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Non-Conventional Soil Additives 

Curtis J. Overdahl 

As with the medical profession Soil Science is bothered with quick 

simple cures by the self proclaimed expert. Non-conventional products have 

always been around but certain events seem to bring on a whole host of 

new products. 

One such event was the fertilizer shortages in 1973 and 1974 where 

some new companies offered their wares as a substitute. Then the sensational 

leaf feeding report on soybeans brought out all kinds of leaf feeding 

products based on the "Iowa research". Some of these products probably had 

been around for a time but a change of name and the Iowa research gave the 

products new life. Today low commodity prices again make farmers search for 

lower cost inputs. One gallon, even though expensive, spread over 10 acres 

looks cheap. 

Studies by the unbiased researcher and critical observations by the 

farmer doesn't offer much reason why many of the products should be on the 

market. The question then arises how come the business is continuous and 

so lucrative? There are at least 3 possible answers to this question: 

1. Laws - laws in Minnesota do not prohibit the sales of product, but 

require that they be registered. To the sceptical farmer who inquires 

about its legality the answer is that they are registered with the State 

Department of Agriculture. This not only makes it legitimate but sounds 

like an endorsement. 

2. Brochures - apparently enough money can be made to afford very fine 

appearing brochures. When reading about these products after the 

"Madison avenue" treatment one is moved to try it. Consider this statement 

from one brochure. "Digests and emulsifies the molecular shrouds which 

encapsulates elements locked in an otherwise dormant soil". 
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Two products in direct competition had brochures reading nearly the 

same,only the names were different. Even comas and semi-colons were the 

same. It seems the ad agency person got lazy on the second one, just pulled 

out the first company's product brochure, plugged in the different names 

and collected his fee. 

3. Well known scientists recommendation - a scientist is only a scientist 

in his own field. A brain surgeon doesn't know much about soil science 

nor does a soil scientist do brain surgery. 

An interesting PhD thesis prepared at Stanford University points out 

how some scientists get so much attention on a subject astray from their 

own field. The title was "The Visible Scientists". The author concludes 

that visibility and public recognition does not come from their discoveries, 

nor their leadership in the scientific world. It is their public involvement 

in the "Activities in the messy world of politics and controversy". They 

are masters of the art of mass communication who are sought out by the 

press, they readily translate scientific terms to easily understood English 

often a little astray from the truth. 

Their fellow scientist, who knows the "visible scientist's" 

capabilities see them,as a pollution in the scientific community, as 

publicity grabbers who depart in their reporting from the normal scientific 

channels and mislead the public because they often speak outside their area 

of expertise. 

An example appeared in a popular book. It was stated that anhydrous 

ammonia causes soils to become alkaline. The truth is just the opposite. 

All ammonia type nitrogen products can cause a decline in pH after breakdown 
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and release of hydron ions. Only briefly before attacked by micro organisms 

does ammonia cause alkalinity. This scientist wasn't well informed on the 

subject and his reading was faulty. He just didn't read far enough into 

the subject, but h~ was established well enough in his own field to author 

a book. 

Non-conventional products have been categorized by a 12 state regional 

committee of soil scientists as follows: 

A. Biological Inoculants and Activators 

Introducing new bacterial strains to the soil sounds simple to those who 

haven't studied soil microbiology. However, the establishment of new and 

beneficial microorganisms in the soil is seldom achieved. The bacteria that 

originally survive in the soil are a result of a long time battle with the 

other organisms. Those that survive were the most competitive in that soil 

environment. When new organisms are introduced they seldom live because of 

attacks by native organisms, lack of specific food, various toxins and other 

factors. Hence adding a product containing certain organisms especially in 

small quantities isn't a simple thing. 

B. Growth Stimulants and Regulators 

Perhaps a dozen or more of these types of products have been included in 

research at various colleges and Universities in the Midwest. None to date 

have recorded significant effect on yield or quality of crops such as corn, 

soybeans, wheat or alfalfa. 

C. Mineral Nutrient Sources (low volume or low analysis) 

Some products have nutrients but at a very low level. Others have high 

nutrient content but a very high price is claimed justified by applying 

small quantities and then claim equal results to regular fertilizer at 
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perhaps 5 times the rate. Research indicates that responses are obtained in 

proportion to how much is applied. 

D. Soil Conditioners 

(Most of which are organic nutrient sources of low nutrient content). 

These products obtained the general term of soil conditioner because 

nutrient content below what is defined by law. Products below 24% cannot be 

legally sold as a fertilizer. 

Most organic materials by nature are very low analysis, similar to manure. 

Manure is a good fertilizer only when it is applied at rates high enough to 

adequately nourish the plant. As a grade manure in percent averages ap

proximately 1/2 - 1/4 - 1/2. 

E. Wetting Agents 

It appears that these products come on the market as surface tension 

breakers- wetting agents'for herbicides to·enhance absorption. They contain 

no nutrients but are supposed to improve crops by making water already in 

the soil wetter. There could however, be a growth stimulator or other additive 

in some of these that could show apparent effect. Rather extensive research 

at the University of Minnesota and at other experiment stations show that 

they have no significant beneficial effect. 

Research at Kansas State University was most extensive. Their conclusion 

from research and from a comprehensive literature review indicated that 

benefits would occur only on about 15% of our soils. Most of these are in 

the Western United States. 
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FERTILIZER RECOMMENDATIONS WITH CONSERVATION TILLAGE 

John F. Moncrief, Assistant Professor 
and Extension Specialist 
Soil Science 
University of Minnesota 

Gyles W. Randall 
Soil Scientist 
Southern Experiment Station 
University of Minnesota 

Conservation tillage systems for corn production have become increasingly 
popular in recent years because of the possibility of short term gains 
resulting from reduced inputs such as time, labor, and energy. The more 
important consideration is the potential for soil and water conservation 
in the long term. If conservation tillage is to be an acceptable 
alternative in troubled economic times, however, grain yields must be 
as high as those obtained with conventional tillage. 

Changes in tillage to manage crop residues for erosion control can 
result in changes in soil physical properties such as temperature, 
moisture, aeration, and compaction. These changes can affect root distribution 
and metabolic activity as well as soil microbial activity. In some instances 
these effects manifest themselves as a reduction in nutrient availability. 
In most cases this reduction can be overcome by choosing the correct 
fertilizer source, method of placement, and time of application. 

SOIL DENSITY, MOISTURE AND AIR 

Tillage imposed differences in soil density, moisture and air from a 
Wisconsin study are shown in table 1. 

Tillage had a marked influence on bulk density of the upper 3 in. of 
soil measured in late summer. Compaction with the no till system 
regardless of traffic and the till plant system under traffic was 
greater than the other systems at both locations. The bulk density in 
the row under the till plant system was similar to the chisel and 
moldboard plow systems under traffic. The chisel and moldboard plow 
systems had similar bulk densities in the row at both locations. These 
trends in bulk density increases with conservation tillage were also 
supported by penetrometer data (Moncrief et al., 1979; Moncrief and 
Schulte, 1980). 

There are significant increases in soil moisture associated with 
tillage reduction. This coupled with increases in bulk density 
markedly reduced the volume of soil occupied by air in the no till 
and till plant systems, thereby also reducing aeration. This could 
result in N losses due to denitrification with these two systems 
(especially in wet years or in high rainfall areas). It is important 
to note that the chisel and moldboard plow leave similar soil 
densities. Although there is a modest increase in soil moisture 
with the chisel plow the decrease in soil air isn't as dramatic as 
with the till plant and no till systems. 
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Table 1. The effect of tillage on bulk density and percent pore space 
occupied by air and water at the 0-3 in. depth+ (Moncrief 
et al.) 

Tillage In row Under traffic 
system Db H20 Air Db H20 Air 

g/cm 3 -- % by val.-- g/cm 3 -- % by vol.--

No till 1.42a 35.6 10.8 1.39a 35.7 11.8 

Till plant 1.24b 25.2 28.0 1.45a 31.8 13.5 

Chisel 
Arlington 1.14c 22.0 35.0 1.22b 23.9 30. 1 
Lancaster 1.14c 25.3 31.7 1. 28b 32.8 18.9 

Moldboard 
Arlington 1.18c 19.8 35.7 1.22b 22.9 31.1 
Lancaster 1.15c 26.2 30.4 1.28b 23.8 2 7. 9 

+ Means in the same column followed by the same letter are not 
significantly different at a= 0.10. 

NITROGEN 

Nitrogen can take many different forms in the soil, some of which are 
subject to loss or are unavailable to plants. Tillage imposed soil 
microclimate can influence microbial populations responsible for N 
transformations.The results of a Wisconsin study illustrating tillage 
effects on nitrogen availability are shown in tables 2 and 3. Nitrogen 
was applied broadcast preplant as ammonium nitrate. 

Table 2. The effect of tillage on 95% of maximum yield (Moncrief et al). 

Tillage Arlington, WI Lancaster, WI 
system 1978 1979 1980 Avg. 1979 1980 1981 Avg. 

- - - - Bu/A - - - - - - - -

No till 144 156 135 145 

Till plant 126 171 166 154 

Chisel 118 158 155 144 131 138 136 135 

Moldboard 127 164 177 156 131 139 147 139 
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It is interesting to note that the no till system resulted in a 
significant yield increase over chisel or moldboard plow tillage in 
two of the three years at the Lancaster site. This was due to a 
moisture advantage with this system during a 7 to 10 day period at 
silk emergence. 

Table 3. The effect of tillage on the level of applied N at which 
95% of maximum yield was found (Moncrief et al., 1981). 

Tillage Arlington, TH Lancaster, WI 
system 1978 1979 1980 Avg. 1979 1980 1981 

- - - - - - - - - - lbs/ A - - - - - - - - -

Avg. 

No till 130 >293 237 >220 

Till plant 154 >300 >300 >251 

Chisel 115 130 130 125 45 36 93 58 

Moldboard 109 130 102 119 54 73 150 92 

It took more applied N to realize the moisture advantage of these 
tillage systems, however. It took in excess of an additional 125 lbs/A 
to meet the need for this nutrient under the till plant and no till 
systems. 

There are several important points to consider, however. This is a 
"worst case" example for these two systems. A rotation with a low 
residue crop (soybeans, potatoes, sunflowers, etc.) would result in 
less of a reduction in N availability with the till plant and no till 
systems. Rotation is a valuable tool in managing crop residues for 
erosion control (optimum soil cover) without imposing extremes in 
soil physical environment which could lead to reductions in nutrient 
availability. 

The first year results of a study in Goodhue County, Minnesota are 
shown in table 4. In this study anhydrous ammonia was applied preplant 
on continuous corn. There is a significantly higher yield with no N 
applied under a chisel plow system. With N applied there is no difference 
in grain yields due to tillage. 
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Table 4. The effect of tillage on corn grain response to applied N. 
Goodhue County, MN, 1982 (Moncrief et al., 1982). 

Tillage 

N lbs/A No till Till plant Chisel plow 

------ Bu/A -

0 106 110 124 
75 130 128 132 

150 136 130 132 
300 130 134 131 

In most cases reductions in N availability seem to be associated with 
systems that leave large amounts of crop residue on the soil surface. 
A study was initiated in 1981 at Waseca, MN to explore the effects of 
N source and time of application with a till plant system. The results 
of the first two years of this study are shown in table 5. It appears 
that the preplant treatment is better when averaged over the two years. 

Table 5. The effect of N source and time of application on·corn grain 
yields with till plant tillage +. Nitrogen was applied at 
150 lbs/A (Randall). 

1981 1982 

PP EM SD pp EM SD 

Nitrogen Source Bu/A - - - - - - -

Urea-Ammonium Nitrate 171 157 168 162 164 155 
Solution 

Urea 174 174 168 167 164 148 

Anhydrous Ammonia 175 160 169 166 142 162 

+PP = Preplant, EM = Emergence, SD = Sidedress 

It is interesting to note that the preplant treatment shows a 3 to 6 
Bu/A advantage over sidedress in 1981 and 4 to 7 Bu/A in 1982. This 
is most likely due to a dry mid season in 1982. This is also supported 
by the advantage of anhydrous ammonia at sidedress because it is placed 
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deeper in more moist soil (although all sidedress treatments were 
shallowly incorporated). Preplant treatments were made one day prior 
to planting,preventing volatilization losses of urea sources (the 
planting operation with this system provides for incorporation). The 
performance of the emergence treatment is dependent on source. Injection 
of anhydrous ammonia at this time was difficult because of shallowly 
incorporated trash between the row and the relatively narrow 30 inch 
rows. Poor retention and stand damage resulted. Due to the absence of 
incorporation there may have been some volatilization of the urea 
sources at emergence. In areas of the state with higher rainfall 
sidedress may prove to be an attractive option. 

POTASSIUM 

There are many contradictions in the literature suggesting that under 
certain conditions K availability is reduced with conservation tillage. 
There has been a sizable body of research suggesting that increased 
levels of soil K, and especially row-applied K, can be effective in 
attenuating availability problems associated with conservation tillage. 
Bower et al., (1945) found a reduction inK availability in corn to be 
associated with tillage on three Iowa soils--Fayette silt loam, Clarion 
loam; and Webster clay loam. Moldboard plowing resulted in higher K 
uptake than hard ground listing, disking, and subsurface tillage (20 in. 
sweeps operating at a depth of 4 to 5 in.). There were also grain yield 
differences associated with tillage-induced reductions in K availability. 
Bower et al., (1945) were able to overcome reductions in uptake and grain 
yields associated with tillage with applications of fertilizer. No dif
ferences in soil test K as a result of tillage were found in the soils 
under study. The Fayette silt loam and Webster clay loam soils used in 
the study had high levels of soil test K. They speculated, therefore, 
that differences in K availability were due to tillage-imposed soil 
aeration differences. In a follow-up study by Lawton (1946), K availability 
was shown to be more sensitive to aeration than was the availability of 
N, P, Ca, or Mg on Clarion loam and Clyde silt loam soils. 

It is noteworthy that the reduction in K availability can be overcome 
effectively with increased bulk soil solution K levels from fertilization 
and especially so with a relatively small amount of row-applied fertilizer. 
Lawton (1946) cited tillage studies in northeastern Iowa on a Clyde silt 
loam soil where 50 Bu/A increases in corn grain yields were obtained 
with 20 lbs/A row application of K. Schulte (1980) reported a corn grain 
yield increase of 45 Bu/A with 12 lbs/A of row-applied K with a till 
plant tillage system on a Plano silt loam soil. Less than half of this 
response occurred with moldboard plow tillage. The response to row-applied 
K under till plant tillage was reduced from 45 to 3 Bu/A when average 
soil test K (Bray 1) values were raised from 135 to 300 lbs/A. 
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In split-root experiments, Classen and Barber (1977) have shown that 
about SO% of the corn roots must be supplied with K to maximize yield. 
This is more than the proportion of roots usually within the influence 
of the starter band. However, the response to row-applied K with 
conservation tillage suggests that if a moderate level of soil K is 
supplied to the rest of the root system, it is possible to meet the needs 
of the crop for this element by row fertilization. 

A study at Wisconsin not only illustrates the effect of tillage and K 
availability but also the problem of soil sampling with a till plant 
system. The effects of tillage, row-applied fertilizer and soil K on 
grain yields at Arlington, WI are shown in Figs. la-c for 1978, 1979 
and 1980, respectively. It is apparent for all three years of study that 
as the tillage intensity decreased at this site the starter K response 
increased. It is interesting to note the decrease in range of soil K 
with time in the till plant system. In 1980, the disk hillers and tractor 
speed were adjusted to maximize ridge formation during the cultivation 
operation. This resulted in abruptly lower soil test K values as a 
result of both sweeping surface accumulated K into the row area and soil 
sampling at a deeper depth in the furrow between rows. Initially (1978) 
applied K was incorporated throughout the surface 6 inches. Soil test 
interpretations should be made with this consideration for this tillage 
system. With the chisel and moldboard tillage systems, only a moderate 
response to soil K occurred with the use of a small amount of row-applied 
K. Corn grown under conservation tillage with high fertility at this site 
equaled yields of the moldboard system. The chisel plow system required 
a soil test K level higher than that of the moldboard plow system all 
three years. Although plant tissue data show that K availability is 
reduced with the till plant system, the response to soil test K in 1980 
would not seem to support this unless consideration to K distribution 
relative to the row is included in the interpretation. 

First year results from a tillage-potassium study in Goodhue County, 
Minnesota also illustrate the effect of tillage on K availability 
(Fig. 2). At 95% of maximum yield (165 and 150 Bu/A for a no till and 
chisel plow system respectively) soil test K is about 200 and 150 lbs/A. 
It is interesting to note that to realize a 15 Bu/A yield response to 
conserved moisture under no till, soil test K had to be greater than 
200 lbs/A. It is probable that this K problem associated with conservation 
tillage will be apparent only in areas of the state with low to medium 
native soil K. 
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SUMMARY 

1. Tillage affects both soil physical properties and subsequently nutrient 
availability. Soil moisture is increased with conservation tillage. 
Bulk density is similar with chisel and moldboard plowing. 

2. Nitrogen response is similar for chisel and moldboard plowing. Nitrogen 
rates should be increased with a no till or till plant system if used 
with a continuous corn cropping system. 

3. Corn grown with a till plant system responds best to preplant 
applications of N regardless of source (allows for incorporation of 
urea sources during planting). In parts of the state with higher 
rainfall or in wet years sidedress applications may perform as well. 

4. Conservation tillage systems require higher levels of soil K (if soil 
is medium to low in native K- southeastern part of state). 

5. It is crucial that starter fertilizer be used with conservation tillage. 
Phosphorus is always important in starter fertilizer but in areas of 
the state with low native K a balanced P-K starter should be used. 
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HIGH PHOSPHORUS AND POTASSIUM 

RATES FOR CONTINUOUS CORN 

by 

1/ 
Gyles W. Randall, Samuel D. Evans, and Wallace l\1'. Nelson-

Studies to determine the long-term effects of high rates 
of P and K fertilizers on continuous corn production 
were initiated in the fall of 1973 at three experiment 
stations in Hinnesota. This was changed to a corn
soybean rotation with one crop per year at Morris and 
Waseca in 1982 and to both crops each year at Lamberton 
in 1981. The objectives were to determine (1) the 
time required for depletion of soil P & K, (2) rates 
of P & K needed for maintenance requirements and (3) 
required frequency of P & K applications. The 
experiments were located on soils -

1) Lamberton -- Nicollet cl (Aquic Hapludoll) 
pH= 5.7 OM= 5% 

2) Morris Aastad cl 
pH = 7. 6 OM 

(Udic Haploboroll) 
= 4% 

3) Waseca Webster cl (Typic Haplaquoll) 
pH = 6.0 OM= 6% 

EXPERIMENTAL PROCEDURES 

Ten P and K treatments (Table 1) were applied at three 
branch experiment stations (Southern Experiment Station, 
Waseca; Southwest Experiment Station, Lamberton; and 
West Central Experiment Station, Morris) in Minnesota. 

1/ Soil Scientists and Superintendent, respectively, at 
the Southern Experiment Station, Waseca; West Central 
Experiment Station, Morris; and the Southwest Experiment 
Station, Lamberton. University of Minnesota. 
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Table 1. Phosphorus and potassium treatments applied in the 
high P and K rate study in Minnesota. 

Trt. No. 
Application Year (Fall) 

1973,'76,'79 1974,'75,'77,'78,'80 

.!_I 

1./ 

J./ 
!!..1 
~I 

~I 

1 
2 
3 
4 
5 
6 
7 
8 
9.!_1 

loll 

Neither p 

0 + 0 
0 + 100 

50 + 100 
100 + 100 
150 + 100 
100 + 0 
100 + 50 
100 + 150 
1501./ + 100 
100 + 150~1 

nor K was applied 

0 + 0 
0 + 100 

50 + 100 
100 + 100 

0 + 100 
100 + 0 
100 + 50 
100 + 0 

0 + 1091..1 ~I 
100 + 0~ ~I 

in 1976. 
The 150-lb rate was not applied at Lamberton 
or Waseca in 1979 but was applied at Morris. 
150 + 100 applied at Waseca in 1978. 

100 + 150 applied at Waseca in 1978. 

0 + 100 was applied at all locations in 1980. 

100 + 0 was applied at all locations in 1980. 

A randomized, complete-block design with four replications 
was used. The 50-pound rates were estimated to be "maintenance" 
rates, and the 0, 100 and 150-pound rates provide the response 
curves for each element. Treatment 5 and 8 receive P and K, 
respectively, every third year for the 'duration of the experiment. 
Treatments 9 and 10, applied in the fall of 1973, did not receive 
P and K again until the fall of 1978 when the treatments were 
resumed at Waseca because P appeared to be limiting. These 
two treatments were resumed at Morris in 1979 for the same 
reason. All other treatments have been applied annually. The 
P and K materials were broadcast and plowed down at all 
locations in the fall. Phosphorus was applied as CSP (0-46-0) 
and K as muriate of potash (0-0-60). Starter fertilizer was 
not used. Management practices providing for optimum yields 
were employed at each location. Nitrogen rates were slightly 
higher than optimum. 
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RESULTS: 

Soil tests are graphed for the three locations over the 
first eight years (Tables 2- 8). The starting soil tests 
indicate a very high phosphorus test of 40 -55 pounds per 
acre and a high potassium test of 250 pounds per acre (parts 
per million times 2 equals pounds per acre). The 50 pounds 
P2o5 and K20 rates per year nearly maintained these levels. 

TABLE 2: Bray P as influenced by annual P2o5 rate at Lamberton. 
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TABLE 5: Soil K as influenced by K20 rate at Waseca. 

175 

•= 0 1b K20/A 
•= so .. 

150 ' 6= 100 .. 

6 
• 6 

NS 
125 •y • 121. +. 38X r • .051 

• 
y • 123. -2.4BX • t:. 

y - 120. 

100 • 
• 

75+-----r----,----~-----r----,-----~----r---
1973 '74 '75. '76 '77 '78 

Year 

20 

'79 '80 



30 

-e 
0. 
0.. --0 
rl 20 .. 
rl 

~ 

p.. 

rl .... 
0 10 
Cl) 

Tables 6 and 7 indicate the effect of high pH's on 
the phosphorus test. A 1:50 soil-test solution ratio 
perhaps gives a better picture of phosphorus 
availability. 

TABLE 6: Bray P (1:10) as influenced by annual P2o5 rate 
at Morris . 
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TABLE 7: Bray P (1:50) as influenced ?Y annual P2o5 rate 
at Morris. 
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TABLE 8: Soil K as influenced by annual K2o rate at Morris. 
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Starting with high phosphorus and potassium levels 
in 1973 in the plowed area, there was little 
response to added phosphorus or potassium through 
1980, as indicated in Table 9. -

TABLE 9: 

Four-year average CORN YIELD as influenced by 
P and K treatments 1977 - 1980 

~''''''"~"'"""'~"'"~''''" 
1 
2 
3 
4 
5 
6 
7 
8 

Treatment 

0 + 0 
0 + 100 

50 + 100 
100 + 100 

(150)+ 100 
100 + 0 
100 + so 
100 +(150) 

No. Years of 

Location 
Lamb. Morris Waseca 
--------bu A---------

110 104 ~ 152 ... 
109 102 ~ 154 ... 
108 111 162 
114 115 164 
108 112 163 
111 114 159 
111 113 163 
114 113 164 

Signif. Difference: 1 1 1 
A vg • CV ( S) 8 . 1 ( 3 . 1) 1 • 5 ( 2 . 3 ) 6 . 0 ( 2 . 2 ) 
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In 1981 there was a significant yield decrease where 
no phosphorus had been applied since 1973 at Morris 
and Waseca and approaching yield decrease at Lamberton 
(Table 10). There is no response to potassium 
applications. 

TABLE 10: Corn, silage and grain yields as influenced by 
high P and K rates in Minnesota in 1981. 

Sllage Yi'eld Grain Yield 
No. 

Treatment 
Description La Mo· · Wa La Ho Wa 

1 
2 
3 
4 
5 
6 
7 
8 

lb P205+K 0/A 

0 + 0 
0 + 100 

50 + 100 
100 + 100 

(150)+ 100 
100 + 0 
100 + 50 
100 + (150) 

Signif. Level (%): 
BLSD (.OS) 
CV(%) 

-----T DM/A 
!; 

ND 6.91 
7.06 
7.03 
7.56 
7.74 
7.33 
7.18 
7.68 

NS 

6.8 

8.63 
8.93 
9.54 
9.05 
9.32 
9.09 
9.31 
9.24 

52 

5.9 

. 110.8 
-111.6 
113.9 
117.1 
111.2 
114,_6 . 
104.7 
113.4 

80 

5.0 

Bu/A -------

120.5 
115.2 
130.5 
136.1 
132.0 
130.1' 
132.1 
129.4 

** 
11.1 

5.3 

182.9 
181.2 
190.4 
195.7 
185.7 
188.2 
199.3 
194.6 

99 
7.8 
2.8 

!; ND = Not Determined. Silage yields not taken because of 
erratic stands and growth due to poor emergence. 
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With the start of a soybean rotation the data show 
a yield response with phosphorus treatment at Morris 
and Waseca, but not at Lamberton (Table 11). The 
soil tests are still highest at Lamberton where no 
phosphorus has been added. 

TABLE 11: Soybean yields as influenced by high P and 
K rates in 1981 and 1982. 

Treatment Lamberton Morris 

No. Descri:etion 1981 1982 1982 

LB P205+K 0/A bu/A. bu/A bu/A 

1 0 + 0 47.7 51.2 47.1 
2 0 + 100 46.0 47.8 45.6 
3 50 + 100 49.5 50.0 53.0 
4 100 + 100 48.6 49.9 56.3 
5 (150)+ 100 45.9 48.9 54.6 
6 100 + 0 44.5 51.4 56.7 
7 100 + 50 46.5 49.8 54.7 
8 100 + (150) 45.5 48.3 57.8 
9 (150)+ 100 44.6 49.0 57.6 

10 100 + (150) 46.3 49.3 53.1 

Waseca 

1982 

bu/A 

53.3 
51.5 
58.4 
57.9 
55.9 
57.7 
58.0 
55.9 
55.1 
56.0 

----------------------------------------------------
Significance Level (%):15 

cv (%) :9.8 
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CONCLUSIONS: 

Phosphorus -

1. A soil test P gradient has been established 
at all three locations with different levels of 
P fertilization. 

2. Soil test P has been reduced at all locations 
when P has not been added. 

3. The 50 pound P2o5 rate per year is maintaining 
soil test Pat all locations. 

4. The 100 pound P2o5 rate per year is building 
soil test P to very high levels. 

5. Yield "responses" to P are now occuring when 
soil test P is lowered. 

6. P2o5 fertilization does not need to occur 
every year as long as high soil tests are maintained. A 
total of approximately 50 pounds P2o5 per acre per year 
is needed to maintain a soil test level. 

Potassium -

1. Soil test K among years has varied markedly. 

2. A slight decline in soil test K is occuring 
at two locations when no K has been applied. 

3. Yield response to K has not been found. 
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THE YIELD AND DRYING COST TRADEOFF 
OF EARLY CORN HYBRIDS 

D.R. Hicks 
Agronomy and Plant Genetics 

As drying costs increase, corn growers should determine whether they should 
plant more acres to earlier maturing hybrids, allow more field drying and 
subsequently spend less money on drying. To make this decision based on 
economics, one needs to know how much lower the yield is likely to be, 
how much drier the grain will be, how harvesting losses change as harvest 
moisture levels change, and what energy and corn prices will be. 

"Early-maturing" hybrids are defined here as any hybrids which do not.use 
the entire growing season, that is they are not "full-season" hybrids. 
The relative maturity (Rf~) ratings would be. those that are less than the 
RM designated as "full season" for the area. For example, 110-115 RM is 
designated as full-season in the southern zone of Minnesota. Hybrids with 
Rr1 ratings of 105 and less would be "early hybrids" for the southern zone. 
There is a 111ide range of "early hybrids" for the southern zone with 100 
RM being earlier than 105 RM, etc. 

Comparad 111ith full-season hybrids, early hybrids mature earlier in the 
fall and are lower in kernel moisture content throughout the harvest period. 
Early hybrids can thus be harvested earlier in the fall at normal harvest 
moisture levels (little to no field drying), or they can be left in the 
field to dry to lower moisture levels before harvesting begins. If har
vested early at high moisture levels there is no savings in drying cost 
on a per bushel basis (total dollars per acre will be less because of lower 
yield). Ho111ever, drying costs per bushel are reduced if harvested at later 
calendar dates after some field drying has occurred. 

This paper discusses the relationship bet111een: 

1) corn maturity and kernel moisture content through the harvest period, 
2) corn maturity and grain yield, 
3) harvest moisture level and harvest losses, 
4) corn price and bushels per acre required to pay the additional drying 

cost for 111etter corn, 
5) LPGas price and drying cost 

Corn Maturity and Fall Moisture level 

Kernel moisture contents for three maturity groups of hybrids during October 
are given in figure 1. All hybrids were planted on April 26. 

Corn is mature (reached maximum yield) 111hen kernels contain about 32% mois
ture. The earlier hybrids mature at an earlier calendar date than do the 
full-season hybrids and can be harvested earlier or left in the field to 
dry to lo111er moisture levels before harvesting. 

The moisture lines are very similar during the drying period 111hich indicates 
the drying rates for the three RM groups are similar. Specific differences 
in drying rates among hybrids may occur, but on the average, these data 
show drying rates are similar for all maturity groups. 
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Corn Maturity, Grain Yield and Kernel Moisture Content 

Yield among maturity groups will differ with specific hybrids and years. 
Minnesota trials show yield changes 1 bu/A and kernel moisture changes 
0.4% for each one unit change in RM. Therefore, if two hybrids differ 
by 10 RM units, one would expect the earlier of the two hybrids to yield 
10 bu/A less and be 4% drier at any calendar date through the harvest 
period. 

These trials have included a large number of years, planting dates, and 
hybrids. Therefore, the 1 bu/A/RM unit represents an average yield change 
over a wide range of environmental conditions. If only early planting 
dates are analyzed, the yield difference among maturity groups is greater 
(almost 2 bu/A/RM unit). Therefore, with optimum production practices, 
the average yield differences among maturity groups will exceed the 1 bu/ 
A/RM unit. 

Harvest Moisture Content and Harvest loss 

Machine losses are minimal when corn is combined at 25% kernel moisture 
(k.m.) and increases if corn is harvested either wetter or drier. little 
difference exists in harvest losses when harvesting occurs between 28 and 
22% k.w. Whether harvest losses are different for early or full-season 
hybrids depends upon the moisture level at which each maturity group is 
harvested. For example, early hybrids might be harvested at 25% k.m. (mini
mum harvest loss), while full-season hybrids might be harvested at 31% 
k.m. with a l.S~o greater loss.. That would, of course, be an advantage e 
for an earlier maturity group. Conversely, when harvesting at the lower 
moisture levels, harvest losses would be greater for the early hybrids 
which had dried beyond 25% k.m. 

The Yield-Drying Cost Trade-off 

for drying to 15. 5~o k .m., each Ho of moisture removed requires 0.02 gallons 
of propane and 0.01 kwh of electricity per dry bushel with high-speed "con
ventional" drying. Using prices of 7¢/kwh and 70¢/g propane, drying cost 
is 1.47¢/dry bu/percent moisture removed and is the energy cost used in 
developing figures 2 and 3. The drying cost for combination drying is 
similar, but the ratio of cost of electric to propane changes. 

Figure 2 shows the yield difference (bushels/acre) required to pay the 
extra drying cost when corn is 2 to Wo wetter at harvest. These moisture 
ranges are comparable to maturity differences of 5 to 20 RM units. The 
figure also shows how yield level affects the yield difference required 
to pay the extra cost of drying wetter corn. 

for example, suppose you have been averaging 125 dry bushels per acre with 
full-season hybrids, and you are considering planting earlier hybrids and 
harvesting them at lower moisture levels to reduce drying cost. Suppose 
you consider a hybrid which is 10 RM units earlier than full-season for 
your area and intend to harvest at 4~o lower k.m. The savings in drying 
is equal to the value of about 3.5 bu/A (corn price used in figure 2 is 
$2/bu, and harvest losses for harvesting at different moisture levels are 
not considered in the figure). The break-even yield is 3.5 bu/A. If the 
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yield difference bet\!/een the t\!/o hybrids which .. differed in maturity by 
10 RM units is less than 3.5 bu/A, it is economically feasible to plant 
the earlier hybrid and harvest at 4% points lo\!/er moisture content. How
ever, as discussed earlier, \lie \!/auld expect the yield difference to be 
10 or more bu/A, \!/hich \!/auld economically favor gro\!/ing the full-season 
hybrid. The break-even yield level is 1.5, 5.6 and 7.4 bu/A for harvesting 
grain that is 2, 6, and 8% drier, respectively, \!/hich \!/ould.be comparable. 
to planting hybrids that are 5, 15, and 20 RM units earlier, respectively. 
With expected yield differences of 5, 15 and 20 bushels per acre due to 
maturity \!/hich are greater than the break-even yield differences, the eco-. 
nomics favor planting the full-season hybrids, even at the current high 
LPGas and lo\11 corn prices. 

At lo\!/er yield levels, the number of bushels equivalent to the savings 
in drying costs decreases. And, conversely, at high yield levels, the 
break-even yield increases. The drying savings for harvesting 4~.1 drier 
corn (comparable to maturity difference of 10 RM units) ranges from about 
2 bu/A to 5 bu/A for the yield range of 75 to 175 bu/A. This drying savings 
of 2 to 5 bu/A is well belo\11 the average yield difference of 10 bu/A for 
hybrids that differ by 10 RM units. 

You can use this graph for any specific combination of yield and moisture 
differences which you believe exist between any two hybrids. 

Corn Price 

figure 3 sho~s how corn price and yield level affect the number of bushels 
required to pc.y the extra drying cost when 4~cl wetter corn is harvested 
(a comparison of two hybrids differing by 10 RM). As corn price increases, 
the drying cost saved (in bushels per acre) by planting early hybrids decreases 
for all yield levels. Higher corn prices favor growing higher-yielding, 
full-season hybrids at all yield levels. 

Energy Price 

Increasing the LPGas and electricity rates increases drying costs and sub
sequently the number of bushels required to pay for drying wetter corn. 
In figure 4, the comparison again uses a drying difference of 4%, a corn 
price of $2/bu, and yield levels from 75 to 175 bu/A. Electricity rates 
were 7, 8, and 9 cents/k\!/h for the three gas rates of 70, 80 and 90 cents/g, 
respectively. 

Summary 

This analysis shows that the yield loss for growing early hybrids is 
greater than the dollars saved in drying as a result of harvesting at lower 
moisture levels. While there are several reasons \!/hy part of the corn 
acreage on a given farm is planted to hybrids that are less than full sea
son, planting early hybrids to reduce drying costs is not economically 
justified. 
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Figure 1. Kernel moisture content during October for three 
corn maturity groups. 
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Figure 3. The effect of yield level and corn price an the number of bushels per 
acre required to pay the extra drying cast of harvesting 4% wetter earn 
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PURPLE CORN 

R. Kent Crookston 
Professor, Department of Agronomy and Plant Genetics 

University of Minnesota 

The leaves of seedling or young corn plants often take on a purple 
color--especially during a spring when there is a cold spell. Such 
leaf purpling has traditionally been considered to be associated 
with phosphorous deficiency. Phosphorous deficiency is known to be 
aggravated by cold temperatures--especially cold soils. 

Grower awareness of purple corn in Minnesota has increased recently. 
This is partly due to earlier planting dates than were characteristic 
of years past, but mostly ft is ude to the recent introduction of 
some hybrids which, under certain co!lditions, turn purple much more 
quickly than do most other hybrids. Since these newer hybrids "purple 
up" more noticeably when temperatures are cold, it is assumed, by 
many growers, that these new hybrids are more susceptible than nor
mal to phosphorous deficiencies. This would not be unlike some of 
the newer soybean varieties which are much more susceptible to iron 
chlorosis, and show the associated leaf yellowing on cold calcareous 
soils more quickly and prominently than do other varieties. 

Yield trials have shown, however, that unlike chlorotic soybeans, 
which yield less than green ones, the newly~introduced, purple-prone 
hybrids do not yield less than hybrids which stay green in cold 
soils. In 64 weighwagon tests in Minnesota in 1982, a popular 
105-day· RM hybrid which purples easily (Pioneer 3732), outyielded 
(by an average of 6 bushels per acre) an e~ually-popular 105-day 
RM hybrid from the same company which did not purple (Pioneer 3780). 
Across the northern U.S., these same two hybrids were compared in 
271 trials in 1982. The "purple" hybrid outyielded the "green" one 
by an average of 5 bushels per acre. 

These yield results came as a pleasant surprise to many farmers who 
planted the newer hybrid, and were concerned about it's yielding 
ability when it turned purple in the spring. Some obvious questions 
which they, and others, now have, include: what actually causes 
purple corn, and what is the significance of purpling--especially 
when it comes to yield? 

What causes purple corn? 

The purple pigment found in corn is called anthocyanin. It is a 
water-soluble "dye" which occurs in the cells of many plants. It 
is responsible for most of the red color seen in vegetation--such 
as in the roots and leaves of garden beets; the red, blue or purple 
petals of flowers; and the red of maple leaves. 

The capability of corn, or any other plant, to produce anthocyanin 
is determined genetically. There are several genes involved, and a 
corn plant may have zero, one, two or a collection of many "anthocyanin
triggering" genes. In some hybrids the silks contain anthocyanin, 
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and they are therefore pink or purple. In others, the tassels are 
purple. Still others may have purple-tipped plumules (the shoot 
portion of the embryo) and they thus bear a purple spot on the other
wise white germ face of their kernels. One gene, which triggers the 
entire plant to be a dark purple for the entire season, is used by 
researchers to create 11 marker 11 plants which can indicate borders in 
experimental plots. 

In many cases, such as table beets, anthocyanin production is persis
tent and reliable. In other cases, such as maple trees, the potential 
for anthocyanin production is always there, but the degree of expres
sion is dependent on the environment. Corn can be either way, de
pending on its genetic makeup. Most hybrids appear capable of some 
anthocyanin synthesis in their leaves under the right conditions. 
A few are capable of considerable production in their leaves even 
under fairly normal conditions. Anthocyanin in corn leaves is most 
common in the earlier growth stages, and seldom persists beyond the 
15-leaf stage. 

Anthocyanin synthesis is promoted by such things as high light inten
sities, low temperatures, plant nutrient deficiencies, accumulation 
of sugars in the vegetation, and injuries. 

Doesn•t purpling of corn indicate phosphorous deficiency? 

Back in 1962, soil scientists at Cornell University conducted some 
experiments to study the effect of root temperature and phosphorous 
availability on the anthocyanin content and growth of corn. Some of 
their results are summarized in the tables below. 

Table l. Shoot dry weight of 3-week-old 
corn grown at 4 levels of phosphorous, 
and 3 root-zone temperatures. 

Table 2. Phosphorous content in the 
shoots of 3-week-old corn as influ
enced by r9ot-zone temperature and 
phosphorous level. 

P level in Root zone tem~erature P level in Root zone tem~erature 
solution 25° 20° 155 solution 25° 20° 15° 

-ppm- --dry wt, g/plant ppm -P content % 

15 6. l 2.7 0.9 15 .27 .28 .28 
5 4.4 1.6 0.7 5 .14 .14 .15 
2 3.6 1.7 0.7 2 . 14 .15 .15 
0 1.6 1.0 0.7 0 . 12 . 13 . 13 
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Note {table 1) that either low root temperatures, or low levels of 
available phosphorous caused reductions in the dry weight of corn 
shoots. The scientists concluded that reduced growth at low root 
temperatures was not an indirect effect initiated by phosphorous 
deficiency, but that it was a direct effect of temperature on the 
metabolism of the plant cells. 

They also concluded (table 2) that root temperature had no effect 
on the phosphorous content of corn shoots. By looking at the data 
in both tables 1 and 2, they were in fact able to conclude that 
under the conditions of their study, phosphorous content in the 
plants did not govern the growth of those plants. Note that the 
plants grown in 15 ppm P, at 15 C, had twice as much phosphorous in 
their shoots as those grown in 5 ppm P, at 25 C (table 2). Yet the 
dry weight of the shoots with the high level of phosphorous was only 
l/5 as much as those with the lower phosphorous level (table 1). In 
other words, corn response to root-zone temperature was not contra 11 ed 
by the phosphorous supply in the shoot. 

Finally, anthocyanin production was promoted by both a low root-zone 
temperature and a low phosphorous level in the nutrient solution 
(table 3). Temperature had the greater effect however. At all tem
peratures, reducing phosphorous tended to increase anthocyanin content 
in the tops. Likewise, at all phosphorous levels, reducing root-
zone temperature consistently increased anthocyanin content of the 
tops. Note, however, that when the roots were maintained at 15 C, 
anthocyanin content of the tops was always higher (regardless of the 
phosphorous level) than it was at either 20 or 25 C. 

The author's conclusion was that purpling of corn is not necessarily 
an indication of phosphorous deficiency. 

Table 3.t Anthocyanin content in shoots 
of 3-week-old corn as influenced by 
root-zone temperature and phosphorous 
1 eve 1 . 

P 1 eve 1 in 
solution 

-ppm-
15 

5 
2 
0 

t Tables are taken from: 
1964. The influence of 
contents of phosphorous 
Proc. 28:400-403. 

Root zone temperature 
25° 20° 15° 

Anthocyanin, mg/g plant tissue 
8 21 61 

23 35 81 
17 29 105 
40 41 136 

Knoll, H.A., D.J. Lathwell, and N.C. Brady. 
root zone temperature on the growth and 
and anthocyanin of corn. Soil Sci. Soc. 
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What effect does purpling have on yield? 

Since anthocyanin synthesis is accelerated when plants are under en
vironmental stress, it follows that purpling could be used as a 
signal of stress. Most stress, as would be expected, leads to reduc-· 
tions in yield. So, why did the purple hybrid mentioned earlier out
yield the green hybrid in 1982? 

Lets consider a representative case involving two hybrids. Suppose 
the two are planted on the same day, in the same field, with condi
tions as near to identical as possible. If the site is cold, and 
if it remains cold, we can expect anthocyanin production in the 
leaves. Suppose further, that only one of the hybrids has the neces
sary genes to allow for anthocyanin production. It is, naturally, 
the only one that turns purple. We must assume, of course, that 
both hybrids are stressed, and to a nearly equal degree. The purple 
hybrid is the only one capable of visibly indicating the stress 
however. 

A farmer, visiting the site, is alarmed to see the obvious signal of 
stress in the purple hybrid. The other hybrid, which is just as 
affected by the cold, does not cause him comparable concern because 
of its inability to visually indicate its predicament. As the farmer 
focuses his attention on the purple field, he notices some poor emer
gence, some evidence of treflan carryover, and, of course, there is 
considerable stunting due to the cold soils. His assumption is that 
this hybrid, which has purpled up so strikingly, is the most injury
susceptible hybrid that he has ever planted. Were he to focus his 
attentions to an equal extent on the still-green hybrid, he would find 
that it, too, showed signs of emergence problems, treflan carryover, 
and stunting due to cold. Because the green hybrid 11 looks 11 okay, how
ever, he doesn't worry about it, and assumes it is doing fine. 

There are, of course other genetic differences between the two hybrids 
in addition to their difference in anthocyanin expression. Most of 
these genetic differences are invisible. The most important character
istic to the farmer, is the end-of-season yield. The ability to 
produce, or to not produce, anthocyanin in the spring appears to 
have almost nothing to do with final yield. The fact that one hybrid 
purples when another in the exact same environment stays green, does 
not mean that one, or the other, will necessarily yield the most. 
There are too many other genetic factors involved. For example, the 
one which stays green as a seedling might be more susceptible to 
end-of-season sta 1 k rot. Even if the same hybrid turns purp 1 e one 
year, and stays green the next, it does not rrean it will yield less 
in the year that it purples as a seedling. There are too many environ
menta 1 factors involved. For example, there might be mid-season drought 
during the year that the hybrid stays green in the spring. L~boratory, 
greenhouse, and extensive field research have shown that purpling, 
in and of itself, does not appear to affect yield. It only indicates, 
in those cases where it occurs, that something may be stressing the 
plant for the moment. Who knows what the final yield will be? 
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Summary 

1. The purple color that sometimes shows up in corn is due to the 
synthesis of anthocyanin--a pigment that is common to many plants. 

2. Plants, including corn, vary in their anthocyanin content, and 
in their ability to synthesize anthocyanin in different environ
ments. 

3. Anthocyanin production is sometimes, especially in corn, an indica
tion of environmental stress. 

4. Purpling of corn in the spring is not necessarily an indication 
of phosphorous deficiency. It is more likely an indication of 
cold root-zone temperatures. 

5. Cold has a direct effect on the corn plant•s metabolism, and 
can, by itself, cause purple coloring. Cold soils aggravate 
phosphorous deficiencies, however, and the combination of the two 
stresses can cause more intense purpling than either one alone. 

6. If one hybrid turns purple, and another does not, it cannot be 
concluded that the purple one is more stressed. If growing con
ditions of the two hybrids are similar, it is likely that both 
hybrids are equally stressed. The purple one is simply capable 
of visibly signalling the stress. 

7. Corn seedling color is seldom related to end-of-season yield . 
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EFFECTS OF DNA HERBICIDE AND TILLAGE ON CORN 
PERFORMANCE AT WASECA AND LAMBERTON 

William E. Lueschen 
Agronomist 

Southern Experiment Station 
University of Minnesota 

In addition to the genetic variations in corn hybrids and climatic factors that 
contribute to purple coloring in corn, tillage and herbicide carryover may 
also influence this phenomena. As tillage practices have changed there has 
been less moldboard plowing following soybeans. Where dinitroanaline (DNA) 
herbicides such as Treflan, Basalin, Tolban or Prowl are used for weed control 
in soybeans, there have been a number of instances where corn planted 
following soybeans was badly stunted, lacked normal root development and 
frequently developed a purple coloration. It has been our observation that 
the most serious cases of DNA injury to corn result from misapplications. 
Either the sprayer swaths are overlapped or the wrong rate of DNA is used for 
the soil type, especially in fields with variable soil types. 

The DNA herbicide itself does not cause the purple coloration. However, if 
root development is slowed by DNA residue in the soil, plants are unable to 
absorb an adequate supply of water and nutrients for normal growth. This 
places stress on the plants, especially during periods of low soil moisture 
and/or cold soil temperatures. Hybrids having a tendency to turn purple often 
develop a purple color in the leaves as a reaction to these poor growing 
conditions. 

Work has been initiated at the Southern (Waseca) and the Southwest (Lamberton) 
Experiment Stations to evaluate the effects of tillage of soybean ground on 
Treflan carryover in corn. These studies were planted with Pioneer Brand 
'3732' hybrid corn in late April. Tillage systems under investigation include 
a ridge-plant, fall disking, fall chisel plowing, fall chiseling with compaction 
(see tables for explanation of compaction), and moldboard plowing. This re
search was conducted on a site that was treated with 0.75 lb/A of Treflan in 
May of 1981. After soybean harvest a fall application of an additional 0.75 
lb/A of Treflan was made to one-half of the plot area and incorporated with 
a disk before fall tillage. The above tillage treatments, including building 
the ridges for the ridge-plant system, were then superimposed on this area 
in early November so that each tillage was performed on an area with and 
without the additional fall Treflan application. 

Where the additional Treflan was applied in the fall, early corn emergence 
in 1982 was reduced for all tillage treatments, except the moldboard plow 
system at Waseca and the ridge-plant system at Lamberton, compared to where 
only 0.75 lb/A of Treflan was spring applied the previous year (Table 1). 
However, final stands were not affected significantly for any of the tillage 
treatments where the fall Treflan was applied. In fact, three to four weeks 
after planting, stand differences among tillage treatments were relatively 
small. 

Early plant injury with the additional fall Treflan was greatest (about 50%) 
for the chisel plow and disk treatments and lowest for the ridge-plant and 
the moldboard plow systems at both locations (Table 1). 
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Plant heights on July 8 at Waseca and August 4 at Lamberton were significantly 
less where the additional fall Treflan was applied for all tillage treatments 
except the moldboard plow system at Waseca (Table 1). 

Table 1. Influence of SIMULATED Treflan carryover and tillage on corn early 
emergence, early injury, and plant height at Waseca and Lamberton. 

% Emergence.l/ 
Fall Treflan 

% Injury 
Fall Treflan 

Plant Height 
(inches) 

Fall Treflan 
Tillage 0 0.75 0 0.75 0 0. 75 

Fall Spring Wa. La. Wa. La. Wa. La. Wa. La . Wa. La. Wa. La. 

Ridge 
Disk 
Chisel 
Chisel 
Moldboard 

Ridge-plant 74 
Field cult. 28 
Field cult. I 28 
Field cult.£ 23 
Field cult. 29 

94 
92 
84 
86 
92 

60 
18 
12 

7 
32 

94 
67 
74 
71 
84 

3 
3 
0 
8 
0 

20 
30 
30 
30 
18 

18 40 
42 50 
51 58 
48 55 
14 40 

55 
47 
49 
45 
49 

94 
90 
91 
92 
95 

50 
38 
38 
37 
48 

88 
72 
71 
72 
88 

Averages21 36 90 26 78 4 26 35 49 49 92 42 78 

_1_1 % emergence on May 13 at Waseca and May 19 at Lamberton calculated based 
on actual stand counts and expressed as a percentage of stand counts at 
harvest in the moldboard plow plots without fall Treflan applied. 

_g_/ These plots were compacted twice in the spring before planting with a 
tractor equipped with dual rear wheels and weighing approximately 
15,000 lb. 

2.1 Significance: Differences between 0 and 0.75 lb/A Treflan are signifi-
cant for both locations for all parameters. There was no significant 
difference in the overall interaction between tillage and Treflan 
application for % emergence at either location. This interaction was 
significant (99%) for % injury at Waseca. The interaction was signifi
cant for plant height at both locations (95% at Waseca and 99% at 
Lamberton). 

At Lamberton data was collected on the degree of purple color development in 
corn leaves as influenced by tillage and Treflan application. There were 
highly significant effects of both fall applied Treflan and tillage; tillage 
had the greatest effect on purple coloration. On a scale of 1-9 where 1 
represents no purple coloration and 9 is a completely purple plant, fall 
Treflan treated plots averaged over tillage systems had a purple rating of 
5.75 and those without the additional fall applied Treflan averaged 5.10. 
Larger differences were observed among tillage treatments. The moldboard plow 
plots had the lowest purple ratings followed in order by the ridge-plant, the 
chisel without spring compaction, the disk and the chisel system with spring 
compaction (Table 2). These data also indicate that compaction can cause the 
purple coloration to increase in intensity (Table 2). 

Grain yields at Waseca were reduced significantly (5-19 bu/A) where the 
0.75 lb/A Treflan was fall applied. The lowest yield reductions, 6 and 5 
bu/A, occurred with the moldboard plow system and the ridge-plant system, ~ 
respectively (Table 3). The largest yield decreases (10 and 19 bu/A) were ~ 
observed where plots were disked or chisel plowed after fall Treflan applica-
tion. Yields at the Lamberton location have not been summarized at this writing. 
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Table 2. Influence of SIMULATED Treflan carryover and tillage on purple 
coloration in Pioneer Brand 1 3732' corn on June 4, 1982, at 
Lamberton. 

Tillage Fall Treflan (lb/A) 
Fall SEring 0 0.75 l Average 

purple coloration1-' 

Ridge Ridge-plant 4.50 5.25 4.88 
Disk Field cult. ·5.50 6.50 6.00 
Chisel Field cult. 2 / 5.25 5.75 5.50 
Chisel Field cult.- 6.50 6.75 6.63 
Moldboard Field cult. 3.75 4.50 4.13 

Averages 5.10 5.75.J.l 

l/ Purple coloration rated on a 1-9 scale with 1 = no purple 
color and 9 = completely purple plant. 

J,.! 

:l.l 

These plots were compacted twice in the spring before plant-
ing with a tractor equipped with dual rear wheels and 
weighing approximately 15,000 lb. 

The means for 0 and 0.75 lb/A of Treflan are significantly 
different at the 99% level. The effects of tillage were 
highly significant and the LSD for the 95% and 99% level 
is 0.52 and 0.72, respectively. There was no significant 
interaction between tillage and Treflan application. 

Table 3. Influence of SIMULATED Treflan carryover and tillage on grain yield 
of corn at Waseca in 1982. 

Tillage 
Fall SEring 

Ridge 
Disk 
Chisel 
Chisel 
Moldboard 

Ridge-plant 
Field cult. 
Field cult. I 
Field cult.),_ 
Field cult. 

Fall Treflan 
0 0.75 

bu/A @ 15~ % H20 

170 165 
166 156 
174 155 
166 153 
173 167 

170 159 

Aver agel/ 

168 
161 
165 
160 
170 

l/ The LSD(.05) for comparing tillage means averaged over 
0 and .75 lb/A fall Treflan is 8 bu/A. The means (170 
and 159) for fall Treflan averaged over tillage treat
ments are significantly different at the 99% level. 
The overall interaction between Treflan application and 
tillage was not significant; however, the LSD.05 = 11 
for this interaction and values did exceed this level. 

1,./ These plots were compacted twice in the spring with a 
tractor with dual wheels and weighing approximately 
15,000 lb. The compaction was done just prior to the 
final tillage before planting. 
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That the moldboard plow should help reduce DNA carryover problems is not 
surprising since this class of herbicide moves very little in the soil. The 
moldboard plow inverts the soil and helps dilute the effects of residual 
DNA. On the other hand, reduced tillage systems such as chisel plowing, 
disking, or field cultivation leave the DNA material concentrated in the 
surface few inches of the soil. Since this is where the seedling roots must 
develop, it is easy to see how root growth and subsequent plant growth could 
be affected because the DNA materials act to inhibit root development. The 
results obtained with the ridge-plant system need further investigation. At 
first thought it would seem that this system would result in the highest 
possible potential for corn injury from DNA herbicides since residue DNA 
herbicide would be concentrated in the row. Since the ridge is removed at 
planting, it is possible that residual herbicide is removed from the area 
of the corn row. This could be a possible explanation of the results we 
observed. 

Although the moldboard plow system appeared to help reduce DNA carryover 
potential, severe erosion can result when soybean land is moldboard plowed. 
Because of this growers are urged to apply DNA herbicides uniformly and 
adjust rates according to soil type. This should allow reduced tillage 
practices to be incorporated into corn and soybean rotations with minimal 
injury to corn. 
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ANALYZING THE 1983 FARM ACREAGE REDUCTION PROGRAM (ARP) AT THE FARM LEVEL 

The 1983 ARP includes many features familiar to previous programs, but 

includes a few new features that makes analyzing the decision of whether or 

not to participate and in what manner to participate a more difficult question 

to answer. 

This paper will provide a means by which one can compare participation 

and non-participation using typical one-acre enterprise budgets. Decision 

making which involves enterprise analysis for the forthcoming year or in the 

short run is typically done looking at expected returns and cash operating 

costs on a per acre basis, and then expanded to the whole farm operation. The 

typical profit maximizer will attempt to maximize returns over cash operating 

costs in order to have as much possible cash to pay towards capital, labor, 

and management. 

Acreage Reduction 

The 1983 ARP requires a 20% reduction in acreage of the ASCS acreage base 

for the crop entering this P.rogram. Crops eligible for the 19~3 ARP are 

wheat, corn, oats, barley and grain sorghum~ There are cross compliance re

strictions between corn and grain sorghum and between oats and barley. In 

other words, acreage of these crops must be considered as being used towards 

the base acreage of one another. In addition, if a producer participates on one 

farm with a landlord there are no requirements to participate on other farms or 

with other landlords. A producer can pick and choose which farms wiil par

ticipate in the ARP. 

RETURNS FROH PARTICIPATING IN THE 1983 ARP 

There are three possible types of returns accruing to acreage enrolled in 

the ARP. First, is the returns attained from producing and marketing the crop 

in compliance with ARP requirements. Marketing may involve marketing on the 
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open market if price exceeds the loan rate or may involve turning the grain 

over to CCC at the loan rate after nine months. Second, an ARP participant may 

receive deficiency payments if the first five months average price of a com-

modity falls below the target price. Third, a participant will receive a 

paid diversion on the land qualifying for the paid diversion times the ASCS 

established yield times the established per bushel diversion payment. 

{1) Diversion Payments 

Unlike last year, the 1983 ARP does include ~ayments to diverted acreage; 

however, only a portion of the land taken out of production is eligible for 

diversion payments. Although acreage reductions are 20%, corn, oats, barley 

and grain sorghum will receive a diversion payment on 10% of the base acreage. 

Wheat will receive a diversion payment for 5% of the base acreage. The 

remaining reduction, 10% for corn, oats, barley and grain sorghum and 15% for 

wheat, is referred to as the voluntary reduction (see Table 1). Diversion 

payments will be paid 1/2 a~ sign-up time and 1/2 when actual compliance with 

the program is established. 

Table 1. 1983 Acreage Reduction, Paid Reduction and Diversion Payments by Crops 

Percent Diversion 
Crop Acreage Reduction Paid Reduction Payments !J 

Corn 20 10 1.50 

Wheat 20 .5 2.70 

Oats 20 10 • 75 

Barley 20 10 1.00 

Grain Sorghum 20 10 1.50 

!f Diversion Payments are paid towards the percent of land that can receive 
the paid reduction. Payments on a per acre basis are determined by the 
rate times the established yield. 
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(2) Deficiency Payments 

The deficiency payment is the difference between the target price and the 

national average price of a specific commodity for the first five months of its 

marketing year. However, if the first five-month average price does not exceed 

the loan price, the maximum deficiency payment for a commodity will be the 

difference between the loan rate and the target price (see Table 2). There 

Table 2. 1983 Loan Rates, Target Prices and Maximum Deficiency Payment Rates 
by Crop 

Maximum Deficiency 
Crop Loan Rate Target Price Payment Rates 

Corn $2.65 $2.86 $0.21 

Wheat 3.65 4.30 0.65 

Oats 1.36 1.60 0.24 

Barley 2.16 2.60 0.44 

Grain Sorghum 2.52 2.72 0.20 

would be no deficiency payment if the first five-month average price of a 

specific commodity exceeds its target price. Deficiency payments are deter-

mined by the deficiency payment rate on a per bushel basis times the bushels 

produced when complying with the 1983 ARP requirements. 

Deficiency payments for the 1983 ARP are paid 42 at sign-up and lk 

at the final transaction when corn is actually sold or turned in to the CCC. 

Prior to having the deficiency payments determined (first five-month seasonal 

average price), the ASCS will estimate deficiency payments in order to deter-

mine the value of the deficiency payment to be received at sign-up. At 

sign-up, the established yield will be used to determine the payment. However, 

the final deficiency payment will be made on the actual yield attained. 
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(3) Production from Planted Acreage 

Normally a 1983 ARP participant will plant 80% of his base acreage to 

the base crop. However, this is not necessary. A participant may divert 

that portion of base acreage which will receive a paid diversion and then 

plant a crop on the remaining acreage which is not in cross compliance with 

the base crop. For example, a participant with a corn acreage base could 

plant 90% of his base acreage to wheat, oats, or barley which are ARP set aside 

crops, but which the participant was not enrolling in the ARP. Of course, 

other non-set aside crops could be planted on the 90% portion of base acre-

age such as soybeans, sunflowers, etc. However, if the participant chooses 

to grow grain sorghum, there would have to be non-paid set aside corn base 

acreage in order to comply with the 1983 ARP provisions. 

If the base acreage is devoted to the base crop, the participant is 

eligible for the non-recourse loan program, deficiency payments, and the 

. 
farmer-owned reserve program. 

The participant is responsible for the marketing of the crop complying 

with the 1983 ARP or forfeiting it to the CCC at the loan price. The 

participant is also responsible for maintaining the quality of the grain 

while it is in storage. If the grain does not meet standards, the participant 

is still responsible for the repayment of the loan. 

ECONOMIC EVALUATION OF PARTICIPANCY OF THE 1983 ARP 

The alternatives that can be considered and used with the 1983 ARP are 

(1) not to participate, (2) to participate with a base crop, and (3) to 

participate with base crop acreage, but to plant a non-cross compliance crop 

on the base acreage and receive the diversion payments for diverting the 

required acreage. The costs and returns from participation must be weighed 
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(~ against staying out of the program. The most important factor affecting the 

economics of this decision is the expectations of the crop price. If the crop 

price which a participant expects to receive is greater than the target price, it 

may be advantageous to not participate. However, land quality differences in 

set aside acres versus producing acres, available labor and machine time pressures 

may make the ARP more attractive. An ARP participant can expect some protection 

in price risk in that there exists a market floor equal to the target price. 

(1) Non-Participant Evaluation 

The following worksheet is designed on a per acre analysis which once com-

pleted can easily be expanded to consider all of the acres for which a comparison 

is made. The decision making process in deciding what crops to grow typically 

is one of maximizing returns over cash operating costs. For this comparison, 

consider the following crop budget estimates (see Table 3). For non-participation 

analysis, the evaluation will be similar to the budget estimates shown. The 

participant may consider using Worksheet I for this analysis on a per acre 

basis. Then the acreage of each crop or crop mix and the returns less cash 

operating costs for each crop can be projected to a whole farm basis. 

Table 3. Example Crop Budget for Use in 1983 ARP Decision Making on 
a Per Acre Basis. 1/ 

Crop 
Corn Soybeans Wheat Sunflowers 

Yield 135 45 45 1500 

Expected Harvest Price $2.35 $5.50 $3.85 .10 

Total Returns 317 248 173 150 

Cash Operating Costs 160 70 70 70 

Returns - Cash Operating Costs 157 178 103 120 

!f These budgets are considered examples and are for illustrative purposes only. 
They do not consid·er storage costs. 
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WORKSHEET I. Non-Participation Crop Choice Analysis on a Per Acre Bases. 

INCOME 

Yield Per Acre (A) 

Expected Market Price (B) 

Gross Income (C) = (A x B) 

EXPENSES (OPERATING) 

Cash Costs/Acre (D) !f 
RETURNS LESS CASH OPERATING 
EXPENSES (E) = (C - D) 

CROPS 

_lj This should also include the variable costs of storage if not marketed at 
harvest or if different from other comparisons. A rule of thumb for 1983 
might be 1.3% of the value of the commodity per month, e.g., $2 corn costs 
2.6¢/month to store. 

(2) ARP Participant Evaluation 

The most straight forward way to evaluate participation is on an acre 

basis. Then a comparison can easily be made to the non-participating budgets. 

In order to accomplish this, one should consider one acre of the base acreage 

and consider it representative. Then it can be expanded to include the total 

base acreage. A representative base acre is shown in Figure 1. This coincides 

with the configuration in Worksheet II and the production area as well as the 

paid and non-paid diverted acres. 

A confusing issue always arises when a percentage reference is made between 

the base crop acreage and the diversion on a percentage basis. When referring to 

the base acre as in Figure 1, the non-paid diversion for feedgrain is 10% of the 

total base acre. However, when referring to the acreage actually planted (80%) 
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the non-paid diversion acreage is 12.5 percent of the planted acreage (10%/80% 

• 12.5%) for the feedgrains and 18.75% (15%/80% • 18.75%) for wheat. 

Figure 1. A Typical one acre example used for evaluation of the 1983 
Acreage Reduction Program. 

1 acre feedgrains !I 
10% Paid 

Diversion 

10% Non-Paid 
Diversion 

80% Planted to Base Crop 

1 acre wheat 
5% Paid 
Diversion 

15% Non-Paid 
Diversion 

80% Planted to Wheat 

Typical layout for Corn, Grain Sorghum, Oats and Barley 

Additional information required to make an evaluation of the expected returns 

over cash operating costs must include an estimate of the cost of maintaining 

cover on the diversion acres. An example of such costs is shown in Table 4. 

Table 4. An Estimate of Establishing and Maintaining a Cover Crop on the 
Set Aside Acres on a Per Acre Basis 

Function Cash Cost/Acre 

Disk $ 1.50 
Grain Drill 2.50 
Seed 4.00 
Mower (twice) 4.00 

Total Cash Costs $1l.OO 

49 



Then an analysis might be made for participation in the 1983 ARP by using 

Worksheet II. This worksheet was designed to be very flexible, and com

parisons of the returns over cash operating costs with Worksheet I should be 

used in order to decide whether or not to participate in the 1983 ARP. If 

Worksheet I considers the variable costs of storage from harvest to marketing, 

the storage costs should also be considered with Worksheet II - participation. 
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WORKSHEET II. Economic Evaluation of Participating in 1983 ARP on a 
Base Acre Basis. 

INCOME 

1. Expected Yield (A) ___ _ 

Loan Rate or Expected Market Price 1/ (B) -----
Portion of Base Acre Planted 2/ (C) -----

(A)x(B)x(C) (D) ----

(E) -----2. Expected Deficiency Payment/Bu.~ 

Expected Yield (A) ___ _ 

Portion of Base Acre Planted 2/ (C) ___ _ 

(E)x(A)x(C) (F) -----
3. Diversion Payment 

Base Yield (ASCS) (G) -----
Diversion Payment/Bu. 3/ (H) -----
Portion Paid Reduction(Wheat .05-0thers .10)(1) 

GROSS INCOME 

EXPENSES (Cash Operating) 

Cash Costs/Acre 4/ 

Portion of Base Acre Planted 5/ 

Set Aside Cash Costs/Acre 

Portion of Base Acre Set Aside 5/ 

TOTAL EXPENSES · 

RETURNS LESS CASH OPERATING EXPENSES 

-----
(G)x(H)x(I) (J) -----
(D)+(F)+(J) (K) ___ _ 

(L) -----
(C) -----

(L)x(C) {M) ___ _ 

(N) ___ _ 

(O) ___ _ 

(N)x(O) 

(M)+(P) 

(K)-(Q) 

(P) ___ _ 

(Q) ___ _ 

(R) ___ _ 

For explanation of footnotes, see bottom of next page. 
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RESULTS OF ANALYSIS 

An example of using the corn budget provided in Table 3 and the set aside 

costs shown in Table 4 provides the following results from Worksheets I and 

II (see Table 5). 

The analysis indicates a $51 advantage per acre to participating in the 

1983 ARP. Of course, this will change as the assumptions change. As stated 

earlier, the most important variable is the expected market price. As the 

expected market price increases, the advantages shift towards non-participation. 

Table 6 provides an analysis of the difference of participating or not par-

ticipating for a corn producer as the expected market price of corn increases. 

Table 7 shows the same analysis conducted for wheat. Other analyses are shown 

in Tables 8 and 9. Both the analyses for corn (Table 5) and for wheat (Table 6) 

show a considerable advantage with participating in the ARP when expected market 

prices are low relative to target prices. As expected market prices increase 

over target prices, the adv~ntage shifts to the non-participant. Where the 

advantage change occurs is a function of the difference in expected yields due 

to participation and to the costs associated with establishing and maintaining 

the diverted acres in a conserving manner. A breakeven market price, where the 

returns over cash operating costs for the participant and the non-participant 

are equal, will be higher the greater the yield advantage to the ~articipant 

and the lower the costs associated with the diverted acres. Of course, there 

1/ 
2/ 

3/ 

4/ 

5/ 

Use the highest of Loan Rate Price or Expected Market Price. 
Typically .8 (80%); However, if non-cross compliance crop is considered, 
planting may occur on all base acreage not receiving a diversion payment. 
There may be no deficiency payment if either (1) average price of first 
five months of marketing is greater than target price or (2) a non-cross. 
compliance crop is planted on base acreage. 
Include storage costs if they are included in Worksheet I - non-partici
pation or if there is a considerable difference expected with storage costs. 
Items C and 0 must equal 1.0 (100%). 
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may be other variations in returns or costs because of participating which will 

also influence the breakeven market price. 

Even if expectations are for a market price greater than the target price, 

there can still be an advantage to participating in the 1983 ARP. One half the 

diversion payment and one half of the deficiency payment is available at sign-up 

which will certainly ease the cash flow crunch. 

At the time of this writing, the feedgrain and wheat price expectations for 

1983 are below their target prices. An oversupply of commodities, a weak world 

economy, a strong u.s. dollar and a poor prospect of increased commodity 

exports all point to low commodity prices for next year. Next year needs to 

be a year when we work our way out from under this burdensome supply. The 1983 

Acreage Reduction Program and the potential of the Payment-in-Kind program can 

go a long way towards reducing our oversupply. However, for these programs to 

be successful the participation rate needs to be quite a bit higher than what 

it has been in recent years. 
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Table 5. Worksheet II - EXAMPLE Economic Evaluation of Participating in 1983 
ARP. on a Corn Base Acre Basis. 

e 
INCOME 

1. Expected Yield (A) 140 

Loan Rate or Expected Market Price 1/ (B) 2.65 

Portion of Base Acre Planted 2/ (C) .so 

(A)x(B)x(C) (D) 296.80 

2. Expected Deficiency Payment/Bu. 3/ (E) .21 

Expected Yield (A) 140 

Portion of Base Acre Planted 2/ (C) .so 

(E)x(A)x(C) (F) 23.52 

3. Diversion Payment 

Base Yield (ASCS) (G) 130 

Diversion Payment/Bu. 3/ (H) 1.50 

Portion Paid Reduction(Wheat .05-0thers .10)(I) .10 

(G)x(H)x(I) (J) 19.50 

GROSS INCOME (D)+(F)+(J) (K) 220.82 

EXPENSES (Cash Operating) 

Cash Costs/Acre 4/ (L) 160 

Portion of Base Acre Planted 5/ (C) .so 

(L)x(C) (M) 128 

Set Aside Cash Costs/Acre (N) 20 

Portion of Base Acre Set Aside 5/ (0) .20 

(N)x(O) (P) 4 

TOTAL EXPENSES (M)+(P) (Q) 132 

RETURNS LESS CASH OPERATING EXPENSES (K)-(Q) (R) 207.82 

For explanation of footnotes, see bottom of page 10. 

54 



e 
Table 6. Analysis of Corn Returns for Partici~ating and Non-Participating 

in the 1983 ARP on a Per Acre Basis. I 

June 1984 Returns Minus Cash Operating Expenses Advantage to 
Expected Corn Price Participant Non-Participant Participation 

$1.75 $208 $16 $132 

2.00 208 110 98 

2.25 208 144 64 

2.50 208 178 30 

2.75 208 211 -3 

3.00 223 245 -22 

3.25 252 279 -27 

3.50 280 313 -33 

1/ Assumptions ASCS established yield 130 bu./acre, non-participating yield 
135 bu./acre, participating yield 140 bu./acre. Cash operating costs $160. 
Set aside cash operating costs $20/acre. Storage costs not considered, 
assumed to be equal. 

Table 7. Analysis of Wheat Returns for ParticiP.ating and Non-Participating 
in the 1983 ARP on a Per Acre Basis.lJ 

1984 Returns Minus Cash Operating Costs Advantage to 
Exeected Wheat Price Participant Non-Participant Participation 

$3.00 $109 $65 44 

3.50 109 88 21 

4.00 109 110 -1 

4.50 117 133 -16 

5.00 135 155 -20 

!J Assumptions ASCS established yield 42 bu./acre, non-participating yield 
45 bu./acre, participating yield 47 bu./acre. Cash operating $70/acre. 
Set aside cash operating costs $11/acre. Storage costs not considered, 
assumed to be equal. 
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Table 8. Worksheet II - EXAMPLE Economic Evaluation of Participating in 1983 
ARP on a Corn Base but Planting Soybeans. 

INCOME 

1. Expected Yield (A) 45 

Loan Rate or Expected Market Price 1/ (B) 5.50 

Portion of Base Acre Planted 2/ (C) .90 

(A)x(B)x(C) (D) 222.75 

2. Expected Deficiency Payment/Bu._lj (E) 0 

Expected Yield (A) 

Portion of Base Acre Planted 2/ (C) 

(E)x(A)x(C) (F) 0 

3. Diversion Payment 

Base Yield (ASCS) (G) 130 

Diversion Payment/Bu. 3/ (B) 1.50 

Portion Paid Reduction(Wheat .05-0thers .10)(1) .10 

(G)x(H)x(I) (J) 19.50 

GROSS INCmlE (D)+(F)+(J) (K) 242.25 

EXPENSES (Cash Operating) 

Cash Costs/Acre 4/ (L) 70 

Portion of Base Acre Planted 5/ (C) .90 

(L)x(C) (M) 63 

Set Aside Cash Costs/Acre (N) 20 

Portion of Base Acre Set Aside 5/ (0) .10 

(N)x(O) (P) 2 

TOTAL EXPENSES (M)+(P) (Q) 65 

RETURNS LESS CASH OPERATING EXPENSES (K)-(Q) (R) 177.25 

For explanation of footnotes, see bottom of page 10. 
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Table 9. Worksheet II - EXAMPLE Economic Evaluation of Participating in 1983 
ARP on a Wheat Base but Planting Sunflowers. 

IN CONE 

1. Expected Yield (A) 1,500 

Loan Rate or Expected Market Price 1/ (B) ___ .1_0_ 

Portion of Base Acre Planted 2/ (C) ___ • 9_5_ 

(A)x(B)x(C) (D) 142.50 

2. Expected Deficiency Payment/Bu._lj (E) ___ o __ 

Expected Yield (A) ___ _ 

Portion of Base Acre Planted 2/ (C) ___ _ 

(E)x(A)x(C) (F) __ o __ _ 

3. Diversion Payment 

Base Yield (ASCS) (G) __ 4_2 __ 

Diversion Payment/Bu. 3/ ( H) 2.70 ----
Portion Paid Reduction(Wheat .05-0thers .10)(1) .05 

GROSS INCOHE 

EXPENSES (Cash Operating) 

Cash Costs/Acre 4/ 

Portion of Base Acre Planted 5/ 

Set Aside Cash Costs/Acre 

Portion of Base Acre Set Aside 5/ 

TOTAL EXPENSES 

RETURNS LESS CASH OPERATING EXPENSES 

(G)x(H)x(I) 

(D)+(F)+(J) 

(J) 5.67 

(K) 148.17 

(L) __ 7_0 __ 

(C) ___ • 9_5_ 

(L)x(C) (M) 66.50 

(N) __ 1~1 __ 

co> ___ .o_s_ 
(N)x(O) 

(M)+(P) 

(K)-(Q) 

(P) __ • __ 5s __ 

(Q) 67.05 

(R) 81.12 

For explanation of footnotes, see bottom of page 10. 

57 



ENTOMOLOGY FACT SHEET No. 9 
Revised 1983 
PHILLIP K. HAREIN 

PREVENTING STORED-GRAIN INSECT 
INFESTATION 

Minnesota grain is generally safe from infestation by stored-grain 

insects before harvest. This is not true for many of the southern states. 

The only exception in Minnesota may be where grain is cut and swathed adjacent 

to storage bins being treated with an insecticide (including fumigants) in 

preparation for the new crop. Stored-grain insects will migrate away from 

treated bins for short periods of time. 

A survey of stored corn and wheat on Minnesota farms in 1977-1980 

revealed the presence of many insect species that feed on moldy grain. These 

included the flat grain beetle, the rusty grain beetle and the foreign grain 

beetle. Other species noted were the sawtoothed grain beetle, the red flour 

beetle, the confused flour beetle and the Indianmeal moth. 

Many species of stored-grain insects develop through their worm stage 

(eggs and pupal stage also for some species) within kernels of grain. These 

are usually weevils or the lesser grain borer. Other insect pests do not 

develop within kernels. However, they wi 11 feed into the germ and advance 

later into the endosperm. They prefer broken kernels, but will feed also on 

sound whole kernels. 

Accumulations of post-harvest grain are primary targets for insect 

infestations especially if stored with or adjacent to old grain. The initial 

site where this post-harvest infestation can begin is within the harvesting 

machinery. Unfortunately, this equipment is not designed to remove old grain 

from last year's harvest. The same applies to grain augers and elevators and 

the sub-floors or aeration ducts in most storage bins. 
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Although stored-grain insects can be killed by various chemical and non

chemical methods, thorough sanitation (with the use of insecticides as a 

supplement rather than as a substitute for sanitation) is the most effective 

procedure for preventing insect infestations. 

CONDITIONS THAT ENCOURAGE STORED-GRAIN INSECTS 

Temperature, moisture, and grain dockage or broken kernels interact 

providing adequate (if not optimum) conditions for stored-grain insect 

reproduct·ion and survival. The most favorable grain temperature for these 

insects is about 80°F. At temperatures above 90°F or below 60°F, reproduction 

is nil and survival time is reduced. 

The most favorable moisture range for stored-grain insects is 12% to 18%. 

Insects that feed on mold prefer the higher moisture levels. However, as 

temperatures increase insects can reproduce in grain with relatively low 

moisture content, and when moisture increases they can reproduce at relatively 

low temperatures. 

Insect infestations differ in clean vs. dirty grain. Dockage will 

directly influence the preference in subsequent insect infestation of grain. 

This is the primary reason insects often accumulate in spout line areas. 

Unfortunately over-filling bins is a common practice in Minnesota which 

results in inadequate space to inspect or treat the grain. Uneven grain 

surfaces also contribute to nonuniform air flow during aeration. Level the 

grain, after binning is complete, at least 6 inches below the top of the bin 

wall. Or, immediately following harvest, level the grain to the proper height 

in an over-filled bin by removing enough grain from the bottom of the spout

line area. This grain will contain a relatively high percentage of broken 

kernels and foreign matter. Feed it to livestock, screen it before rebinning 

or se 11 it. 
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Inspect grain at 7 to 30 day intervals, depending on the potential for 

increased insect infestations. Check for insects by screening them from the 

grain, examining kernels for damage, looking for webbing, detecting off-odors 

or determining grain temperatures. The temperature could be as high as 110°F 

due to the insect activity. During the summer and fall, insect infestations 

are usually near the surface of the grain. During cold weather these insects 

will congregate to the center of the grain mass. 

PREVENTING INFESTATION OF STORED-GRAIN INSECTS 

Spraying Facilities 

Thoroughly clean combines, trucks, wagon beds, conveyors, elevators and 

bins. Spray the surfaces of the equipment that wi 11 be in contact with the 

grain with one of the following insecticides at least 2 weeks before harvest. 

Insecticides 

methoxychlor 50% W.P. 

methoxychlor 25% E.C. 

malathion-premium grade 
50 to 57% E. C. 

W.P.=wettable powder 
E.C.=emulsifiable concentrate 

Amount of insecticide 
mixed with water 

1 lb/2.5 gallons 

1 qt/2.5 gallons 

1 pt/3 ga 11 ons 

Spray to the point of run-off using 1 gallon of total formulation 

containing one of the insecticides listed above per 500 square feet of 

surface. A 2- or 3- gallon compressed air garden sprayer should be adequate 

for applying these insecticides. Also spray the outside walls of the bins to 

a height of 6 feet and the ground to a distance of 6 feet out from the 
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foundation of each bin. Wettable powder suspensions must be agitated 

frequently in the sprayer during application to insure uniform dosages. Mix 

only one days• supply of these formulations as they lose their effectiveness 

in contact with water overnight. 

Figura 1. Spray applicator into 
grain auger. 

NOTE: Clamp nozzle ins1de 
approximately 12'' length of 
1l4" pipe. Be sure pipe is 
large enough to observe spray 
pattern. Place nozzle near in· 
take end of auger tube, but 
above grain level in hopper. 

Figura 2. Spray applicator into 
grain conveyor. 

angle ~ron brace 

NOTE: For convenience, 
locate spray nozzle near 
hopper end of conveyor. 
Adjust nozzle height to 
give coverage across entire 
width of conveyor. 
(From University of Georgia 
College of Agriculture. ··Protect 
Stored Grain From Insect 
Damage" by John French.) 

Figura 3. Drip·on applicator. 

pt:sttcide tank 

plestic tubing 

~mpre11lon 
( ( c~ ittlng 

(From Jim Ouirl/an, USDA, 
Manhattan, Kan~~U.) 

It is not recommended to mix new grain with old grain in storage. 

However, if it is not possible to remove the old grain before harvest, check 

it carefully for stored-grain insects and, if needed, treat it with 

recommended residual insecticides or fumigants before adding new grain. 
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Grain Protectants 

Insect infestation is prevented or reduced by treatinq small grain and 

shelled corn as they are moved into storage with one of the approved 

insecticide formulations described bel0w: 

malathion - 1 pint 50% to 57% premium-grade E.C. per 2 to 5 gallons 
water per 1,000 bushels. 

malathion - 1% premium-grade in wheat flour dust, 60 pounds per 
1,000 bushels (also available in 2, 4 and 6% dust 
formu·lations). 

Malathion is registered for use directly on stored barley, con1, oats, 

rye, sorghum, and wheat. It cannot be applied to stored soybeans or 

sunflowers. Grain can be fed or sold anytime after treating. The protectio~ 

provided by malathion is reduced to a few \'leeks if the treated g1·ain i~; warm 

and has a high moisture level. Malath·ion on cool dry grain should be 

effective for 3 to 6 months. 

Protectants are formulated as dusts or liquids. Dusts can be added to 

the grain stream as "it is elevated or conveyed into the bin. Liquids can be 

applied adequately as a spray (see figures 1 and 2) or with "drip-on" 

applicator (see figure 3). 

A simple "drip-on" applicator for metering liquid formulations is 

adequate. To build the applicator, fit two brass plumbing valves and 

polyethylene tubing in sequence to an opening in the bottom of a container to 

hold the insecticide formulations. This container is suspended over tile top of 

the auger or conveyor with the end of the tubing positioned so the insecticide 

can drip directly into the grain. A shut-off cock on the container serves as 

an on-off valve, while a needle valve regulates the amount of insecticide 

applied. The needle valve is calibrated to the desired flow for the amount of 

grain being delivered into storage. Two hundred bushels can be treated at the 

5 gallon per 1,000-bushel rate with 3.2 ounces of 57% malathion emulsifiable 
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concentrate mixed with one gallon of water. 

Surface Grain Treatments 

Suggested rates for the surface treatment of filled grain b·ns are: 

malathion - 1/2 pint 50% to 57% premium-grade E.C. in ~, gallons 
of water per 1,000 square feet of grain surface area. 

malathion - 1% premium-grade in wheat flour dust, 30 pc•unds per 
1,000 square feet. 

Apply the spray evenly over the surface immediately after the grain is 

loaded into storage and leveled off. This "topping off" treatment helps 

prevent insects from infesting the grain on the surface. 

If grain is to be stored for long periods, it is necessary to have 

adequate drying and aeration equipment to maintain grain temperature and 

moisture control. However, malathion should not be applied to the grain until 

it is dried adequately. Drying and aeration should be considered part of an 

integrated insect management program with the malathion treatments. 

Information Source 

For details on aeration equipment for grain temperature control refer to 

the University of Minnesota Agricultural Extension Service Publication #M-165 

"Management of Stored Grain With Aeration." 

A current 1 ist of approved residual insecticides for use in empty bins 

and directly on the grain is available from the Minnesota ~epartment of 

Agriculture, 90 West Plato Blvd., St. Paul, MN 55107 or Mr. Ron Gardner, 

University of Minnesota, 228 Hodson Hall, St. Paul, MN 55108. 
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ENTOMOLOGY FACT SHEET No. 50 
Revised 1983 
PHILLIP K. HAREIN 

FUMIGATING STORED GRAIN 

Stored grain should not require fumigation in Minnesota, especially if 

adequate preparations are provided to prevent insect infestations by proper 

sanitation and the use of residual insecticides (see Entomology Fact Sheet No. 

9, 11Preventing Stored Grain Insect Infestation .. ). Moving or aerating grain, 

especially when air temperatures are low enough to reduce grain temperatures 

to 60°F or lower, will reduce insect activity. Malathion can be applied as a 

residual insecticide to supplement a stored-grain insect pest prevention 

program. A fumigation may be justified if the insect prevention efforts fail. 

Fumigants can be applied as solids, liquids, or gases but they all must 

be in the gaseous state to penetrate grain and kill the insects. They have no 

e long-term effectiveness; as soon as they diffuse away from the target area, 

insect reinfestation can follow immediately. 

It often is safer, less expensive, and more effective to have your stored 

grain fumigated by a licensed and certified professional fumigator than to do 

it yourself. This applies especially to single bins containing more than 

5,000 bushels. Flat storage structures are usually more difficult to fumigate 

satisfactorily than upright bins because of the relatively large grain surface 

area in flat storages where insects congregate and fumigants dissipate quickly 

to ineffective concentrations. 

There are several reasons to consider hiring a professional fumigator to 

conduct your fumigations. The most important reason is your personal risk in 

handling a highly toxic pesticide. A professional fumigator will; 1) have 

both the knowledge and experience in fumigating, 2) have the special equipment 

required to apply fumigants and 3) be aware of the safety devices (such as gas 
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masks) to prevent overexposure. 

The grain fumigant application method most often used on Minresota farms 

is pouring 1 iquid type fumigants onto the surface of the ~!rain mass. 

Recommended dosages usually range from 2 gal. to 5 gal. per 1,000 bu. of 

grain. Thus, in a 20,000 bu. bin this would require a minimum application of 

40 gal. of fumigant. Most Minnesota farmers would apply these liquid 

fumigants by inverting a sufficient number of 1 gal. or 5 gal. containers of 

the fumigant into the grain surface. The time required for such an 

application to a grain mass of over 5,000 bu. could be excessive for the 

applicator especially if the proper gas mask was not being worn properly. Two 

people should always work together when fumigating. Both need adequate safety 

equipment. Grain bins must also be posted with adequate warning signs during 

the fumigation, but then be removed when the fumigant has been released. 

However, grain fumigants can be used satisfactorily if proper safety measures 

are followed and the major factors (listed below) that alter the effectiveness 

of a fumigation are understood. 

TEMPERATURE 

Grain temperature is extremely important, as it contro 1 s the speed of 

fumigant vaporization and penetration of the gas through the grain. Low grain 

temperatures (less than 50°F) significantly slow down the movement of the gas. 

Insect respiration is also reduced at temperatures below 50°F, resulting in 

reduced kill. Extended fumigation periods may be needed. The adjustment for 

grain tumperature is often given on the label. 

MOISTURE 

High moisture grain retards the movement of the fumigant and may ~esult 

in increased absorption into the grain kerne'ls resulting in reduced gas 

concentrations and higher residues. 
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Bill CONSTRUCTION 

A fumigant must be held in the grain long enough and at sufficient 

concentrations to k i 11 insects. Tightly sea 1 ed meta 1 or concrete structures 

are required for some fumigants. Carefully caulked wooden bins can be used. 

Covers of polyethylene or plastic-coated nylon will be helpful to assure 

effective fumigation in any grain storage facility. 

DEPTH OF GRAIN 

The shape and depth of grain in the bin also affects the fumigant. 

Upright bins present a minimum of grain surface for the loss of the gas. A 

gas-tight cover should be used whenever possible over grain in flat storages 

or when a bin is only partially filled. 

VENTILATION 

Most fumigants are heavier than air and sink through the grain. 

Penetration through the entire grain mass, especially in deep bins, can be 

assisted by using aeration. Remember to seal off the aeration system during 

the actual fumigation. Aeration also can be used to remove the fumigant 

following the recommended exposure period. 

DOCKAGE 

Dockage in grain presents another variable affecting the efficiency of a 

fumigant. The sorptive capacity of grain will increase with increases in 

dockage. As grain is loaded into bins the light dockage (chaft, dust, etc.) 

settles around the outside of the grain mass while heavier dockage settles or 

is trapped near the center. This uneven distribution of dockage causes 

fumigants to channel through grain by flowing through areas of least 

resistance. Insects congregate in areas of high dockage and may escape lethal 

gas concentrations. 
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FUMIGANT AND DOSAGE 

Although fumigant formulations vary in their efficiency, this variable is 

usually of less importance than the variables listed above. Whatever fumigant 

you select follow recommended dosages. Less than maximum labelled dosages may 

require refumigation. Excessive dosages are wasteful and can initiate 

unnecessary hazards. 

FUMIGATION GUIDELINES 

Effective fumigations res u 1 t from fo 11 owing sever a 1 recommended 

guidelines such as the following: 

·Level the grain. Remove or break up any crust on the surface. 

·Seal all cracks, making the bin as airtight as possible. 

·Fumigate when the grain temperature is between 70° and 90°F. 

·Keep the bin closed for at least 72 hours after applying the fumigant. 

·DO NOT ENTER the bin during or after fumigation until gasses have been 
removed by aeration. 

FUMIGANT CHARACTERISTICS 

Basic characteristics of some of the most common fumigants used for 

stored-grain insects in Minnesota are listed below: 

Type 

Liquid grain fumigants: 
Tetra fume 
Tetraki 11 
Dowfume 75 
Vertifume 
Weevil-Cide 

Larvacide 

Solid grain fumigants: 
Phostoxin 
Fumitoxin 
Gas toxin 

Characteristics 

Liquid formulation usually containing 
various percentages of carbon 
tetrachloride, carbon disulfide, ethylene 
dibromide and ethylene dichloride. Pungent 
odors are common. 

Liquid formulation of chloro~icrin. Good 
penetrator. Low concentraticns irritate 
eyes. 

Solid formulations that release phosphine. 
Carbide- 1 ike odor. Re 1 at i ve ly easy to 
apply. Excellent penetrator. 
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PHOSPHINE FORMULATIONS 

Phosphine is applied to grain from various solid formulations. It can be 

applied to grain by prorating the tablets, pellets or packets of powder in the 

grain as it flows into storage or by injecting the tablets or pellets into 

binned stored grain using a special metal probe. The procedure calls for 

pushing the probe into the grain mass and then applying the solid formulation 

through the center of the tube as it is withdrawn. The phosphine formulations 

may also be applied to layers of grain in the bin during loading to aid in the 

distribution of phosphine. However, since the phosphine gas is usually 

released within 2 hrs. after the formulation is applied to the grain, it 

should be covered with plastic following each phosphine application if the bin 

is not going to be filled within 2 hrs. 

SELECTING A FUMIGANT 

The selection of fumigants for your part~cular need may be difficult. 

They vary in their chemical, physical and biological factors. As a guideline, 

an ideal 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

fumigant should have most of the following properties: 

low in cost per effective fumigation; 

highly and acutely toxic to all developmental stages of the 
target insects; 

highly volatile with good penetration power (but not be 
excessively sorbed by grain); 

easily detected, with adequate warning properties; 

noncorrosive, nonflammable, and nonexplosive under 
practical conditions, with good storage life; 

nonreactive with the commodity so as not to produce adverse odors 
or flavors; 

able to aerate readily, leaving no harmful residues; 

8. noninjurious to seed germination and not detrimental to 
the commercial grain grade; 

9. nondamaging to milling qualities or other processing properties 
of grain; 
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10. readily available and simple to apply. 

INFORMATION SOURCE 

A current list of approved residual insecticides for use ir• empty bins 

and directly on the grain is available from the Minnesota Department of 

Agriculture, 90 West Plato Blvd., St. Paul, MN 55107 or Mr. Ron Gardner, 

University of Minnesota, 228 Hodson Hall, St. Paul, MN 55108. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

11. 

12. 

fBDDY~J~ ~YBB~~J~Y B~§1~1~B~D fDB y~g 

D~ ~JDBgD §8&1~ 1~ 

COMPANY NAME 
PRODUCT NAME 

SALSBURY LABORATORIES 
MANGE & LICE CONTROL [HALATHIONl 

THOMPSON-HAYWARD CHEMICAL COMPANY 
PYRTOX FOGGING SPRAY [PYRETHRINSJ 

THOMPSON-HAYWARD CHEMICAL COMPANY 
PCD MALATHION E-5 

CHEVRON CHEMICAL COMPANY 
ORTHO MALATHION 5 EMULSIVE 

CHEVRON CHEMICAL COMPANY 
ORTHO METHOXYCHLOR 2 EMULSIVE <BIN TREATMENT> 

FMC CORPORATION 
MALATHION 5 E.C. 

FMC CORPORATION 
MALATHION 4 GRAIN PROTECTANT 

THE INDUSTRIAL FUMIGANT COMPANY 
MALATHION GRAIN PROTECTANT 

GROWER SERVICE CORPORATION 
CVTHION [MALATHION] 

DIAMOND SHAMROCK CORPORATION 
VAPONA FARM STRIP 

DOUGLAS CHEMICAL COMPANY 
DOUGLAS TOPKOTE "77" [CCL4,MALA.,PYRETHRINSJ 

HESS L CLARK, INC 
INSECT STRIP 

1~ ~!~~g~DJ& 

92-11-03 09:34:38 

13. 

14. 

15. 

16. 

17. 

19. 

19. 

20. 

21. 

22. 

23. 

24. 
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COHPANY NAME 
PRODUCT NAME 

DOUGLAS CHEMICAL COMPANY 
DOUGLAS GRAINKOTE [CCL4,.MALA.,PYRETHRINSJ 

AMOCO OIL COMPANY 
AMOCO MALATHION SPRAY 

PLATTE CHEMICAL COMPANY 
CLEAN CROP MALATHION 5 E. C. 

LAND O'LAKES, INC 
LAND O'LAKES-FELCO GRAIN BARD [MALATHION] 

FARMLAND INDUSTRIES 
GRAIN SURFACE SPRAY [PYRETHRINSJ 

FARMLAND INDUSTRIES 
MALATHION EMULSIFIABLE CONCENTRATE 

FARMLAND INDUSTRIES 
CO-OP MALATHION 6% GRAIN PROTECTOR 

PBI/GORDON CORP 
GORDON'S GRAIN GARD EMULSIFIABLE 

HOPKINS AGRICULTURAL CHEMICAL CO. 
HOPKINS MALATHION 57% EMULSIFIABLE LIQUID INSECTICIDE-B 

RESEARCH PRODUCTS COMPANY 
MAX KILL 57% MALATHION 

RESEARCH PRODUCTS COMPANY 
MAX KILL 3% MALATHION 

FRANKLIN LABORATORIES, INC. 
FRANKLIN SPECIAL FARM & RANCH BRAND INSECT STRIP 



25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

COMPANY NAME 
PRODUCT NAIIE 

RALSTON PURINA COIIPANY 
PURINA INSECT STRIP 

FARMLAND INDUSTRIES 
VAPOR INSECT STRIP 

S. C. JOHNSON ~ SON, INC. 
J WAX BOLT COMM INSECT-SOLID AIRBORNE INSECT STRIP 
FOR FYLING INSECTS 

FARMERS UNION GRAIN TERM ASSOC 
INSECT STRIP 

THE DE LAVAL SEPARATOR COMPANY 
DELLA-VAPO INSECT STRIP 

HESS ~ CLARK, INC 
TOP-SIDE DIPEL 

GOLDEN SUN FEEDS, INC 
GOLDEN SUN INSECT STRIP 

LYSTADS, INC 
LYSTADS CYTHION 

WILBUR-ELLIS COMPANY 
RED- TOP MALATHIDt4 8 SPRAY 

WILBUR-ELLIS COMPANY 
RED-TOP PREMIUII GRADE MALATHION GRAIN PROTECTANT 

HAYNES CHEMICAL COMPANY, INC 
BRANOX - 4/. MALATHION 

MIDLAND COOPERATIVES, INC 
MIDLAND 4/. MALATHION POWDER INSECTICIDE 

WILBUR-ELLIS COMPANY 
WILBUR-ELLIS MALA-BRAN-4 

FALLS CHEMICALS, INC 
FALLS 4/. MALATHION POWDER 

FAIRFIELD AMERICAN CORPORATION 
PYRENONE CROP SPRAY 

HESS & CLARK, INC 
PYRENONE POULTRY HOUSE & LIVESTOCK SPRAY 

FARMERS UNION GRAIN TERM ASSOC 
BUG-A-BOO II [PYRETHRINSJ 
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42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

COMPANY NAME 
PRODUCT NAIIE 

FAIRFIELD AMERICAN CORPORATION 
FLAK 1 [PYRETHRINSJ 

RIGO COMPANY 
KILL-KO MALATHION 5-E 

CROWN CHEIIICALS 
CROWN IIALATHION 57 PREMIUM GRADE 

CLARKE OUTDOOR SPRAYING COIIPANY 
IIALATHION E-5 

CONBELT CHEMICAL COMPANY 
CYTHION 57X 

CONBELT CHEMICAL COMPANY 
CYTHION E-5 

WH H BLOSKAS AND ASSOCIATES INC 
CYTHION 57t MALATHION 

CONBELT CHEIIICAL COIIPANY 
bt IIALATHION GRAIN DUST 

Wit H BLOSKAS AND ASSOCIATES INC 
bt MALATHION GRAIN PROTECTOR 

WM H BLOSKAS AND ASSOCIATES INC 
2t MALATHION GRAIN PROTECTOR 

FARMERS UNION CENTRAL EXCH INC 
CENEX GRAIN PROTECTOR It [MALATHION] 

PLATTE CHEMICAL COMPANY 
CLEAN CROP MALATHION 55 INSECTICIDE PERMIUM GRADE 

LOVELAND INDUSTRIES, INC 
MALATHION GRAIN PROTECTOR 

PLATTE CHEMICAL COMPANY 
CLEAN CROP MALATHION ULV CONCENTRATE INSECTICIDE 

HESS ~ CLARK, INC 
BIG 6 

FARMERS UNION GRAIN TERII ASSOC 
BIG SIX 6t IIALAT 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

fY~1§~~J§ H~§l§l~B~R f9B Y§~ 9~ 

§JPB~P §B~l~ 1N 

COMPANY NAME 
PRODUCT NAME 

THE DOW CHEMICAL COMPANY 
DOWFUME 75 FUMIGANT [EDC,CCL4l 

THE DOW CHEMICAL COMPANY 
VERTIFUME FUMIGANT [CCL4 1CS2l 

THE DOW CHEMICAL COMPANY 
METHYL BRO~IDE FUMIGANT 

STAUFFER CHEMICAL COMPANY 
F.I.A. "80-20" GRAIN FUMIGANT (CS2,CCL4J 

STAUFFER CHEMICAL COMPANY 
F.I.A. "80-20" GRAIN FUMIGANT WITH S02 (CS2,CCL4,S02l 

THE INDUSTRIAL FUMIGANT COMPANY 
METHYL FUME 

DOUGLAS CHEMICAL COMPANY 
DOUGLAS TETRAFUME (CS2,CCL4,ED,S02J 

DOUGLAS CHEMICAL COMPANY 
DOUGLAS TETRAKIL CCS2 1CCL4,ED,S02J 

DOUGLAS CHEMICAL COMPANY 
DOUGLAS TOPKOTE "77" (CCL4,MALA,PYREl 

DOUGLAS CHEMICAL COMPANY 
DOUGLAS GRAINKOTE CCCL4,MALA,PYREl 

THE WEEVIL-CIDE COMPANY 
WEEVIL-CIDE [CCL4,CS2,502J 

FARMLAND INDUSTRIES 
ACTIVATED 80-20 GRAIN FUMIGANT CCS2,CCL4,502J 

FARMLAND INDUSTRIES 
WEEVIL KILLER FUMIGANT CCCL4,ED 1EDC,S02J 

PBI/GORDON CORP 
GORDON'S 914 WEEVIL KILLER ~ GRAIN CONDITIONER 
[EDC,CCL4,S02J 

RESEARCH PRODUCTS COMPANY 
"AX KILL HIGH LIFE CCS2,CCL41 
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lb. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

COHPANY NAHE 
PRODUCT NAHE 

RESEARCH PRODUCTS COMPANY 
DETIA GAS EX-B (AL.PHOSPHIDEl 

RESEARCH PRODUCTS COMPANY 
DETI A TABLETS ( AL. PHOSPHIDE l 

FERGUSON FUMIGANTS, INC. 
DAWSON 37 SPACE FUMIGANT (ED,METHYL B.l 

VULCAN MATERIALS COMPANY 
FORMULA 635 !FC-2! GRAIN FUMIGANT £CCL4,EDC,EDl 

VULCAN MATERIALS COMPANY 
FORMULA 815 !FC-3! GRAIN FUMIGANT CCCL4,CS2,EDJ 

VULCAN MATERIALS COMPANY 
FORMULA 82-H !FC-14l GRAIN FUMIGANT £CCL4,CS2J 

VULCAN MATERIALS COMPANY 
GRAIN STORAGE !FC-4! FUMIGANT CEDC,CCL4 1ED,S02J 

VULCAN MATERIALS COMPANY 
CHLOROFUME !FC-30! GRAIN FUMIGANT (CHLOROFORI1 1CS2,EDJ 

GREAT LAKES CHEMICAL CORPORATION 
METH-0-GAS (METHYL B.J 

GREAT LAKES CHEMICAL CORPORATION 
METH0-0-GAS (METHYL B.l 

FERGUSON FUMIGANTS, INC. 
DAWSON 100 FUMIGANT (METHYL B.J 

GREAT LAKES CHEMICAL CORPORATION 
BROM-O-GAS (METHYL B.,CHLOROPICRINJ 

PESTCON SYSTEMS, INC 
FUMITOXltj NEW COATED TABLETS CAL. PHOSPHIDE] 

PESTCON SYSTEMS, INC 
FUMITOXIN COATED PELLETS CAL.PHOSPHIDEl 

SOUTHERN MILL CREEK PRODUCTS CO 
SMCP CHLOROPICRIN 



31. SOWECO, INC 

COMPANY NAME 
PRODUCT t~AME 

COMPANY NAME 
PRODUCT NAME 

35. DEGESCH AMERICA INC 
SOWECO BRAND CHLOROPICRIN 100 DEGESCH CALCIUM CYANIDE G-FUMIGANT 

32. REDDICK FUMIGANTS, INC 36. DEGESCH AMERICA INC 
BRO-MEAN C-2R £METHYL B.CHLOROPICRINl DEGESCH FUHI-CEL PLATES £MG.PHOSPHIDEl 

33. DEGESCH AMERICA INC 37. DEGESCH AMERICA INC 
DESESCH PHOSTOXIN COATED PELLETS-PREPAC £AL.PHOSPHIDEl DEGESCH FUMI-STRIP £HG.PHOSPHIDEl 

34. DEGESCH AMERICA INC 38. BERNARDO CHEMICALS LIMITED 
DEGESCH PHOSTOXIN COATES PELLETS £AL.PHOSPHIDEl GASTOXIN FUMIGATION TABLETS [AL.PHOSPHIDEJ 

K;Y lQ ~tl~l~~~ a~R~~l~llQ~~ 

CCL4----------- CARBON TETRACHLORIDE 
MALA----------- MALATHION 
PYRE----------- PYRETHRINS 
EDC------------ ETHYLENE DICHLORIDE 
ED------------- ETHYLENE DIBROMIDE 
METHYL B.------ METHYL BROMIDE 
CS2------------ CARBON DISULFIDE 
S02------------ SULFUR DIOXIDE 
AL. PHOSPHIDE - ALUMINUM PHOSPHIDE 
MG. PHOSPHIDE - MAGNESIUM PHOSPHIDE 

NOTE: ALL INFORMATION FOR THIS LISTING WAS RESEARCHED THROUGH THE -
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EBQ~Ygi§ B5§!§I5B5~ EQB Y§s Q~ 

§IQB5~ §Y~EbQ~5B§ !~ ~!~~5§QIB 

82-11-12 12:08:51 

COMPANY NAME 
PRODUCT NAME 

1. RESEARCH PRODUCTS COMPANY 
DETIA GAS EX-B EALUMINUM PHOSPHIDE] 

2. RESEARCH PRODUCTS COMPANY 
DETIA TABLETS [ALUMINUM PHOSPHIDEJ 

3. PESTCON SYSTEMS, INC 
FUMITOXIN NEW COATED TABLETS EALUMINUM PHOSPHIDEJ 

4. PESTCON SYSTEMS, INC 
FUMITOXIN COATED PELLETS [ALUMINUM PHOSPHIDE] 

5. DEGESCH AMERICA INC 
DEGESCH PHOSTOXIN COATED PELLETS-PREPAC 
EALUMINUM PHOSPHIDE] 

DEGESCH AMERICA INC 
DEGEBCH PHOSTOXIN COATES PELLETS 
[ALUMINUM PHOSPHIDE] 

7. BERNARDO CHEMICALS LIMITED 
GASTOXIN FUMIGATION TABLETS EALUMINUM PHOSPHIDEJ 
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~~qqy~I~ ~y~~~~I~Y ~~2l~I~R~q EQR Y~~ g~ 

~IQR~q ~qy~~~~~ l~ ~l~M~~QI~ 

B2-11-01 14:44:25 

YBf~B l~!l~B~l~ 

COPIPANY NAME 
PRODUCT NAME 

DIAMOND SHAMROCK CORPORATION 
VAPONA FARM STRIP 

HESS ~ CLARK, INC 
TOP-SIDE DIPEL 

HESS ~ CLARK, INC 
INSECT STRIP 

FRANKLIN LABORATORIES, INC. 
FRANKLIN SPECIAL FARPI & RANCH BRAND INSECT 
STRIP 

RALSTON PURINA COMPAt•Y 
PURINA INSECT STRIP 

FARMLAND INDUSTRIES 
VAPOR INSECT STRIP 

S. C. JOHNSON ~ SON, INC. 
J WAX BOLT COHM INSECT-SOLID AIRBORNE 
INSECT STRIP FOR FLYING INSECTS 

FARMERS UNION GRAIN TERM ASSOC 
INSECT STRIP 

THE DE LAVAL SEPARATOR COMPANY 
DELLA-VAPO INSECT STRIP 

GOLDEN SUN FEEDS, INC 
GOLDEN SUN INSECT STRIP 

1. 

2 • 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

fY~l§B~!§ 

COMPANY NAME 
PRODUCT NAME 

PESTCON SYSTEMS, INC 
FUMITOXIN NEW COATED TABLETS [AL.PHOSPHIDEl 

PESTCON SYSTEMS, INC 
FUMITOXIN COATED PELLETS [AL.PHOSPHIDEl 

DESESCH AMERICA INC 
DESESCH PHOSTOXIN COATED PELLETS-PREPAC [AL.PHOSPHIDEl 

DESESCH AMERICA INC 
DESESCH PHOSTOXIN COATED PELLETS [AL.PHOSPHIDEl 

DESESCH AMERICA INC 
DEGESCH FUPII-CEL PLATES [MS.PHOSPHIDEl 

DESESCH AMERICA INC 
DEGESCH FUMI-STRIP [M6.PHOSPHIDEl 

BERNARDO CHEMICALS LIMITED 
GASTOXIN FUMIGATION TABLETS [AL.PHOSPHIDEl 

RESEARCH PRODUCTS COMPANY 
DETIA GAS EX-B [AL.PHOSHIDEl 

RESEARCH PRODUCTS COMPANY 
DETIA TABLETS [AL.PHOSPHIDEJ 

NOTE: ALL INFORMATION PROVIDED IN THIS LIST MADE AVAILABLE THROUGH THE-
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SIGNIFICANCE AND PREVENTION OF MO~D DETERIORATION OF STORED GRAIN 

Richard A. Meronuck 
Extension Plant Pathologist 

University of Minnesota 

Space to store present grain inventories continues to be a problem. When
ever grain is stored for long periods of time, certain management practices 
are essential to avoid deterioration by mold or insects. 

Grain deterioration begins when storage begins, with the rot of storage 
loss depending on storage conditions. Manipulating certain conditions such 
as moisture and temperature to levels where deterioration will not occur 
will increase to chances of marketing good quality grain. 

If grains are harvested sound, and subsequently kept at low moisture content 
and low temperature, they may retain their original processing quality and 
even their original germinability for a period of many years. It must be 
noted, however, that grains are susceptible to invasion and damage by insects, 
mites, and fungi; and if they are stored under conditions that promote the 
development and any of these organisms, extensive spoilage may occur within 
a few days to a few weeks. 

Fungi, along with the other organisms mentioned above, play a major role in 
the deterioration of grain. The growth of fungi in grain can cause loss in 
weight, grade, and seed germination. They are the cause of heating (bin burning) 
mustiness and mycotoxin production. Preventing the growth of these fungi 
will in turn prevent these losses from occurring. 

The most generally used successful storing system is to keep the grain at 
moisture contents lower than fungi can grow, then maintain these moisture 
contents throughout the bin. Table 1 indicates some of the safe moisture 
contents recommended for starchy seeds and some oil seeds. A combination 
of low moisture and low temperature is another method common to use. Cooling 
grain to 35°F is effective in slowing ,the growth rate of the storage fungi. 

Temperature, moisture, amount of foreign matter, insect invasion and previous 
invasion by fungi are all factors that determine the storability and quality 
of grain. When the moisture content of a lot of grain increases, it's 
storability will decrease as the temperature increases. Table 2 shows the 
approximate storage life of lots of grain that exist in normal market 
channels, at various temperatures and moisture contents. 

When handling freshly harvested corn of high moisture, the temperature or 
the moisture content must be lowered to assure safe continued storage. The 
allowable storage time for this shelled corn at various temperatures and 
moisture contents is shown in Figure 1. The obvious difference between 
the allowable storage time and Figure 1 as compared to Table 2, are due to 
differences in the condition of the grain at time of acquisition. In normal 
market channels the grain received is a mixture of various lots that were 
stored for different times under various storage conditions. This mixing 
enhances the possibility of increasing foreign matter, insect invasion, 
and previous invasion by fungi. An increase in any of these factors decreases 
storability of the grain. 
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When storing grain it is important to remember that spoiling grain emits 
heat. Temperature detecting equipment in bins will detect this heat, indicating 
deterioration in the area where temperatures are rising. Records should 
be kept on the temperature in the bin, and any increases in temperature should 
be noted. A steady rise in temperature means trouble and should be dealt 
with immediately. 

The moisture content of grain should be checked as it goes into the bin 
and should be monitored during storage with any increase noted and corrected. 
One should know the range of moisture content in the bin as the average 
moisture content does not always give a true picture of storability. Uniform 
sampling of grain in a particular storage structure will help determine the 
range of moisture content in a bin. Figure 2 gives one example of a procedure 
to accomplish this. 

Moisture content determination is only as accurate as the moisture meter 
used. Many bins of grain have spoiled because of inaccurate moisture meters. 
Each moisture meter should be checked with other moisture meters in nearby 
State or Federal or local elevators to check variations. Variations from 2 or 
more different moisture meters definitely indicates a problem. Moisture 
meters can also calibrate against the dry procedure of moisture content 
determination. The oven dry method is to determine amount of weight loss 
in a sample of grain after heating at 103°C for 72 hours (for starchy seeds). 

Aeration greatly improves the storability of grain by maintaining a cool, 
uniform temperature throughout the storage to reduce mold development and 
insect activity and to prevent moisture migration. Moisture migrating from 
a warm area of the bin to a cooler area may result in spoilage and severe 
deterioration of grain quality. Aeration should provide for a cool down 
period for winter storage and a spring warm up period for summer storage. 
For more information on management of stored grain with aeration consult 
Agricultural Extension Service Folder M-165 obtainable from the Bulletin 
Room at the University of Minnesota, St. Paul Campus. 

Eliminating insect and mite problems are also very important in mold control. 
Any insect infesting the grain will give off moisture which will collect 
on the surface of the grain. This can bring the moisture limits up to 
levels which will prevent mold growth. 

Following procedures are recommended to monitor grain in storage in 
Minnesota: 

1) 

2) 

3) 

4) 

Make sure the grain at the top of the bin (in round bin storage) is 
level. This makes aeration much less difficult. 

Good aeration management must be followed according to the direction 
given in 11 Management of Stored Gr~in With Aeration 11 , Agricultural Extension 
Service, M-165. 

The spot line containing fines should be drained off the bottom of the 
bin. This will decrease the chances of spoilage in the center of the 
bin. 

Check each structure at least once a month for a) moisture content 
changes on the top of the bin or in the case of bulk storage in the peak 
of the pile, b) monitor for temperature changes in the top of the bin 
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5) 

or on the peak of the pile and bulk storage, c) check for any tell-tale 
musty odor in any part of the bin or the air exhausting from the aeration 
fan, d) check for leaks or any unusual situation that would cause 
unusual moisture content accumulation or temperature differences within 
the bin structure. 

Make sure that the aeration fan opening 
times when the fan is not in operation. 
hot and cold temperature changes in the 
mold from growing in the area. 

is covered with a board during 
This will eliminate extreme 

aeration ducts and prevent 

6) Moisture content determinations as recommended in Figure 2 should be 
done initially and at least every six months in long term storage. 

When obvious spoilage is detected, regardless of the storage methods used, 
the grain should be booled by aeration to a level stopping the fungus 
growth (350F). If aeration is not possible, the grain should be emptied 
from the bin and dried before continued storage. 

If further management information is needed, order Bulletins M-161, M-162, 
M-163, M-164, M-165, and M-166 from the Agricultural Extension Service, 
Bulletin Room, 3 Coffey Hall, University of Minnesota, St. Paul, Minnesota 
55108. 
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Table 1. · 

MOISTURE CONTENTS FOR SAFE STORAGE MAINTAINED IN ANY CLIMATE 

M.C. % 

Starchy seed (wheat, barley, corn sorghum) 13.0 

Soybeans 12.0 

Flaxseeds 10.0 

Sunflower Seeds 8.5 · 

Meats 5.0 

Table 2. 

APPROXIMATE PREDICTIONS ON SAFE STORAGE LIFE 

Grain Moisture Content % 
Temperature of 14 15.5 17 18.5 

50 256 128 64 32 

60 128 64 32 16 

70 64 32 16 8 

80 32 16 8 4 

90 16 8 4 2 

100 8 4 2 1 

20 

16 

8 

4 

2 

1 

0 

1 Bailey, J.E. 1974. Whole Grain Storage, In. Storage of Cereal 
and Their Products, C.M. Christensen ed., 549 P. 
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Figure 2. 

GRAIN SAMPLING PROCEDURE FOR A MORE ACCURATE DETERMINATION 
OF GRAIN CONDITIONS THROUGHOUT THE BIN 

I. Sampling procedures. 

a) Each sample should consist of enough corn, representative of the 
collection area, to fill a pint jar (this will be enough for a 
moisture test). 

II. Round Bin 

1) Top of peak if peaked, 
otherwise center surface. 

*2) Center probe. 
*3) Probe sample on south side 

of bin collected 1-2 feet 
from bin wall. 

*4) Probe sample on north side 
of bin collected 1-2 feet 
from bin wa 11 . 

5) Sample any obviously moldy 
area. 

*Using a probe, collect grain at 1 feet 
intervals down to 6 feet. Mix sample and 
take out 1 pint for testing moisture. 
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SIDE VIEW 1 



e 

Figure 2. 
cont•d. 

III. Flat Storage with Peak. 

*1) Surface to 1 foot, sample 
from edge of pile 1-5 feet 
from edge of bin. 

**2) Probe sample midway between 
peak and sidewall. 

**3) Center probe. 
*4) Surface peak to 1 foot down. 

**5) Same as 2, opposite side. 
*6) Same as 1, opposite side. 

7) Sample any obviously moldy 
area. 

* Grain should be collected every 15 
feet (or fraction thereof) along 
the designated areas, mix sample 
and take out 1 pint for moisture 
testing. 

** Probe every 15 feet (or fraction 

TOP VIEW 

SIDE VIEW 1 2 

thereof) along the designated areas. 
At each probe site collect grain 
at 1 ft. intervals down to 6 feet. 
Mix sample and take out 1 pint for 
moisture testing. 1 

0 5 

2 3 4 5 

IV. Draw sketch of your structure noting areas where samples were taken. 

I 

~ 

I 
6 

Make sure the numbers on the sample packages correspond with the numbers 
designating the site where the sample was taken. 
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Agricultural Extension Service- University of Minnesota M-165-1980 

MANAGEMENT OF STORED~~~ 
GRAIN WITH AERATION 

Harold A. Cloud, extension agricultural engineer 
R. Vance Morey, associate professor 

WHY AERATE? 

Aeration is the practice of moving air through 
stored grain to reduce the rate of grain deterioration 
and prevent storage losses. Spoilage in stored grain is 
caused by mold growth and insect activity, which is 
related to the moisture content and temperature of 
the stored grain. Aeration greatly improves the 
"storability" of grain by maintaining a cool, uniform 
temperature throughout the storage to reduce mold 
development and insect activity and to prevent 
moisture migration. 

Temperature differences in a bin of stored grain 
cause moisture to migrate from warmer areas to colder 
areas. Figure 1 shows moisture migration in a bin 
when grain temperature differences are created due to 
colder weather. The warm air rising in the center of 
the bin cools when it reaches the cold grain near the 
surface. This results in moisture condensation near 
the surface and leads to rapid spoilage when the 
weather turns warmer. Crusting on the surface of 
stored grain is a common symptom of moisture migra
tion. Moisture can also migrate to colder grain near 
the bin walls during cold winter weather. It is also 
possible to get moisture migration inward if the out
side temperature is warmer than the grain. This is 
usually not as serious as the moisture migration up
ward and outward during cold winter weather. 

Temperature differences can be caused by changes 
in outside temperature while the grain is being de
livered to the bin. The temperature Of corn delivered 
to storage from a high-temperature dryer will vary 
due to temperature changes throughout the day or 
with weather changes. Aeration is necessary to equal
ize and maintain uniform temperatures throughout 
the storage. 

Effect of Temperature on Storability 
The effect of temperature and moisture content on 

the allowable storage time of shelled corn is given in 
table 1. 

The allowable storage times given in this table are 
based on deterioration of the grain associated with 
0.5 percent dry matter loss. As shown, the deteriora
tion rates depend on grain moisture content and grain 
temperature. Proper aeration maintains grain tempera
tures low enough to minimize grain deterioration. An 
illustration of the importance of proper aeration to 
the cash corn producer is to compare the "storability" 
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Table 1. Maximum storage time in months for shelled corn* 

Corn Corn moisture content 

temperature 13% 14% 15% 16% 17% 18% 

40° F 150 61 29.0 15.0 9.4 6.1 
50 84 34 16.0 8.9 5.3 3.4 
60 47 19 9.2 5.0 3.0 1.9 
70 26 11 5.2 2.8 1.7 1.1 
80 15 6 2.9 1.6 0.9 0.9 

*Based on 0.5% maximum dry matter loss-calculated on the basis of 
USDA research at Iowa State University 

of 15 percent corn at 50° F (16 months) to that of 
15 percent corn at 70° F (5.2 months) and to 14 per
cent moisture corn at 70° F (11 months). These com
parisons indicate the importance of maintaining 
uniformly low temperatures in all sto~ed grain. 

Table 2 shows the moisture content of various 
grains that can be stored in Minnesota for different 
lengths of time with good storage management. 

Table 2. Storage moisture contents for aerated grain 

Wheat 
Shelled corn Soybeans and barley Sunflowers 

Short term* 15.5% 13% 14% 11% 
One year 14 12 13 10 
Long term 13 11 13 9 

*Short term means until the following June. 

These moisture contents may be too high if the grain 
is poorly managed in storage. On the other hand, 
grain can be stored at higher moisture contents with 
exceptionally good management. If you have been 
successfully storing corn at 13 percent, do not 
attempt to increase to 15.5 percent in one step. 
Increase the moisture content to 14 percent and gain 
experience in storage management; then gradually 
work up to the desired level. 

Aeration changes the temperature of stored grain 
in response to seasonal temperature changes and main
tains uniform temperatures throughout the storage. 
Aeration is not a grain drying system and must not be 
considered as such. Some changes in grain moisture 
content occur as a result of aeration. The heat re
moved during cooling results in some drying. Grain 
moisture content will ·be reduced about one-fourth 
percent for each 10° F reduction in temperature. 
Little moisture change results from the drying or 



rewetting capacity of the small amounts of air 
necessary for changing the temperature of the grain. 
However, significant changes in moisture content can 
occur if substantially more air is moved through the 
grain than is required for a temperature change. This 
can happen when high airflows are used for extended 
periods beyond that necessary for changing the grain 
temperature. 

AIRFLOW AND EQUIPMENT 

Since the purpose of aeration is temperature con
trol, the quantity of air required depends on the 
desired rate of temperature change. An airflow rate 
of one-tenth cubic foot of air per minute per bushel 
of grain (0.1 cfm/bu) will change the temperature of 
a bin in 100 to 200 hours of fan operation. The tem
perature change occurs as a cooling or warming front 
moves through the grain and is not complete until the 
front is completely through the bin. 

The fan time required is proportional to the airflow 
rate. An airflow of 0.05 cfm/bu takes twice as long as 
0.1 cfm/bu to change the temperature of a bin. An 
airflow of 0.5 cfm/bu requires only 0.2 the time for a 
temperature change as 0.1 cfm/bu. 

Although stored grain can and is being aerated with 
airflow rates as low as 0.03 to 0.02 cfm/bu in com
mercial storages, a minimum of 0.1 cfm/bu is recom
mended for on-farm grain storages since this level of 
airflow can be easily attained. Higher airflows allow 
the operator to get the job done faster and therefore 
do not require as much attention. In fact, there is an 
increase in the use of higher airflow aeration ( 0.2 to 
0.5 cfm/bu) to help manage stored grain, particularly 
shelled com, at higher moisture contents (15.5 to 18 
percent) for feeding and/or blending. It should be 
remembered that increasing the moisture content of 
stored grain is accompanied by an increase in storage 
risk. However, well-designed aeration systems and 
good management allow the producer to gain the 
advantage of storing at higher moisture contents. 

The operator must gain experience in the time it 
takes to change the temperature in the bin by moni
toring the temperatures during periods of fan opera
tion. Nonuniformity in airflow and uncertainty of 
airflow rates makes this necessary. Inadequate fan 
time is probably the major source of problems when 
aerating stored grain. 

Fan and Equipment Selection for Aeration 
Figure 2 shows a variety of aeration systems. The 

round bins are all shown with the surface of the duct 
flush with the floor. This facilitates ease of unloading 
with underfloor and sweep augers. Properly designed 
above-floor ducts perform as well as flush ducts and 
are commonly used in storages originally constructed 
without aeration. 

Figure 3 shows some possible duct arrangements 
for flat storages, where proper. duct arr~ngemen~ is 
generally more of a problem. Figure 4 gives a guide-
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line for duct spacing which provides good air distribu
tion in flat storages. 

Table 3 contains the static pressures that can be 
used to select fans for aerating wheat and shelled com 
with duct systems. For complete details and a fuller 
understanding of equipment selection, see "Fan and 
Equipment Selection for Natural-Air Drying, Dryera
tion, In-Storage Cooling, and Aeration Systems," 
l\1-166. 

Table 3. Static pressures* (inches of water) for fan selection 

Shelled corn Wheat 
--- ------------ ·-· -----------·------ -----

Grain depth 0.2 cfm/bu 0.1 cfm/bu 0.2 cfm/bu 0.1 cfm/bu 

Up to 20ft 1.0 inches 1.0 inches 2.0 inches 1 .5 inches 
20 to 30 1.5 1.0 4.5 2.5 
30 to 40 2.5 1.5 7.5 4.0 
40 to 50 4.0 2.0 5.5 

*Static pressures are listed in increments of one-half inch with a 
minimum of one inch. 

Proper sizing of the duct flow area and the perfo
rated surface area is necessary for adequate perform
ance. Enough perforated surface should be installed 
to provide one square foot for each 25 cfm. For exam
ple, if a fan is selected to move 1,500 cfm, 60 square 
feet of perforated surface area should be installed 
(1,500 7 25 = 60). The ducts carrying the air should 
have enough cross-sectional area to provide one square 
foot for each 1,500 to 2,000 cfm. For example, the 
same fan moving 1,500 cfm would require a duct 
with one square foot cross section (1,500 7 1,500 = 1). 

AERATION MANAGEMENT 
Proper Temperature Levels for Stored Grain 

The purpose of aeration is to maintain a relation
ship between storage and outside temperatures that 
will minimize moisture migration and keep grain 
temperatures low to minimize deterioration rates 
(consistent with ambient temperatures). 

Figure 5 shows the average monthly temperatures 
at Windom and Hallock, Minn. It might be argued 
that the ideal grain storage temperature would be the 
same as the average outside temperature. However, it 
is not necessary to cool the grain to the minimum 
average monthly temperature occurring in January, 
nor is it necessary to warm the grain to the highest 
average monthly temperature occurring in July. 

Figure 6 shows the temperature levels of stored 
grain that provide a reasonable schedule that can be 
maintained with good aeration management. There 
are four calendar periods on figure 6: 
• Cool-down period from September to December, 
• Winter holding period from December to March, 
• Spring warm-up period from March to June, and 
• Summer holding period from June to September. 

The aeration management schedule is discussed for 
each of these periods. Proper management requires 
the use of these instruments: 



• Thermometers to measure ambient and bin exhaust 
temperatures (One that shows maximum and mini
mum temperatures will provide additional desirable 
information.); 

• Thermometer probe for smaller bins, or tem
perature cables in large bins (20,000 to 25,000 bu 
and up); 

• Moisture tester that has been checked and calibrated 
with a known moisture tester (elevator tester, 
Brown Duvel tester, or oven drying); and 

• Deep-bin probe for taking moisture samples from 
the bin. 

Fan Operation During Cool-Down Periods 
During the cool-down period, the objective is to 

reduce the temperature of the grain below 35° F but 
not lower than 20° F. In southern Minnesota a range 
of 25 to 35° F would be reasonable. In northern 
Minnesota the range could be 20 to 30° F. The fan 
should be operating when the average weather is 
capable of cooling. Since the stored grain has a large 
heat storage capacity, it serves to average the outside 
temperatures during fan operation. If the 24-hour 
average outside temperature is 10° F or more below 
the exhaust temperature, adequate cooling is being 
accomplished. A good guideline to follow is to let the 
fan run continuously night and day when the exhaust 
temperature from the bin is at or above the maximum 
daily temperature. The normal day-night temperature 
variation is about 20° F. When the exhaust tempera
ture from the bin is the same as the maximum daily 
temperature (usually afternoon) the average 24-hour 
temperature will be about 10° F lower and adequate 
cooling is being accomplished. 

A question often raised is the effect of air relative 
humidity on fan operation during aeration. Table 4 
shows the equilibrium moisture content of grain at 
several relative humidities for a 60° F temperature. 

Table 4. Equilibrium moisture content of grain at 60° F 

Relative _!:l_umidity _______ 

50% 60% 70% 80% 

Corn 11.4% 12.9% 14.5% 16.4% 
Wheat 12.3 13.7 15.2 16.9 
Soybenas 8.6 10.5 12.8 15.7 
Sunflowers* 8.0 10.0 12.0 

*Oilseed sunflowers-estimated based on comparative storability 

If the average relative humidity of the ambient air 
during fan operation is at or below the equilibrium 
moisture content of the grain, no moisture can be 
added to the grain. The average 24-hour relative 
humidity during reasonably fair weather is never high 
enough to cause a problem. A day or two of fan 
operation during rainy weather or other high relative 
humidity periods will do no harm if the fan operates 
for a day or two of fair weather following these 
periods. The only thing to avoid is extensive fan oper
ation during rainy, wet weather after the fan has run 
enough to cool the grain to within 5 to 10° F of the 
average outside air temperature. 
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Aeration should be started as soon as grain is 
delivered to the bin. Grain out of a high-temperature 
dryer or grain combined during warm, sunny days 
will always be cooled by immediate fan operation. 
Cooling progress should be checked and the fan run 
enough to cool the grain to within 5 to 10° F of the 
average outside air temperature. Extensive fan opera
tion beyond this (particularly in bad weather) should 
be avoided. The temperature of the grain can be re
duced to the desired level in several steps if necessary. 

The bin should be cooled to 20 to 35° F where it 
will be held during the winter holding period. Be sure 
all parts of the bin are cooled. The top center of the 
bin will be the last to cool with upward airflow and 
the bottom center will be the last to cool with down
ward airflow. 

Fan Operation During the Winter Holding Period 
When the fans are off during the winter holding 

period, they should be covered (with canvas or ply
wood) to prevent the grain near the ducts from getting 
too cold during severe winter weather. Large tempera
ture differences result in condensation in the cold 
grain. Spoiled grain over the aeration ducts or perfo
rated floor is a common problem caused by not 
covering the fan during extended off periods. 

During the winter holding period, the grain should 
be checked weekly and the fan should be run peri
odically for a day or two during good weather when 
the outside temperature is near the temperature of 
the grain. 

Fan Operation During the Spring Warm-Up Period 
Many operators do not warm the stored grain in 

the spring. If the grain is to be moved out by July and 
has not been cooled below 30° F, it does not need to 
be warmed. However, if there is a possibility that the 
grain will be held longer or is colder, it is desirable to 
warm it to 50 to 60° F. This is best done in several 
stages by starting early (end of March, first of April) 
and running the fans in fair weather (night and day) 
when the average 24-hour temperature is 10° F 
warmer than the grain. This means the fan is operating 
continuously when the minimum daily temperature is 
about the same as the bin exhaust temperature. When 
the exhaust temperature increases to the new level, 
wait until the weather warms up another 10° F and 
bring the temperature up another stage. Be sure to 
bring the entire bin up during each stage. If the fan is 
shut off before the entire bin has warmed up, there 
may be some condensation in the area between the 
cooler and warmer parts of the bin. This causes spoil
age if left more than several days. The condensation 
is more severe with larger temperature differences. 

Fan Operation During the Summer Holding Period 
Be sure all the grain is warmed to 50 to 60° F by 

the middle of June. Again, be sure to cover the fan 
when it is off durin~ the holding period. If the grain is 
between 50 and 60 F and the duct or plenum cham
ber is open, there may be condensation in this cooler 



grain during warm, high humidity periods during 
summer. This results in spoilage next to the ducts. 

Check the grain periodically, and run the fan during 
cool, fair weather when the outside temperature is 
close to the grain temperature. 

The top layer of grain warms up due to high tem
peratures bet_ween the grain and bin roof. It is better 
to move the air upward to carry this warm air out of 
the bin rather than draw it downward through the 
rest of the grain. 

Direction of Air Movement 
Aeration can be accomplished by moving the air 

up or down through the grain. The air delivery system 
will move the same amount of air either way. How
ever, there are advantages and disadvantages to each. 
If the operator understands them either direction can 
be used to do a good job. 

The main advantage of moving the air down and 
exhausting it at the bottom is to minimize roof 
condensation when aerating warm grain during cold 
weather. 

The main disadvantage of downward air is the un
certainty of knowing when aeration is complete. The 
grain at the bottom is the most difficult to check. A 
thermometer in the exhaust air, preferrably on the 
suction side of the fan, helps check the progress of 
aeration; however, it will read the average exhaust 
temperature and may not reflect the higher tempera
ture of the air leaving the bottom center. The operator 
must check to see if aeration is complete by probing 
with a thermometer or checking the temperature of 
some grain unloaded through the center hopper. 

The main disadvantage of upward airflow is that 
moisture may condense when warm air hits a cold bin 
roof. This would happen when warm grain is aerated 
during cold weather. The problem can be minimized 
by starting aeration early and reducing the grain 
temperature over a longer period of time. The best 
way to operate fans-regardless of airflow direction
is to change the grain temperatures gradually, in 
several steps. 

Screening, Spreading, Unloading 
Accumulation of fine particles, weed seeds, and 

other foreign material interferes with airflow. Such 
accumulations are prime locations for increased mold 
and insect activity, which result in localized heating 
and grain deterioration. Normally, these accumula
tions are in or near the center of the bin due to separa- • 
tion as the grain flows toward the walls. 

Several good management practices can reduce the 
storage risks incurred through accumulation of foreign 
material. Screening the grain reduces the amount of 
foreign material and greatly improves the storability. 
Screening is a must for long-term storage unless the 
grain is delivered in good, clean condition. 

Spreaders are used to more uniformly distribute 
the foreign material throughout the storage. This helps 
provide more uniform airflow during aeration. How-

ever, there is research evidence to show that distribu
tion of fines throughout the bin increases the resist
ance to airflow, which reduces airflow. 

Another good management practice in bins equip-' 
ped with center unloading hoppers is to unload some 
grain from the center to remove some accumulated 
material. Fill the bin so it is peaked and unload some 
of the grain (300 to 1,000 bu, depending on bin size). 
This removes some of the accumulation and increases 
airflow in the center if enough grain is unloaded to 
allow the center core to fill with clean grain. A better 
way to accomplish this, if possible, is to unload some 
grain periodically as the bin is filled. 

It is impossible to provide a single answer to ques
tions related to screening, spreading, and unloading 
the center. All of these practices improve the ability 

· to manage stored grain. However, the degree of im
provement depends on the amount of foreign material, 
bin size, grain temperature and moisture content, 
spreader performance, and unloading procedures. 
Each operator, based on experience and examination 
of the stored grain, can make reasonable decisions as 
to the risks involved in each case. Based on these con
siderations, the operator can decide which bins are 
the greatest risks and can arrange the unloading 
schedules to best meet the situation. 

Some general guidelines are: 
• Higher moisture grain should be unloaded first. 
• Grain that has been dried in high-temperature 

bin dryers and stored in the same bin should be 
moved first. 

• Grain delivered to bins for long-term storage (more 
than 10 months to one year) should be screened. 

• If spreaders are not used in storage bins, the bins 
should be peaked and the centers unloaded imme
diately following filling. 

• Even though spreaders are used, if the grain being 
delivered to storage contains large amounts of fines, 
weeds seeds, or other foreign material and the grain 
is not screened, the bin should be filled to the peak 
and the centers unloaded. 

• If the grain is fed, the operator should unload some 
grain from all bins before completely unloading one. 

• After all bins are filled, the operator should proper
ly check the condition of each and arrange the 
unloading schedule to best manage the situation. 

EQUIPMENT FOR MONITORING, MANAGEMENT 

To properly manage stored grain the operator must 
be able to obtain samples from the stored grain, deter
mine moisture content, monitor grain temperatures, 
and keep a simple record of both grain and ambient 
temperatures. 

A deep bin probe should be used to obtain samples 
at different locations to determine the moisture con
tent, the level of fine material, and general grain 
conditions. A reasonably accurate moisture tester is 
needed. The operator must know the accuracy of the 
moisture tester under all conditions. Inexpensive elec-
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trical testers can give inaccurate readings under many 
conditions. Readings on freshly dried grain, warm or 
hot grain, and excessively cold grain can be inaccurate. 
The operator can "calibrate" the tester under these 
conditions by checking readings with the local elevator 
or other more accurate testers. 

Thermocouple cables installed in larger bins (20,000 
to 25,000 bu and up) are valuable in monitoring tem
peratures in storage to determine the progress of 
aeration. In bins without cables, thermometer probes 
should be used to check the temperature at different 
locations within the bin. This helps in monitoring the 
progress of the aeration and in locating troublespots. 

A thermometer to measure the exhaust air tem
perature and one to read ambient air temperature is 
necessary for proper fan management. Maximum
minimum thermometers are especially helpful because 
they provide the operator an indication of changes in 
temperature with time. 

This equipment not only helps the operator manage 
the stored grain but provides information on how the 
aeration system works and how stored grain responds 
to treatment. 

Figure 1. Moisture migration in grain stored without aeration 
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This is one publication in a series that evaluates 
alternatives for saving energy, improving grain 
quality, and increasing capacity in corn drying. 
The series provides information p.n how to incor
porate these alternatives in drying systems. The 
publications include: 

M-161 
M-162 

M-163 

M-164 
M-165 

M-166 

Saving Energy in Corn Drying 
Dryeration and In-Storage Cooling 
for Corn Drying 
Combination High-Speed, Natural-Air 
Corn Drying 
Natural-Air Corn Drying 
Management of Stored Grain 
with Aeration 
Fan and Equipment Selection for 
Natural-Air Drying, Dryeration, 
In-Storage Cooling, and Aeration Systems 

Development of these publications was partially 
supported by the Minnesota Energy Agency under 
an Energy Policy and Conservation Act (P. L. 94-
163) grant. The authors are members of the 
Department of Agricultural Engineering at the 
University of Minnesota. 
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Figure 2. Typical grain storage aeration systems 
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Figure 3. Aeration duct arrangements for flat storages 
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Figure 5. Average monthly temperatures at Windom and Hallock, Minn. 
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figure 6. Grain storage aeration periods 
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WARNING: Flowing Grain Is Dangerous 
Never enter a grain bin or other grain storage area while the 

grain is flowing. Flowing grain will exert forces against the 
body great enough to pull the average size person under the 
grain in only a few seconds leading to death by suffocation. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914, in cooperation with the 
U.S. Department of Agriculture. Norman A. Brown, Director of Agricultural Extension Service, University of Minnesota, St. Paul, Minnesota 55108. 
The University of Minnesota, including the Agricultural Extension Service, is committed to the policy that all persons shall have equal access to its 
programs, facilities, and employment without regard to race, creed, color, sex, national origin, or handicap. 20 cents 
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BIOMASS AS AN ALTERNATIVE FUEL FOR CORN DRYING 

by 

R. Vance Morey 

Agricultural Engineering Department 

It is estimated that in 1978 approximately 40 million gallons of pro
pane were used to dry corn in Minnesota. The total on-farm use of propane 
(excluding residential heating) in 1978 in Minnesota was approxi~ately 
70 million gallons. Thus, grain drying requires a substantial amount of 
the total propane used on farms. In fact, since little fuel oil or natural 
gas is used by farmers, grain drying represents a significant portion of 
the total on-farm fuel use for heating applications. 

Propane has been the preferred fuel for grain drying because it burns 
cleanly and, therefore, can be used in direct firing. The equipment re4uired 
to burn this fuel has been relatively simple and low cost which has been 
important since grain drying facilities are usually used no more than three 
to four weeks each year. However, recent increases in the price of propane 
have generated interest in using crop residues as an energy source for grain 
drying. Crop residues are plentiful; however, suitable equipment and systems 
for collection, transportation, processing and combustion must be developed 
if this resource is to be effectively and economically utilized. 

A promising approach for drying corn is to burn the corncobs to provide 
heat energy. Table 1 shows important relationships between grain and cob 
moisture, and the amount of corn cobs required to dry the grain. Column 2 
indicates the average moisture content of the cobs corresponding to the 
grain moisture contents in column 1. The cobs are wetter than the grain and 
require some drying in most cases before they can be burned. Column 3 
shows the percentage of the cobs required to dry the grain at each moisture 
content. This percentage is based on the heat content of the corn cobs, 
ener~y to dry the grain to 15 percent moisture and energy to dry the cobs 
so that they can be burned. Even at grain r.toisture contents of 35 per-
cent, there is enough energy in the cobs to dry both the grain and the cobs. 
Colur.tn 4 indicates the percentage increase in weight that must be handled 
compared to the wet weight of the grain alone. If it is assumed that hauling 
vehicles are weight limited, this number provides an indication of the 
percentage increase in trips required to haul the cob material. 
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Table 1. Dr~ing Eotential of coos. 

Moist. Cont. rercent 
Percent Co~s Extra 

Corn Cobs Required .! Weigh2/ 

20% 35% 15% 3% 

25% 45% 33% 8% 

30% 53% 57% 15% 

35% 56% an 23% 

1/ 
- Includes both energy to dry grain and 

energy to dry cobs to a moisture 
where they can be burned. 

'.!:_/Extra weight that must be transported 
compared to wet shelled corn to bring 
cob materials to dryer. 

A Potential System 

A total system for cob collection, transportation, drying and combus
tion is required if this application is to be successful. A potential 
system is shown schematically in Figure 1. A mixture of corn and corncobs 
are obtained from the combine. This is done by decreasing the concave 
clearance so that the corncobs are broken up and pass through to the sieves. 
The bottom sieve is removed and the top sieve is opened up to let the 
mixture of broken cobs and shelled corn pass through. Most of the husk and 
leaf materials in the mixture are removed at this point. The cobs and grain 
are elevated to the combine grain tank and then transported as a mixture to 
the drying facility to eliminate the need for an additional hauling vehicle. 

At the dryer two approaches are possible. One is to dry the mixture 
of cobs and corn in the grain dryer and then separate the mixture with the 
corn going to storage and the cobs to the burner to provide heat for drying. 
The other approach is to separate the mixture before drying with the corn 
going to the grain dryer and the cobs to a cob dryer and then to the burner 
to provide heat for drying. 

The above concepts are being evaluated at the University of Minnesota 
Rosemount Experiment Station. A diagram of the layout is shown in Figure 2. 
A continuous flow dryer (approximately 125 bu/hr at 10 points removal) is 
used to dry the grain. The cob storage bin can also function as a continuous 
flow cob dryer. The heat source for the cob dryer is exhaust air from the 
bottom of the grain dryer. A rotary screener is used to separate cobs and 
grain. Separated cobs are sent through a burr mill for further size reduc
tion before being sent to the coa storage bin. The system is set up so 
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that both of the alternatives for drying the mixture discussed above can 
be evaluated. Grain and mixtures of grain and cobs are handled with six-inch 
augers. Cobs alone are transferred with a chain-flight conveyor or with a 
four-inch diameter auger. 

The combustor is a two-stage downdraft device with a heat output of 
1.5 to 2.5 million Btu/hr (Figure 3). Primary air flows downward through 
the fuel bed (thus the name downdraft) which is supported on a grate. 
Primary air is limited to control the rate of decomposition (gasification) 
of the fuel, and therefore, heat output. The gases produced in this stage 
pass into a secondary combustion zone where additional air (secondary) is 
added to complete combustion. The purposes of the two stage approach are 
to burn cleanly and to easily control heat output. The exhaust gases are 
mixed with ambient air to provide air temperatures suitable for drying. 

The results obtained during the Fall 1982 harvest season were encour
aging. The combine worked well in producing a mixture of shelled corn and 
cobs that contained little husk, ieaf or stalk material. The grain moisture 
contents at harvest were from 25 to 35 percent with much of it above 
30 percent. 

The augers worked well in handling the mixture of shelled corn and 
cobs. The rotary screener also performed satisfactorily in separating the 
cobs from the grain. 

The combustor provided exhaust gases with no apparent odor or smoke. 
The clean exhaust gases indicate that complete combustion is taking place 
leading to high efficiency of conversion of the fuel to heat. The gases 
were mixed with ambient air to provide a temperature of approximately 220°F 
for drying the corn. The corn from the dryer did not appear to be adversely 
affected by this mixture of exhaust gases and ambient air. 

A number of tests were run where 'the mixture of grain and cobs was 
separated first then dried. The grain dryer worked well. We found that 
there was not enough drying capacity in the exhaust from the bottom section 
of grain dryer to dry the wet cobs in the cob dryer to a low enough moisture 
content for combustion. A propane burner was used to add heat to the air to 
speed up drying of the cobs. The amount of propane used was only 10 to 15 
percent of the amount that would have been required to dry the corn. Modifi~ 

cations planned for next year will make it possible to obtain all the energy 
for drying the cobs from the combustor, thus eliminating any propane input. 

We were not able to successfully dry the mixture of shelled corn and 
cobs. Although the combustor burned without visible smoke, there were 
enough hot particles (sparks) in this exhaust to cause fires in the cobs 
when drying the grain-cob mixture. The problems with fires only occurred 
when drying the mixture, not when drying shelled corn alone. Another factor 
contributing to the problems of of fires when drying the mixture is that the 
cobs tend to segregate from the grain each time the mixture is dumped into a 
bin or dryer. This leads to a buildup of cobs in some sections of the dryer 
which increases the fire hazzard. 
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At this stage our results indicate that separation of the cobs and 
grain before drying is a workable system. Although there are problems in 
drying the mixture we plan to incorporate modifications next year in an 
attempt to make this option workable also. 

Economics 

Although the cobs currently have little economic value in the field, 
substantial investment in equipment to collect, process and burn them is 
required. The cost of this equipment must be compensated by a savings in 
propane fuel costs. A typical high-airflow column type batch or continuous 
flow dryer removing 10 percentage points of moisture (25 1/2 percent to 
15 1/2 percent) with in-dryer cooling requires approximately 0.2 gallons of 
propane per bushel dried. Energy use is usually less than this for drying 
systems using energy conservation measures such as exhaust air recirculation, 
dryeration or in-storage cooling. If propane costs are 60 to 75¢ per 
gallon, then the cost to provide heat energy to a conventional dryer not 
using energy conservation measures is approximately 12 to 15¢ per bushel 
drying from 25 1/2 to 15 1/2 percent. If, for example, 50,000 bushels of 
corn are dried per year, total propane savings of $6000 to $7500 per year 
are available to apply towards investment costs for equipment and additional 
labor required to handle the cobs and operate the dryer. 

At this point it is not clear whether the application can be made 
economically feasible because performance requirements and costs of equip
ment components are not fully known. However, the potential for fuel 
savings in both Btu's and dollars indicates to us that this is an alternative 
which merits continued study and development. 
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Figure 1. Schematic diagram of corncob fueled drying system. 
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WEED CONTROL IN CORN 

Gerald R. Miller* 

The importance of controlling weeds to prevent yield losses of corn and to 
produce sufficient yields for an economic return is universally recognized 
by agricultural scientists and corn producers. Losses because of weeds 
occur in the form of reduced yields, increased tillage requirements, added 
insect and disease problems, inefficient use of water and nutrients, in
creased harvest costs, and poor quality corn. Because of these severe 
effects of weeds, corn producers must define their weed problems and plan 
effective weed management systems that will make it possible to produce 
corn efficiently and profitably. 

The corn yield effects of weeds have been measured in numerous field exper
iments. When unweeded, corn yield losses were 41% and 86% respectively, 
in Minnesota and Illinois (2). Table 1 compares yields from six field 
trials in Minnesota in which weeds were not controlled, completely removed 
by hand-weeding, or controlled with atrazine (10). These experiments 
showed no benefits from cultivation other than weed control. Weed control 
by cultivation alone resulted in an 11% yield loss. 

Table 1. Corn yields using several weed control practices. Minnesota. 
Average of six trials. 

Corn yields (bu/A) 

Treatment Cultivated Uncultivated 

Weed-free 91 92 
Weedy 81 54 
Atrazine - 3 lb/A 91 90 

Generally weed control by cultivation alone reduces corn yield losses from 
weeds to about 15-25% of the potential yield. The combination of mechanical 
and chemical methods used by United States farmers in 1975 reduced corn 
yield losses to about 11% of the potential yield (2). 

In Minnesota field trials, Table 2, corn yield was highest where weeds 
were completely removed by cultivation and handweeding, yields were 7% 
lower where cultivation and herbicides were used and 30% lower where culti
vation was used (10). 

The severity of weed competition effects on corn yields is related to weed 
species, density of the weed and corn population, adequacy of water and 
nutrient supply, period of competition and time of emergence of the weeds 

-------·-------
* Professor and Extension Agronomist, Department of Agronomy and Plant 

Genetics, Agricultural Extension Service, University of Minnesota, 
St. Paul, Minnesota, USA 55108. 
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Table 2. Corn yield as affected by herbicides and cultivation. 

Cultivation only 2 
Cultivation and herbicides_/ 
Cultivation and handweeding 

Corn yield, bu/All 
82 

110 
118 

~Average of 5 years, 3 locations, 3-4 replications each. 
- Average of 19 herbicide treatments. 

relative to the crop. Experiments by Knake, et al. show the severe yield 
effects of various densities of giant foxtail (Setaria faberii) and smooth 
pigweed (Amaranthus hybridus) on corn yields (5, 6, 7, 8, 11). Results 
of these trials are shown in Tables 3, 4 and 5. 

Table 3. Effect of various stands of giant foxtail (Setaria faberii) on 
corn yields. Illinois. 3 year average. Knake, et al. 

Foxtail spacing in row -
weeds per foot 

Weed-free 
l/2 plants per foot 
1 plant per foot 
3 plants per foot 
6 plants per foot 
12 plants per foot 
54 plants per foot 

Corn yield 
bu/A 

94 
90 
86 
85 
82 
78 
71 

Percent yield 
reduction 

4 
8 

10 
13 
17 
24 

Table 4. Effect of various stands of smooth pigweed (Amaranthus hybridus) 
on corn yields. Illinois. 3 year average. Moolani, Knake, et al. 

Pigweed spacing in row -
inches between weeds 

Weed-free 
40 inches 
20 inches 
10 inches 
5 inches 
1 inch 

Corn yield 
bu/A 

98 
94 
87 
83 
72 
62 

Percent yield 
reduction 

4 
11 
15 
27 
37 

Table 5. Yields of corn as affected by giant foxtail (Setaria faberii) 
seeded at various times. Illinois. 3 years. Knake and Slife. 

Time foxtail seeded 
after crop planted 

Same day 
3 weeks 
6 weeks 
9 weeks 
12 weeks 
Weed-free 

99 

Corn yield 
bu/A 
115 
131 
132 
130 
132 
132 

Foxtail dry matter 
1 b/A 

1800 
500 
210 
80 
30 
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Giant foxtail seeded 3 weeks or more after corn and in a band over the 
crop row did not affect yield; however some foxtail plants did grow from 
the later planting dates and produced seed. In other experiments, when 
weed-free corn yielded 144 bu/A, giant foxtail depressed yield 1, 2, 5, 
7, and 18 bu/A when removed at heights of 3, 6, 9, or 12 inches, and at 
maturity (8). Yield was not reduced significantly until foxtail reached 
a height over 6 inches. In New Jersey experiments on sandy soils, Li (9) 
identified the first 2 or 3 weeks after corn and weed emergence as a cri
tical period of competition that significantly reduced corn yield even 
if the corn was maintained weed-free the remainder of the season. During 
the first 2 or 3 weeks, weeds produced 15 to 18% of their total growth 
while corn produced only 2 to 3% of its growth. Li observed a 15 to 22% 
corn yield reduction as a result of weed competition for 3 to 5 weeks. 

Corn-weed competition 

The corn yield losses due to weeds occur when the competition deprives 
cornofadequate supplies of water, nutrients and light for maximum growth 
and development. 

Water is frequently a limiting factor for corn growth. Weeds often compete 
for available water at critical periods of development of the corn plant. 
The amount of water used to produce a pound of dry matter has been calcu
lated for several weed species. Examples are 305 lb for pigweed (Amaranthus 
spp.), 658 for common lambsquarters (Chenopodium album), 912 for ragweed 
(Ambrosia spp.) and 415 for common cocklebur (Xanthium pennsylvanicum). 
Weed growth of only 500 pounds of dry matter per acre, an amount often pre
sent in cultivated fields, would use water equal to more than one acre-inch 
(3). Under dry conditions, the water saved by controlling weeds may mean 
the difference between success and failure in the production of a corn 
crop. 

Plant nutrient supply is often a limiting factor in corn growth. Weeds 
compete for nutrients and reduce the amount available to the corn crop. 
Many common weeds accumulate greater concentrations of nutrients than 
does corn. For example, redroot pigweed (Amaranthus retroflexus) and 
common lambsquarters (Chenopodium album) contain twice as much nitrogen 
and phosphorus, and three tlmes as· mucn potassium per pound of dry matter 
as is found in corn (13). A moderate infestation of common lambsquarters, 
50 lb/A, accumulates enough nutrients to produce about eight bushels of 
corn (3). 

Competition for light is probably not a major limiting factor in corn growth 
in most fields since corn is a relatively tall growing plant. However, 
there are tall growing weed species which may shade the corn sufficiently 
to affect yields. Even lower growing weeds may compete for light during 
the seedling development of corn. The specific yield losses in corn due 
to competition for light have not been determined, but in some fields 
shading of corn by tall weeds is certain to be a significant factor. 
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Nature of weed populations 

Both annual and perennial weed species are important competitors in corn. 
The annual life cycle of corn and the cultural practices associated with 
growing the crop favor the persistence of annual weeds. However, several 
perennial weed species also occur as major problems in corn fields. Both 
broad-leaved and grassy types are among the most serious weeds. This great 
diversity in the types of weeds found in corn adds to the control problem. 

Although more consistent control of weeds is resulting from use of modern 
control practices, weeds are not being eradicated from our farms. The 
millions of weed seeds and vegetative propagules in the soil perpetuate 
weed infestations. The few weeds that survive our best control practices 
produce enough seeds to maintain the supply in the soil. 

There is increasing evidence that growing the same crop for several years 
and using the same herbicide repeatedly can result in shifts in weed popula
tions and a build-up of tolerant weed species or strains of weeds. Panicum 
and crabgrass (Diaitaria) species have increased to major grass problems in 
corn in the Unite States where atrazine has been used repeatedly on continuous 
corn fields. Earlier, the widespread use of 2,4-D in corn controlled broad
leaved weeds, but left the fields open to the rapid increase of Setaria 
species. Strains of pigweed (Amaranthus) and lambsquarters (Chenopodium) 
with tolerance to atrazine have been identified in the United States and 
Canada. Atrazine resistant types of common lambsquarterswereconfined in 
a Minnesota corn field in 1982. Atrazine had been used continuously in 
this field for over 10 years. Slife and Wax (1, 12) studied the effects on 
weed populations of various cropping sequences and use of the same or differ
ent herbicides over a six-year period. From this research it was apparent 
that: 

1) Cultivation alone resulted in more weed growth every year and a build-up 
in weed seeds at the end of six years. 

2) Growing the same crop every year helped to control certa.in weed species 
but resulted in an increase in those species which thrive under the same 
cultural practices as corn. 

3) Using the same herbicide every year controlled both grassy and broad
leaved weeds at the start, but in the fourth year weedy grasses became 
a problem and increased in severity in the fifth and sixth years. 

4) The best weed control over the six years was obtained with several 
different herbicides so that no weed types could increase. Over the 
six year period the use of different herbicides plus one cultivation 
increased net profit of a corn-corn-soybean system by 63 percent over 
three cultivations without an herbicide. 

Three grass species that are persisting and spreading in Minnesota and 
neighboring states are wild proso millet (Panicum miliaceum), woolly cup
grass (Eriochloa villosa) and almumgrass (Sorghum almum). Further spread 
of these species could be prevented by proper identification and selection 
of appropriate control practices. 

Wild proso millet 

Wild proso millet spread rapidly through about one-third of Minnesota during 
the 1970's. It is an annual grass that closely resembles tame proso millet 
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except that it is generally taller, shatters its seed and has darker seed. 
The most characteristic features that aid in identification are hairy leaf 
sheaths, hairs along the leaf margins, ligule which is a fringe of hairs, 
inflorescence which is a branching open panicle, 2- to 6-foot height and 
shiny olive brown to black seeds. The seeds germinate from depths of 2 or 
more inches and for an extended period through the sp.ring and summer gener
ally after soil temperatures are above 50° F. 

Chemicals usually give only partial control of wild proso millet and con
trol for only the early part of the growing season. Crop selection and cul
tural practices are important considerations in fields with wild proso mil
let. The grass has spread rapidly in seed corn production fields, sweet 
corn fields and in fields where only atrazine has been used repeatedly. 
Alfalfa, early seeded spring small grains and early-seeded, close-drilled 
peas have competed with wild proso millet. 

In corn, EPTC (Eradicane) has been the most effective chemical for con
trolling wild proso millet. However, EPTC appears to be less effective 
against wild proso millet if ft is used repeatedly compared to the first 
time it is used in a field. A new formulation of EPTC (Eradicane Extra) 
with an added chemical that reduces the rate of breakdown has improved 
the effectiveness of .EPTC on wild proso millet. Butylate (Sutan+), alach-
lor (Lasso), metolachlor (Dual) and cyanazine (Bladex) in combination with 
one of the other chemicals have given acceptable control in corn when supple
mented with cultivation. In soybeans, preplanting applications of trifluralin 
(Treflan), profluralin (Tolban), fluchloralin (Basalin), pendimethalin (Prowl), 
or vernolate (Vernam) followed by preemergence·applications of alachlor 
(Lasso), metolachlor (Dual) or chloramben (Amiben) have given fair to good 
control of wild proso millet. Early planting, narrow rows and timely culti
vations help to provide adequate control. 

Woolly cupgrass 

Woolly cupgrass is a tall annual grass which tends to be quite resistant 
to atrazine, and first occurred as a weed problem in Minnesota in corn 
fields where it was not being controlled with atrazine. Localized infes
tations are observed now in our 25 Minnesota counties and have reported in 
Illinois, Iowa ·and Wisconsin. 

Woolly cupgrass can be identified by the following characteristics: wide 
leaf blade, dark green color, liqule which is a fringe of hairs, and a 
dense covering of very fine hairs on the .leaves which gives the plant a 
velvety feel. The leaf blade edges are rough and one margin tends to be 
wrinkled. The seed of woolly cupgrass is larger than that of most common 
grasses and there is a collar and cuplike depression formed at the base 
of the seed. The inflorescence is very hairy, thus the name woolly. The 
inflorescence has branches on one side of the central axis and seeds in two 
rows along one side of the branches. 

Herbicide trials in corn indicate that woolly cupgrass can be controlled with 
preemergence applications of alachlor (Lasso), metolachlor (Dual), propachlor 
(Ramrod, Bexton) or pendimethalin (Prowl) or a preplanting application of 
EPTC (Eradicane). Butylate (Sutan+) applied preplanting or cyanazine applied 
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preemergence or early postemergence was less effective but both chemicals 
gave fair to good control. Cultivation is usually needed to maintain ade
quate control of woolly cupgrass. 

Almumgrass 

Almumgrass, a natural hybrid between sorghum and johnsongrass, was intro
duced into Minnesota in 1958 as an annual forage grass. It has persisted 
as a perennial in some protected areas along field borders, but it generally 
grows annually from seed in cultivated fields. It has been identified as 
a persisting weed problem in several fields in each of six counties in 
Minnesota. Wisconsin also has reported the problem. 

Almumgrass is similar to johnsongrass in its characteristics except that 
it has short, upturned rhizomes. The seeds are not distinguishable from 
johnsongrass seeds. Almumgrass persists as an annual farther north than 
johnsongrass. The leaves of almumgrass are wide and smooth and the ligule 
is membranous. The head is a branched, open panicle similar to johnsongrass. 

Most herbicides used in corn and soybeans do not control almumgrass. It is 
resistant to normal rates of atrazine. Preplanting incorporated applica
tions of EPTC (Eradicane), butylate (Sutan+), alachlor (Lasso) and meto
lachlor (Dual) at the highest labeled rates have been effective in con
trolling the grass. 

Weed control methods 

The introduction of 2,4-D revolutionized corn weed control. Up to that 
time weed control in corn was accomplished by a combination of mechanical 
and cultural practices and handweeding. Cultivation, tillage, and crop 
rotation are still important weed control practices on most farms. But the 
development of preemergence herbicides in the 1950's and subsequent improve
ments in chemicals and methods of application have made the use of herbi
cides the primary means of weed control in corn. 

There is a trend in corn production toward reduced or no tillage. Most 
farmers in areas of finer textured soils are still using some tillage for 
seedbed preparation and weed control. Tillage is' of value in destroying 
topgrowth of weeds and disrupting the roots and rhizomes of biennial and 
perennial weeds. Tillage just prior to planting corn controls emerged 
annual weeds and delays weed seed emergence so that the weeds do not be
come established prior to corn emergence. Reduced tillage systems often 
require an increase in herbicide use, but there is a savings in fossil 
fuel required for tillage and in labor and machinery costs. 

Row cultivation of corn is still widely practiced but, with the use of 
herbicides, the number of cultivations is reduced considerably. Many corn 
fields are cultivated only once and some are not cultivated at all. When 
soil applied herbicides are ineffective, lose their effectiveness later in 
the season, or are applied in bands along the row, cultivation is used to 
complete the weed control job. It has been demonstrated that in porous, 
well aerated soils, there is no benefit from cultivation other than weed 
control. On certain soils that become hard and crusted, cultivation may 
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improve soil aeration and increase water uptake (4). The tractor-mounted 
row cultivator is the primary implement now in use for weed control in corn. 
Spike-toothed and flexible-tined harrows and rotary hoes are commonly used 
by corn growers. These implements work best if used just after weed seeds 
have germinated and are just beginning to emerge. At this time the corn 
has a deep enough root system that it is not dislodged, but the shallow
rooted annual weed seedlings are easily uprooted. Harrowing and rotary 
hoeing may be done until corn has three to four leaves. 

Use of herbicides 

Herbicides may be applied preplanting: before corn is planted; preemergence: 
after corn is planted but before corn or weeds emerge; or postemergence: 
after weeds and corn emerge. The desired method of application is influenced 
by the chemical properties of the herbicide, the interaction of the herbi
cide and soil, the kinds of weeds being controlled, rainfall/soil moisture 
conditions and crop tolerance. 

Preplanting applications are usually broadcast on the soil before planting 
and incorporated 1 to 3 inches into the soil with tillage implements used 
in preparing the seedbed. Advantages of incorporating herbicides include: 
1) reduced loss of chemicals that volatilize or are degraded by light, 
2) better effectiveness when rainfall is inadequate for activating preemer
gence treatments, and 3) improved control of large-seeded annual or perennial 
weeds that emerge from deeper in the soil. Soil incorporation is essential 
to minimize losses of highly volatile chemicals such as butylate and EPTC, 
but, for annual weed control, incorporation is optional for chemicals such 
as alachlor, atrazine, cyanazine, metolachlor and simazine. These chemicals 
may be more effective on perennial weeds or where rainfall is limited if 
they are incorporated. Because of limited corn tolerance, incorporation of 
pendimethalin is not recommended. The major disadvantage of incorporation 
is that additional tillage may be required to incorporate the herbicide. 

Proper depth of incorporation and even distribution of the chemical in the 
soil are important. Most of the annual weeds will germinate in the upper 1 
to 2 inches of soil so this is where the herbicide should be placed. Most 
tillage implements like the tandem disk, harrow, or field cultivator incor
porate the herbicide to one-half the depth the implement penetrates the soil. 
Disking or field cultivating twice is usually necessary to get uniform 
distribution of the chemical. However, for those chemicals that have an 
optional incorporation requirement and only shallow incorporation is desired, 
one time over the field may be adequate. Various modifications and combi
nations of the disk, field cultivator, harrow and rotary hoe are used 
satisfactorily to incorporate chemicals. The effectiveness of the imple
ments is determined by the physical condition and moisture content of the 
soil as well as by the depth and speed of operation of the implement. 

Preemergence applications may be made at planting time with attachments on 
the planters or immediately after planting as a separate operation. The 
herbicide may be broadcast or applied in bands along the row. Herbicides 
applied to the soil surface are dependent on rainfall to move the chemical 
into soil where the weed seeds are germinating. The timing and amount of 
rainfall can greatly modify the effectiveness of the herbicide. Too 
little rain or a delay in rain until after weed emergence may result in 
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poor control. Excessive rainfall may leach the herbicide out of the surface 
layer of soil where weeds are germinating resulting in poor control. Corn 
injury may result also if the herbicide accumulates near the germinating 
seed. Leaching of the chemical is usually a problem only for the more 
soluble chemicals on coarse textured soils. If soil applied herbicides do 
not give satisfactory weed control, it is important to use supplementary 
control practices such as harrowing, rotary hoeing, cultivating or apply
ing early postemergence herbicides right after weeds have emerged. 

Postemergence herbicide treatments may be made over the top of the corn, 
below the top of the corn using drop-nozzles, or directed with special 
equipment to the base of the corn stalk. Treatments are most effective 
if applied when the weeds and corn are small. Later applications may be 
necessary in emergency situations or for control of certain perennial weeds, 
but they should not be used as the primary method of weed control because 
of the yield losses that will have already occurred from earlier compe
tition and the potential of corn injury by the herbicides. 

Soil and weather effects on herbicides 

Herbicide activity is influenced by several soil and weather factors. Most 
soils adsorb part of the herbicide so that it is not available for uptake 
by plants. The amount of chemical adsorbed depends on the chemistry of 
the herbicide, the amount of clay and organic matter in the soil, and for 
some herbicides, the acidity of the soil. Soils with high clay and high 
organic matter adsorb greater amounts of herbicides. The triazine herbi
cides are adsorbed more on acid than on alkaline soil. Higher rates of 
most herbicides are required on soils with higher adsorptive capacity. 
For the more soluble herbicides, organic matter and clay in the soil may 
improve weed control by retarding the rate of leaching, thereby resulting 
in the herbicide being retained in phytotoxic concentrations in the area 
of germinating weed seeds for a longer period of time. 

Soil characteristics also influence the rate of decomposition of herbicides 
in the soil and thus the amount of herbicide residues that remain in the 
soil the following year. The microbiological activity and adsorptive capa
city of a soil determine the rate of disappearance of many herbicides. The 
microbiological deactivation of herbicides is more rapid in a warm, moist 
soil that is high in organic matter. The potential for carryover effects 
of persistent herbicides on crops grown in subsequent years is an important 
consideration in selecting herbicides. 

The importance of rainfall to activate soil-applied herbicides was discussed 
previously. Rain and dew can also enhance or reduce the activity of post
emergence-applied herbicides. Understanding these effects can help us 
utilize weather information to improve the odds for getting consistent weed 
control and less corn injury from postemergence treatments. Rains occurring 
within a few hours after application may wash the chemical from the leaves 
of weeds before it is absorbed, thus reducing the effectiveness of the spray. 
Or, for chemicals like atrazine and cyanazine that are taken up by leaves 
and roots, rains may increase the activity by enhancing root uptake from the 
soil in addition to foliar uptake. This increased activity usually improves 
weed control, but corn injury also has resulted, especially with cyanazine. 
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Dr. Richard Behrens, University of Minnesota weed scientist, has found 
that the effect of dew on postemergence herbicides varies according to 
the specific herbicide, its formulation and the weed species involved. 
One group of herbicides that included atrazine and cyanazine showed better 
weed control when dew was present at the time of herbicide application or 
if dew formed on the weeds soon after herbicide application than if weeds 
were dry. A second group - bentazon, dicamba, glyphosate and 2,4-D amine 
showed reduced effectiveness from dew. A third group that included 2,4-D 
ester showed little change in effectiveness from dew deposits made either 
before or after herbicide application. Depending on the herbicide and for
mulation being used, applicators could improve performance of postemergence 
herbicides by timing the applications according to dew conditions. 

Effectiveness of herbicides on weed species 

Table 1 in extension folder 641, Weed Control in Corn, indicates the toler
ance of corn to herbicides used in corn in Minnesota and the relative 
effectiveness and reliability of these herbicides in controlling common 
weeds. This is a general comparative control rating based on field re
search over several locations and years. Under unfavorable conditions any 
of the herbicides may give unsatisfactory results and supplementary culti
vation or additional chemical treatments will be required to attain satis
factory weed control. Under favorable conditions control may be better 
than indicated. Specific information on the performance of herbicides on 
weed species under local soil and climate conditions is an important aid 
in selecting appropriate herbicides for specific weed problems. 

Herbicide mixtures are commonly used to overcome limitations of single 
chemicals. Compared to single chemicals, certain mixtures may 1) control 
more kinds of weeds, 2) give more consistent performance with different 
soils and weather conditions, 3) lessen soil residue problems, 4) increase 
persistence enough to give full season weed control, or 5) reduce crop in
jury. The objective of using mixtures is to exploit the good features 
and reduce the faults of each chemical by adjusting rates and picking com
plementary combinations. 

Integrated weed management systems 

In this paper, we have discussed the importance of effective weed control, 
various control practices, herbicides and several factors that influence 
the effectiveness of herbicides. From a practical perspective, weed con
trol should be a well-planned system that integrates several control prac
tices. These multiple control practices may include crop rotation, til
lage, cultural practices, cultivation and judicious use of herbicides. 
Reasonable selection of an herbicide or a combination of herbicides and rates 
of application must be based on individual field information including soil 
texture, organic matter content, pH, crop rotation and weed species in the 
field. Weeds should be properly identified and located on weed maps of each 
field. Problem weeds that occur in patches can receive special treatments 
that may not be needed in the remainder of the field. One should be alert 
for new weed species or shifts in weed populations that may require a change 
in herbicide or crop management. This systematic approach to weed management 
can improve the control of weeds, avoid buildup of weed problems, reduce 
costs of weed control and increase profits from corn production. 
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Reduc i 1'!.9_ herbicide CQS ts 

Many farmers can reduce the cost of their weed control program and still 
maintain effective weed control. Precision tailoring of weed control 
practices to specific field situations requires some management. But, with 
the tight money situation, the dollars saved can be very helpful. Here are 
some suggestions for maintaining an effective but more economical weed con
trol program. 

1. Don't cut corners on weed control. Despite r1s1ng herbicide and fuel 
costs, your investment may be returned several times through reduced 
crop losses due to weeds. In University of Minnesota trials over 5 years 
at 3 locations, use of chemicals plus cultivation compared to cultivation 
alone increased corn yields 28 bushels per acre and soybean yields 8 bushels 
per acre. In addition, without the use of herbicides, there is consider
able risk of losing a crop completely or having yields reduced below 
economic production levels due to heavy weed growth in rainy weather 
when fields are too wet to cultivate. 

2. Properly identify the weeds in your field and select herbicides for those 
specific weeds rather than using a general "shotgun" approach. 

3. Map the weed locations in the field. Often it is possible to treat only 
parts of a field rather than the entire field. Perennial weeds like 
Canada thistle, quackgrass and nutsedge which are expensive to control 
usually occur in patches. Scattered clumps and individual weeds can 
be spot treated or cut. For scattered weeds, hand cutting at $4 to $8 
per acre is cheaper than many herbicide applications. 

4. Include soils information - texture, organic matter content and pH - on 
the map. Use labeled rates of chemicals for your specific soil situation. 
Do not exceed recommended rates for a given soil condition. Excessive 
rates not only add to costs but may also result in crop injury. Consid
erable savings may be accomplished by adjusting rates to different soils 
in the field instead of treating the whole field uniformly. Cutting 
rates below recommended levels could result in poor weed control. 

5. Chemical mixtures usually cost more than single herbicides. Use mixtures 
only if they are needed to control more kinds of weeds or to improve 
weed control over varying soil conditions. In some fields, one herbicide 
may be sufficient. 

6. Buying the "cheapest" herbicide may be more expensive in the long run. 
Select an herbicide that, based on performance information, will control 
the weeds on your kinds of soils without risking crop injury or carryover 
problems. 

7. Compare prices of different formulations and brands on the basis of 
cost per pound of active herbicide. Although some of the new formula
tions may be easier to handle, weed control is essentially the same for 
the same herbicide. Reconsider some of the older herbicides such as 
2,4-D and atrazine which are available from several manufacturers and, 
therefore, competitively priced. 

8. Tank mixing herbicides is usually less costly than buying prepackaged 
mixtures, but there are exceptions. Compare the cost per pound of ac
tive ingredient. In addition, tank mixing allows you to adjust rates 
to your specific conditions. 

9. Don't waste money on additives that are not needed. Most formulations ~ 
contain the needed additives. Check the herbicide level to see if you ~ 
need to use a surfactant or oil. 
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10. Band applications of overlay preemergence or postemergence herbicides 
may be adequate for annual weeds and will cut the cost by one-half to 
two-thirds. With ridge-planting systems, band application may be ade
quate since the ridging operation kills weeds in the middles and covers 
weeds in the row. 

11. Once-over with a harrow, rotary hoe or cultivator may do the job and be 
cheaper than another chemical treatment. 

12. Apply postemergence chemicals when weeds are most susceptible - while 
the weeds are small -and before yields are reduced. Yield returns are 
much better from early weed control. Weeds left more than 3 to 5 weeks 
after emergence usually reduce yields even if they are controlled the 
remainder of the season. 

13. Incorporate soil applied chemicals only where it is essential for as
suring performance of the chemical. Some chemicals must be incorporated, 
others offer the option of incorporation or surface application. In
creased fuel costs have made additional tillage operations more expen
sive. If dry weather results in poor early weed control, harrowing 
or rotary hoeing after the crop and weeds are just emerged is cheaper 
than incorporation tillage operations before planting. 

14. A light tillage operation just ahead of the planter, possibly in a tan
dem hookup, will kill weeds that have germinated, thus reducing the 
weed pressure and improving herbicide performance. Some herbicides 
work on germinating seeds but they do not kill weeds that have already 
germinated. 

15. If possible, avoid extra trips over the field by applying herbicides 
and fertilizers together or by using multiple hitches to apply chemicals, 
till and plant at the same time. 

16. Consider rotating crops to gain the advantage of more competition with 
weeds or to permit use of cheaper herbicides. For example, in the 
thistle infested fields, 2,4-D and dicamba can be used in small grains 
or corn more economically than bentazon in soybeans. In fields with 
Jerusalem artichoke, early seeded wheat effectively suppresses the 
artichoke. 
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Weed Control in Corn 
Gerald R. Miller, Extension Agronomist 
Richard Behrens, Professor, Agronomy and Plant Genetics 

Weed control in corn should be based on an optimum com
bination of cultural, mechanical, and chemical practices. The 
ideal combination for each field will depend on several factors 
including crop being grown, kinds of weeds, severity of the 
weed infestation, soil characteristics, tillage practices, cropping 
systems, and availability of time and labor. 

Cultural Practices 
Cultural practices for weed control in corn include seedbed 

preparation, establishing an optimum stand, adequate fertility, 
and timely cultivations. Weeds that germinate before planting 
can be destroyed with tillage operations or herbicides. Killing 
weeds just before planting gives the young crop seedlings a 
competitive advantage and often improves performance of 
preplanting or preemergence herbicides. 

Early cultivations are most effective for killing weeds and 
for preventing crop yield reduction due to weed competition 
or corn root damage. The rotary hoe or harrow works best if · 
used after weed seeds have germinated and are in the "white 
stage" or just emerging. A rotary hoe, harrow, or cultivator 
should be used as soon as weeds appear, even if preplanting 

Table 1 Effectiveness of herbicides on weeds in corn 1 

or preemergence herbicides have been applied, unless a prop· 
erly timed postemergence herbicide treatment is planned. 

Set cultivators for shallow operation to avoid pruning the 
corn roots and to reduce the number of weed seeds brought 
to the surface. Throw enough soil into the row to cover small 
weeds, but avoid excessive ridging that may encourage erosion 
or interfere with harvesting. Shallow cultivation should be re· 
peated as necessary to control newly germinated weeds. 

Herbicides 
When selecting an appropriate herbicide or combination of 

herbicide treatments, consider carefully the following factors: 
-Label approval for use 
-Use of the crop 
-Corn tolerance to the herbicide 
-Potential for chemical residues that may affect later crops 
-Kinds of weeds 
-Soil texture 
-Soil pH 
-Amount of organic matter in the soil 
-Climate 
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-Weather 
-Formulation of the chemical 
-Application equipment available 
-Potential for drift problems 
There are a number of herbicides available for use in corn. 

In setting up a weed control program for several years, it may 
be advisable to rotate a selection of herbicides from different 
chemical families, particularly in continuous corn. 

Chemical rotations reduce the likelihood of a buildup of 
resistant weeds or of herbicide residues in the soil. Even if corn 
is being rotated to other crops, a chemical rotation can be 
planned for several years in the cropping system. The com
monly used herbicides for corn in different chemical families 
are: 

Acetamides-alachlor, metolachlor, propachlor 
Benzoic acids-dicamba 
Dinitroaniline-pendimethalin 
Other -bentazon 
Phenoxys-2,4-D 
Substituted ureas-linuron 
Thiocarbamates-butylate, EPTC 
Triazines-ametryne, atrazine, cyanazine, simazine 
This folder summarizes herbicide suggestions for corn, 

based on numerous experiment station and U.S. Department 
of Agriculture tests to determine their overall effectiveness. 
Herbicide labels should be followed. 

Table 1 indicates corn tolerance to herbicides suggested 
for use in corn and relative effectiveness and reliability of 
these herbicides in controlling common weeds. This table 
shows general comparative control ratings based on field ob
servations. Under unfavorable conditions, any of the herbi
cides may give unsatisfactory results. Under favorable condi
tions control may be better than indicated. 

Preplanting Applications 
Some herbicides may be applied to the soil before planting 

and incorporated 2 to 3 inches into the soil with a disk, field 
cultivator, or similar implement. The disk or field cultivator 
should be set to operate twice as deeply as the desired depth 
of incorporation. Use sweep shovels on the field cultivator to 
get more uniform mixing of the chemical and soil. 

The field should be disked or cultivated twice, once in each 
direction, after applying the chemical. If the soil is not too 
moist or rough and is in a good tilth condition, adequate incor
poration may be achieved with one pass over the field with 
some combination implements. To avoid excessive loss of 
volatile chemicals like EPTC or butylate, the first tillage opera
tion should follow immediately behind the sprayer. 

Butylate (Sutan+) or EPTC (Eradicane) applied preplanting 
and incorporated at 3 to 6 pounds per acre has given good con
trol of annual grasses and fair control of a few annual broad
leafs, but these chemicals do not control several annual broad
leafs or most perennial weeds. Both chemicals are effective 
against nutsedge. EPTC ·may be used to control quack grass, 
but trial results have been inconsistent. Butylate and EPTC 
are formulated with an antidote chemical to prevent corn 
injury. A new formulation of EPTC also has an added chemical 
that extends the effectiveness of EPTC. This new formulation 
has improved performance of EPTC on some fields where the 
chemical has been used previously and on wild proso millet. 

Preplanting and disked-in applications of atrazine have re
sulted in weed control equal to or, under dry conditions, 
better than preemergence applications without incorporation. 
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Broadcast applications, necessary when preplanting treatments 
are used, may increase the potential of atrazine carryover, 
compared to banded preemergence applications. 

Mixtures of butylate or EPTC (Eradicane) and atrazine or 
cyanazine (Biadex) applied preplanting and incorporated have A 
controlled both annual grasses and broadleafs. These mix- W 
tures improve broadleaf control compared to butylate or 
EPTC alone. Cyanazine does not carry over to the following 
year, and the lower rate of atrazine used in the mixtures re-
duces carryover problems from atrazine compared to those 
caused by the higher rates used when atrazine is applied alone. 
Cyanazine with butylate is not recommended for use on coarse-
to medium-textured soils with less than 2 percent organic mat-
ter because of potential corn injury. 

Preplanting, incorporated applications of alachlor (Lasso) at 
3 to 4 pounds per acre or metolachlor (Dual) at 2 to 3 pounds 
per acre have controlled nutsedge effectively. Under dry condi
tions, control of annual weeds usually has been improved over 
preemergence applications by shallow preplanting incorpora
tion of alachlor or metolachlor. Atrazine or cyanazine may be 
tank mixed with alachlor or metolachlor to improve broadleaf 
control. 

Preemergence Applications 
Atrazine at 1 to 3 pounds per acre has given good control 

of annual weeds with no injury to corn. A 3-pound-per-acre 
rate of atrazine should be used on fine-textured soils or those 
high in organic matter. One to 2 pounds per acre of atrazine is 
adequate on sandy soils that are low in organic matter. 

Atrazine sometimes affects small grains, flax, sugarbeets, 
sunflowers, soybeans, other legumes, vegetables, and other A 
sensitive crops planted the following spring. The label recom- W 
mends that small grains, flax, sugarbeets, vegetables, and small-
seeded legumes or grasses not be planted in the year following 
atrazine application. 

Soybeans may be injured the year following atrazine use if 
the rate of atrazine application was more than 2 pounds per 
acre of active ingredient in western Minnesota or 3 pounds in 
eastern Minnesota, or if application was made after June 10. 
However, in some years, soybean injury has occurred following 
use within these restrictions, especially on highly alkaline 
soils of western Minnesota. 

Residue can be minimized by using the lowest rate of chem
ical consistent with good weed control, using band rather than 
broadcast applications, and plowing or thoroughly tilling the 
soil before planting soybeans. Atrazine residues are more likely 
to persist if soil moisture or temperatures are low. 

Cyanazine (Biadex), chemically similar to atrazine, has 
given good control of annual grasses and most broadleafs 
when applied preemergence. There has been no soil residue the 
following season except from granules following dry years. 
Weed control is not as good under dry conditions as under 
moderate to heavy rainfall. Within the suggested rates of 1.2 
to 4 pounds per acre, the higher rates are required on soils 
higher in organic matter and finer-textured soils. Corn injury 
may occur on sandy soils. Granular formulations of cyanazine 
have been less effective than sprays under limited rain condi
tions. 

Propachlor (Ramrod, Bexton) has given good annual grass A 
control when applied preemergence at 4 to 6 pounds per acre. W 
Propachlor does not consistently control most broad-leaved or 
perennial weeds, but it may be used in mixtures with atrazine 



or linuron for annual grass and broadleaf control. Corn is very 
tolerant to propachlor. 

Alachlor (Lasso), chemically related to propachlor, controls 
annual grasses in corn. In addition, alachlor has given fair to 
good control of redroot pigweed and common lambsquarters, 
but control of other broadleafs has been erratic. Corn has 
good tolerance to alachlor. Suggested rates are 2% to 4 pounds 
per acre in the liquid formulation and 2.4 to 3.9 pounds per 
acre in the granular formulation (Lasso II). 

Metolachlor (Dual). chemically related to alachlor' and 
propachlor, controls annual grasses and redroot pigweed. Corn 
has good tolerance to the chemical. Preemergence applications 
have controlled nutscdge on coarser soils thal arc low in or
ganic matter, but on finer-textured, dark soils, preplanting 
applications have controlled nutsedge better than prcemer
gence treatments. 

Metolachlor is labeled for preemergence application at 1.5 
to 3 pounds per acre. Corn, soybeans, sorghum, root crops, or 
small grains may be grown the year after using metolachlor. 
Other crops should not be planted for 18 months after appli
cation of metolachlor. 

Pendimethalin (Prowl) may be used alone at 1 to 2 pounds 
per acre or in mixtures at 1 to 1 '/, pounds per acre for preem· 
ergence control of most annual grassy weeds and some broad· 
leafs such as common lambsquarters, pigweed, smartweed, 
and velvetleaf in corn. In Minnesota trials, preemergence appli
cations of this compound have been somewhat less effective 
on grasses but more effective on broadleafs than alachlor. 
Tank mixes with atrazine, cyanazine, or dicamba provide a 
broader spectrum of weed control. 

Corn root injury and lodging have sometimes occurred f'rom 
· preemergence applications of pendimethalin. It does not give 
adequate weed control on peat or muck soils. Corn injury may 
occur on sandy soils. With dicamba, do not use it on sandy 
soils or on loams, silts, and silt loams with less than 3 percent 
organic matter. Incorporating pendimethalin or r'idging soil 
along the row when cultivating may increase corn injury. 

Preemergence Herbicide Mixtures 
Mixtures of atrazine with alachlor, linuron, metolachlor, 

pendimethalin, or propachlor are registered for preemergence 
application on corn to control annual grasses and broadleafs. 
Soil residues of atrazine are reduced by using these mixtures 
since application rates are lower than if atrazine is used alone. 
These mixtures are less effective than atrazine alone on quack
grass. Do not apply the mixture with linuron after corn is up, 
or severe corn injury may occur. 

A 1:1 ratio of active ingredients of an atrazine·linuron mix· 
ture has given weed control comparable to an equivalent rate 
of atrazine alone on soils low in organic matter. Using linuron 
in combination with atrazine reduces the likelihood of corn 
injury and usually improves weed control, compared t.o using 
linuron alone. Rates vary from% to 1% pounds per acre of 
each chemical according to soil type. Corn tolerance to this 
mixture is not as great as to atrazine alone. Corn injury may 
occur on coarse-textured soils that have low organic matter 
content. 

The mixtures of atrazine or cyanazine with alachlor, metol
achlor, or propachlor control broad·leaved weeds better than 
alachlor, metolachlor, orpropachlor alone and give more con· 
sistent control on high organic matter soils or with limited 
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Table 2. Suggestions for chemical ~ntrol of weeds in corn 

Method of application 
~~cal·:ommon name (Trade name1) 

Preplanting incorporated 
Atachtor (Lasso) 

{Lasso Ill 
Atrazine {AAtrex. others) 
Butylate {Sutan+ l 
Cyanazine { Btadex) 
EPTC + protectant (Eradicane) 
Metolachlor {Qual) 
Atrazine + alachlor 
Atrazine +butylate 
Atrazine + EPTC {Eradicane) 
Atrazine + metolachtor {Bicep or tank mix) 
Cvnnazine i alachfor 
Cyanazine {Biadexl +butylate 
Cyanazine + EPTC IEradicane) 
Cvanazine + metolachlor 

Prttemergenee 

Alachlor {Lasso l 
(Lasso II) 

Atrazine IAAtrex, others) 
Cyanazine {Bladex) 
Meto•achlor !Dual} 
Propachlor (Ramrod, Sexton) 
Atrazine + alachlor 
Atrazine + metolachlor 
A traz ine + propachlor 
Cyanazine + a tach lor 
Cvanazine + metolachlor 
Cyanazine + propachlor 
Dicamba IBanvel) + alachlor 
Dicamba + metolachlor 
Linuron {Lorox) + alachlor 

Linuron + propachlor 

Postamergence 
Atrazine (AAtrex, others) +oil 

Bentazon (Basagran) 

Bentazon + atrazine (Laddokl + 
oil concentrate 

Cyanazine {Biadex BOWl 

Pendimethalin (Prowl) + atrazine 
Pendimethalin + cyanazine BOW 
Dicamba (Banvel) 

Dicamba + 2,4-D amine 
2,4-D amine 

2,4-D ester 

2,4-D amine 

2.4-D ester 

Rate-lb/ A of active 
ingredient or acid El<!uivalent 

broadcast 2 

2 to 4 
2.4 to 3.9 

2 to 3 
4to 6 
2 to 4 
3 to 6 

1% to 3 
1 to 2 + 1% to 2% 
1 to 1%+3to4 
1to1%+3to4 
1to3+1%to3 

1 to2.2+2to2% 
1% to 2 + 3to 4 
1% to 2 + 3to 4 

O.Bto 2Y. + 1% to 2% 

2 to 3Y, 
2.4 to 3.9 

1 to 3 
2to 4 

1Y. to 3 
4to 6 

1 to 2 + 1 Y, to 2Y. 
1 to 2 + 1% to 2 

Ito 1% + 2 to 3·3/4 
1 to 2.2 + 2 to 2Y. 

0.8to 2Y. + 1% to 2% 
1 to 1.8 + 2Y, to 6 

% +2to 2% 
% + 2to 2% 

%to1%+1to3 

1 to 1% + 2 to 3 

1.2 to 2 

314 to 1 

% to 3/4 + % to 3/4 + 1 qt/ A 

2 

3/4to 1%+ 1 to 1% 
3/4 to 1% + 1 to 2 

% 

1/8 +% 
%to% 

1/6to 1/3 

%to 1 

113to 2/3 

EPA registration limitations 
on crop use 

None 

Do not graze or feed forage for 21 days after treatment. · 
None 
None 
None 
None 
Do not graze or feed forage for 21 days after treatment. 
Do not graze or feed forage for 21 days after treatment. 
Do not graze or feed forage for 21 days after treatment. 
Do not graze or feed forage for 21 days after treatment. 
None 
None 
None 
None 

None 

Do not graze or feed forage for 21 days after treatment. 
None 
None 
None 
Do not graze or feed forage lor 21 days after treatment. 
Do not graze or feed forage for 21 days after treatment. 
Do not graze or feed forage lor 21 days after treatment. 
None 
None 
None 
Do not graze or feed silage prior to milk stage. 
Do not graze or feed silage prior to milk stage. 
Do not graze or harvest immature corn for feed within 12 

weeks after treatment. 
None 

Do not graze or feed for forage for 21 days 
after treatment. 

None 

Do not graze or feed for forage 21 days after 
application. 

None 

None 
None 
Do not graze or harvest for feed before milk stage. 

Do not graze or harvest for feed before milk stage. 
Do not forage or feed fodder for 7 days following 2 ,4-D 

application. 
Do not forage or feed fodder for 7 days following 2,4-D 

application. 
Do not forage or feed fodder for 7 days following 2,4·0 

application. 
Do not forage or feed fodder for 7 days following 2,4-D 

application. 

Remarks3 

Preplanting application of alachlor or metola· 
chlor at the high rates is suggested if nuts· 
edge is a problem, but for annual grasses 
only, shallow incorporation or preemer
gence application is preferred. Incorporate 
butylate or EPTC immediately after applica· 
tion. Do not use butylate or EPTC on corn 
seed stock. 

Atrazine may carry over and affect crops the 
next year. Other chemicals do not carry 
over. Do not use prcemergence applications 
of cyanazine. propachlor, dicamba, or linur
on on sandy soils. Linuron is suggested for 
use only on soils between 1 and 4 percent in 
organic matter. Use dicambe only on medium
and line-textured soils with more than 2.5% 
organic matter. 

Apply atrazine when weeds are less than 1% 
inches tall. 

Apply bentazon when weeds are 2 to 6 inches. 
Earlier application is more effective on most 
weeds. 

Controls only broadleafs. Apply when weeds 
are less than 2 to 4 inches and corn has 1 to 
5 leaves. 

Apply cyanazine when weeds are less than 1 Y, 
inches tall and before corn has more than 4 
leaves. Use vegetable oil or surfactant under 
acid conditions only. See label. 

Apply spike to 2-leaf stage of corn and up to 
1-inch weeds. 

Apply dicamba before corn is 2 feet tall and 
not within 15 days of tasseling. Follow drift 
cant rol precautions on label. 

Apply 2 ,4-D at these rates when corn is 4 inches 
to 3 feet tall. Use drop nozzles alter corn is 
8 inches tall. Earlier applications on small 
weeds are more effective. 

Apply 2,4-D at these rates only after corn is 
3 feet tall. Use drop nozzles so only base of 
stalk is sprayed. Do not apply between 
tasseling and dough stage of corn. 

1 See table on herbicide names. Trade names are used to identify the herbicide discussed. Omission of other trade names of similar herbicides is unintentional. The inclusion of a trade name does 
not imply endorsement and exclusion does not imply nonapproval. · 

2 These rates will need to I><! properly interpreted for the formulation you use and lor bend width and row width if the chemicals are not applied braodcast. See Agricultural Chemcials Fact Sheet 
No. 5, How to Calculate Herbicide Rates and Calibrate Herbicide Applicators. The proper rate depends on such things as soil characteristics, kinds of weeds, size of weeds and crop, temperatura, 
and moisture conditions. 

3 Read labels for detailed use instructions and restrictions on crop use. 
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rain than atrazine or cyanazine alone. Corn has good tolerance 
to these mixtures. 

Using mixtures of linuron and propachlor or alachlor re
duces the potential for corn injury compared to using linuron 
alone since lower rates of linuron are used. These mixtures 
control broadleafs better than propachlor or alachlor alone. 
Suggested rates are 1 to 1% pounds per acre of linuron, with 3 
pounds per acre of propachlor or. 1 to 3 pounds per acre of 
alachlor. Do not use these mixtures on sandy soils because of 
possible crop injury from linuron. 

A preemergence mixture of alachlor or metolachlor with 
dicamba (Banvel) improves broadleaf control compared to 

· alachlor or metolachlor alone and improves grass control and 
reduces corn injury compared to dicamba alone. Dicamba 
should be applied preemergence only on medium- or fine
textured soils with more than 2.5 percent organic matter. Do 
not incorporate this mixture prior to corn emergence. Harrow
ing or dragging before corn emerges may increase corn injury. 

Early Postemergence Sprays 
Such sprays of atrazine effectively control most annual 

weeds in corn. Broad-leaved weed control is especially good. 
Grass control is less consistent. It is important to apply early 
postemergence treatments at the proper time or results may be 
poor. Apply atrazine while the weeds are less than 1% inches 
tall. Application may be made until corn is 30 inches tall. 
Drop nozzles should be used to keep the spray out of the tops 
of the corn and to give better spray coverage on the weeds. 

Adding 1 gallon per acre of special oils with an emulsifier 
or'!. to %gallon per acre of special adjuvant-oil emulsions to 
tlie spray increases the effectiveness of early postemergence 
applications of atrazine. Labeled emulsions of either vegetable 
or petroleum oils are satisfactory. 

Various formulations of surfactants and detergents used 
with atrazine have not improved weed control as much as 
using oils. Suggested atrazine rates for postemcrgence applica
tion with oil are 1.2 pounds per acre for broadleafs and 2 
pounds per acre for annual grasses. 

When atrazine is used, early postemergence treatments are 
preferred to preemergence if the soil is high in clay or organic 
matter and in western Minnesota, where rainfall is less certain. 
These arc the areas where preemcrgence applications of atra
zine have given less satisfactory weed control. 

Severe corn injury has resulted from adding 2,4-D to this 
mixture. Corn injury has occurred also when atrazine and oil 
were applied to corn growing under cold, wet conditions, or 
if frost occurred shortly before or after application. 

Cyanazine (Biadex 80W) is effective on annual grasses and 
broad leafs as an, early postemergence herbicide. It is cleared 
for use through the 4-leaf stage of corn and before weeds are 
more than 1% inches tall. Pigweed and lambsquarters have 
shown some tolerance. Oils or surfactants' added to the spray 
increase the potential for corn injury and have resulted in 
severe corn injury and stand reduction under conditions of 
heavy rains or dews, cool temperatures, and cloudiness. 

Under dry conditions, vegetable oils or certain surfactants 
may be used to improve weed control. Use only the wettable 
powder formulation for postemergence application. Do not 
use on sands with less than 1 percent organic matter. 

Bentazon (Basagran) may be applied alone or in a mixture 
with atrazine as a postemergence treatment in corn to control 
certain annual broad-leaved weeds, Canada thistle, and nuts
edge. Corn has good tolerance to bentazon, but do not apply 
it when corn is stressed from adverse growing conditions. Ap-
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Table 3. Herbicide names and formulations 

Common 
name 

Alachlor 

Alachlor + atrazine 

Trade 
name 

Lasso 
Lasso II 

Lasso/atrazi ne 

Concentration and 
commercial formulation 1 

4 lb/gal L 
15% G 

9 + 6% G. 211, + 111, lb/gal F 
---------------------------

Atrazine AAtrex, 
others 

-------------- -----
Atrazine + metolachlor Bicep 

Bentazon 

Bentazon + atrazine 

Butylate and 
protectant 

Butylate+ atrazine 

Basagran 

Laddok 

Sutan+ 

Sudan +/ 
atrazine 

-----------
Cyanazine Bladex 

Dicamba Banvel 

Dicamba and 2.4-D Banvei·K 

EPTC and protectant Eradicane 

80% WP, 4 lb/gal F 
90%WDG 

2 + 211, lb/gal F 

4 lb/gal L 

1 .66 + 1 .66 lb/gal F 

6.7 lb/gal L, 10% G 

18%+6%G 

80% WP, 15% G. 
4 lb/gal F 

4 lb/gal L 

1.25 lb/gal dicamba + 
2.50 lb/gal 2.4-D L 

6.7 lb/gal L 
------ ---- .. -- - .. - ------ -------------------------
Linuron 

Metolachlor 

Pendimethalin 

Propachlor 

Propach lor + 
atrazine 

2,4-D 

Lorex 

Dual 

Prowl 

Bexton. 
Ramrod 

Ramrod and 
atrazine 

SCVf~ral 

50% WP. 4 lb/gal F 

8 lb/gal L 

4 lb/gal L 

65% WP, 20% G. 
4 lb/gal L 

48.1 + 20.9% WP 

vorious 

T G • Granular, L L1quid, WP -Wettable Powder, WDG ~ Water Dis
persible Granule, F · Flowable. 

ply when annual weeds are less than 2 inches tall, but some 
species may be controlled up to 10 inches tall. Rain within 24 
hours after application will reduce the effectiveness of benta
zon. Do not mix bentazon with fertilizers. A non-phytotoxic 
oil concentrate or crop oil may be mixed with bentazon or 
with a combination of bentazon and atrazine for arplications 
in corn to improve weed control. 

Alachlor (Lasso) may be applied postemergence in a mix
ture with dicamba (Banvel) to corn less than 3 inches tall. Ala
chlor or metolachlor (Dual) may be applied with atrazine on 
corn that is no more than 5 inches tall to control weeds in the 
two-leaf stage or smaller. Weed control may be less consistenl 
than that from preemergence applications. Propachlor (Sex
ton, Ramrod) alone or mixed with atrazine may be applied 
after corn has emerged to control grasses up to the two-leaf 
stage. 

Pendimethalin (Prowl) in mixtures with atrazine or cyana
zine wettable powder may be applied after corn emergence, 
but no later than when corn is in the two-leaf stage and when 
weeds are no more than 1 inch tall. These mixtures have been 
effective against annual grasses and broadleafs. The early 
postemergence application of pendimethalin and cyanazine 
used following a preplanting application of EPTC has im
proved the control of wild proso millet. 



J;lostemergence Applications 
Annual broad-leaved weeds can be controlled with broad

cast postemergence applications of % to % pound per acre of 
2.4-D amine when the corn is 4 to 8 inches tall. More severe 
onion leafing may occur from 2.4-D applications made in the 
2- to 3-leaf stage of the corn. 

The %-pound rate has been adequate for susceptible weeds 
and is less dangerous to corn. The %-pound rate has been satis
factory for moderately resistant weeds, but corn usually has 
been injured by this rate. Rainfall within 8 hours after applica
tion reduces the effectiveness of 2.4-D amines more than the 
effectiveness of 2,4-D esters. About 1/3 less acid equivalent 
of 2.4-D esters is needed than of the 2.4-D amines. 

Spray drift from either amines or esters of2,4-D will injure 
susceptible plants. Since the ester forms are volatile, vapor in
jury to nearby susceptible crops is a possibility. Low volatile 
esters should be used rather than high volatile esters. Using 
amines eliminates the danger of vapor injury because amines 
are not very volatile. 

To reduce the danger of 2.4-D injury when the corn is more 
than 8 inches tall, avoid spraying the upper leaves and leaf 
whorl of corn by using drop nozzles between the rows. How
ever, adequate spray coverage of the tops of the weeds is 
necessary for maximum weed control. If nozzles are directed 
toward the row from both sides, the herbicide concentration 
must be reduced to compensate for the double coverage. Do 
no use spray additives with 2,4-D as corn injury may be in· 
creased. 

Some injury may result when corn is sprayed with 2,4-D. 
Brittleness, followed by bending or breaking of sta!ks, is the 
most serious type of injury, and it may result in severe stand 
losses when applications of 2.4-D are followed by a storm or 

· careless cultivation. 
Several factors influence the degree of injury resulting from 

2.4-D. Hybrids vary in tolerance to 2,4-D. Corn growing rapid
ly is more susceptible than corn developing under less favor
able growth conditions. When temperatures exceed 85° F. just 
before or at the time of 2.4·D application, the corn is more 
likely to be injured. 

At the rates of application commonly used, the stage of 
growth at which treatment is made during the period from 
emergence to tasseling is less critical than the effects of en
vironmental factors. 

If broad-leaved weed control is r~ecessary after the last cul
tivation, 2.4·D ester at Y:z pound per acre or 2,4-D amine at 
3/4 to 1 pound per acre may be applied using drop nozzles. 
Do not apply 2.4-D from tasseling to dough stage, or poor 
kernel set may occur. 2.4-D can be applied at Y:z to 1 pound 
per acre after the dough stage if necessary, but it is more bene
ficial to control weeds earlier. 

Dicamba (Banvel) as a postemergence spray in corn has 
given better control of Canada thistle and smartweed than 
2.4-D with less effect on the corn. Dicamba also controls other 
broad-leaved weeds except mustard, but it does not control 
grasses. But when used, dicamba drift has often affected soy
beans in the vicinity of treated cornfields. 

Dicamba can be used in corn at % pound per acre, either 
alone or in mixtures with 2.4-D amine at % to Y:z pound per 
acre. Applications can be made until corn is 2 feet tall or until 
15 days before tassel emergence, whichever occurs first. Do 
not use on corn grown for seed. Later applications, especially 
when corn is tasseling, may result in poor kernel set: Use drops 
after corn is 8 inches tall. Do not usc additives with dicamba. 

A mixture of dicamba and atrazine is cleared for use on 
corn as an early postemergence treatment. The mixture has 
given good broadleaf control, but grass control has been er
ratic. Oils and other additives should not be used with the mix
ture. 

Caution: Soybeans and other broad-leaved plants are very 
sensitive to dicamba. In recent years, there were many in
stances in which dicamba drift affected soybeans. Users of 
dicamba must take special precautions to avoid spray drift at 
the time of application or vapor drift for several days after ap
plication. Spray drift can be minimized by reducing sprayer 
pressure, increasing water volumes with larger nozzles, and 
using drop nozzles to keep the spray release as low as possible 
and still give weed coverage. Drift potential is greater with 
windy or high temperature conditions. 

Applications are not recommended at temperatures above 
85° F. Spray and vapor drift effects on soybeans can be re· 
duced by spraying corn early in the season when temperatures 
are lower and before soybeans have emerged, or when they are 
small. Do not graze or harvest for dairy feed prior to the milk 
stage of the grain if corn is treated with dicamba. 

Directed Sprays 
These cannot be used on small corn. Therefore, early season 

weed growth must be controlled by some other means (rotary 
hoe, harrowing, he.rbicides, or cultivation) to prevent yield 
losses from early weed competition. Directed sprays are con· 
sidered emergency measures to control heavy weed stands · 
within corn row~. 

Specially designed equipment has been developed to make 
directed spray applications in corn. When applying directed 
sprays, the nozzles should be mounted so that wheels, skids, 
cultivator shanks, or similar devices control the nozzle height. 
To minimize spray contact with corn leaves, use attachments 
to lift the corn leaves and direct the spray to the base of corn 
plants and onto weeds in the row. 

Directed sprays of linuron at 1 Y:, pounds per acre can be 
applied when the corn is not less than 15 inches tall. Ame· 
tryne (Evik) is cleared for use as a difected spray at 1 .. 6 to 2 
pounds per acre after corn is 12 inches tall. Do not apply 
ametryne later than 3 weeks prior to tasseling. Ametryne 
should no't be used on sandy soils. Adding a wetting agent is 
necessary for effective weed control with linuron or ametryne. 

Care must be taken in application to minimize spray on 
the corn leaves while covering most of the weed foliage with 
the spray. Either chemical will kill the corn leaf tissue it con
tacts and, if leaf kill is extensive, corn yields may be reduced. 

DO NOT USE THIS PUBLICATION AFTER 1982 

The information given in this publication is for educational purposes only. Reference to commercial products or trade names is made with the 
understanding that no discrimination is intended and no endorsement by the Minnesota Agricultural Extension Service is implied. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30, 1914, in cooperation with 
the U.S. Department of Agriculture. Norman A. Brown, Director of Agricultural Extension Service, University of Minnesota, St. Paul, Minne· 
sota 55108. The University of Minnesota, including the Agricultural Extension Service, is committed to the policy that all persons shall have 
equal access to its programs, facilftlos, unrl umploymont without rogord to race, croed, color, sox, national origin, or hnnt:llcap. 15 cents 
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