N02 NOJ Cl-

ppm 

Initial 5.0 0.5 13.9 71 
9/71 12.4 3.1 38.8 317 
5/72 52.7 

Initial 3.8 0.5 7.5 47 
9/71 4.2 0.5 24.8 105 
5/72 39.5 

Initial 4.5 0.5 6.0 34 
9/71 3.9 0.5 15.0 44 
5/72 31.7 

Initial 4.7 0.5 4.2 24 
9/71 4.8 0.8 10.7 40 
5/72 22.7 

Initial 4.1 0.5 3.8 21 
5/72 15.4 

Initial 4.8 0.5 3.3 14 
5/72 7.9 

Initial 
5/72 6.1 

Because of extremely wet conditions this fall, soil samples were 
not taken but will be next spring. In addition, soil water samples 
are presently being taken for chemical analysis. These samples will 
enable us to determine the additive effect of this year's manure 
application. 
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Conclusions: 

Results obtained to date are incomplete and, in some cases, pre
liminary. Consequently, conclusions at this time would be pre
mature. Chemical analyses must be run on many samples already 
taken as well as on those to be taken yet. Until all analyses 
are completed and an overall picture formulated, conclusions 
will not be attempted. 
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WEED CONTROL IN SUNFLOWERS AND DRY EDIBLE BEANS 

R. G. Robinson, Associate Professor 
Department of Agronomy and Plant Genetics 

University of Minnesota 

Sunflowers and dry beans differ greatly in appearance and other characteris
tics, but they are surprisingly similar in weed control practices. Both crops 
are often very weedy. Both require the same mechanical methods of weed con
trol. Both are tolerant of and have EPA clearance for trifluralin (Treflan) 
at l/2-1 lb/A, EPTC (Eptam) at 3 lb/A, and chloramben (Amiben) at 2-3 lb/A. 

Both crops ar~ tolerant of fluorodifen (Preforan) at 4 l/2 lb/A and chlor
propham {Chloro IPC) at 3 lb/A, but only beans have EPA clearance for these 
last two herbicides. 

Furthermore, both crops are killed by 2,4-D and both crops are injured or 
killed by atrazine residues in the soil. 

Trifluralin or EPTC preplanting incorporated givesgood to excellent control 
of foxtails, barnyard grass, pigweed, and lambsquarters but usually do not 
control wild mustard, smartweed, velvetleaf, or cocklebur. EPTC often gives 
fair control of wild oats and ragweed, and Nebraska research indicates it 
gives control of black nightshade, a serious weed in dry beans. 

An advantage of trifluralin is that it can be applied just before planting 
or as long as several weeks before planting if necessary. Application of 
trifluralin at 1 lb/A on silt loam soil at Rosemount, Minnesota, in November 
gave good weed control in sunflowers planted the following May. Incorporation 
of either trifluralin or EPTC should be done immediately after spraying, 
although incorporation of trifluralin can be delayed for up to four hours if 
necessary. 

Trifluralin at l/2 lb/A is recommended for sandy soil. In order to check the 
safety tolerance of sunflowers to trifluralin, we used 0, 1/2, and 1 lb/A 
rates on sandy soil at Grand Rapids, Minnesota. The trifluralin plots were 
sprayed and disked once on r~ay 13. Sunflowers were planted ~1ay 13, May 25, 
June 11, and June 25. The seedbed was prepared at each date by disk-drag at 
right angles to the May 13 disking. All plots were cultivated. From each 
date of planting, sunflower yield and weed control were best on the 1 lb/A 
plots and poorest on the unsprayed. However, yield differences were not signi
ficant. Sunflowers planted May 13 on the unsprayed plots were 30 inches tall 
July 1 and only 24 inches tall on the trifluralin plots, but this difference 
disappeared at flowering time. We spray all of our sunflower research plots 
over the state and have never had important injury from spraying recommended 
herbicides at recommended rates. 

Chloramben at 3 lb/A preemergence gave good but not as consistent control of 
annual grasses as the preplanting herbicides, but it was superior to them in 
control of ragweed, smartweed, and wild mustard. Fluorodifen at 4 l/2 lb/A 
preemergence performed satisfactorily on dry beans in trials at Lamberton, 
Minnesota. 
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On both sunflowers and dry beans, chloramben preemergence following trifluralin 
preplanting has given excellent results. We have not tried it after EPTC. For 
smartweed and partial mustard control, chlorpropham at 3 lb/A preemergence 
following trifluralin or EPTC preplanting has not injured beans or sunflowers 
in our trials. 

Effective postemergence herbicides would be very useful for both crops. The 
potential soybean herbicide, bentazon (BASF-3512), at 1 or 2 lb/A did not 
injure 7-inch tall navy beans in trials last summer, but it kills sunflowers. 
EPA approval of bentazon for dry beans does not appear imminent. Barban (Carbyne) 
at 3/8 lb/A is approved by EPA for postemergence wild oat control in sunflower 
up to 14 days after sunflower emergence. 

Although beans and sunflowers require both herbicides and cultivation on most 
fields for good weed control, herbicides are most important in dry beans. Dry 
beans are poor weed competitors and are planted only half as thick as soybeans. 
Furthermore, weeds in the bean row or weeds established after the last culti
vation are very troublesome at harvest time because both the crop and accom
panying green weeds are pulled in late August and early September and dried in 
windrows. 

A comparison at four Minnesota locations of cultivation vs. cultivation plus 
handweeding sunflower rows to make them weedfree showed an average yield of 
1183 lb/A for cultivation only and 1549 lb/A for weedfree sunflowers. 

Pre- and/or post-emergence use of the rotary hoe, weeder, spike tooth harrow, 
or coil spring harrow one or more times is a common practice with both crops. 
Because the basis of selectivity is differential size, only small emerging 
weeds in the "white' stage can be uprooted and killed without injury to the 
larger crop. Both crops are usually cultivated twice and hilling up on the 
last cultivation is necessary on beans and desirable on sunflowers. In con
trast to erect, bush type beans like navy and kidney, vine types like pinto 
and pink must be "1 aid by" before the vines 1 odge prostrate between the rows. 

Cultivation is the only way of controlling thistles and other perennial weeds 
in these crops so it is best to avoid fields infested with many perennial 
weeds. 
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HERBICIDE INJURY - IT 1S DIAGNOSIS AND CONTROL 

Gerald R. Miller 
Professor and Extension Agronomist 

Department of Agronomy and Plant Genetics 
University of Minnesota 

Analyzing and evaluating herbicide injury 

Persons working in weed control are often called upon to trouble-shoot in 
situations involving suspected crop injury from herbicides. These situations 
require careful analysis and scouting before judgments are formulated. For 
purposes of this discussion, we would like to define 11 injury 11 as stunting, 
delayed development or malformation of plant tissues which may or may not 
affect yields. Herbicide injury may result from applications to the crop, 
from residues in the soil or from drift. 

When evaluating plants involved in suspected herbicide injury, keep in mind 
that some other factor may have caused the observed effects or the herbicide 
may be only one of a combination of causal factors. Look for other possible 
causes. Are there holes in the leaves or stems or pruned roots from insect 
damage? Are there animal tracks in the field? Has there been severe weather·
wind, drouth, hail, flooding, frost, high temperatures, etc. -that could have 
caused damage? Could a disease be involved? Could it be excessive or mis
placed fertilizer or a nutrient deficiency? Or is the effect resulting from 
a combination of causes? 

Look for patterns of injury in the field. Herbicide injury is often in a 
pattern associated with soil types or movement of application or incorporation 
equipment. Observe other susceptible crops or weeds in the area for herbicide 
effects. For comparison, try to find a check area where no herbicide was 
applied in the same field. 

If you conclude that herbicides are the probable cause of the crop injury, try 
to determine why the injury occurred. Limited crop tolerance to certain herb
icides is sometimes a problem especially under heavy rainfall, on sandy soils 
or on dry, 1 oose soi 1. Misuse - high rates, wrong chemica 1 , improper method 
of application, non-uniform application, overlaps, improper applicator adjust
ments and tillage operations that concentrate the chemical - are some reasons 
for herbicide injury. Some varieties are more susceptible than others. 
Weather and soil conditions that cause plant stress may make the crop more 
susceptible to herbicide injury. 

Don•t be too hasty to evaluate the effects of herbicide lnJury. Give the 
plants a chance to recover. Check growing points to see if the plants have 
potential for recovery. Compare injury effects and weed control benefits. 
Stand counts and injured plant counts are important considerations. Unbiased 
yield checks in affected and unaffected similar areas of the same field are 
the best estimates of detrimental effects. 
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Preemergence herbicide injury symptoms 

Thiocarbamate herbicides such as butylate (Sutan), vernolate (Vernam) and 
EPTC (Eptam) affect grasses more than broadleafs. Injured corn seedlings 
appear twisted and leaves may be stuck together giving a "laddering" effect. 
Grass weeds are likely to show the same effects. Vernolate sometimes causes 
delayed emergence, stunting and malformation of soybeans. The affected soy
bean seedlings may have enlarged cotyledons, short and thickened hypocotyl, 
inhibited root development and small, crinkled leaves. Sunflowers show sim
ilar symptoms when affected by EPTC. 

Substituted urea herbicides such as linuron (Lorox) and chlorbromuron (Bromex, 
Maloran) are more likely to cause crop injury on sandy soils than on fine 
textured soils or soils with high organic matter. Plants may emerge normally, 
then turn yellow or necrotic and develop a "burned" appearance. Leaf tips 
and margins will turn brown and if injury is severe enough the plants may die. 

Preemergence applications of dicamba (Banvel), 2,4-D or CDAA-T (Randox-T) on 
corn may cause "onion-leafing" or a laddering effect. The stalks are often 
bent. The plants may be stunted and root proliferation is common on injured 
plants. 

Chloramben (Amiben) injury symptoms on corn and soybeans include general 
stunting and a proliferation of short, stubby secondary roots. Injury has 
been associated with dry soils at planting followed by heavy rains that re
sulted in a concentration of chemical near the germinating seed. 

Acetanalides such as CDAA (Randox), propachlor (Ramrod), and alachlor (Lasso) 
have caused some leaf crinkling on soybean seedlings. The leaflet tips appear 
indented giving the leaflets a heart shape and ragged edges. Fluorodifen 
(Preforan, Soyex) has caused similar leaf symptoms on soybeans. 

Trifluralin (Treflan) injury to soybeans is indicated by an enlarged hypocotyl 
on the seedlings and inhibited secondary root formation. Leaves may be 
crinkled and small. Injury is more likely on lower organic or coarser text
ured soil areas or in streaks where overlaps or incorporation has concentrated 
the chemical. 

Naptalam (Alanap) injury on soybeans appears as stunting, inhibited root de
velopment and sometimes roots grow upward. Stand reduction may occur. 

Corn tolerance is generally good to cyanazine (Bladex), but general stunting 
has occurred on sandy soils. 

Postemergence herbicide injury symptoms 

Crop injury from postemergence applications is often associated with extreme 
temperature or moisture conditions. The stage of crop development is also a 
critical factor in the crop's capacity to tolerate herbicide applications. 
Excessive rates, certain additives, and applications at critical stages of 
crop development can increase the potential for crop injury. 

Growth regulator herbicides such as 2,4-D and MCPA may cause onion-leafing, 
stem bending, short numerous brace roots, brittleness and sterility in grass 
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crops including corn and small grains. Dicamba applied to small grains during 
tillering has caused prostration of plants, twisted stems, missing kernels and 
incomplete emergence of the head from the sheath. MCPA and 2,4-D applied in 
the bud stage of flax has caused flower abortion and crooked stems in flax. 
Applied during the jointing to boot stage of small grains or near tasseling of 
corn, dicamba (Banvel) has caused severe barrenness. 

Triazine herbicides applied postemergence to corn may cause leaf burn and 
stunting. Atrazine and oil injury has been more severe under cool, wet con
ditions and frost shortly before or soon after applications has increased the 
susceptibility of corn to injury. Linuron applied as a directed spray in corn 
causes the leaves it contacts to dry up within a few days and may cause stunt
ing, witting and a light green color. 

Dalapon (Dowpon) injury in corn appears as onion-leafing, wrinkled leaves, 
short husks, poor kernel set and crooked ears. Smut often invades these in
jured plants. Dalapon injury in flax is manifested by reduced flower color 
and sterility. 

On soybeans, 2,4-DB injury is more likely to occur under hot, dry conditions. 
Symptoms include curved stems, crinkled leaves, stem cracking, callus tissue 
formed on the lower stem, and lodging. Root hairs may form on the stem. 

Postemergence chloroxuron (Norex, Tenoran) on soybeans causes brown spotted 
leaves that may dry and drop off, stunting and delayed maturity. Usually the 
growing points are not affected and the soybeans continue development without 
yield reductions. 

Soybeans often show symptoms of drift of 2,4-D or dicamba. Plants affected 
by 2,4-D have crinkled, paddle-shaped leaves with the veins parallel and re
duced tissue development between the veins. Dicamba causes crinkled, cupped 
leaves with shortened veins and shortened internodes on the stem. Symptoms 
of both 2,4-D and dicamba appear on the new growth at the top of the plants. 
Stunting and delayed maturity may also occur. 

Several crops are susceptible to injury from atrazine residues in the soil. 
Affected crops usually grown normally until they are three to six inches tall. 
Then, the leaves turn light green to white and then brown beginning at the 
leaf tips and progressing toward the base. Soybean leaves become mottled, 
then the younger leaves at the top of the plant may turn yellow, then brown 
with the effect progressing toward the base of the plant. Plants may recover 
with normal new leaves coming out at the top of the plant. Other broad-leaved 
crops show symptoms similar to those of soybeans. 

Reducing herbicide injury 

Several practices will help reduce herbicide injury, although some crop malfor
mation may be unavoidable because of limited crop tolerance. Some suggestions 
for reducing injury are: 1) Select a herbicide with the best crop tolerance 
that will control the weeds. 2) Select and apply uniformly the correct rate 
for soil type. 3) Maintain and calibrate equipment. 4) If the herbicide is 
incorporated, follow recommended techniques and incorporate uniformly. 5) 
Avoid application techniques and subsequent tillage that concentrates the chem
ical in press wheel marks before the crop germinates. 6) Plant at the proper 
depth. 7) Avoid using persistent herbicides in a cropping sequence that may 
result in residual injury. 8) Follow precautions to prevent drift. 
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WOOLLY CUPGRASS, A NEW GRASS WEED 

Gerald R. Miller, Extension Agronomist 
Department of AgronomY and Plant Genetics 

University of Minnesota 

Woolly cupgrass, Eriochloa villosa, was recently identified as a weed in cul
tivated crops in Minnesota in Winona County. The grass has spread in that 
county to several farms and has been a problem in corn, oats and alfalfa. 
The weed has been identified from fields in Goodhue, Dakota, Blue Earth and 
Mower Counties and from a garden in Rice County. This distribution indicates 
the grass poses a threat at the present time to areas in southeast Minnesota. 

Woolly cupgrass is an annual grass that grows three to five feet tall. In 
the seedling stage, the grass is very dark green and the leaves are wider 
than foxtails. The lower l/2 inch of the stem of the seedlings is usually 
purple. The plant is densely covered with very fine hairs on both sides of 
the leaves and the stem. These hairs are difficult to see, but the leaves 
have a distinct velvety feel. There are no auricles on the leaves, but there 
is a ligule of fine hairs at the leaf collar. The leaf margins are very rough. 
The seeds are about l/8 inch long and almost as wide and tan to brown when 
mature. The heads appear to be single branching and are very woolly. 

The results of one field trial to evaluate herbicides for controlling woolly 
cupgrass in corn indicate that excellent control can be obtained with alachlor 
(Lasso) or propachlor (Ramrod). Other compounds in the trial were butylate 
(Sutan), atrazine (AAtrex), simazine (Princep}, cyanazine (Bladex), linuron 
(Lorox), chlorbromuron (Bromex, Maloran), dalapon (Dowpon), and cyprazine 
(Outfox). None of these gave as good control as alachlor or propachlor. 
However, the triazine compounds controlled the grass better when applied post
emergence than as preemergence applications. 
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AGRICULTURAL CHEMICAL USE IN 1975 

Rollin M. Dennistoun, PhD. 
Administrative Management Director 

Minnesota Department of Agriculture 

This is a subject that should and must be of concern to not only the agri
cultural producer, but also to the purchaser and consumer of food so that he 
may survive. But will it be? And furthermore, what will have taken place 
between now and 1975? 

This may be considered the "age of the analyst" or the age of the "instant 
expert". Today almost everyone quotes, misquotes, interprets or misinterprets 
"data" to make a point for themselves. Unfortunately, many of those utilizing 
accurate and reliable scientific data are incapable or unequipped and often
times unwilling to properly interpret the information at hand. Thus, it be
comes imperative that the legitimate analyst assume a more aggressive and 
positive role today. 

Barry Commoner has stated "An economic system---based on private transactions 
rather than social ones is no longer appropriate". 

Milton Freedman has stated "A business has no responsibilities except to make 
money for its stockholders". 

The Minnesota Department of Agriculture has two objectives that relate to our 
topic for today. 

1. Continuous re-evaluation and improvement of those programs which assure 
the consumer safe, nutritious, and efficacious food and, 

2. To respond to scientific evidence in taking appropriate regulatory 
action concerning the use of chemicals, equipment, and other pro
duction tools or techniques utilized in agriculture and which are 
determined to be hazardous to humans, crops, livestock and the 
environment. 

For the purposes of this discussion, let us define agricultural chemicals as 
both plant food materials and all pesticide materials. To begin with, let's 
look at what we already have and which will certainly affect agricultural 
chemical use in 1975. 

First, is a new Federal Environmental Pesticide Control Act; second, is the 
Federal Water Pollution Control Act of 1972, and third, the Occupational 
Safety and Health Act of 1970. 

Locally, we have the restricted pesticide regulations; a provision in the 
Minnesota Fertilizer Law providing for the adoption of regulations relating 
to certification of soil testing laboratories and subsequent plant food recom
mendations, vague information about the implementation of the Occupational 
Safety and Health Act on a state or local basis; and a new legislature meeting 
in January of 1973. 
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So what will we have in 1975? We will have greater restrictions on the 
use of pesticides. We will have greater surveillance to see that such 
materials are used as directed. There will be more restrictions on the 
use of plant food materials. There will be greater requirements made of 
each industry employing individuals for the purpose of providing a product; 
by providing the individuals with a source of income and also hopefully 
providing the owner of the industry with some sort of a profit. We will 
have a society that still will not accept the fact that higher food prices 
are the result of their own demands and we will have a smaller number of 
firms and individuals attempting to provide their customers with the materials 
that they want but which they are not yet willing to accept in price and 
quality. 

You presently have the ability to influence the decisions that will be made 
in some of these areas but the time is short. As experts in your field of 
endeavor you must speak up and be heard. You cannot allow the "instant experts", 
particularly the emotional exploiters, both political and economic, to take over 
your tools of production and become the perverters of the industry. You must 
be correct in your interpretation of the data; in your use of material; and 
then you must challenge those who see fit to distort or misinterpret data for 
their own purposes. This will not be an easy task. Out of it, hopefully, 
will come a compromise solution to the many problems that have been brought by 
our society to our environment, because we strongly believe that even the "purest", 
when the chips are down, do not really want to go back to their ideas of a 
"totally pure environment" because if they, in fact, could accomplish this then 
they themselves would not be present to enjoy it. 
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