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OPTIMUM TILLAGE FOR A CORN SOYBEAN ROTATION 

Wallace W.Nelson 
Superintendent and Professor 
Southwest Experiment Station 

University of Minnesota 
Lamberton, Minnesota 

Tillage-the manipulation of soils so as to aid in the 
production of crops. The amount of tillage that is 
required will vary a great deal, depending upon the 
soil texture, slope, rainfall, fertility, weeds, past 
management, and weather related problems that have occured 
in the past 2 or 3 years, say nothing of machinery and etc. 

Tillage is one of the many factors involved in crop 
production. It must also protect the environment and save 
the soil that it took centuries to make. It is important 
therefore, that tillage be a management tool m bring out 
the best of all the factors that go into crop production 
and minimize the deficiencies or short areas. It is thus 
important that tillage be used as a management tool. 

A background of Minnesota soils and climate is essential. 
The soils of Minnesota are diverse, have many parent 
materials, and developed under different vegetations. 
When considering tillage, the slope and texture of your 
soil become major considerations. A soil map of your 
county, as well as a general map of the state, will help 
understand the differences in practices or problems as 
you travel over the state. The tillage system must be 
adapted to your soil conditions. 

Climatic effects tend to be the limiting factor in crop 
production in Minnesota. It is on the western edge of the 
corn belt because of moisture and the northern edge because 
of temperature. With a continental climate the ranges of 
these is very wide and to have a normal year is very 
abnormal. Thus optimum tillage to take advantage of all 
the moisture and length of growing season is essential. 
Precipitation on the average ranges from 20 to 30 inches 
over Minnesota with extremes from 10 inches to 40+. The 
growing season for corn and soybeans averages 2,000 to 
2,450 growing degree days and ends about October 1st. 



WHY TILL? 

I think this is the one area that we first of all have 
to ask is "Why have we tilled in the past and what did 
we gain when we did these tillage operations?" 

PREPARE SEEDBED: 

The primary thought in many people's minds on tillage was 
that it prepared a seedbed for the crop to be planted. 
This allowed the use of equipment and the horsepower we had 
to prepare as good a seedbed for the planting of seeds 
and the growth of the resulting crop. The art of tillage 
perhaps goes back as long as the history of crop production, 
that is controlled by man. Perhaps the options and 
alternatives with tillage due to changes in equipment, 
power, and other input factors have never been as great as 
they have in the last 10 to 20 years. Ultimately, however, 
we must be able to have our seeds placed in an environment 
that is favorable for their growth and it is very important 
that this growth be uniform. 

CONTROL OF PESTS: 

Tillage has always been used as a means of controlling pests 
or competition with the crop we are growing. These include 
the control of weeds, insects, and diseases. This is 
accomplished by rooting out the newly emerged and growing 
weeds so they can not compete, by turning under the weed 
seeds or the parts of plants so that they could not grow 
or making them so late in growing and germinating that they 
could not compete and reproduce successfully. This also 
applies to insects and diseases to prevent the rapid 
buildup of these pests. 

WATER MANAGEMENT: 

Tillage has been used very effectively for the infiltration 
of water during storms, rains, and etc. as well as the 
management of excess water so that you can get it drained 
off without effecting the soil and the crop. In southwestern 
Minnesota we tend to be in the area of either too much or too 
little and for crop production we need to maintain almost 
all of the average 25 inches of moisture that is obtained 
for crop production. We need to have a high rate of 
infiltration from the surface so that we get it stored in 
the root zone of approximately 5 feet and thus prevent it 
from evaporation in the top 6 to 8 inches. Tillage should 
leave a rough enough surface with clods or residues to 
prevent wind and water erosion of the soil particles 
themselves. There can be a tradeoff in these areas and 
clodiness under many conditions can substitute for 
plant residue. 
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MANAGE AIR: 

Most plant roots have to have air in order to grow and 
develop. The ideal soil would have 25% air out of the 
whole volume. This would not be in large voids, but in 
pores so that plant roots can carry out respiration. Part 
of this is tied in with compaction and eliminating the larger 
pores in which we have our air stored and exchanged. 

TEMPERATURE: 

Being in the northern part of the corn belt, everything we 
do is determined a great deal by temperature and we can 
modify this somewhat with our tillage operation. This is 
interdependent with the amount of water we have in the 
surface part of the soil as well as the amount of residue 
and color of the soil to absorb energy during the season. 
A black soil with partial exposure to the south without 
excess moisture warms up at the fastest rate. The normal 
date of last frozen soil in southern Minnesota usually 
occurs about the end of the first week of April. A rough 
fall plowed soil will be usually the first area under 
similar moisture conditions to lose its frost. The last 
area would be with a heavy covering of light colored residue 
that was smooth. 

FERTILITY: 

Managing the fertility of the root zone is accomplished with 
tillage. This is especially true of phosphorus and potassium 
which stay fairly well where placed. If the concentration 
occurs only in the top inch or two they may become 
unavailable later in the season during drought or if roots 
are pruned. Tillage also opens up the soil so the process 
of minerialization speeds up, reducing organic matter and 
releasing nitrogen. , 

TIMELINESS: 

~n order to have full length and make maximum use of our 
growing season, I feel that the corn and soybeans should 
be planted as soon after April 25th as possible and all 
planting should be finished by the 15th of May for long 
term maximum yields. 

One of the reasons for tillage is to put together a system 
that will allow operations to be completed in a timely 
manner and one that will maximize opportunity for 
reproduction. 
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PRO-TILLAGE: 

Any tillage method that we utilize and will use for a long 
time must meet and fit into a pro-tillage system. 

TECTIVE 

FESSIONAL 

DUCTIVE 

ENVIRONMENTAL 

PRO - FICIENT TILLAGE 

GRESSIVE 

SCRIPTION 

FITABLE 

SPER 

If a tillage system is to succeed and be used widely, it 
must meet all of these criteria and this it must be tailored 
for each individual area or field. I believe, that within 
not too long a time, at least by the end of the 1980s, 
farmers will have to be considering these tillage factors 
on soil types across a farm and perhaps have many tillage 
systems even on the same field. The equipment will be 
adaptable enough to plant under various tillage systems, 
we will use the systems then to control the weeds, water, 
wind erosion, infiltration, and air to the best advantage 
of the crops. 
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OPTIMUM FERTILITY MANAGEMENT 
WITH REDUCED TILLAGE 

Gyles W. Randall 
Soil Scientist 

Southern Experiment Station 
University of Minnesota 

An important ingredient in a successful reduced tillage cropping system is 
the proper management of soil fertility. If soil fertility is not handled 
properly, the benefits of reduced tillage may not be realized and dissatis
faction will result. This will cause farmers to blame the tillage system 
rather than their fertility management and in the end they will abandon 
reduced tillage. The purpose of this discussion is to present some ideas on 
how we can provide sufficient N, P and K for optimum crop production with 
reduced tillage. 

NITROGEN 

Nitrogen undergoes a series of transformations in the soil. Some of these 
transformations lead to loss of plant available N. Those affected by high 
amounts of crop residue include a) volatilization, b) immobilization and 
c) denitrification. 

Volatilization is the conversion of ammonium (NHt) types of N (urea, UAN, 
etc.) to ammonia (NH3). Plant residues left on the soil surface contribute 
to volatilization losses of these N sources when they are surface-applied and 
not incorporated. Data from Maryland shown in Table 1 indicate much lower 
recovery of fertilizer N from urea and UAN when applied to the soil surface 
with no tillage for continuous corn. 

Table 1. Recovery of applied N as influenced by N source with no-till corn 
in Maryland (Bandel, et al, 1980). 

N Source 

Ammonium nitrate 
Average of urea and UAN 

Experimental Location 
Wye Institute Forage Farm 
------------%-------------

50 
29 

70 
57 

An Ohio study conducted by Eckert in 1980 shows a significant corn yield 
response to the source of N when applied to no-till corn (Table 2). Yields 
were reduced by both urea and UAN (28%) in comparison to ammonium nitrate. 

Table 2. Effect of N source applied to a no-till system on corn yield in 
Ohio in 1980 (Eckert, 1980). 

N Source 

Ammonium nitrate 
UAN (28% N) 
Urea 

5 

Grain Yield 
bu/A 

160 
152 
136 



Data from Pennsylvania indicate that volatilization of surface-applied urea 
or UAN to no-till corn can be greater than 30% if no rain occurs for up to 6 
days and will be less than 10% if 0.50 11 falls within 3 days. 

Immobilization is the tie-up of N into the soil organic biomass. This 
unavailability of N is not permanent and will at a later time be released to 
the available N pool. Higher amounts of plant residue on the soil surface 
have been shown to result in immobilization of surface-applied N. Injection 
is the preferred method to get around immobilization of fertilizer N. 

Data from Indiana in 1979 and 1980 show the influence of N source on corn 
grain yields in a no-tillage system (Table 3). In this case, yields were 
significantly higher with either anhydrous ammonia or UAN injected below the 
soil surface compared to surface-applied UAN or urea. The lower yields may 
have been due to a combination of volatilization and/or immobilization. 

Table 3. The effect of N source and method of placement on corn grain yields 
with a no-till system in Indiand (Mengel, 1980). 

N sourc~/ 

An. Ammonia (82%) 
UAN (28%) 
UAN (28%) 
Urea (45%) 

l/ 150 lb N/A 

Placement 

Injected 
II 

Surface 
II 

Year 
1979 1980 Avg. 
--------bu/A--------

150 148 149 
150 152 151 
140 131 136 
140 130 135 

In 1981 a study was initiated at the Southern Experiment Station to determine 
the effect of placement time and depth of three N sources on corn production 
with a ridge-till system at Waseca. The data shown in Table 4 indicate some 
interactions between N source and the time/method of application. Yields were 
equal among the three N sources when applied immediately before planting or 
at the 8-leaf stage as a sidedress treatment. However, when the N was applied 
at plant emergence yields were significantly lower with the UAN and anhydrous 
ammonia sources. Apparently, the UAN was volatilized from the soil surface 
which had 23% of the surface covered by residues after planting. The lower 
yields obtained with ammonia at this stage were due to poor sealing of the soil 
behind the injection knives. Residues buried at planting in the knife zone 
were responsible for this condition. 

Table 4. Corn yield as influenced by time and method of application of three 
N sources to ridge-tilled corn at Waseca in 1981. 

Applicationl/ 
Time/Method 

Preplant, bdct 
Emergence, bdct 
8-Leaf, sidedress 

Source An. Ammonia 
UAN(28%) Urea(45%) (82%) 
---------------bu/A---------------

171 174 174 
157 174 160 
168 168 169 

l/ 150 lb N/A; yield with 0 lb N/A = 123 bu/A 
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Denitrification is the process where N03-N is converted to a gaseous form of 
N (N2, N20, etc.) and is lost to the atmosphere. This process is usually 
associated with wet to water-logged soil conditions. Because reduced tillage 
generally results in greater soil moisture in the upper soil profile, we may 
expect greater denitrification losses where very reduced types of tillage 
are used in conjunction with fine-textured, poorly drained soils. Under 
these conditions, the use of a nitrification inhibitor, i.e., N-Serve or 
Dwell, may be needed. 

A more comprehensive discussion of N management can be obtained from the 
paper by John Moncreif entitled "Nitrogen Management Options with Conservation 
Tillage" in Abstract of the 1981 Soils, Fertilizer and Agricultural Pesticide 
Shortcourse, University of Minnesota, December 14-16. 

PHOSPHORUS AND POTASSIUM 

Numerous long-term tillage studies have shown P and K to become stratified 
or accumulate near the soil surface with reduced tillage. The reason is 
straightforward--with reduced tillage crop residue and surface-applied, 
immobile fertilizers are left near the soil surface whereas with the mold
board plow all is incorporated throughout the plow layer. The degree of that 
surface accumulation is dependent on the type of reduced tillage, the length 
of time since moldboard plowing, and the amount of fertilizer P and K applied. 

The results shown in Table 5 indicate that with the reduced tillage treatments 
much of the added P and K along with the P and K brought up by the roots and 
recycled into the crop residue was concentrated in the top 4 inches of the 
soil profile. On the other hand, P and K with moldboard plowing were 
distributed evenly throughout the 0-12" profile. Continuous chisel plowing 
resulted in P and K incorporation to a depth of 4-6" after 8 years. A single 
spring disking or continuous no tillage for 8 years resulted in most of the 
P and K accumulating in the top 4". 

A conservation tillage study which was started to evaluate till-plant systems 
(Buffalo till planter with and without ridging) was intensively sampled 
after three years in continuous corn. Results shown in Table 6 indicate very 
little incorporation of either P or K below 2 inches with the till-plant 
systems. This would explain why farmers with low soil P and K fertility 
levels who switch to till-plant systems frequently run into plant nutrition 
problems and yield depressions. Row placed fertilizer with the ridged system 
may help alleviate the situation by making the fertilizer more positionally 
available. Chisel plowing resulted in incorporation to a depth of 4 inches 
over the three year period. 
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Table 5. Influence of continuous tillage methods on the distribution of 
soil P and K within the 0-12" profile at Waseca after eight years. 

Depth 
inches 

0-2 
2-4 
4-6 
6-9 
9-12 

Moldboard 
plow 

28 
29 
32 
35 
22 

Primary Tillage 
Chisel 

plow Dis~/ 

p (ppm) 
57 68 
52 53 
38 25 
18 14 
9 8 

K (ppm) 

No 
tillage 

69 
43 
22 
17 
12 

0-2 135 265 290 300 
2-4 125 195 160 175 
4-6 135 135 110 105 
6-9 130 95 90 95 
9-12 125 90 85 100 

~/ One trip with light 20" diam. disk blade each 
spring. 

Table 6. Soil P and K distribution as influenced by three years continuous 
tillage for corn at Waseca. 

Depth 
inches 

0-2 
2-4 
4-6 
6-9 
9-12 

0-2 
2-4 
4-6 
6-9 
9-12 

No 
tillage 

36 
18 
15 
10 
4 

245 
120 
115 
115 
105 

Primary Tillage 
Moldboard Chisel 

plow plow 

17 
22 
28 
20 

5 

155 
190 
210 
190 
135 

p (ppm) 
27 
22 
16 
10 

2 

K (ppm) 
240 
175 
135 
125 
110 

Ridge 

31 
17 
13 

9 
3 

260 
150 
120 
120 
115 

No Ridge 

20 
11 
10 
10 

3 

205 
120 
120 
110 
110 

To maintain P and K levels at a high level, one must first start with high 
levels throughout the profile. This is best done by annual broadcast 
applications that are incorporated into the plow layer. Once this has been 
accomplished the following methods can be used: 

(1) periodic moldboard plowing after broadcasting 

(2) use of row-placed starter fertilizer 

(3) injection of liquid, suspension and dry fertilizer materials or 
manure. 
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A. MOldboard plowing 

We must remember that tillage is site-specific. One or two forms of tillage 
cannot and should not be recommended for all crop conditions. There are 
many areas in Minnesota where the periodic use of the moldboard plow would 
be considered a "best management practice". The poorly drained, level, fine
textured soils which are not susceptible to wind or water erosion would fit 
this category. 

A corn-soybean rotation involving the moldboard plowing of corn residues in 
1 of 4 years would be a tillage system that would incorporate P and K 
satisfactorily throughout the plow layer. Other crop production systems 
which would include moldboard plowing every other year or as seldom as 1 in 
6 or 8 years may be satisfactory. 

B. Starter fertilizer 

There is some indication that yield response to starter fertilizer may occur 
more frequently under reduced tillage conditions than under conventional 
tillage systems. (University of Minnesota trials during the past decade 
seldomly showed a response to starter fertilizer under conventional tillage 
when soil test P and K were adequate.) 

A conservation tillage study with continuous corn was conducted on a Webster 
clay loam at Waseca from 1975-1981. It was modified to include a "no 
starter" fertilizer treatment in 1979. Results from the 7 years shown in 
Table 7 indicate slightly less than a 5 bu/A difference between the mold
board plow and the till-plant (ridge) system. Equal yields were obtained 
between chisel plow tillage and till planting without a ridge. No tillage 
yields suffered. 

Table 7. Influence of tillage methods and starter fertilizer on continuous 
corn yields at Waseca. 

Tillage Treatment 

No Tillage 
Fall plow, f.cult. 
Fall chisel, disk, f.cult. 
Till-Plant (Ridge) 
Till-Plant (Flat) 

l/ 140 lb 9-23-30/A 

Corn Yields 
1975-81 1979-81 
StarterL1 Starter No StarterL1 
-------------bu/A-------------

128 141 135 
152 170 170 
142 161 153 
147 160 154 
143 153 155 

The comparison between the two starter fertilizer systems over the last three 
years showed no advantage for starter fertilizer with moldboard plowing or 
till planting without a ridge (Table 7). However, yield increases of 8, 6 
and 6 bu/A were obtained with the use of starter fertilizer under chisel 
plow, till-plant (ridge) and no tillage systems, respectively. 
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Data obtained by Schulte, et al. in Wisconsin showed a large response to 
starter fertilizer (primarily K) especially under no tillage (Table 8). 
Yields with starter fertilizer were increased by 14 bu/A on the plowing but 
were increased by 35 bu/A on the unplowed plots. These data along with 
those from other trials indicate that potassium (K) is the nutrient to 
particularly watch. Even in Minnesota trials where soil K was high, plant 
K was the first nutrient to show some depression with continuous reduced 
tillage. 

Because K may be needed at rather high quantities as compared P, we can see 
that depending on liquid starter fertilizers to supply the K will present a 
problem. The P:K ratios are generally high to prevent salting out and thus 
sufficient K will not be met by the sole use of liquid starter fertilizers. 
Alternatives would be dry or suspension starter materials or a combination 
of liquid starter fertilizer and broadcast K (plowed down) or injected K. 

Table 8. Effect of plowing and row-applied fertilizer on corn yield in 1975 
in Wisconsin. 

Row fertilizer Yield 
Plowed Unplowed 

-------lb/A------- ------bu/A-------

0 0 0 104 57 

40 40 40 118 92 

l/ 80 lb K20/A broadcast annually from 1972-
1976 on this soil which initially tested 
65 ppm (L-M) • 

C. Fertilizer injection 

At the present time there has been little research and/or farmer use of in
jected P and K fertilizers in Minnesota. As we shift toward more reduced 
tillage, I see greater emphasis being placed on the injection of all fertilizer 
materials. This could be accomplished with dry, liquid and suspension forms. 
It may be preferable to inject on an alternate year basis. Maybe a high 
rate every 5 or so years will be advantageous from a time and application 
standpoint. These and other research areas, i.e. depth, spacing, fertilizer 
materials, etc. must receive further research. 

Dual placement of N and P is presently being used by a number of Great Plains 
wheat growers. This technique should perhaps be considered for Western 
Minnesota soils with high soil K levels. Where K levels are lower, some 
method of introducing K will be needed. 
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SUMMARY 

1) The surface application of urea containing N fertilizers to soils with 
high amounts of plant residue may result in volatilization losses of N 
and reduced corn yields. 

2) Injection of N or the incorporation of surface applied N may be the most 
efficient methods of N fertilization with reduced tillage. 

3) The equal distribution of P and K throughout the plow zone provides 
insurance against positional unavailability, especially in dry years. 

4) The incorporation of P and K below 4 inches may be done best by periodic 
moldboard plowing or the injection of P & K fertilizers. 

5) Starter fertilizer may give more consistent yield responses with reduced 
tillage than with conventional tillage. The probability of response will 
be determined by soil test, drainage and the amount of surface residue. 
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Weed and Insect Control in Reduced Tillage 

· William E. Lues chen 

With the dramatic changes that are taking place in tillage pract.ices, there is 
concern for weed and insect problems that may influence the acceptance and suc
cess of reduced tillage practices. As tillage practices are changed the soil 
environment changes dramatically. Increased surface residue with reduced 
tillage alters soil temperature and moisture regimes. The distribution of weed 
seeds in the soil are also changed as growers move away from the moldboard plow 
and toward chisel plowing, disking, till-planting or no-till. Changes in weed 
control strategy may be necessary to help cope with different and somewhat 
unfamiliar problems. 

Crop Residue 

One concern with residue left on the soil surface is whether herbicides will be 
ads-or.bed on this material and not move into·the soil. Work by Erbach, et al 
at-'I:owa State University indicate that the amount of surface residue (1000 or 
5500 lb/A) did not greatly affect herbicide activity in field studies. Their 
research involved using alachlor (Lasso) for grass control and atrazine for 
broadleaf control. In greenhouse studies where these herbicides were evaluated 
with varying amounts of corn stalks (0 to 3600 lb/A) on the surface, there were 
only small differences in herbicide activity. There was a trend toward better 
control as herbicide rates were increased. This work also indicated that rain
fall is more important in high residue situations than where little or no residue 
exists to move the herbicide into the soil. Indiana (Bauman) results indicate 
that corn residue remaining on the soil surface may reduce the amount of herbi
cide reaching the soil surface by 30%. They suggest higher herbicide rates may 
be necessary where large amounts of surface residue are present. 

Our research at the Southern Experiment Station indicates nearly identical weed 
control with several soybean herbicides where corn stalks were either chisel 
plowed or moldboard plowed. A treatment that resulted in poor weed control 
where residue was left on the surface as a result of chisel plowing also per
formed poorly where practically no residue was left on the surface after mold
board plowing. 

W~ have observed a trend toward slightly better grass control where higher 
rates of alachlor (Lasso 3 vs 4 lb/A) or trifluralin (Treflan 0.75 vs 1.0 lb/A 
or 1.0 vs 1.5 lb/A) were applied preplant incorporated for soybeans following 
corn. However, this relationship held true for both chisel plowing and mold
board plowing. In 1980 there were no differences observed in grass control 
between alachlor (Lasso) applied preemergence at either 3 or 4 lb/A. This 
response was the same for both tillage systems. 

Weed Populations and Weed Species 

In work at the University of Illinois (Pope, Siemens and Bode), the moldboard 
plow system resulted in lower weed populations than other tillage systems where 
no herbicides were applied. In.these studies weed population generally 
increased as the amount of tillage decrea·sed. Over a three-year period where 
no residual herbicides were applied, grass populations were 244, 1126, 950 
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and 1457 per square yard and broadleaf weeds were 48, 169, 204 and 164 per square 
yard for moldboard plowing, chisel plowing, spring secondary tillage and no
tillage, respectively. Where residual herbicides were applied, little difference 
was observed in weed control except that weed populations were generally higher in 
no-till plots. 

Our studies at Waseca have shown little difference in foxtail or velvetleaf pop
ulations between chisel plowed and moldboard plowed corn stalks. The land used 
for these studies has been in a corn-soybean rotation where chisel plowing has 
been done following soybeans in the year prior to installing tillage treatments 
after corn. It has been my observation that where an abundance of weed seed i~ 
produced, chisel plowing results in a more severe weed problem the following 
year than moldboard plowing. This is reasonable since the moldboard plow buries 
much of the weed seed to a depth where it will not germinate. On the other 
hand, the chisel plow leaves weeds close to the soil surface where they can 
germinate. Any system of tillage, such as the chisel plow, disk, or field 
cultivator, that leaves weed seeds close to soil surface ean be expecte.d to have 
increased weed popul~tions compared to moldboard plowing where a large number of 
weeds have been allowed to produce seed. 

On the other hand, the moldboard plow buries weed seeds to a depth where they 
are forced to remain dormant. Further plowing will bring these weeds back to 
surface where they can germinate and become a problem. If near perfect weed 
control is maintained for several years, it is possible that reduced tillage may 
lead to fewer annual weed problems as a result of exhausting weed seed supplies 
in the surface few inches of soil. For weed seeds (some annual grasses) that 
remain visable for only short periods of time, burying a heavy seed crop with 
a moldboard plow and then leaving the seeds buried through use of reduced 
tillage practices, may serve to help·deplete the seed reservoir of som~. s~ecies 
of weeds. 

As tillage is reduced, many scientists have reported a shift in weed species. 
Some of the annual weed species that have been reported to increase as tillage 
decreases is fall panicum, foxtail species, velvetleaf, horseweed, large crab
grass and volunteer crops. Of major concern to weed scientists as tillage is 
reduced is the potential increase in perennial weed species. Increased problems 
with common milkweed, hemp dogbane, canada thistle, dandelions, field bindweed, 
smooth ground cherry, quackgrass, nutsedge, and wirestem muhly have been 
reported. The important part to the grower is to recognize that as tillage is 
reduced the potential exists for weed populations to change. The good manager 
will adjust his weed control program to handle these problems as they arise 
and not let them get out-of-hand. 

Herbicide Carryover 

As tillage is reduced the potential for herbicide carryover is increased. One 
of our concerns is that much of the soybean acreage is treated with a dinitro
analine (DNA) herbicide {Treflan or Basalin) which has a relatively long soil 
residual. Since soybean land that is plowed lends itself to severe erosion 
potential, some form of conservation tillage needs to be practiced following 
this crop. This may lead to increased DNA herbicide injury symptoms on corn 
the following year, especially where dry weather existed during the year when 
the~ DNA herbicide was applied. There is little doubt that moldboard plowing 
helps reduce herbicide carryover problems through dilution and moving the 
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herbicide out of the seed germinating zone. Therefore, changes in herbicide 
rates or even switching to less persistent herbicides may be necessary to reduce 
carryover potential, especially in dry seasons, where a reduced tillage system 
utilizes a more persistent herbicide. Studies have been initiated at two 
locations in Minnesota to further evaluate the effects of tillage on DNA carry
over into corn. 

Herbicides 

As tillage practices are altered, changes may be necessary in herbicide programs. 
As less and less tillage is performed, weed control becomes more dependent on 
herbicides. With no-till or till-plant systems, herbicides that must be incor
porated such as DNA herbicides for soybeans and thiocarbomate herbicides 
(Eradicane and Sutan) for corn can no longer be used. The result might be 
nearly continuous use of the same herbicide family. As a result, weed species 
shift may occur since tolerant weed species will have an excellent opportunity 
to dominate. Where se~ondary tillage is practiced in a reduced tillage system, 
preplant herbicides can still be utilized. We have not observed better weed 
control where preplant treatments were applied to moldboard plowed as compared 
to chisel plowed corn stalks. If large amounts of residue exist on the soil 
surface, postemergence applications may offer some advantage. Several excellent 
postemergence grass herbicides are being developed for use on soybeans. These 
compounds have excellent activity and the timing of application of these com
pounds does not appear to be as critical as with many postemergence treatments. 
This is because they have good activity on larger weeds. However, postemergence 
grass herbicides for corn need to be applied early or poor performance may 
result. There is need for a good postemergence corn herbicide for grass control 
that will control grasses that are larger than one or two inches tall. 

Where no-till planting is practiced, a "burn-down" herbicide such as paraquat 
or Roundup (glyphosate) is usually necessary ·to control weed present at planting. 
Failure to use a "burn-down" treatment may result in very poor weed control from 
the start. 

Insect Problems 

As with weed problems, certain insect problems have the potential of becoming 
more severe with reduced tillage. Increased cutworm and armyworm problems have 
been reported with tillage systems that leave a large amount of residue on the 
soil surface. In tillage trials at the University of Illinois Ag Engineering 
Farm in 1981, 40% or more of the no-till plots had leaf feeding or cut plants 
while conventially tilled plots were essentially free from damage. The residue 
is an attractive cite for the females to lay eggs. If reduced tillage results 
in increased weed problems (especially grassy weeds), these fields may also be 
more attractive for female moths. An infestation of armyworms in 1980 in the 
Waseca area resulted in severe defoliation on a few fields. These were pri
marily very weedy fields and were not necessarily related to past tillage 
practices. So not all cutworm or armyworm problems can be related to residue 
on the surface. 

While moldboard plowing corn stalks may reduce winter survival of corn borer 
larvae, weather conditions at the time of moth emergence is more important than 
tillage practices in determining the severity of corn borer problems. 
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It may be more difficult to get a nice band of insecticide at planting time for 
corn rootworm control where a lot of residue is on the surface where corn fol
lows corn. If this is the case, or if the seed slot does not close well before 
insecticides are applied with the planter, it may be necessary to use a non
phytotoxic rootworm insecticide such as Counter or Furadan where corn is grown 
continuously in a reduced or no-till system. 

Summary 

Conventional tillage systems were developed over a.long period and were accepted 
as the best method of producing crops by many growers. They provided the 
opportunity for a good seedbed, assisted in control of many weeds and allowed 
for efficient placement of fertilizer materials. However, because of the need 
to conserve our soil, water and energy resources, changes in tillage practices 
have occurred very rapidly. As tillage practices change, growers need to be 
aware of the potential. problems associated with them, not .to deter them from 
changing tillage practices but to allow· them to develop a .strategy and crop 
management program that can deal with problems as they arise. The success of 
reduced tillage depends upon· the ability of the individual to spot somewhat 
unfamiliar and different problems relating to all aspects of crop production 
and deal with them in their infancy before they become an overwhelming problem. 
The old adage that "an ounce of prevention is worth a pound of cure" certainly 
applies to management strategies for reduced tillage programs. 
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THE SOIL NITRATE TEST FOR CORN AND THE USE OF NITRIFICATION 
INHIBITORS 

Gary L. Malzer 
Soil Science Department 
University of Minnesota 

If you were to send a soil sample to the University of Minnesota 
Soil Testing Laboratory and inform them that you wished to grow 
corn; you would, along with other test results, receive a 
fertilizer nitrogen recommendation. This recommendation is based 
upon the yield goal that you provided, your previous cropping 
history, and a organic matter estimation. In many years this 
would provide the producer with a very statisfactory estimation 
of nitrogen need. During 1976 Minnesota experienced a very 
severe drought over a large portion of its corn growing region. 
This drought resulted in corn yields far below the fertilized 
yield goal. Producers asked very pertinent questions concerning 
the amount of fertilizer nitrogen remaining in the soil and how 
much they should apply for the coming growing season. The 
existing nitrogen recommendations could not reflect the nitrogen 
needs following this poor year so "Rules of Thumb" were 
established to aid the producer in estimating fertilizer 
carryover. It became readily apparent that if a soil test could 
be developed which would reflect the nitrogen supplying ability 
of a particular soil or field better fertilizer nitrogen 
recommendations could be made for that producer. 

RESEARCH WITH THE SOIL TEST 

Field research experiments were established in Western Minnesota 
in the fall of 1976. The research experiments consisted of 
replicated nitrogen rate studies conducted both on producer 
fields and on the University of Minnesota Experiment Stations 
(Southwest - Lamberton - and West Central - Morris). To examine 
a wide range of soil, climatic, and management conditions the 
largest number of locations were on farmer production fields. 

When the experi~ents were established (in the fall if weather 
permitted) soil samples were obtained to a depth of five feet, 
separated into one foot increments and analyzed for nitrate 
nitrogen. Similar samples were also obtained in the spring 
before planting and again in the fall after harvest. Other 
parameters measured or evaluated included organic matter content, 
organic nitrogen, soil moisture, previous soil and crop 
management practices, production practices, leaf nitrogen, and 
grain yields. This extensive field survey was continued through 
1980 and is currently being continued only on the experiment 
stations. 

16 



The soil nitrate nitrogen in the surface five feet of soil varied 
considerably from location to location and from year to year. The 
nitrate nitrogen content ranged from as low as 30# of N0 1 -N/A 5 
ft to in excess of 500 # of NO -N/A 5 ft. The residual impact of 
the drought and other managem~nt practices was reflected in the 
next two to three years to the extent that 75-80% of the 
experiments that were established showed no positive yield 
response to the addition of fertilizer nitrogen. The nitrate 
nitrogen present in the soil profile was found to be an important 
consideratinn when evaluating the probability of obtaining a 
yield response. 

CONSIDERATIONS AND COMPONENTS OF THE SOIL NITRATE TEST FOR CORN 

A soil nitrate test for predicting the nitrogen needs for corn 
has been implemented and is available for the shaded area on Map 
1. The soil test attempts to predict the nitrogen supplying 
ability of the soil (NI - Nitrogen Index) by predicting the yield 
on a field where no nitrogen would be applied. The difference 
between this zero N yield prediction and the yield goal desired 
is used in making the nitrogen recommendation. The three major 
components that have gone into the development of the soil test 
include contributions from residual nitrate nitrogen, 
mineralization of nitrogen from organic matter, and previous 
cropping history. The assumptions and assessments of each are as 
follows: 

Residual Nitrate Nitrogen- Three assumptions were made in 
assessing the contribution of residual nitrate for corn 
production in Western MN: l) Corn rootings systems have the 
ability to go as deep as 5 ft into the soil profile to obtain 
No 3 -N. 2) Nitrate nitrogen is contained in the soil water and 
supplied to the plant root with the convective flow of water 
(Mass flow) 3) In Western Minnesota water recharge into the zone 
more than 24" below the surface is minimal once the growing 
season starts. These assumptions were useful in determining that 
nitrate nitrogen is less accessible the deeper it is in the soil 
profile. The major reasons for this are due to limited water 
availability and a lower frequency of water recharge in the 
deeper regions of the soil profile. Based upon long term 
moisture recharge and water extraction patterns, it is estimated 
that 90% of the N01 -N in the 0-2 ft depth and 25% of the N0 3 -N in 
the 2-4 ft deptn would be accessible to the crop. This 
information provided much better correlations of residual 
nitrates with grain yield than did total nitrate nitrogen in the 
soil profile. Subsoil nitrate nitrogen, although the percentage 
is low, may still supply substantial quantities of nitrogen to 
the crop if high nitrate quantities are present and moisture 
content of the subsoil is adequate. The difference in nitrate 
accessibility also stresses the importance of taking separate 
samples of surface soil (0-2 ft) and subsoils (2-4 ft). Total 
nitrate as well as where the nitrate nitrogen is in the soil 
profile must be considered. 

17 



Mineralization of Nitrogen from Organic Matter- This was found to 
be significant factor in supplying nitrogen to the crop. 
Depending upon the yield potential this fraction could supply 
one-half or more of the nitrogen required by the corn crop. The 
quantity of nitrogen mineralized will vary from year to y~ar and 
location to location depending on the climate encountered. On 
the average it was determined that approximately 20 pounds of N 
become available during the growing season per one percent 
organic matter content of the surface soil. 

Previous Cropping History- The nitrogen index underestimated the 
potential yield of corn when grown following soybeans and other 
legumes. This is probably because many of the nitrogen rich 
residues produced by the legumes have not decomposed to be 
reflected in the nitrate nitrogen portion, but will be decomposed 
much more rapidly than the native organic rna t ter in t.he soil. 
The soil test will therefore make a credit based upon previous 
cropping history. 

WHEN WILL THE NITRATE TEST BE MOST ADVANTAGEOUS 

There are a number of restrictions and recommendations that 
should be considered when determining the success of the nitrate 
test for each situation. Apart from these, the fertilizer 
recommendations produced from the nitrate soil test will have the 
greatest effect following a year where weather conditions 
(drought, hail, etc) have reduced the yields from those that were 
anticipated. It is also a useful tool to evaluate previous 
management practices (high N application rates, long term manure 
applications, tillage, etc). The test therefore allows much 
greater flexibility in adjusting nitrogen fertilizer 
recommendations for individual situations than the previously 
recommended procedures. 

OTHER FACTORS TO CONSIDER 

The soil nitrate test for corn can be no better than the sample 
obtained. Sampling procedures should be similar to those used 
with the nitrate test for small grains. Samples may be taken in 
the spring or fall. If taken in the fall they should be obtained 
after September 15th to ensure that a large build up of nitrate 
nitrogen does not occur after sampling. 

The test has been established to accept samples either from 0-2 
ft or 0-2 ft and 2-4 ft depths. If only a 0-2 ft sample is 
submitted, the computer will automatically calculate a 
conservative subsoil nitrate contribution. Subsoil nitrates 
normally will not fluctuate greatly from year to year depending 
on the weather. If you sample the 2-4 ft zone and find low 
nitrate nitrogen it probablY would not be necessary to resample 
the subsoil for 2-3 years. A 0-2 ft sample would be recommended 
on a yearly basis. 
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The nitrate test results are dependent on the analysis of nitrate 
concentrations which will change only slightly after the time of 
sampling. Nitrate nitrogen may be lost from the soil profile 
through leaching and/or denitrification. Poorly drained or 
coarse textured soils should therefore be avoided. 

The nitrogen recommendation that will be obtained is the result 
of the difference between the projected yield with no nitrogen 
and your yield goal. Research has established in Western 
Minnesota that it takes about 2.5 pounds of fertilizer nitrogen 
to produce one bushel of corn over and above what the soil can 
supply. The yield goal is a very important aspect of the 
recommendation and should be both opimistic and realistic. 

NITROGEN RECOMMENDATIONS FOR OTHER AREAS OF MINNESOTA 

The Western portion of Minnesota is currently the only part of 
Minnesota where fertilizer recommendations will be based upon 
soil test results. Preliminary research would suggest that 
residual nitrate nitrogen is also an important consideration in 
the other areas of Minnesota. For example, very seldom do we 
obtain a nitrogen fertilizer response when the 0-2 ft nitrate 
test is over 150 pounds of NO -N. For this reason a screening 
test ( 0-2') will be implemente:e for corn in Central and Eastern 
Minnesota. This test will adjust the fertilizer nitro~en 
recommendation down if a high N0_1 -N test is obtained. If this 
screening test is below 150#NO -lV in a 0-2 ft sample or if no 
sample is obtained from Wesiern Minnesota, the fertilizer 
nitrogen recommendation will be based on yield goal, previous 
cropping history and organic matter content. Additional research 
will be required to determine if the nitrate test can be expanded 
to Central or Eastern Minnesota. 

USE OF NITRIFICATION INHIBITORS 

The soil nitrate test is currently not recommended for use in 
Central or Eastern Minnesota. It is also questionable on any 
coarse textured soils or in situations where poor soil drainage 
results in the "pending" of water on the soil surface for a 
prolonged period of time. These statements are made because of 
the potential losses of nitrate nitrogen through the processes of 
leaching or denitrification. Nitrate nitrogen losses can be very 
severe on the coarse textured soils of Minnesota, and although a 
little less predictable can be problems in certain years on the 
fine textured soils of Central and Ea~tern Minnesota. 

Nitrification inhibitors are chemicals which are designed for use 
with ammonium forming fertilizers (anhydrous ammonia, urea, 28% N 
solutions). Their purpose is to slow down the natural conversion 
of ammonium nitrogen to nitrate nitrogen (nitrification). The 
benefits associated with the use of a nitrification inhibitor are 
related to minimizing nitrogen losses if they occur. If severe 
nitrogen loss conditions are encountered, the use of a 
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nitrification inhibitor should provide higher yields than would 
normally have been expected. 

Coarse Textured Soils - nitrate nitrogen loss due to leaching can 
be very severe with early spring nitrogen application to coarse 
textured 3oils. If these soils are irrigated the potential yield 
reduction may be large. It is essential for corn producer to 
ensure that an adequate supply of nitrogen is available to h.is 
crop during the growing season. To avoid the potential losses 
associated with early spring applications various "spoon feeding" 
techniques have been utilized. Such techniques as sidedressing 
and split applications through the irrigation system are good 
procedures. The use of a nitrification inhibitor should also be 
considered as another management tool to ensure that adequate 
nitrogen is available to the crop during the growing season. The 
nitrification inhibitor will be of greatest benefit when used 
with substantial quantities of nitrogen applied early in the 
season (before June 15th). It should be noted that nitrification 
inhibitors do not stop (they minimize) nitrogen losses and for 
this reason should not be considered as a total replacement for 
good nitrogen management. 

Fine textured soils- nitrate nitrogen losses from fine textured 
soils are normally associated with denitrification. Research has 
documented that fine textured soils in south central and 
southeast Minnesota are, because of higher precipitation, more 
susceptable to nitrogen loss. Losses are normally associated 
with early fall nitrogen applications (N application prior to 
50°F soil temperature) or with spring applications. If nitrogen 
becomes limiting to the crop, nitrification inhibitors have shown 
positive yield responses in the above situations. 

Nitrification inhib~tors will be effective on only that portion 
of nitrogen which is in the ammonium form. Products currently on 
the market are volatile and should be incorporated into the soil 
immediately to ensure chemical effectiveness. Nitrogen losses 
make take place either in the fall or early spring. If used with 
fall nitrogen application programs nitrification inhibitors will 
be of maximum effectiveness when soil temperatures (4 in. depth) 
are between 50 and 63°F. When used with spring nitrogen 
applications the largest benefits will be associated with those 
nitrogen applications which are made before June 15th. 
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Corn Conference, Univ. of Minnesota 
11 Hybrid Selection 11 

J. L. Geadelmann 
4 January 1982 

ABSTRACT 

Many hybrid corn varieties are available to Minnesota farmers. Hybrids 
frequently differ in performance, and these differences may vary with 
management practices, weather patterns, and other factors. The objective 
of this discussion is to suggest ways by which you might improve your method 
of choosing hybrids for your corn acreage. 

Hybrid performance can be defined simply as harvestable grain yield of the 
proper maturity. It is the sum of many interrelated factors or traits 
including type of hybrid, yielding ability, standability, disease and insect 
tolerance, and ear characteristics. Single and modified single cross types 
of hybrids have largely replaced double and 3-way cross hybrids due to their 
superior average yielding ability, which is the most important trait of a 
corn hybrid. However, yield may vary greatly from one year, location, or 
management system to another. Corn breeders test thousands of new experimental 
hybrids in several years at many locations over a range of plant populations 
and other management practices to (1) determine which new hybrids have yielding 
ability superior to that of current hybrids, (2) obtain estimates of maturity 
including grain moisture at harvest (relative maturity) and field dry-down, 
and (3) attempt to measure standability (stalk and root strength) under severe 
conditions (wind, disease, insects, etc.). Ear characteristics such as kernel 
texture, shellability, and uniform size are important in combine harvesting 
and subsequent handling and storage of the grain. 

As a result of continued private and public research and training programs, 
improved hybrids are frequently available but not always from the same seed 
company, nor will new hybrids necessarily be superior in certain areas even 
though their average performance over a wider region is superior. Public corn 
performance tests can at best serve only as a guide to choosing new hybrids 
to be planted on a trial basis because the extent of testing is limited by 
the number of hybrids and available funds. Private corn performance tests 
conducted over many locations ( 11 strip 11 tests) usually include few hybrids from 
other companies and so are useful mainly for choosing among hybrids sold by 
the sponsoring company. 

Therefore, a well-conducted performance test on your farm or in cooperation with 
neighbors using similar management practices is an important part of hybrid 
selection and of efficient and profitable corn production. Key ingredients 
of an accurate on-farm testing program include: 
1. Choice of hybrids to be tested - Information from seed companies and results 

from public performance tests should be used. Limit the number of hybrids 
(not more than 15 or 20) and include 2 or 3 check hybrids. Avoid large 
differences in relative maturity. 

2. Blocking - Choose a uniform area in the field. To avoid confounding 
differences among hybrids with undetected soil variability, each hybrid 
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should be repeated (replicated) about three times in the test, i.e. grow 
three plots of each hybrid. Arrange the plots in blocks, with one plot 
of each hybrid per block. Hybrids should be arranged in a different order 
in each block (randomized). Repeating only the check hybrids is a possible 
but statistically inferior alternative to repeating all hybrids. 

3. Plot size & type - Optimum plot size for on-farm tests may vary greatly 
with size of uniform land area, number of hybrids, size of equipment, 
etc. but about 0.1 acre (e.g. 4 rows x 500 feet or 6 rows x 300 feet) 
appears appropriate for many tests. Plots should be similar in size, and 
border rows should be used at edges of the field or in problem areas 
within the field. 

4. Management - Each plot should be managed exactly the same and as close as 
possible to the conditions that normally occur on your farm. 

5. Measurement - Keep accurate and up-to-date records. Walk the area every 
few weeks during the season and note obvious strengths and weaknesses of 
the hybrids plus any general problems with the test. Use two random 
100-plant samples within each plot for population and standability counts. 
Weigh each plot, take a moisture sample, and adjust yields to 15.5% moisture. 

6. Analysis - Use averages over blocks to compare hybrids. Differences among 
plots of the same hybrid should tend to be small relative to differences 
between at least some hybrid averages if the test was well-conducted. 
Consider all important traits, not just yield. 

7. Time -Data from one field in one year is likely to be misleading under 
our variable weather conditions, even for the same field in the next year. 
About 2 to 4 years of your own tests in conjunction with other reliable 
information should be adequate to choose promising new hybrids to be planted 
on a larger acreage (but not the whole farm). However, one year•s data 
may be adequate to discard poor hybrids from the test. Replace discarded 
hybrids with new hybrids next year. 
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Corn-Soybean Rotation Studies 

R. Kent Crookston 

Considerable research data from the corn belt recently establishes 

that yields of corn following soybeans are higher than yields of corn 

following corn. In Minnesota we are also accumulating data which 

suggests that soybeans following corn have higher yields than soybeans 

following soybeans. The percentage effect on either crop appears to 

be the same. (see table 1) 

Possible reasons for the effect of rotations on corn yields have 

included: altered amounts of soil nitrogen, soil physical properties, 

moisture, diseases, insects and weeds. These possibilities have not 

been substantiated in experiments however. 

One idea recently forwarded is that there may be toxic materials in 

the residue of corn which decrease the yield of a subsequent year's corn 

crop. Or, there is the contrasting suggestion that there may be growth

stimulatory materials in the residue of soybeans which increase the yield 

of next year's corn crop. An Iowa scientist has reportedly just indicated 

that a natural alcohol (tricontanol) is present in soybean residue. 

Triacontonal was recently discovered in alfalfa residue and has had a 

brief and controversial history as a possible plant growth regulator. 

Research on my project appears to be ruling out the possibility that 

corn residue has a negative effect on corn yield. In fact, the data 

indicates the opposite -- that corn residue is beneficial to corn yields. 

(see table 2) 

We have not yet looked at the yield effect of soybean residue, but 

plan to in the future. We would also like to investigate the effect 

of below-ground "residue" on the yield of both crops. A first approach 
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might be to sterilize field plots with methyl bromide and compare their 

yield to untreated plots and both first-year and continuous-cropping. 

We also plan to determine the long-term effect of continuous cropping on 

the yield of both crops. We have preliminary evidence that more than 

the previous year has an effect on yield. (table 3) Although we have 

yield data from continuous sites, and can compare that to data from rota

tions, the comparisons are not too reliable because they involve different 

years or locations. In 1981 we established a long-term (10-year) study 

to compare the yields of first year, second year, third year, etc. soybeans 

and co~n. (see table 4) In this study we will also determine the long

term effect of rotating hybrid or variety while staying with the same 

crop. There is evidence that wheat yields are reduced the second year 

that the crop is grown continuously. The reduction is gradually diminished 

and is overcome if the crop persists for a number of years however. We 

need to know if this happens with soybeans and corn. 

A 1981 survey of corn-production scientists in the U.S. indicated 

that 20% of the U.S. corn is grown continuously. If this acerage could 

be spared the yield reduction that occurs on second-year plots it would 

mean an extra 100 million bushels of grain annually or 300 million dollars. 

To my knowledge, the idea that soybean yields are depressed by continuous 

cropping is not widely known. The effect of continuous cropping on corn 

yields has definitely received more attention. I have no accurate 

estimate of how many acres of soybeans are grown continuously in the 

u.s. 
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Table 1. Effect of crop rotation on corn and soybean yields in 
Minnesota, 1979-1980. 

CORN YIELDS 

location 

Lamberton 
Waseca -

X 

SOYBEAN YIELDS 

location 

Lamberton 
Waseca -

X 

previous crop benefit from 
corn soybeans rotating crop 

------- bu/A ------
104 
124 
114 

corn 

39 
43 
41 

121 
136 
128 

SO,lbeans 
bu/A 

35 
39 
37 

17 
12 
14 (12%) 

benefit from 
rotating crop 

4 
4 
4 ( 11%) 

Table 2. Effect of corn residue on corn yields in Minnesota, 1979 
and 1981. 

Corn Soybeans 
corn corn 

residue residue 
control removed control removed lsd{.05) 

corn yield (bu/A) 
Rosemount, 1979 103 83 102 105 13 

Rosemount, 1981 164 163 169 175 8 

Waseca, 1981 187 183 185 191 8 

Lamberton, 1981 179 175 182 187 12 

-
X 158 151 160 165 
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Table 3. Effect of cropping history on 1981 soybean yields in Min
nesota. 

Previous crop 
1979 1980 

1981 yields of 
Hodgson Vickery 

Average of 
2 varieties 

----------------bu/A-------------------
S.B. S.B. 49 46 48 
corn S.B. 55 54 54 
S.B. corn 57 56 56 
corn corn 62 60 61 

Table 4. Design of Lamberton study to determine lonq-term effects 
of corn:soybean rotations in Minnesota. 

Year 
Treatment # 81 82 83 84 85 86 87 88 89 90 

1 c c c c c SB SB SB SB SB 
2 SB c c c c c SB SB SB SB 

3 SB SB c c c c c c SB SB 

4 SB SB SB c c c c c SB SB 

5 SB SB SB SB c c c c c SB 

6 SB SB SB SB SB c c c c c 
7 c SB SB SB SB SB c c c c 
8 c c SB SB SB SB SB c c c 
9 c c c SB SB SB SB SB c c 

10 c c c c SB SB SB SB SB c 
11 c c c c c c c c c c 
12 SB SB SB SB SB SB SB SB SB SB 

13 c SB c SB c SB c SB c SB 

14 SB c SB c SB c SB c SB c 
15* c c c c c c c c c c 
16* SB SB SB SB SB SB SB SB SB SB 

* Alternating hybrids or varieties. 
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Growth and Development of Corn 

Vernon B. Cardwell 

Professor, Department of Agronomy and Plant Genetics 

Growth and development of corn, as with other crops, follows a normal 

seasonal progression. An understanding of developmental changes in the plant can 

help producers relate management to critical stages in the crop life cycle. A 

summary of seasonal development based on Minnesota Crop and Livestock Reporting 

Service data is presented in Figure 1. The range of dates at which specific 

stages are reached represents the effect of differences in production areas of 

the state, differences in relative maturity ratings of the hybrids grown, en

vironmental conditions influencing date of planting and differences in individual 

management practiCes. The data presented in Figure 1 represent a general overview 

of corn development but do not show the specific changes in the morphology and 

development of the plant nor permit identifying critical stages affecting pro

duction management decisions. 

The seasonal development of the corn plant is temperature dependent. The 

average heat units available for corn in the various relative maturity zones of 

Minnesota are approximately 2050 for the 80 day hybrids grown in the northern part 

of Minnesota to 2400 heat units for the south central portion of the state. The 

heat units can be calculated by several methods, but the most commonly used method 

is ca 11 ed the 11Weather Bureau or Remainder Method 11 where: 

Daily heat unit = Daily max up to 86°F + daily min.;- 2 - base temp. of 50°F 

One day's heat unit accumulation in August or September equals two days in May 

or June, thus accounting for the shorter period of growth and faster development 

for later dates of planting. 
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From planting to emergence approximately 100 HU are required when planted 

1 1/2 - 2" deep on fall plowed land. Planting to emergence is affected by 

amount of residue on the soil surface and the depth of planting. Work at Waseca 

has shown a delay of a week in reaching the two leaf stage when no-till systems 

are compared to fall plowing. Early growth is related more closely to soil tem

perature than air temperature because the growing points are below the soil sur

face. On fall plowed soils the soil temperature at 2 1/4 inch depth from mid-April 

to mid-June approximates the average air temperature. 

Germination and emergence 

The primary root system consisting of the radicle and seminal roots originates 

from the seed but seldom survives more than 6 to 8 weeks before the mesocotyl de

teriorates and ends their functional life. The mesocotyl is the structure which 

pushes the coleoptile and enclosed leaves to the soil surface (Figure 2). The 

mesocotyl ceases growth after the coleoptile breaks through the soil surface. 

Deep planting or cloddy surfaces may cause failure of coleoptiles to reach the 

soil surface resulting in leaves emerging under the soil surface and poor stand 

establishment. 

Root development 

Early season root growth is primarily horizontal because of growth responses 

of roots to temperature as shown in Figures 3 and 4. As the season progresses, 

root growth moves downward with the moisture depletion near the soil surface, 

increasing soil temperature at lower depth in the soil profile. Root growth 

under field conditions can be modified by mulches and tillage as work at Lam

berton has shown. In wet years, mulches inhibit root growth while in dry years 

mulches promote root growth. Close and deep cultivation will prune roots and limit 

top growth if dry weather follows cultivation. The bulk of the roots produced are 
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in the upper 6" of soil as the data in Figure 5 illustrate. This is due to avail

able nutrients, better aeration and warmer temperatures in the plow layer. 

Root pattern is primarily influenced by row spacing and plant population. 

Roots arise from the lowest 5, 6 or 7 nodes and are capable of producing a 

lateral spread of up to 6 feet but the normal spread is an elliptical pattern with 

a spread equal to the distance between plants in the row and the distance be

tween rows. 

Leaf development 

Most Midwest adapted hybrids have 5 leaves previously developed in the 

embryo at the time of planting. The total number of leaves that will be pro

duced is related to the maturity rating of the hybrid. The earliest varieties 

produce as few as 6 leaves as in Gaspe flint and as many as 44 leaves in some 

tropical varieties. Most Minnesota adapted hybrids produce 16 to 22 leaves. The 

rate of leaf production is temperature related with approximately 50 heat units 

lapsing between each leaf initiated. The first leaves are initiated while the 

growing point is below the soil surface and may require 10 days or more per leaf 

while the last leaves may be initiated within 2 or 3 days of each other after the 

growing point is above the soil surface. The last leaves are usually formed by 

4 to 5 weeks after emergence. This difference is related to temperature effects 

on the growing point as Figure 6 illustrates. The 5 leaf stage has been viewed as 

a critical stage during which leaf removal has given increased yield in years 

when weather conditions result in low average yields. Apparently, the early leaf 

removal affects the vegetative-reproductive differentiation. 

The lower leaves of the plant normally deterioriate early in the season. 

This is natural senescence associated with the secondary (brace) roots destroying 

the leaf connections at the nodes as they emerge. Thus when determining total 

leaf number in staging corn plants, one must include these lower dead and/or 

missing leaves. 
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Tassel development 

The tassel represents the terminal differentiation of the apical meristem 

and the termination of leaf production. This occurs by the time the plants are 

approximately knee high and with approximately 8 leaves unrolled or within 40 days 

of planting for most Minnesota adapted hYbrids and 5 to 6 weeks before pollen shed. 

Subsequent stem elongation which pushes the tassel and final leaves out of the leaf 

whorl is associated with the elongation of the internodes. The internode elon

gation occurs with the onset of the grand period of growth where plant height in

creases from 18 to 24 inches to maximum height in a period of 7 to 14 days. Mois

ture stress during this period reduces internode elongation and reduces height. 

Severe stress is indicated by much shortened upper internodes. 

Internode elongation ceases at about the time pollen shed or anthesis occurs. 

Pollen shed begins in the lower mid portion of the main tassel and progresses 

upward and downward to lateral tassel branches. Duration of pollen shed under 

different weather conditions is shown in Figure 7. Pollen remains viable for 

only a few hours under field conditions after it is shed. Under normal weather 

conditions anthesis occurs over an 8 to 10 day period. Under dry conditions the 

pollen shed occurs over a slightly shorter time period but the major effect is the 

hastening of anthesis and delay in silk emergence which can reduce pollination 

and subsequent seed set. 

Ear development 

The corn plant initiates ear shoot buds at 6 to 10 nodes. The upper bud is 

usually at the 6th or 7th leaf node below the tassel of the plant. Occasional 

hybrids produce ears on the 5th node or at the 8th node from the top of the plant. 

The ears begin development 6 to 10 days after the tassel is initiated. For most 

hybrids planted at high populations only the top ear develops into a grain bearing 
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ear. If something happens to the upper ear shoot, the next ear down will develop. 

The number of rows of kernels per ear is determined about 7 days after the ears 

are initiated. The total number of kernels per ear is determined during the next 

12 to 15 days. Maximum ear size is determined 45 to 60 days after planting and 

is influenced most by plant population. Management practices designed to increase 

ear size must be applied before ear set begins, thus fertilizer and irrigation must 

be applied before July 1 for early M~ plantings in Minnesota. 

Silking is normally in close synchronization with anthesis. The growth of 

the silks are delayed by moisture stress and temperature above 86°F while pollen 

shed is promoted. Cool, cloudy weather tends to promote silk growth and delay 

pollen shed. The effect of delayed anthesis is less significant than delayed 

silking because silks may remain receptive for 7 to 21 days after emergence. 

The relationship of growth stage and the effect of moisture stress on corn yield 

are shown in Figure 8. 

Each ovary has an attached silk and must be fertilized by an individual 

pollen grain. With about 750-1000 potential ovaries per ear about 20,000,000 

pollen grains are required for a population of 20,000 plants per acre. Ten well 

developed tassels can easily provide the required pollen. The silks in the lower 

middle third of the ear are the first to emerge, followed by the silks at the butt 

of the ear and finally the silks at the tip of the ear. The ovaries at the tip of 

the ear are the last to be fertilized and are the most susceptible to abortion. 

A normal ear will mature 500 kernels. The grain filling period has a duration of 

45 to 60 days from pollination to physiological maturity. The early blister stage 

is the period when most tip kernels are aborted and usually occurs within 12 days 

of fertilization of the ovary. Kernel development is temperature dependent. In

vitro kernel development is highest at temperatures of 60 to 77°F and abortion 

occurs at temperatures above 95°F as shown in Figure 9. Fertilizer and moisture 

conditions influence both the rate of photosynthesis and longevity of the leaves. 

32 



Kernel moisture is highest during the blister stage, averaging approximately 

80% water. As the embryo and endosperm growth progresses, the moisture content 

continually decreases reaching a level of 30 to 45 percent at physiological ma

turity. The decline in seed moisture can be seen as the milk line appears about 

40 days after fertilization and progresses from the cap toward the tip of the 

kernel. As the kernel approaches its maximum dry weight an abscision layer is 

formed at the tip of the kernel. The layer is commonly called the 11 black layer. 11 

Increases in seed dry weight cease once the black layer is formed. Yield re

ductions will occur if killing frosts occur before plants reach physiological 

maturity. 

Dry down of the seed following physiological maturity is influenced by the 

environmental conditions but averages approximately one-half percent moisture 

loss per day. 

The growth and development of the corn plant are under the control of environ

mental factors, particularly temperature, moisture and light and are modified by 

cultural practices such as fertility, date of planting, irrigation and weed 

control. Good management practices match yield promoting practices with the 

most responsive stages of growth while striving to minimize the effects of ad

verse environment at critical stages of development. 
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Figure 1. DeVelopmentlllalagea and the calendar date when 50'Jro of the Mlnneaota com aci'INige has reached that stage are given above the 
calendar scale. Dates when 5, 25, 50, 75 and 85% of the 8CI'Nge has progressed to a given developmental stage are shown below the scale. 
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Evaluating the potential of a new production practice 
for your farm: Can statistics help? 

R. E. Stucker, Department of Agronomy and Plant Genetics 

For many years Agricultural Experiment Stations have been a source of 
information on agricultural production practices including primarily new 
varieties, herbicides and pesticides, fertilization rates, crop rotations 
and others. Those of us in the experiment stations like to think of our 
work as careful, to some extent thorough, certainly unbiased and by all means 
in the best interests of agriculture. With the advent of strong commercial 
breeding companies, and chemical companies with an array of pesticides, the 
grower now has a wide range of information available from the companies• 
research and testing branches. In many cases, the information they provide 
is from research that is carefully conducted, evaluated at many more locations 
than that provided by experiment stations, and is in the best interests of 
agriculture and the companies financial balance sheets. By and large there 
is reasonable~if not good, cooperation betwee·n experiment stations and 
companies in evaluation of products and practices. There is not always 
agreement on the value of some practices. The grower faces extensive and 
attractive advertisements from the companies, and cautious and possibly 
indefinite recommendations from experiment stations regarding some products 
and practices. How does a grower make a decision about a practice in which 
there appears to be a difference of opinion? 

My purpose is to discuss the use of statistics (applied by both commercial 
companies and experiment station scientists) in research evaluation and ask 
the question, 11 Can statistics help the grower to make a decision about al
ternative production practices? 11 

As an example for this discussion, I will discuss some Minnesota results on 
the use of N-serve. The choice of example is based on: 
1) some difference in opinion as to the merits of N-serve, 
2) availability of statistics from the company, and 
3) avai.lability of yield data from Minnesota experiments. 
Some of the data and statistics used in my discussion are taken from Down to 
Earth, published by Dow Chemical Company, volume 37:17-19. The paper is a 
well-written statistical discussion of a practice which can be shown to be 
highly significant in its effect when evaluated in a very large number of 
tests but which does not show a statistically significant effect when evalu
ated in standard experiments of small size. N-serve has been shown to 
significantly increase corn yields, based on averages of 863 commercial yield 
comparisons, but usually does not show a significant effect when evaluated in 
an experiment such as would lik~y be conducted by an experiment station 
researcher. Therein is the dilemma; Dow Chemical believes N-serve increases 
yields but acknowledges that most experiments considered individually will 
not show a significant yield response in corn. 

The other source of data comes from 1980 experiments conducted by Minnesota 
Experiment Station workers. Data are taken from Soil Series 109, A Report 
on Field Research in Soils, Dept. of Soil Science~iversity of Minnesota, 
St. Paul, MN, 1981. Investigators are G. L. Malzer, T. Graff, and J. Lensing-
experiments at Becker; G. E. Varvel and R. K. Severson--experiments at 
Crookston; G. L. Malzer and S. Evans--experiments at Morris; G. L. Malzer, T. 
Graff, J. Lensing, and M. Wiens--experiments at Staples; and G. L. Malzer, T. 
Graff, and G. W. Randall--experiments at Waseca. The results of the experi-
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ments are based on 1980 data only and as such are not considered to be con
clusive. I use them as an example of the types of responses which can occur 
in field experimentations. The computations used are examples of what I 
would do if I had access to the much more extensive data base of Dow Chemical 
Company (referred to above). I presume that the 1980 results are a sample of 
what would occur in Minnesota over a range of conditions. Several years of 
such data are necessary for a reliable conclusion on the contribution of N
serve to corn production in Minnesota. 

The premise of Dow Chemical Company: a) Based on 863 commercial yield com
parisons over a period of years, N-serve has a significant effect on yield and, 
on the average, will result in a 5.7% increase in yield when it is applied in 
direct comparison to a given nitrogen type and rate; b) When compared in 
individual small-plot replicated trials, similar yield differences have often 
failed to demonstrate statistical significance at generally accepted confidence 
levels. (Note: the size and type of the commercial yield comparisons are not 
given in the article in Down to Earth.) 

The statistical arguments presented in their paper lead to their conclusion 
that the large data set results are meaningful and that the small plot tests 
could not be expected to show significant increases because the tests are not 
replicated sufficiently. I agree with their statistical arguments. The 
magnitude of difference which can be shown to be statistically significant is 
a function of the number of times small plot comparisons are repeated. A 
practice which has a large effect can be shown significant in an experiment 
with 3 or 4 replicates. A practice with only a small (but real) effect may 
require many replicates (30, 40, or more). Experiment station research 
scientists cannot afford to replicate their experiments that many times. The 
researcher concludes that the practice does not have a significant effect 
(when in fact it may have a real effect). 

Dow•s recommendation is that since N-serve costs around $6.00 per acre and 
since the average increase in yield is 8 bushels of corn per acre, the grower 
should not worry about small plot tests which do not show significant increases. 
Rather, the grower should consider the average net return--some $18.00 per 
acre--and thus should use N-serve. 

I•d like to consider Dow•s type of statistics, some computations of my own, 
and ask if based on 1980 Minnesota results, Minnesota growers should use N
serve in conjunction with their nitrogen fertilization. As some statistical 
concepts pertinent to my arguments arise, r•11 try to give you some under
standing of their meaning. 

First, we need to consider some statistical concepts. 
Experimental Error. In every experiment on a trait like corn yield, there 

exists some variation in results due to the physical conduct of the experiment 
and the biological nature of the crop yield. This natural variation is called 
experimental error. It has nothing to do with mistakes (errors) unless the 
investigator commits them. Consider what would happen if you planted 10 strips 
of a corn variety through a relatively uniform field and subsequently harvested 
and obtained yields on each individual strip. The results would not be 10 
identical yield values. Given the yields, I could compute a measure of this 
variation and call it experimental error. In a more common experiment, the 
computations are more complex but the concept is the same. This experimental 
error variance is used in conjunction with probability to compute a value-
called LSD--which can be used to decide, for example, if two varieties differ 
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in yield ability, or if two practices differ in their effect on yield. If 
the difference between mean yield of corn grown under 150# of anhydrous 
ammonia and mean yield of corn grown under 150# of anhydrous ammonia+ N-
serve exceeds the LSD from a replicated evaluation of the two fertilization 
practices, we would say the difference is significant at a specified level 
of probability. Typically we use 95% probability,.which means that a 
difference as large as that in the experiment will occur 19 times out of 20 
because there was a real difference. Only one time out of 20 a difference 
the size of the LSD would occur due to some unusual variation in the experi
ment. Actually, those are pretty good odds. How much would you bet on 19 to 
1 odds of winning? If the level of probability is less than 95%, we agrono
mists usually say that there is no difference due to the practice or treatment. 
At 90% probability, the odds are 18 to 2. That is still a pretty good bet. 

There are two types of mistakes that can occur when an investigator interprets 
the results of his experiments. 

Type I Error: The investigator concludes that there is a difference between 
treatments and in fact there is not! (Usually based on 95% significance). 

Type II Error: The investigator concludes that there is no difference in 
effectiveness of two treatments and in fact there is! (Probability unspecified). 

The investigator in interpreting his experiments is actually gambling with 
someone elses money--the growers. Agronomists have used the 95% level of 
probability for many years and for almost all circumstances. In some cases it 
has lead us to a label of being conservative. In my opinion, the investigator 
could in many cases use a lesser level of probability. This translates to 
calling a smaller difference real, but the likelihood of being wrong (com
mitting a Type I error) increases. 

The important question involves the seriousness of being wrong. Two examples: 
1) Hybrid A and Hybrid B sell for the same price. Hybrid A usually yields 
better than Hybrid B but the difference is not statistically significant(95%). 
What is the consequence of planting A when it is not better (higher yielding) 
than B? (Likely there is no consequence.) There could be a problem if Hybrid 
B is better than Hybrid A but this doesn•t seem reasonable if in most of the 
tests A yields slightly better than B. 2) Single cross C costs $10 per unit 
more than Double cross D. Single cross C frequently yields better than 
Double cross D but the difference is not significant at the 95% of probability. 
What is the consequence of planting C when it may not be better than D? On a 
large acreage basis, there is a considerable consequence; someone loses money 
because they pay more for something that is not better; Thus, the consequence 
of committing a Type I error must be evaluated in terms of the cost of being 
wrong. As the expense of using a practice increases, the seriousness of saying 
a treatment is effective when it is not increases. 

Logically, an expensive practice should be evaluated with a high level of 
statistical significance (99%). In the case of N-serve, the available data 
would appear to indicate that N-serve doesn•t hinder yields. The question 
is 11 Does it significantly increase yields? .. Better, 11 Will it increase yields 
enough to pay the cost of the material and application? .. 
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More generalities. We agronomist types usually ignore the second error-
Type II. What is the consequence of saying there is no difference when in 
fact there is? Because the two errors are interrelated to some extent, we 
increase the frequency of Type II errors when we keep the likelihood of a 
Type I error low. 

Thus, two questions need to be considered together. What are the consequences 
(cost) if we say there is a difference and there isn't and what does the 
farmer lose if we say there is no difference and there actually is? 

Consider the arguments put forth by Dow Chemical Company. The cost of N-serve 
is $6.00 per acre. Thus, if you use N-serve and it isn't effective, you are 
throwing away $6.00 per acre and application costs. They say despite lack of 
statistical significance at the 95% level in small tests that there is a 
difference. Furthermore, they conclude that on the average the yield increase 
will be 8 bushels per acre. At $3.00 corn, that is a net return of $18.00 
per acre. If you don't use N-serve and it results in an average of 8 bushels 
increase, you lose $18.00 per acre from what you could have had. Look at 
the costs: cost of Type I error--$6.00 oer acre; cost of Type II error--$18.00 
per acre. How do you resolve the problem? Should you risk a sure $6.00 per acre 
cost to gain a possible $18.00 per acre profit? The answer depends some on 
how much you can afford the gamble and a lot on the likelihood that you will 
achieve an 8 bushel per acre increase. 

I frequently contemplate the incontrovertible evidence that the average 
American has somewhat less than 1 testicle. Sometimes averages just don't 
tell the whole story. I'm impressed by what happens on the average and you 
should be too. But, never take an average at face value. The average increase 
of 5.7% due toN-serve over some 863 comparisons means one thing to me: Man.Y 
of the comparisons did not give an average increase. The fact is that unless 
we can see the whole set of comparisons, we can't really make a good decision. 

The Minnesota data for 1980. From the experiments involving nitrification 
inhibitors, I abstracted comparisons involving N-serve. In briefest form, the 
comparisons are shown in Table 1. 

As expected based on previous experience of the Dow researchers, only occasionally 
was the increase of a single treatment comparison significant at the 95% level 
of probability. The average increase over the 34 comparisons was 5.4 bushels 
per acre. With some stretching of the statistical rules, the average increase 
was significant at the 95% level. Thus, Minnesota researchers could reach 
the same conclusion reached by Dow. N-serve, on the average, increases corn 
yields significantly. The size of the increase (5.4 bushels/acre) was less 
than the 8 bushel increase Dow projected. The expected net return per acre 
from N-serve thus is approximately $10.00 per acre assuming $6.00 costs and 
$3.00 corn. The average increase was 3.2 percent rather than their projected 
5.7%. 

There are a number of limitations on interpretations from standard analysis 
of the 34 comparisons. The interesting question involves the range of the 
responses that a farmer might expect if the Minnesota 1980 tests were 
representative of other years and other sites in Minnesota. A rough calcula
tion would show that 95% of future comparisons (responses to N-serve) should 
fall within the range of -17.7 bushels to 28.5 bushels per acre. The 
problem involves translating the small plot data to large scale field comparisons. 

41 



A different statistical approach can be used to analyze comparisons such as 
reported by Dow Chemical. Each comparison should be independent of every 
other.comparison. The method uses binomial distribution probabilities based 
on the number of increases versus the number of decreases; the magnitude of 
an individual response is ignored. 

Fundamentally if we assume that N-serve has no effect on yield, the number of 
increases should not be statistically different from the number of decreases. 
If a set of comparisons shows more increases than decreases, we should begin 
to wonder about the assumption that the treatment has no effect. With a little 
mathematics, we can compute the probability that a given number of increases 
would occur if there was no difference due to the treatment. I 1 11 use the 
1980 Minnesota data to illustrate results from the procedure. Refer again to 
Table 1 under the column Increase, bushels per acre. 

There were eleven comparisons which resulted in no increase in yield and 23 
which showed an increase. The probability that this would occur if N-serve 
had no effect is around 3%. Thus, we conclude that the N-serve effect on 
yield is significant at the 97% level. This exceeds the normal probability 
of significance of 95% and we should conclude that the N-serve effect is 
statistically significant. 

However, if N-serve costs $6.00 per acre, an increase is not economically 
feasible unless there is at least a 2 bushel per acre increase ($3.00 corn). 
The number of increases less than 2.0 bushels per acre is 15. The probability 
that N-serve is economically worthwhile is computed to be 70%. This doesn•t 
look so good. If we assume that corn isn•t worth $3.00 per bushel and that 
there are application costs in addition to the $6.00 per acre figure, we 
might presume that a minimum increase of 4 bushels per acre is necessary for 
a farmer to make money on N-serve. Based on the data in Table 1, there are 
18 comparisons below the profit level. Now the probability that N-serve is 
significant at an economic return (profit) level becomes only 30%. Summary 
of the above possibilities: 

Size of effect Probabilit~ of significance Probabilit~ of T~Qe I Error 
1) Positive 97% 3% 
2) Greater than 

2 bu/A 70% 30% 
3) Greater than 

4 bu/A 30% 70% 
Remember the important probability involves the likelihood of committing a 
Type I error: saying there is a difference when there is not. I believe 
that the binomial expansion approach offers some useful insight. Based on 
Minnesota experiments in 1980, the farmer only has about a 50-50 chance 
(.30<P<.70) of making money on N-serve. I caution you to remember this is an 
example of what could be done with data from a large number of comparisons. 
The Minnesota data are from only one year--an unusually dry year--and the 
comparisons are not independent comparisons. Thus, we shouldn•t put much 
faith in the 1980 Minnesota conclusions for this analysis. 

My suspicion is that the Dow data would result in conclusions similar to those 
I have drawn but I have little evidence to go on for the suspicion. I believe 
that the binomial approach is much more realistic than looking at the average 
response alone, however. 
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A thorough analysis of the response toN-serve must eventually involve a 
classification of responses according to several possible categories: fall 
application, spring application, irrigation, light textured soils, coarse 
textured soils, cool wet spring climatic conditions, etc. In 1979, Dr. 
Malzer and co-workers (Soil Series 107) found the following increases under 
irrigation at the Becker Experiment Station: 

75#N-ppl 
150#N-ppl 
225#N-ppl 

with versus without N-serve 
with versus without N-serve 
with versus without N-serve 

33.2 bu/A 
30.5 bu/A 
41.5 bu/A 

In the same experiment, application of nitrogen at the 8-leaf stage of 
development resulted in 5.2, -1.5 and 0 bu/A increases due toN-serve at 
75,150 and 225 pounds of N per acre, respectively. At the 12 leaf stage 
increases due toN-serve were 2.6, -1.9 and 13.9 bu/A for the three N rates, 
respectively. This is an impressive effect of N-serve at pre-plant spring 
applications under irrigation. Dr. Malzer and co-workers will be pursuing 
attempts to relate N-serve response to climatic factors in subsequent work. 

Can statistics help the farmer make a decision about alternative production 
practices? Because of the specialized computations involved, my answer is no. 
Further, the farmer will not have access to the necessary data. In most cases, 
the farmer will not benefit directly from the approach that I have suggested, 
and I must emphasize that the approach is specialized for comparison of 2 
practices in a set of independent comparisons. Despite this I believe a 
number of useful points can be derived from my discussion. 

Some topics to remember when considering results on alternative production 
practices. 
1) Experiment stations are not the sole source of reliable information. 
2) Commercial company comparisons may frequently be much more extensive in 

number and locations than experiment station evaluations. 
3) Ask about the significance of the results. By and large the 95% level 

of probability is still a good goal--even though it may be a little 
conservative. 

4) Ask what you will gain and weigh that against what you will lose if the new 
practice does not work. 

5) Don't accept averages at face value. Ask the researcher, extension 
personnel or salesman about frequency of favorable increases. Ask them about 
responses to specific environmental and soil situations. 

6) If a product merchandizer cannot give you results from tests in your 
area and/or if the tests are not based on good experimental evaluations, 
don't use the practice. 

7) Stay with a company who has a reputation to protect, but don't be over
whelmed by the reputation. 

8) Ask for an opinion from the Extension Service, realizing that their inter
pretation may be conservative but is likely to be unbiased. 

9) Be careful about the ••try some and see if it works" approach. Unless your 
test is properly conducted or unless the effect is very large, you don't 
have much chance of making a correct decisio~. As a minimum, use a set of 
strip comparisons--repeated several times--and if possible, in more than 
one field. A word of caution is appropriate here. If you try this, you 
are a researcher interpreting data. Your Type I and Type II errors may 
be completely out of control. 
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Table 1. Results of 1980 tests of N-serve in Minnesota. (Refer to Soi 1 
Series 109, 1981 for description of treatments and authors' 
interpretation of the experiments). 

Without With 
Location Treatment N-serve N-serve Increase* Increase 

(# of N) (Bu/A) (Bu/A) (Bu/A) % 

Becker** 75# ppl 141 . 5 149.2 7.7 5.2 
75# spl it(l) 165.9 160.5 -5.4 -3.2 
7 5# s p 1 it ( 2 ) 132.6 155.9 23. 3* 14.9 
75# 8-leaf 150.2 169.7 19. 5* 11.5 
75# 12-leaf 164.5 167.4 2.9 1.7 

150# ppl 153.4 198.9 45.5* 22.9 
1 50# s p 1 it ( 1) 171 .8 181.4 9.6 5.3 
150# split(2) 157.4 189.8 32.3* 17.0 
150# 8-leaf 188.1 192.6 4.5 2.3 
1 50# 1 2-1 ea f 193.1 179.7 -13.4 -7.0 
225# ppl 188.6 204.1 15.5 7.6 
225# split{l) 195.9 198.9 3.0 1.5 
225# split(2) 209.0 203.9 -5.1 -2.4 
225# 8-leaf 201.4 201.5 . 1 0.0 
225# 12-leaf 184.0 181.7 -2.3 -1.3 

Becker 75# AA-ppl 158.9 174.9 16. 0* 9. 1 
75# 28%-ppl 166.1 164.1 -2.0 -1.2 

150# AA-pp 1 185.7 183.9 -1.8 -1.0 
150# 28%-ppl 174.5 179.1 4.6 2.6 

Sta~les 80# urea 121 . 9 122.9 .3 .2 
160# urea 127.3 136.5 9.2 6.7 

Crookston 30# AA-ppl 55.9 61.4 5.5 9.0 
60# AA-ppl 72.3 71.5 -0.8 -1.1 
90# AA-ppl 64.7 62.1 -2.6 -4.0 

Waseca 75# AA-ppl 144.2 140.8 -3.4 -2.4 
75# 28% 130.9 134.0 3. 1 2.3 

150# AA 153.5 153.0 -0.5 -0.3 
150# 28% 142.4 155.1 12.7 8.2 

Morris+ 40# (1) N/A 119.2 125.8 6.6 5.2 
80# (1) N/A 135.3 122.4 -12.9 -9.5 
40# (2) N/A 122.6 123.3 0.7 0.6 
80# (2) N/A 125.5 131.3 5.8 4.4 
40# (3) N/A 122.0 126.0 4.0 3.2 
80# (3) N/A 128.9 130.5 1.1 0.8 

* 95% LSD Is range from 12.7 bushels/A to 15.9 bushels/A. 
**Split(l) - l/3 pre-plant with N-serve: 2/3 at 12-leaf stage. 

Split(2) - 2/3 pre-plant with N-serve: 1/3 at 12-leaf stage. 
+Time of application: 1 ) Sept. 20, 1979 

2) Oct. 29, 1979 
3) May 2, 1980 
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A Realistic Approach to the Subjugation of 
Wild Proso Millet 

Jeffrey Coultas 
Area Agent/Crop Pest Management 

Wild proso millet (Panicum miliaceum L.) derives its name from the 
Latin word Milium which means millet and from Russia where this mil
let is known as proso. Other common names are hog millet or broom 
corn millet. It is an expanding problem in the Midwest. It has 
rapidly infested 38 counties in Minnesota since it was first iden
tified in Minnesota in 1970. It is a major problem in Wisconsin 
and has been recently discovered in Colorado, Nebraska, Iowa, Illi
nois, New York, Ontario and Manitoba. Canada and Hungary are the 
only other countries reporting wipm as a weed (4,5) .. It has become 
a major problem in field corn, sweet corn, and soybeans. It is 
most likely that wild proso millet is an escape from cultivated 
varieties. It is widely distributed throughout the world. Panicum 
miliaceum has been grown since ancient times in India, Africa, 
southern Europe, China and Japan as a grain for human consumption 
or as a livestock forage crop. In the U.S. it has been used for 
hog or poultry feed. The protein content is equivalent to wheat and 
has been cultivated for as long as wheat (11). The origin of panicum 
miliaceum is not known exactly but evidence exists which indicates 
it may have spread from China or in Egypt (11). Because it grows 
rapidly and matures in a short period of time, and has a very low 
water requirement (about 40% less than wheat), it has been suggested 
that it was brought westward from central Asia by nomads (11). It 
may have been introduced to the U.S. by Russian immigrants. 

Identification 

Proper identification of wild proso millet, as with any weed problem, 
is essential to containing its spread and preventing serious infesta
tions from becoming established. It is a very aggressive and compe
titive annual and is a very prolific seed producer. It can grow 
from two to six feet in height with a tendency to produce many tillers. 
Wild proso millet is characteristically hairy, having hairs densely 
distributed on the leaf blade, sheath and stem. The hairs are most 
apparent on the leaf sheath and may be variable on the surface of the 
leaf blade depending on the age of the plant. The ligule at the base 
of the leaf blade is a dense fringe of hairs and very prominent. 
Each stem _(including tillers) produces a spreading panicle 6 to 12 
inches wide with 10 to 15 primary branches (11). It takes approxi
mately 10 days for the panicle to complete flowering after it emerges 
(11). Flowering begins at the top of the panicle and proceeds down
ward. Proso millet is self pollinated but a small degree of natural 
crossing does occur (11). 

Seeds ripen quickly and range in color from olive brown to black, 
although tan seeded weed species have been identified in Ontario. 
The seeds are smooth and shiny with seven to nine nerves running the 
length of the seed. Seed production occurs from mid-season until a 
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killing frost stops plant growth in the fall. Most types of wild proso 
millet shed their seed readily but one type has been identified in 
Minnesota which retains its seed. r4ost of its seed is dormant and does 
not germinate unti 1 the fo 11 owing spring. The seed tends to remain 
attached to wild proso millet seedlings and is an aid to properly iden
tifying the weed. 

Wild proso millet is closely related· to fall panicum (Panicum 
dichotomiflorum),witchgrass (Panicum capillare) and large crabgrass 
(Digitaria sanguinalis). Fall panicum has a more prostrate growth 
habit and is not hairy. Large crabgrass is densely hairy but has a 
membranous ligule. Witchgrass is very similar to wild proso millet 
in all respects when they are seedlings and is difficult to distin
guish from wild proso millet. 

Biology 

Cultivated millet can begin producing seed in about 60 days. Seed 
normally takes 30 days to mature. Wild proso millet is similar in 
behavior and the majority of the seed is mature in late July to early 
August. The seed shatters quite easily except in one strain which 
retains it seeds and is found in the Cambridge area. Wild proso millet 
produces large quantities of seed per plant. It appears that freshly 
produced seed is dormant and will not germinate in the fall. A seed 
burial study in Wisconsin indicates that the seed will last at least 
three years in the soil. A study to evaluate effect of crop rotation 
on the longevity of wild proso millet seed has recently been initiated 
at the Morris Experiment Station. The seed is large and easily spread 
with harvest or tillage equipment. New infestations are normally found 
at entry points to the field. 

Bill Striegel working in the Department of Horticulture is investigating 
the characteristics of wild proso millet seeds. He has found that the 
optimum temperature for seed germination is 30° C (86° F) with a range 
of 20 - 40° C (68 - 104° F) (12). Field studies at Gaylord, Minnesota 
and in Ontario indicate that wild proso millet seed can germinate early 
in May to September. At Gaylord, in a sweet corn study, peak germi
nation occurred during the first three weeks of June in 1981, with low 
levels of germination occurring throughout the growing season. It 
appears that later flushes of seed germination may be associated with 
rainfall. Normally these late flushes do not reduce yield but are a 
factor in replenishing the seed reservoir in the soil. Wild proso 
millet is capable of germinating from four inches, but Striegel's work 
indicates 60 to 90 percent of the seed germinates from two inches or 
less (12). The depth of germination later in the season will be influ
enced by rainfall, cultivation, and soil type. A study in Ontario 
found wild proso millet germinating at greater depths on sandy soil 
than on a loam. 

Wild proso millet can be a very competitive weed in most field crops, 
particularly in dry years. In fields that are heavily infested it is 
usually the only weed present. A study in Le Sueur, Minnesota in 1980 
in sweet corn planted on June 6 showed that yields were reduced signi
ficantly after four weeks of competition. If a weed-free condition 
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was maintained for at least three weeks those yield reductions could 
be avoided. Sweet corn yields were reduced by 69% if weeds remained 
for the entire season and 28% after six weeks of competition. This 
study was conducted during a dry year which influenced the results. 
Of significance here is that the control period must extend into 
the period when peak germination of wild proso millet occurs. In 
this study two weeks of control were adequate because of a 1 ate 
planting date. In field corn we normally require five to six weeks 
of herbicide activity and control to prevent yield loss. More de
tailed work on the effect of wild proso millet infestattdns on the 
yield of field crops is needed to better understand the problem. 
Studies in Minnesota, Canada and Hungary indicate that wild proso 
millet is a host for European corn borer (10). As the density of wild 
proso millet increases so does the intensity of the borer infestation. 
This has implications on the quality of sweet corn and stem breakage 
below the ear in field corn which can result in substantial losses. 
Preliminary studies in Minnesota also indicate the wild proso millet 
is susceptible to northern corn leaf blight. Climatic conditions in 
Minnesota unfavorable to the pathogen and varietal resistance in corn 
could make this disease a possible agent for control of wild proso 
millet. 

Control 

Cultural control of wild proso millet is as important as proper use 
of herbicides. Crops like small grains, alfalfa and peas, which are 
seeded early in narrow rows or broadcast, can germinate and initiate 
growth prior to wild proso millet emergence. Observations in small 
grain and peas indicate very few wild proso millet plants initiate 
growth in these crop. Care must be exercised after peas or small 
grains are harvested to prevent the emergence of wild proso millet 
and seed production prior to frost in the fall. Alfalfa is also 
competitive with wild proso millet and th~ cutting schedule prevents 
seed production. Although some wild proso millet will survive a three 
year alfalfa rotation, the population will be drastically reduced 
after that period. A study in Wisconsin indicates that three years 
of alfalfa decreased the number of wild proso millet seedlings estab
lished in corn by about eighty percent. 

Row spacing has been shown to be a factor contributing to the control 
of wild proso millet in Wisconsin. A two year study found an average 
of an 11% increase in weed control with a resultant increase of an 
average yield of fifteen percent in field corn when field corn was 
planted in thirty inch rows compared to forty inch rows, and Eradicane 
was used. Cleaning harvest and tillage equipment before leaving an 
infested field is an important precaution to prevent the spread of 
this weed. 

A crop rotation study conducted in Wisconsin on a silt loam soil with 
2.2% organic matter demonstrates the advantage of rotating away 
from continuous corn into alfalfa and the effect of continuous her
bicide use (Table 1). The decrease in wild proso millet infestation 
mentioned earlier, caused by continuous alfalfa for three years, 
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improves control with Lasso and atrazine or Eradicane and Bladex (6,7). In 
1980 rainfall in April and May was 1.74 inches below the mean for this area 
and the effect on control with Lasso and atrazine can be seen. In 1981 
with normal rainfall, particularly during the 7-10 days following 
application of the herbicides, there was no signficant difference in 
yield between the two herbicide treatments. However, use of Eradicane 
on fields where Eradicane was not used the previous year has given 
the most consistent suppression of wild proso millet in field and sweet 
corn. In the treatments where Eradicane was used for two years follow
ing alfalfa we get an indication of the problem which has been found in 
several instance~. There appears to be a relationship between a loss 
in control of wild proso millet and the use of Eradicane for more than 
one year on the same field. This problem has surfaced in other parts 
of the country with weeds like shattercane foxtail and Johnsongrass. 
It appears that there may be a buildup of some soil microorganism 
which degrades Eradicane. No definite association has been found 
similar to this for Sutan, Vernam or Ro-neet which are chemically 
similar to Eradicane. Also no association has been identified between 
carbamate insecticides and Eradicane in the loss of weed or rootworm 
control. 

A study conducted at Morris, Minnesota in 1980 also illustrates the 
problem associated with the poor performance of Eradicane (Table 2). 
Where Eradicane was used in 1979 and 1980 control was poorer .than .that 
with Eradicane or Surpass. Control with Eradicane was better where 
Lasso was used in 1979. A related study on shattercane control in 
irrigated corn demonstrates this same effect on a field which received 
three years of Eradicane immediately prior to the year of this study 
in 1981 (Table 3). The extender improves the control with Eradicane 
but does not assist the other thiocarbamates. 

As indicated by the crop rotation study, it may be possible to avoid 
the problem with Eradicane degradation and intensity of wild proso 
millet infestations by rotating to alfalfa and using a chemically 
differentherbicide such as Lasso, Dual or Prowl in combination with 
Bladex, the first year out of alfalfa and get acceptable results. With 
adequate rainfall and light infestation Lasso and Dual have proven to 
be fairly effective against wild proso millet. This is particularly 
true in the southeastern section of Minnesota. By interjecting a chem
ically different herbicide between years of Eradicane use, the problem 
of degradation can be avoided. 

Evaluation of research trials in Wisconsin and Minnesota shows that 
Eradicane, despite its problems, is the most consistent preplant or 
preemergence treatment for wild proso millet (1,2,3,5,8,9). The per
sistence of thiocarbamate herbicides in the soil is short, about four 
to eight weeks. Consequently, a second herbicide application is needed 
to control wild proso millet for the entire season. Table 4 compares 
results from Wisconsin and Minnesota for control of wild proso millet. 
Eradicane did not perform well at Rio in 1981 or at Morris because 
of the degradation problem. However, early season control at Morris 
in 1980 was good but declined later in the season. The addition of 
the extender to Eradicane improved control. Cultivation is essential 
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for control in row crops. This is demonstrated in the treatment which 
received no herbicide but had two cultivations. Applying a combination 
of Prowl and Bladex at the spike stage of corn (delayed preemergence to 
one leaf corn} provided excellent control at both locations. Prowl 
and Bladex alone at the spike stage havenotshown consistently good 
wild prose millet control in any of our trials. In situations where 
rainfall occurs following application, early postemergence treatment with 
Lasso or Dual following over an Eradicane application has improved the 
control of wild prose millet. Eradicane will delay the emergence of 
wild proso millet and weaken it so that these early postemergence 
treatments will be effective if applied before the prose emerges or 
reaches the two-leaf stage and corn can still be treated within label 
restrictions. If a field has been heavily infested it is worthwhile 
to apply an early postemergence treatment even though a field may 
look clean. Treatment with Prowl/Bladex, Lasso or Dual are most 
effective when applied to emerging seedlings. Procrastination or 
reliance on false hope will result in disaster if herbicides are 
applied too late and corn injury or poor weed control results. Atra
zine and oil and Bladex SOW postemergence applications are usually 
not effective for controlling wild proso millet. Evik can be used 
as a rescue treatment if there is at least a 12-24 inch difference 
between the wild prose millet canopy and the corn canopy when corn 
is at least 12 inches tall. If this condition exists then 2 lbs/A 
Evik and a surfactant (not crop oil} can be used as directed spray 
beneath corn leaves but covering wild prose millet leaves. 
Usually a preplant or preemergence treatment must be applied to sup
press the millet to allow application of Evik. 

Prior to 1981 and 1982 rotating into soybeans to avoid the wild prose 
millet problem was not a very good idea. Preplant incorporated treat
ments with Treflan, Basal in, Prowl or Verna~ will give good early sea
son suppression but control cannot be achieved and heavy infestations 
can result. Using an early postemergence application of Lasso or 
Amiben has improved control. Lasso is not presently registered for 
postemergence use in soybeans. Amiben can be applied to soybeans 
up to the second trifoliolate and prior to wild proso millet.emergence. 
Applying 2 lbs/A Amiben preplant incorporated with Treflan and 2 lbs/A 
Amiben again early postemergence, has been very effective for wild 
prose millet and other weeds like velvetleaf. Unfortunately only a 
total of 3 lbs/A Amiben can be used in one season. For wild prose 
millet control the 2 lbs/A early postemergence application following 
Treflan or another dinitroaniline herbicide has been effective if 
applied early enough (Tables 5 and 6}. Hoelon has not given consistent 
satisfactory control of wild proso millet. However, the introduction 
of Poast {possibly in 1982} may have a significant effect on control 
of wild proso millet. The weed is very sensitive to this herbicide 
and if applied postemergence with oil concentrate early in the season 
it will give outstanding results (Tables 5 and 6}. Table 7 indicates 
the sensitivity of wild prose millet to Poast and that postemergence 
applications of Poast can be applied late in the season to control es
capes and prevent seed production. Dry weather may have affected 
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the activity of the herbicide and resulted in poor control on the 
July 6 application at the sandy soil locatio.n. In this situation the 
preemergence treatment with 2 lbs/A Dual was ineffective and the heavy 
stand of wild prose millet reduced yield before the second or third 
application could be made. It is apparent that it must be applied 
early in the season to prevent yield reduction, but can also be used 
later if the infestation has been suppressed. This study is also 
evidence of the competitive ability of wild prose millet, particularly 
when moisture is limited. It has very little soil activity and 
some late emerging weeds may escape control. Poast does appear to 
offer another option, that being planting soybeans in narrow rows to 
enhance the competitive ability of soybeans to prevent late season 
problems and increase the yield potential of the soybeans. If Poast 
does reach the market, a corn-soybean rotation will be possible. It 
will enable the grower to rotate herbicides as well as the crop for 
maximum weed control and yield. 

Even though a herbicide program can be selected to limit the competi
tiveness of the weed, other factors may arise which contribute to a 
lack of good control. In most cases a preplant incorporated applica
tion will have to be used. Because wild prose millet can germinate 
and emerge from depths greater than most grasses, it is essential to 
incorporate a thiocarbamate or dinitroaniline herbicide to 2-3 inches. 
One pass incorporation is usually not as effective as two pass incor
poration with these herbicides, particularly if the soil is cloddy. 
Clods and trash can prevent the herbicide spray from completely cover
ing the soil surface, enabling weed seedlings to germinate in a her
bicide free environment. Streaking or shallow incorporation can re
sult and lead to poor weed control. Thiocarbamates are less effec
tive in cool, wet soils because the herbicides vaporize more slowly. 
Rainfall is an important factor. The lack of it following a preemer
gence application prevents activation and movement of the herbicide 
into the weed seed germination zone. If it occurs at the wrong time 
a postemergence application may be delayed beyond the time weeds 
should be treated. Too much of it may cause leaching of a herbicide 
like Amiben out of the areawherewild prose millet is germinating. If 
a sandy soil is dry and fluffy the herbicide may be blown off planter 
ridges into the row, resulting in weeds in the row and possible crop 
injury from a high concentration of herbicide. Cultivation should 
be shallow and early to prevent exposure of seeds in the soil but 
still destroy emerged seedlings. 

To conclude, we can identify several areas of investigation which should 
be pursued to improve the control of wild prose millet. Characteriza
tion of the growth, development and competition of the weed will im
prove herbicide applications and the ability to forecast the level of 
infestation. Research with herbicides to evaluate potential growth 
retardant effects or postemergence acti~ity in corn is necessary. 
Experimentation with herbicide formulations which slowly release the 
herbicide (Eradicane) throughout the season should be initiated. A 
great deal of work on the influence of tillage and rotation is yet 
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to be done. In short season crops, there is potential to use allelopathic 
varieties of rye to suppress the weed. Lastly, investigations into 
the insect and disease associations with wild proso millet need to 
be conducted to identify host/parasite relationships which can be ex
ploited for control purposes or avoided to prevent further yield re
ductions. 
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Table 1. Effects of crop rotation and herbicides on wipm at Poynette, 
Wisconsin on a silt loam soil, 2.2% OM. 

Treatmentl/ % wipm control Yield bu/A 

Corn treatment after 2 or 3 yrs alfalfa 
No herbicide 
Lasso + atrazine 
Eradicane + Bladex 

Corn treatment 1980 and 1981 after 1 or 
2 yrs a 1 fa 1 fa 

No herbicide, Eradicane/Bladex 
Lasso/atrazine, Eradicane/Bladex 
Eradicane/Bladex, Eradicane/Bladex 

LSD 

198oY 
0 

44 
94 

90 
93 
75 

1981 
0 

77 
98 

88 
95 
71 

198oY 
23 
69 

159 

llO 
ll8 
76 
NA 

ll Lasso + atrazine - 2.5 + 1.6 lb/A, Eradicane/Bladex - 6 + 2 lb/A. 
£1 Same treatment with one less year alfalfa. 

1981 
76 

137 
152 

152 
151 
llO 
29 

Table 2. Wild proso millet control as influenced by thiocarbamate herbi
cides - 1980. 

1979 PPI 
treatment 

None 
Lasso 
Eradicane 
Eradicane + extender 

Behrens et al. NCWCC 

1980 PPI treatments 
Eradicane Eradicane + extender Surpass 

-------------- % wipm control --------------
70 95 80 
60 91 85 
33 92 80 
57 93 82 

Res. Rpt. 37:216-217. 
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Table 3. Herbicides for shattercane control at Lincoln, Neb in corn -
1981. 

Treatment 

Eradicane 
Eradicane + extender 
Sutan 
Sutan + extender 
Ro-neet 

LSD 0.05 

% shattercane control -
July 3 

45 
92 

85 
91 
86 

Obrigawitch et al. NCWCC Res. Rep. 38:166. 

Table 4. Late season wipm control in corn. 

Rio 2 wrll 

Yield 
bu/A 

95 
119 
112 
116 
122 

13 

Morris, M~ 
% control~/ Yield % controlY Yield 

1980 1981 1980 1981 1980 

No herbicide 0 0 35 61 0 
No herbicide + 2 cult. 0 24 125 133 
Eradicane 19 63 53 115 65 
Eradicane + extender 75 94 135 162 85 
Prowl/Bladex 55 51 82 
Eradicane + extender + 93 98 160 163 98 

Prowl/Bladex 
LSD 0.05 23 26 

Source: NCWCC Res. Rep. Vol. 37 and 38, McNevin et al. 
ll EPTC history: Rio -1980 + 1981, Morris - 1981. 

1981 1980 1981 

0 43 81 

7 61 93 
57 96 114 
78 79 109 
85 86 110 

15 11 

Y Evaluation at Rio 7/30/80 and 10/7/81, at Morris 8/19/80 and 9/14/81. 
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Table 5. Wipm control in soybeans Morris, Mn- silty clay loam soil. 

Rate % control Yield bu/A 
Treatment lb/A 1980 1981 1980 1981 

Trefl an ( PP I ) 1 47 33 26 42 
Treflan/Lasso (EP) 1 + 2 97 36 
Treflan/Amiben (PPI + EP) 1 + 2 + 2 98 52 
Treflan/Amiben (EP) 1 + 2 88 53 
Treflan/Poast + oil cone. 1 + .2 98 98 41 57 
Poast + oil cone. .2 + 1 qt 98 98 33 47 
No herbicide 0 0 9 2 

LSD 0.05 2 10 

Source: Behrens et al. NCWCC Res. Rep. Vol. 37 and 38. 

Table 6. Wipm control in soybeans - 1981. 

Rate Silt.:.. loam Sand 
Treatment lb/A lb/A 

-----------%control----------
Trefl an ( PP I) 1 83 28 .75 71 25 
Vernam (PPI) 3 78 43 3 83 60 
Treflan/Lasso (EP) 1 + 3 96 81 .75 + 2 85 45 
Treflan/Amiben (EP) 1 + 3 89 95 .75 + 2 84 46 
Treflan/Poast* (EP) 1 + .2 NA 100 .75 + .2* NA 97 
Treflan/Hoelon* (EP) 1 + 1 NA 74 .75 + 1* NA 57 

* Oil concentrate 1 qt/A. 
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Table 7. Postemergence wipm control 

Treatment 

Sandy soil!! 

Handweeded 

Poast + oil cone. 
.2 1b + 1 qt/A 

Silt Loam Soill/ 

Handweeded 

Poast + oil cone. 
. 2 1 b + 1 qt/ A 

Wipm ht. 
inches 

1-3 

4-6 

3-10 

1-3 

4-6 

3-10 

1-4 

10-20 

1-4 

10-20 

in soybeans- 1981. 

Date 

6/22 

7/6 

7/13 

6/22 

7/6 

7/13 

7/2 

7/17 

7/2 

7/17 

% 
control 

100 

TOO 

1100 

93 

62 

75 

l!OO 

100 

100 

95 

Yield 
bu/A 

25 

18 

17 

19 

8 

14 

4 - LSD 

32 

29 

32 

30 

NS - LSD 

11 All treatments received 2 or 3 1 b/A Dual pre; 1 t. wipm infestation on 
silt loam, heavy on sand. 
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HERBICIDES: MODE OF ACTION 

Richard Behrens 
Professor 

University of Minnesota 

For effective weed control, herbicides must a) contact the weeds, b) be 
absorbed, c) move within the weed to the site of action without being deacti~ 
vated, and d) build up to toxic levels at the site of action. The application 
method used, preplanting incorporation, preemergence, or foliar, determines 
whether the herbicide will contact the germinating seeds, the roots, or the 
shoots of the weeds. Protection of the crop from injury often depends on 
application of the herbicide so that its contact with the crop is held to th~ 
minimum. For example, when 2,4-D is sprayed on small grains, most of the 
spray droplets that strike the upright grain leaves bounce off so very little 
herbicide comes in contact with the crop. On the other ha~d, very few of the 
spray droplets striking the horizontal leaves of broadleaf weeds bounce off so 
a lot of the herbicide contacts the weeds. Differential herbicide contact is 
also a major factor in soil application because most of the weed seeds that 
will germinate are located in the surface 0.5-inch while larger seeded crops 
are planted one or more inches deep. Herbicides applied on the soil surface 
will be concentrated where the weed seeds are located, near the soil surface 
,rather than where the crop seeds are located, deeper in the soil. This is 
called placement selectivity. 

Once in contact with the plant, most of the herbicide absorption is through· 
the roots or leaves. Root uptake will continue as long as th~ herbicide 
remains in contact with the absorbing region near the root tips. If th~ roots 
continue to grow and penetrate to greater soil depths, herbicide contact with 
the absorbing area of the root is reduced and herbicide uptake declines. 
Therefore, weeds that are not killed before the root tips grow out of the soil 
layer where the herbicide is located are likely to survive. However, if root 
growth is severely stunted the roots may never escape from contact with the 
herbicide. Shoot absorption of many soil applied herbicides occurs while the 
shoot is still underground. Volatile herbicides (e.g. thiocarbamates, 
dinitroanilines) that have been incorporated in the soil readily penetrate 
through the stomates of shoots as gases and may kill or seriously injure the 
shoots before they emerge from the soil. 

The rate of herbicide penetration of emerged plant shoots varies greatly. 
The chemical attraction between the leaf surface and the herbicide often de
termines the rate of uptake. For example, 2,4-D esters are very soluble in 
leaf waxes so they are rapidly absorbed, within a few hours. The 2,4-D 
amines are much less soluble in leaf waxes and absorption may require 24 
hours or more. Differences in the rate of herbicide uptake are very im
portant if rainfall occurs within a few hours of the herbicide application. 
When this occurs the 2,4-D ester treatment is effective because of rapid ab
sorption before the rainfall, while the 2,4-D amine treatment is ineffective 
because of slow absorption which allows the rain to wash it from the leaves 
before it is absorbed. 

The movement of herbicides within plants varies greatly. More thorough 
coverage of the foliage by the herbicidal spray is required for herbicides 
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that move very little. For example, paraquat remains very close to the point 
of entry and exerts its toxic effect only on adjacent plant tissues so uniform 
spray coverage is necessary. Also, movement upward following root uptake does 
not occur. Atrazine and cyanazine can only move upward in the plant. These 
herbicides are carried upward in the water transport system (xylem) of the 
plant after root or foliar absorption and concentrate in the leaves. For 
herbicides like 2,4-D and dicamba, less thorough plant coverage is necessary 
because they move both upward and downward in the plant. These herbicides 
move in the food transport system to the dividing cells in the shoots, stems 
and roots where they exert their herbicidal effects. 

Plants that rapidly destroy or deactivate a herbicide can escape its effects. 
Corn is tolerant of the triazine herbicides because it quickly destroys the 
triazine molecules. Several deactivation processes occur in plants. The herbi
cide molecules are not always destroyed. Instead they may become bound to other 
molecules within the plant which renders them inactive. For example, soybean 
tolerance to metribuzin is at least partially due to deactivation of metribuzin 
molecules when they are bound to sugar molecules. Conversely, a herbicide may 
be non-toxic in its original form but the plant may change it to a toxic form 
(e.g. 2,4-DB converted to 2,4-D). 

An understanding of how some of the more widely used herbicides work may be 
helpful to you in selecting and applying most effectively the best chemical for 
your situation. Though each of the many herbicides now available differs from 
all others, some share similarities in herbicidal activity and chemical proper
ties that allow us to group them into 11 families. 11 Below we will consider 
characteristics of herbicide families that may be helpful in deciding which 
compound to use and how to use it most effectively for your weed problems. 

Some of the most important herbicide families are: a) auxin herbicides, b) 
triazines, c) amides, d) thiocarbamates, e) dinitroanilines. 

a) Auxin herbicides 
Auxin herbicides that are most widely used are the phenoxy acids, 2,4-D and 

MCPA, and the benzoic acid, dicamba (Banvel). These herbicides disrupt the 
auxin hormone system which controls many plant processes. These herbicides 
are most effective on broadleaf weeds and most active when applied to the foli
age. However, 2,4-D and dicamba are also effective when applied to soil at 
higher application rates. Once taken into the plants through the leaves or 
roots, these herbicides move throughout the plant to meristematic (dividing) 
cells in the shoots, stems, and roots where they stop new growth or cause it to 
be malformed. Best results are obtained by treatment of seedlings or young 
plants that are growing vigorously. Weeds growing poorly because of cold 
temperatures, wet soil, or water and nutrient shortages may survive the treat
ment and eventually recover. If possible, under poor growing conditions, delay 
the application of these herbicides until conditions improve. Also, under un
favorable conditions or when the weeds are larger, use the maximum allowable 
application rates to increase herbicidal action. Rapid destruction of the 
hormone herbicides by microorganisms in the soil prevents soil accumulation or 
carry-over problems. 
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b) Triazines 
The 11 Triazines 11 , atrazine and cyanazine (Bladex), are used extensively on 

corn. Another member of this family, metribuzin (Lexone or Sencor), is now 
being used on soybeans. These herbicides are most effective in controlling 
annual broadleaf weeds, but will also control a number of grassy weeds. The 
triazines are absorbed by shoots or roots, and then migrate upward into leaves 
where they destroy the food production mechanism (photosynthesis). This resul~s 
in the death of leaves and eventually of the plant. Corn escapes injury by 
destroying the triazines so rapidly that toxic levels do not build up in corn 
leaves. Soybean tolerance to metribuzin is not as great as corn tolerance to 
atrazine and cyanazine. Soybean tolerance is due to deactivation by binding 
(conjugation) of the metribuzin by compounds present in soybean plants. 

Preemergence applications of the triazines to the soil are most often used. For 
satisfactory weed control, rainfall (0.5 in. or more) is necessary within 10 
days to disperse the herbicide through the soil layer where the weed seeds are 
germinating. Under dry conditions preplanting incorporation or shallow incorpo
ration of preemergence applications improves weed control. Incorporation sub
stitutes in part for rainfall in distributing herbicide through the soil area 
where it can be absorbed by the roots of weed seedlings. 

Limited leaf penetration occurs when foliar applications of atrazine and cyana
zine are used. Leaf absorption is greater when humidity is high and can be 
increased further by adding crop oil or surfactants. However, use of additives 
with cyanazine should be limited to use of surfactants only under dry condi
tions to avoid excessive uptake which may cause corn injury~ Rainfall follow
ing treatments of atrazine or cyanazine is necessary to obtain satisfactory 
grassy weed control. Rain leaches these herbicides into the soil so that 
foliar uptake is supplemented by root uptake. 

Atrazine but not cyanazine persists in the soil and may affect crops planted the 
following year. Persistence is greater in a cool, dry season. Under these 
conditions it is best to grow corn a second year to avoid carry-over injury that 
might occur if atrazine-sensitive crops are grown. Though metribuzin is rather 
persistent, use rates are low enough to prevent carry-over problems. 

c) Amides 
Important 11 Amide 11 herbicides used in the Midwest are alachlor {Lasso), 

metolachlor (Dual), and propachlor (Ramrod). They give excellent control of 
most annual grassy and some broadleaved weed species in corn and soybeans. The 
amides work best when applied to the soil before weed emergence. They require 
dispersal in the soil either by mechanical incorporation or by rainfall. They 
enter weed seedlings through shoots or roots and translocate mainly upward in 
the xylem. They slow plant growth by reducing cell division and enlargement; 
possibly by blocking the production of essential lipids. Many weed seedlings 
are killed before they emerge from the soil. Those that emerge have malformed 
leaves that remain in a tight roll. Plants tolerant to the amides have the 
ability to quickly degrade these herbicides to harmless metabolites, so that 
toxic levels do not develop. Soil persistence or carry-over is not a problem 
with these compounds. 

59 



d) Thiocarbamates 
EPTC (Eptam), butyl ate (Sutan), and vernal ate (Vernam), are 11 Thiocarbamates 11 

that have been used extensively in recentyears. EPTC and butylate are used 
on corn and vernolate is used on soybeans. These compounds are more effective 
on grassy than on broadleaf weeds. They are applied to the soil and require 
thorough soil incorporation very soon after application to prevent loss by 
volatilization. In wet soil adequate soil incorporation is difficult and 
volatilization is greater, and as a result, weed control may be poor if these 
herbicides are applied to wet soil. These compounds are absorbed by both roots 
and shoots and translocate with water rather than food so movement is only 
upward. The thiocarbamates are most effective on seedlings during or just after 
germination. These compounds act on the shoot. Injury is to the developing 
leaves which become malformed and stunted and often do not emerge. Their 
primary action is to prevent fatty acid synthesis. To provide adequate safety 
to corn, a 11 protectant11 is added to the herbicide. The protectant reduces corn 
injury by increasing the rate of herbicide deactivation in the corn plant. The 
thiocarbamate herbicides disappear from the soil by the end of the growing 
season under normal weather conditions. Recent studies indicate that with re
peated annual use, EPTC becomes ineffective because of accelerated break-down 
which greatly reduces the length of time it is effective in the soil. Addi
tives are now being developed which reduce this rapid break-down and restore 
EPTC herbicidal effectiveness. 

e) Dfnitroanilines 
The more important 11 Dinitroaniline 11 herbicides are trifluralin (Treflan), 

profluralin (Tolban), pendimethalin (Prowl), and fluchloralin (Basalin). They 
are used extensively in field crops to control annual grasses and some broad
leaved weeds. Except for pendimethalin, incorporation soon after application is 
necessary to prevent their loss from the soil as vapors. These herbicides are 
usually incorporated in the soil so rainfall is not required for activation. 
They penetrate the shoots and roots before emergence but move only short 
distances within the plant. Sensitive weed seedlings are killed before they 
emerge from the soil. Pendimethalin is also effective on small weeds when 
applied postemergence in corn. These herbicides affect plants by interfering 
with cell division which causes stunting, malformation and death of sensitive 
plants. Plant tolerance may arise from deactivation of these compounds by lipids. 
Their rate of disappearance from the soil is reduced at low soil moisture and 
temperature. Under such unfavorable conditions sensitive crops planted the 
following year may be injured. 

There is still much that is unknown about the mode of action of herbicides. 
Also, individual herbicides within the families discussed above differ to some 
extent in their mode of action. As knowledge of mode of action increases we 
hope to be able to use it to improve the effectiveness of herbicides in actual 
field use. 
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Research on the Corn Rootworm Facilitated 

by Development of Method of Artificial Infestation 

H. C. Chiang 

When we started investigation on the corn rootworm, we emphasized its 

life history, abundance and distribution in Hinnesota. This information is 

basic to designing pest management programs. Soon we discovered that the 

distribution of eggs in the soil is very uneven. There may be several 

hundred in a sample while a few feet away there may be none. This situation 

makes it difficult to quantify crop loss due to rootworm infestation and to 

evaluate and select corn lines for insect resistance. Thus a technique of 

infesting the corn with uniform and specific levels of infestation is needed 

to pursue these objectives. 

The technique would include (a) collecting adult beetles (b) maximizing 

survival and fecundity of beetles, (c) keeping egg viability through the 

winter months, (d) facilitating extraction of eggs from the substratum, (e) 

identifying the most suitable time and site of infestation, and {f) calibrating 

dosage of infestation. To accomplish these, research was conducted in 

nutritional needs of beetles, characteristics of the oviposition substratum, 

temperature and moisture requirements of diapausing eggs, and field testing 

in infestation. 

Now we have an adequate method \'lhi ch has been adopted by the USDA and 

commercial laboratories. In developing this methodology, we also advanced 

knowledge on the basic ecology of the insect. 

We have utilized this method to examine the relationship between roob-mrm 

population and corn yield in a precise quantitative manner. Emphasis was 

placed on total number of adults rather than on one-time-larval counts. 

61 



The study was conducted at the Southwest Experiment Station, University 

of Minnesota, Lamberton, MN, in 1972 and 1973. Corn, 'Minhybrid 4201', was 

planted in plots which were planted to crops other than corn and sorghum the 

previous year in order to minimize natural rootworm infestation, and within 

the normal planting time, ~1ay 5 in 1972 and ~lay 14 in 1973. 

The study consisted of 4 levels of infestation, 0, 600, 1200, and 2400 

WCR eggs/plant. Infestation was made at the time of planting by placing the 

eggs along with the seed by a tractor mounted cone seeder. 

The entire plot consisted of 3 replicates, each with 12 rows at 0.76 m 

spacing, and 5.18 m long with 20 plants. In each replicate, rows 3, 6, 9, and 

12 were infested while the others served as buffers. The 4 treatments were 

randomized within each replicate. 

Before adult emergence commenced, a Saran~ screen cage, 0.91 X 0.91 X 

1.83 m was placed qver 3 plants in each treatment-replicate. Adults that 

emerged were checked and collected weekly to obtain total WCR survival to 

adult stage which is expressed as % of initial number of eggs. The remaining 

plants were harvested for yield records. 

Table 1 gives average adults per plant and yield data. In 1972, there 

were a few adults surviving in plots with 0 manual infestation, perhaps due 

to residual egg population (Chiang 1965a) or accidental oviposition (Chiang 

1965b). The% survival of WCR was ca. 6.6 at both 600 and 1,200 eggs/plant 

but dropped to 2.8 at 2,400 level. Yield was reduced by ca. 10% at both 600 

and 1,200 levels, and by over 50% at 2,400. These facts suggest that a corn 

plant has enough root system to sustain the rootworms which resulted from 

manual infestations of 600 and 1,200 eggs and still produce nearly normal 

yield. Yield was drastically reduced only when the insects were so numerous 
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and they damaged the corn root system so severely that the insects themselves 

suffered high mortality through competition for food. 

In the 1973 data, as in 1972, there were a few adults in 0 manual 

infestation plots and the WRC survival at 600 eggs/plant was ca. 6.4%. 

However, the critical level of infestation where both the WCR survival and the 

yield were greatly reduced \'las only 1,200 eggs/plant. In other words, the 

root system suffered sufficiently to cause a great yield reduction with only 

1,200 rather than 2,400 eggs/plant. This suggests that the plants must have 

suffered a stress additional to rootworm infestation. Checking on the 

rainfall records provided an explanation. In 1972, the monthly rainfall was 

12.83, 6.25, 15.22 and 4.49 em in May, June, July, and August, respectively~ 

with a total for the growing season of 38.79 em. In 1973, the monthly 

rainfall was 8.48, 4.37, 6.27, and 2.92 em in these 4 months with a total of 

22 .. 05 em. The effect of dry conditions in 1973 also was reflected in the 

overall lower yield than in 1972. 

Thus, in both years, yield was significantly reduced only when larval 

population was so high, damage to root system so severe, and competition for 

food so intense that the larvae suffered heavy mortality. This critical level 

of population was higher with ample rainfall and lower with low rainfall. 

This fact points to the importance of considering rainfall in assessing the 

economic threshold of this insect. 

We further utilized artificial infestation to examine responses of corn 

inbreds, three very tolerant (VT), two tolerant (T) and four susceptible (S) 

to the western rootworm, Diabrotica virgifera LaConte. The tolerance and 

susceptibility ratings were established by Mr. Robert Peterson of the 

Department of Agronomy and Plant Genetics, University of ~1i nnesota on three 

seasons' data. The study was conducted at the Southwest Experiment Station, 
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University of f~i nnesota, Lamberton, Minnesota, in 1972 and 1973. 

In 1972, corn inbreds were planted on r~ay 5 in single rows 15 ft. long, 

and in 3 replicates. The rows were thinned to 12 plants, and the first 6 

plants in each row were infested A\anually on Ju,ne 9 with 500 rootworm eggs 

placed around each plant at 2-in. depth. The procedures for obtaining eggs 

and infesting plants described by Chiang et al. (1975) were used. One plant 

of each inbred in each replicate was checked for larval survival on July 14 

and 25 by taking a 5-quart sample of the root system and surrounding soil 

(Musick and Fairchild, 1971). The root was placed in a Berlese funnel for 24 

hours to extract the larvae, and the remaining soil was hand sifted to 

recover total larval forms. On July 25, the root system was rated for 

damage prior to larval extraction. The rating scale used was from 1, no 

damage, through 5, roots completely destroyed. Lodging among the remaining 

four plants per replicate was checked on September 12. 

In 1973, corn inbreds were planted on May 14, in 4 replicates manually 

infested on June 4, and larval survival checked on July 12 and 16, and root 

damage checked on July 16. Lodging was not checked. 

The larval survival, root damage and plant lodging are given in Table 2. 

The data are also averaged according to the three susceptibility classifications. 

The results show that compared to the tolerant lines the susceptible lines 

suffered higher root damage and lodging which generally are related to 

higher yield reduction (Apple et al ., 1977; Chiang and Raros, 1968; Musick et 

al., 1980). Yet larval survival was higher on the tolerant and very tolerant 

lines. This fact suggests that tolerant lines are more conducive to population 

build up than susceptible lines. This can be explained by the fact that 

larvae survived on susceptible corn so well that roots were completely devoured 

before all larvae completed feeding; thus many perished. On the other hand 
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tolerant lines are more prolific in regenerating the roots being devoured, 

thus sustaining more larvae. 

The implication of the higher root\'1orm survival on tolerant varieties is. 

that continued and large scale planting of tolerant corn lines could result 

in a build up of rootworm populations which in time may overwhelm the plant 

growth. Thus tolerance in plant resistance is a short term tactic, and 

availability of tolerant lines should not lessen the strive for the other 

types of resistance, namely non-preference and antibiosis. 
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Table 1.--Western corn rootworm survival and yield at 3 levels of manual infestation. 

Infestation level, no. Adults per plant % Survival Yield % Reduction 

eggs/plant kg/ha+SD 

1972 

0 4.5+2.4 8931.3+796.5 

600 39.9+13.2 6.65 8153. 6+1241. 9 a. 7 

1200 79.1+43.7 6..59 8065.8+765-.2 9.7 

2400 68. 3+21. 8 2.84 4409.2+514.3 50.6 ca 
ca 

1973 

0 3.0+0.9 6999.6+746.4 

600 38.2+6.9 6.39 6836.5+363.8 2.3 

1200 39.0+12.0 3.25 4020.4+1499.0 42.6 

2400 42.0+15.7 1. 70 4258.7+608.4 39.2 
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Introduction 

The Corn Nematode Situation, January, 1982 
D.H. MacDonald 

Department of Plant Pathology 
University of Minnesota 

Plant parasitic nematodes are roundworms that, with a few important 

exceptions, are microscopic. One of the important exceptions is the soy

bean cyst nematode which, as the white female stage, can be seen with the 

unaided eye. The most important of the "corn nematodes" in Minnesota is 

the lesion or meadow nematode, Pratylenchus spp •. This nematode moves, 

feeds and reproduces within the outer portion (epidermis and cortex) of 

plant roots and greatly reduces the ability of those portions of the roots 

to absorb water and nutrients. 

Other important "corn nematodes" such as the lance (Hoplolaimus spp.) 

and dagger (Xiphinema americanum) nematodes also have similar effects on 

roots even though they have different feeding habits. All of these nema-

todes cause plant roots to become dark in color, limited in distribution 

and inefficient as absorbing structures. 

The aboveground effects or symptoms exhibit@d by plants attacked 

by plant parasitic nematodes are easy to overlook or to attribute to 

other causes. Affected plants may be stunted, have thin stalks, and 

typically yield less than do unaffected plants. Plants parasitized by 

nematodes may wilt more readily than will healthy plants. They may 

exhibit nutrient deficiency symptoms and may be more susceptible to 

other diseases and pests than is the case with more healthy plants. 

Although there are individuals in Minnesota who seem to be able to 

correctly diagnosis plant growth problems caused by nematodes during the 

growing season, the effects of these nematodes are more frequently 

noticed at harvest when yields across the field or in localized areas 

within the field are judged to be less than satisfactory. 

All of the important corn nematodes are native to Minnesota and at 

least some can be found in every field on every farm. Plant parasitic 

nematodes are favored by monoculture of a given crop and probably are 
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less severely affected by minimum tillage practices than they are by 

fall or spring plowing with the moldboard plow. Many fields and perhaps 

farms do not have enough nematodes in the soil for them to be 

able to cause measurable damage. Even if soil and other conditions do 

favor plant parasitic nematodes, they are usually not evenly distibuted 

across a field but instead tend to develop to damaging levels within 

infection centers or spots within the field. These spots are usually 

circular or perhaps elongated in the direction of cultivation and are 

the locations where symptoms caused by nematodes are most apparent. 

Results of Recent Research 

Research beginning in 1977 and conducted primarily at Lamberton, 

Morris and Waseca has shown that the application of nematicides (Counter, 

Furadan, Mocap, e.td.) is usually associated with increased corn yields 

that, for the best material, have averaged 6.2% higher than the yields 

of untreated controls. If nematodes are numerous, as they are at the 

Waseca Station, highly significant increases of 6 to 12.4% over the 

untreated controls have been obtained. If nematodes are less common, a~ 

they are at Morris, then significant yield increases of up to 6.2% have 

been obtained. At Lamberton, where lesion and other plant parasitic nema~ 

todes are not numerous, statistically significant increases have not been 

obtained. The average end of season ~ylenchus spp. (lesion nematode) 

populatiom at Waseca, Morris, and Lamberton have been 768, 367 and 189/ 

116 cm3 (one-fourth to one-fifth pint) of soil. 

One of the keys then to the evaluation of the significance of 

nematodes lies with nematode numbers. Samples for nematode assay should 

be collected in the row, to a depth of 8-10 inches, during the latter 

part of the growing season. Tillage, as illustrated by the following 

example, may greatly dilute and reduce the nematode populations that 

develop during the growing season in the root zone of the crop plants. 

Example: Soil samples collected from a sandy soil located near Big Lake, 

Minnesota, after the corn harvest was completed in 1980 contained between 
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385 and 994 lesion nematodes/116 cm3 of soil. Additional samples collected 

the following spring in the same general area contained between 143 and 

844 lesion nematodes/116 cm3 of soil. Although nematode populations will 

decline somewhat over the winter, the decrease in this instance was less 

than was expected in a soil that was not protected with any amount of 

consistent snow cover. After the field was plowed, worked and planted, the 

lesion nematode populations were very small and ranged from 6 to 66/116 cm3. 

Nematode populations at Waseca, a favorable site for nematodes as indicated 

before, have been as high as 1000 or more at planting time. 

An experiment (4 row plots 86 feet long replicated 8 times) was made 

at the Big Lake site because the before plowing lesion nematode populations 

were thought to be large enough to affect yields. Although it is hard to 

understand, apparently only the young plant is sensitive and vulnerable 

to the actions of the lesion and most other nematodes. Because of this 

relationship, the fact that the at-planting nematode populations were so 

small and that no apparent growth differences were seen during the grow

ing season, yield data were almost not taken. The result~ of that 

experiment presented here show that 1.5 and 2.0 pound active ingredient 

application rates per acre of Furadan increased yields significantly by 

11.0 and 8.8 bushels per acre, respectively. The results can also be used 

to further '.document the idea that the effects of nematode activity are 

often only apparent at harvest and that the grower may be unaware of 

their effects unless yields of treated and untreated plants are compared. 

Treatment Blocks 
1 2 3 4 5 6 7 8 

Control 120.5 123.2 103.1 114.7 109.0 103.7 129.0 103.2 

Counter 126.1 
15G 1# a.i/A 
Furadan 126.3 
15G 1.5# a.i./A 
Furadan 133.5 
15G 2# a. i./A 
Mocap 128.0 
15G 1# a. i./A 
Mocap 115.8 
15G 2# a.i./A 

127.6 116.0 114.8 114.6 115.5 116.9 107.7 

135.2 118.5 125.7 120.1 121.5 117.9 128.9 

119.8 126.4 121.1 128.0 123.6 115.8 108.6 

116.6 131.0 115.3 103.1 104.2 116.7 117.4 

114.2 108.6 lost 110.1 111.4 121.5 122.6 
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Mean Yield 
(bu/acre) 

113.3 

117.4 

124.3 

122.1 

116.5 

114.9 



The results of a variety trial that was conducted in 1981 at another sit~ 

near Big Lake can be used to further illustrate the significance of 

nematode numbers. In that trial, seven different hybrids plus a check 

hybrid were planted in three row plots with and without the application 

of Furadan at the 1.5# a.i./A rate. The average yield increases 

associated with the Furadan treatment was 5.5 bu/A for the check hybrid 

(4 replications) and 4.5 bu/A for single plots of each of the seven test 

hybrids. Lesion nematode populations before spring plowing at that location 

were quite small and ranged between 52 and 79/116 cm3 of soil. These data 

can also be used to help reinforce the concept that nematodes are not 

evenly distributed within fields and between fields, 'even as in this 

example, irrigated continuous-corn fields of about the same sandy soil. 

Research conducted in Minnesota has shown that chemical control of 

plant parasitic nematodes is economically feasible if the initial neMa

tode population is large enough. However, sine~ only the young plant is 

apparently vulnerable to the actions of most nematodes, dry springs with 

limited amounts of rainfall seem to be associated with "pesticide 

failures". For example, an experiment testing various kinds and rates 

of insecticide-nematicides was made at the Grand Rapids Station in 1980. 

Although the at-harvest lesion nematode populations in the fall of 1979 

were quite large (1000 or more/116 cm3 of soil) and well within the range 

where plant damage to the following crop is expected to occur, very 

little rain fell during the first month after planting and there were no 

yield differences between treatments. There were no differences in yield 

even though adequate rains did fall later in the season and apparently 

activated or moved the "dormant" chemicals from their location in a band 

over the rows into the root zone 2-8 inches below the soil surface where 

the nematodes were most abundant. Nematode populations were affected by 

the chemicals although, as it appears at this time, too late to help the 

vulnerable plants. 
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Crop rotation is often recommended as a means to reduce the size of 

n~matode populations. In many parts of Minnesota, a corn-soybean rotation 

will do much to keep the lesion nematode population at an acceptable level. 

There are, however, several species and possibly strains of the lesion 

nematode in Minnesota. Some of these forms may find the soybean to be a 

very suitable host and, instead of being reduced in numbers, may build-up 

on the soybean and cause appreciable damage to the crop. Such a nematode 

exists near Cambridge, MN, The best chemical treatment used at that location 

for control of the lesion nematode was associated with a 40+% increase in 

soybean yield in 1980. Similar but even more striking results were obtained 

in 1981. 

Summary 

If you are "fine-tuning" your operation for maximum yields, then 

the results of studies done in Minnesota support the hypothesis that you 

need to know the nematode status (kinds and numbers) of your fields and, 

if lesion and possibly certain other types of nematodes are numerous, you 

need to take steps to avoid the losses that they can cause. 
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STALK ROT AND OTHER CORN DISEASES 

BY 

Professor Ward C. Stienstra 

Stalk rots are important in Minnesota and may be the most destructive 

diseases of corn in the world. Development of stalk rots is favored by an 

environment after flowering that is stressful. Post flowering stresses include 

several leaf blights, excessive cloudiness, crowded plants, drought, hail 

damage, low K coupled with high N, and injury by stalk-boring and root-boring 

insects, all of which lower the amount of energy produced by the corn plant. 

Several species of fungi and bacteria can attack plants making identification 

difficult. 

Stalk Rot 

Stalk rot and lodging were common problems in several fields this year. 

Reports of 30-50% lodging have been heard, yet my field counts have not 

usually run that high. At one test location, with a susceptible hybrid, lodging 

averaged 55% when inoculated with the eyespot fungus. In another plot, with 

several lines, you could clearly see hybrid differences. While it is very 

difficult to rank hybrids, growers should examine their fields and observe 

the various field trials in their area to select varieties showing resistance 

to lodging. 

This year some fields also exhibited premature dying. This symptom is 

caused by root and stalk rot that kills the plant or at least stops water 

movement before the crop is mature. The plants suddenly appear dry and are 

dead. The root systems of such plants were usually sparce and discolored. 

The leaf symptoms progress rapidly to complete death causing the plants 

to appear frosted. Stalks are dry and dead in 7-10 days. Stalk decay 

develops last. Plants prematurely killed by stalk rots will have light 

73 



weight, and chaffy ears. Cob drop may be a problem where stalk rots are 

severe and caution should be exercised in storing this grain. 

Since stalk rot was more prevalent in Minnesota this year and usually is 

present at some level, Minnesota growers should consider the following factors 

favoring stalk rots and suggestions f9r control: 

Factors favoring stalk rots: 

1) Fungal stalk rots are generally more severe when N is in excess in 

relation to K. 

2) Leaf Blight, hail or insect damage reduced leaf area and increased the 

potential for stalk rot. 

3) Insects.aid in the development of stalk rots by carrying spores into 

tissues, causing wounds through which fungi enter stalks and roots, and 

reducing the photosynthetic area. 

4) Genetic resistance involves multiple genes some with major effects. 

5) Early maturing hybrids are generally more susceptible than full season 

hybrids, especially when harvest is delayed. 

6) High plant populations and narrow rows increase stalk rot potential. 

7) Severe stalk rots may involve several organisms. 

~1anagement Practices: 

1) Select resistant hybrids adapted to your area. 

2) Plant sound, disease-free seed treated with a fungicide. 

3) Attain balance soil fertility especially between N & K by applying 

fertilizer based on soil test results. 

4) Adjust the plant population to the particular hybrid, the fertility 

levels, soil type and available soil moisture of your field. 

5) Crop rotation and clean plow down of crop residue may reduce stalk 

rot in some cases. 

6) Control root attacking and stalk att~cking insects using approved resistant 

hybrids, cultural practices, and chemicals where needed and feasible. 
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7) Harvest when crop is mature (appropriate grain moisture level) to 

prevent losses from lodging. 

8) When possible irrigate during droughts until 50-55 days after flowering. 

Eyes pot 

Eyespot was first reported in the United States in 1968. It is most 

common in North Central and Northeastern States. The fungus, Kabatiella zeae 

survives the winter as resistant hyphae in infected corn residue. In spring 

and throughout the growing season, fungal spores are produced and released 

during moist periods. New lesions develop on susceptible corn leaves. Lower, 

older leaves are first infected and when wet weather or prolonged dew is 

present even the upper, younger leaves become infected. The eyspot lesion is 

an oval circular yellow spot which develops a brown or tan center with a ring 

or darker color and a yellowish halo. When many spots occur in a small area the 

entire leaf may die. 

Eyespot was found over a wide area in Minnesota, but severity was highly 

variable. Cases of severe and early infection were generally in fields of 

corn following corn with minimum tillage. The symptoms developed earlier 

under irrigated conditions. 

Eyespot reduced yields at Staples AVTI under irrigation when inoculated 

or as a result of natural inoculum. Inoculation of the Eyespot fungus at the1 

Waseca Experiment Station reduced corn yield by 41 bushels. 

Head Smut 

Head smut of corn caused by Sphacelotheca reiliana (Kuhn) Clint, was 

recognized on August 1, 1980 in a field at the Staples AVTI, in Wadena county. 

Surveys since then identified additional infected fields in Otter Tail, 

Stearns, and Todd counties. Head Smut was present in 1981 in all locations 

except Stearns county where the fields infested in 1980 were either planted 

to grain or soybeans. Since this disease differs from common smut in that 
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head smut is soil-borne and infects the corn plant i~ the seedling stage, 

seed treatment and/or soil treatments were tested as a control method. 

Corn hybrids, a susceptible and a moderately susceptible were planted 

in artificially infested soil on each of three planting dates; 4/28, 5/12 and 

5/27. Chemicals as seed treatments, granules over the furrow or in the furrow 

and as ? spray were applied. Datq is reported as percentage infection. The 

plants were examined on 9/23, 9/24, and 10/8 for head smut sori on either 

the tassel and/or the ear. A group of selected hybrids were also evaluated 

for resistance to this disease in a similar manner. A hybrid performance 

was averaged over the three plantin~ dates and ranked into 4 groups; resistant, 

moderately resistant, moderately susceptible, and susceptible. Clearly, 

resistant hybrids and rotation offer the best means to control head smut. Growers 

with fields known to have head smut should select lines resistant to moderately 

resistant to this disease. 
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PERCENT OF HEAD SMUT 

Hybrid 

Susceptible Moderately Susceptible 

Planting Dates 

4/28 5/12 5/27 4/28 5/12 5/27 

Check 26.1 30.8 34.3 12.9 10.2 8,.7 

Vitava.x 34 34 26.2 20.8 . 11.4 10.8 11.1 
4 oz/100 fl 

Baytan oz ai/100i 

0.25 16.1 15.5 13.9 4.1 6.2 13.6 
0.50 7.1 8.6 4.3 5.3 4.8 4.5 
0.75 4.1 5.8 1.5 0.8 0.7 2.6 
1.0 0 2.3 0.9 2.5 2.9 2.1 

Ciba Geigy 88531 
gm ai/?:g 

0.25 27.9 31.1 27.2 5.3 9.6 5.3 
0.50 15.2 . 23.7 11.3 3.3 6.4 6.8 
1.0 15.0 32.6 13.4 8.9 7.0 3.4 

Ciba Geigy 64250 
Spray 100 gm ai/A 28.9 29.4 22.3 s.o 15.4 9.7 

Granule inrurrow 
100 gm ai/13,081 
row ft. 0 0.8 0 0 0 0 

Granule-Surface band 
100 gms ai/13,081 

rowft 4.8 3.5 2.9 1.7 
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Noderately 
Resistant 

Funk's C-4315 

A661 X A565 

Hidla::;i ~!-3095..\. 

Bla::.=:-· 35:502 

Dekalb XL-32A 

-~634 

Dekalb X!.-15 

Holden's I.E74 

RSA 94+ 

RBA 53050 

Blaney 56593.:\ 

Code 8 

Pfizer T-1053 

Kalten~arg K..'C47 

A632 

!-Ioderately 
Resistant 

Sokota HS27 

Dekalb XL-13 

'Hidland !-l-10908 

Cenex 2111 

Cenax 2119 

Funk's C-4224 

Sokota 78-A 

Canex 2093 

Midland M-1051DR 

Payco SX-620-N 

C0109 X Q-1105 

~cCurdy !-t-46 

Hidland H-1080 

Dekalb XL-6 

Funk's C-4143 

Sokota TS20 

Dekalb XL-25A 

HcCurdy H-4664 

Cenex 2134 

78 

~loderately 

Resistant 

Hidland H-3093 

Midland !-I-30908 

Holden's LH38 

Payco SX-680-N 

Pfizer T-1000 

Code 97 

Ramy X-20 

Ramy X-33 

Funk's C-4426 

Blaney S4406WX 

RBA 3040 

RBA 94 

Pfizer T-1069 

~lidland H-10018 

Dekalb XL-18 

Kaltenberg 10i:33. 

Kaltenberg ~~54A 

!o[N 5202 

Cenex 3103 

!-tode-rately 
'Resistant 

Coda 48 

Kalt.enberg KX44 

Cenex 3121 

~1<. X639Z 

tkCurdy 'H-3410 

Cenex 3123 

Blaney S210H•'X 

LP 7801· 

Cene."C 3094 

Funk's C-4323 

Payc:o SX-336-N 

Blaney 52322 

Blaney B605 

RB.:\. 104+ 

Cenex. 2091 

Funk's C-4141A 

Blaney 53306 

RBA 105+. 

MS4202 



Resist.a:::t: 

Ceo~:< 2203 

Cenax 3015 

Head Smut Hybrid Rank 

Moderately 
Resistant 

Pfizer T-950 

Dekalb EX1212 

~"K X6668 

~8301 

Holden's L632 

Dekalb E..'0333 

Blaney S6389 

J'ayco SX-442-N 

Midland M-1085A 

Funk's G-4435 

Payco SX-431-N 

Ramy X-13 

NK PX419 

Kal tenberg K..'C59 

Xll7 

Cenex 2110 

~tcCurdy H-4855 

Funk's G-4180 

Dekalb XL-23 

Blaney S4402 

Funk's G-4085 

Cenex 3018 

Dekalb XL-36 

Blaney Bl01 

Cenex 3011 

Cenex 2108 

A661 

NK PX443 

Blaney 52184 

Ramy X-22 

~IcCurdy H-5596 

Blaney 52202 

!-lid land N-1 088 

C-1105 

Cenex 2004 

Moderately 
Susceptible 

Cenex 3138 

Midland H-2087 

Dekalb XL-11 

Blaney B607 

Dekalb E..X1112 

Pfizer T-930 

NK PXll 

Kaltenberg KX58 

RBA Super 4+ 

A654 

Kaltenberg KX31 

l-1N7301 

Payco SX-411-N 

Kaltenberg KX390 

Lester Pfister 1428 

l-lilson 1300 

Bl::mey S3242 

Wl53R 

Dekalb XL-314 

Lester Pfister 1222 

Ramy X-150 

AS 54 

Pfizer T-X90 

ttN6305 

RBA Super 80 

Ramy X-200 

Wilson llOOB 

!-Iidland H-1051TY 

Payco SX-637-N 

Ramy X-16 

Payco SX-555-N 

Payco SX-711-~ 

Hid land ~r-3080 

Kaltenber-; K.'l\53 

Susceptible 

Holden"s CB59G 

A67l 

~IN4201 

Cenex 2155 

liK PX24 

Code 47 

Funk's C-5048 

Dekalb XL-12 

Blaney S4800 

NK PX7 

~'K. PX449 

Ramy EX14739 

~'K PX485 

MN5301 

Kaltenberg KX362 

Payco JX-155-N 

Ramy X-135 

Code 7 

C0109 

Payco SX-599-N 

Payco 3X-227-N 

Holden's LH39 

f_ont;_~!!_ue_c! un_..I@~_.1. (all columns ~-loderately Resist.:mt) 
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AMMONIA TREATMENT AS AN AID TO LOW TEMPERATURE DRYING 
OF HIGH MOISTURE CORN 

Richard A. Meronuck 
Associate Professor 

Department of Plant Pathology 

R. Vance Morey 
Associate Professor 

Department of Agricultural Engineering 

Harold A. Cloud 
Professor 

Department of Agricultural Engineering and Extension 

Donald E. Otterby 
Professor 

Department of Animal Science 

Recent research has shown that ammonia can be used to increase the storability 
of high moisture grain during drying with unheated air. This is commonly called 
the trickle ammonia process and can be used on corn that is delivered into a 
typical grain drying bin fitted with an elevated slotted drying floor. Ammonia 
gas (1/2 lb. to 1000 lbs. of corn) is taken from the head space of a standard 
applicator tank and introduced into a bin transition just down stream from the 
fan (Fig. I). The blower continuously delivers air, through the bin of corn, 
therefore removing moisture. The Environmental Protection Agency approval allows 
a maximum of 5 lbs. of ammonia in 1000 lbs. of corn. Consequently, up to ten 
applications of ammonia gas can be made to any one bin of corn over the drying 
period. 

The trickle ammonia process requires the conventional drying bin, a fan that can 
deliver 1-2 cubic feet of air per minute per bushel, a flowmeter, (or comparable 
flow-measuring device) and a hose to connect an ammonia fertilizer tank to the fan 
plenium (Fig. I). A flowmeter or a critical flow orfice and a regulator can be 
used to obtain the desired flow rate. 

Ammonia has a highly visible effect on treated corn as it turns the seed coat a 
yellow brown color. The color change is most probably due to a sugar, ammonia 
reaction that produces a pigmented compound. This color change does not affect 
its quality as livestock feed. Corn treated with ammonia must be used as livestock 
feed and should be kept from regular market channels. 

A research project was started in the fall of 1980 at Rosemount, Minnesota to 
demonstrate the effectiveness of this system under Minnesota conditions. Corn 
with an average moisture content of 25.4% was put into a bin on October 14 and 
15, 1980. Ammonia was first applied on October 16 and was applied 5 additional 
(6 total) times using a total of 515 lbs. of ammonia (Table 1). To assure complete 
fumigation it was necessary to detect when NH3 fumes reach the top of the grain in 
the bin. 

Two methods were used to determine the presence of ammonia gas at the top of the 
bin (Table 1). At a full rate of 12-14 lbs. per hour of ammonia, a slight odor 
was detected at the top of the bin after 5 hours of operation. The intensLty of 
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the odor during the first application did not increase during the next hour and 
a half of application time. It was only after the second application that a very 
strong ammonia odor was noticed. The concentrations noted were not sufficient to 
cause enough absorption to the corn kernels to change the pH of the corn at the 
top of the bin. pH changes at the top of this bin was only noted after the flow 
rate was doubled (Table 1). 

It took a total of 163 days to dry the 2724 bushels of corn in this bin to an 
average of 14.59% moisture. Approximately half of the bin was dried in the fall 
of the year, with completion in the spring. Fig. II indicates the drying regime 
along with moisture contents at three different dates. The cost for drying this 
bin of grain, including the kilowatt hours and ammonia used, was 7.9 cents per 
dry bushel, (adjusted to 15~ moisture). 

Samples of corn were cultured before and after each of the first 4 fumigations. 
During this time no potentially harmful fungi were found. The corn at the top 
of the bin had fungi in 8~28% of the kernels while the corn at the top of the 
bin had corn in 95-100% of the kernels throughout the fumigation period. On 
March 1, during the winter holding period, discoloration was noticed in a semi
circle area 2 ft from the center on the surface of the bin. This was an area 
where fines had collected. Fines restricted the air flow and can increase 
storage risk in any natural air drying system. Accumulations of fines in a bin 
can be prevented by screening the grain and/or by the use of grain spreaders. 
The restricted air flow, in this case, prevented adequate penetration of ammonia 
fumes and temperature adjustments. The fan was turned on at this time and left 
on until March 28 until the corn was dry. This area was the last to dry. (because 
of restricted air-flow) and was 16% on March 28 when the bin fans were shut off. 
Cultures of the corn in this area revealed 60% of the kernels with Fusarium 
tricinctum, which is a potentially toxic fungi (especially to hogs). Its presence 
in corn could be a potential hazard when used in hog's rations. Cattle, however, 
are much less susceptible to the toxin produced by this mold. 

Fusarium tricinctum can grow slowly at temperatures close to freezing and raise 
the temperatures to where a significant growth could occur. Frequent observations 
of surface temperature in any natural air drying bin along with periodic fan 
operation during good weather at temperatures between 20-30°F are important in 
maintaining quality of the grain on the bin surface. Closer observations of 
temperature rises in this area may have prevented this mold growth from occurring. 

The corn in this trial was fed to the entire dairy herd at Rosemount, Minnesota. 
The rations were palatable and production remained normal. A palatability test 
using dairy calves showed that rations using the NH 3 treated corn were as readily 
accepted as untreated hot air dried corn. 

Research is now being conducted at Rosemount, Minnesota to determine what effects 
different flow rates and NH3 concentrations will have on the micro-flora of the 
corn stored in the top portion of the bin. 

81 



Table 1. 

Date 

Oct. 16 

20 

21 (a.m.) 

27 

Nov. 3 

10 

17 

TOTAL 

Ammonia Applicatic;ms ~ The 'l;'ime Odor ~-1as Apparent at Top of 
Bin and Resulting pH Heasurements. 

Heasured 1.1 
pH2J lbs Flow NH3 at 

Applied Rate ·lbs/hr ToE of Bin Toe Bo.tton · 
(slight) 

85 13.07 5 hours 5.5 BE 8.5 E 

85 14.17 5 ho\,lrS 5.5 BE 6.0 B 

(very strong) 

80 12.31 N.RY 5.5 BE N.R. 

95 25.330 N.R. 6 B - 7.5 E N.R. 

(very strong) 

85 28.33 2.5 hours 6.5 B- 7.5 E N.R. 

85 28.33 N.R. 7. B - 8.5 E 9 B -

515 

lJ Time elapsed after start of fumigation that a NH3 odor was apparent at the 
top of the bin. 

Y pH of water after corn soaked in it for 2 min. pH of \-later before soaking 
Treatment 6.0. E = end of fumigation, B = beginning. 

l/ N.R. == Not recorded. 

!J} Critical flmv orfice changed from a dia. of .077 (=l48 drill) . to a dia. of .110 
(C34 drill) lessen fumigation time. Both orfice openings were operated 
at full tank pressure (valve completely open). 
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FIG. II. 
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Fig. 1. Trickle Ammonia Process 



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 approximately 
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 ~quipment required 
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, 
energy to dry the grain to 15 percent moisture and energy to dry the cobs 
so that they can be burned. Even at grain moisture contents of 35 per-
cent, ther_e is enough energy in the cobs to dry both the grain and the cobs. 
Column 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~i~ Eotential of cobs. 

Moist. Cont. Percent 
Percent Co?s Extra 

Corn Cobs Required !. Weight~/ 

20% 35% 15% 3% 

25% 45% 33% 8% 

30% 53% 57% 15% 

35% 56% 87% 23% 

1/ . 
- Includes both energy to dry grain and 

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

2/ - Extra weight that must be transported 
compared to wet shelled corn to bring 
cob materials to dryer. 

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. Corncobs are collected at the rear of 
the combine, separated from husk and stalk materials and conveyed to the 
grain tank. The cobs and grain are stored in the combine grain tank and 
then transported as a mixt~re to the drying facility to eliminate the need 
for an additional hauling vehicle. The mixture is dried and then separated 
with the grain going to storage and the cobs to the burner to provide heat 
for drying. 

The above concept is being evaluated at the University of Minnesota 
Rosemount Experiment Station. Preliminary testing of the cob collection 
and combustion devices was carried out this past fall. The combustor is a 
two-stage downdraft device with a heat output of 2 to 3 million Btu)hr. 
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 of the fuel, and therefore, heat output. The gases pro
duced 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 two-stage, downdraft concept has been tested in a laboratory scale 
device (200,000 to 300,000 Btu/hr) using corn cobs, pelleted corn stalks, 
~nd corn grain. These fuels have burned with no visible smoke over a ran~e 
of moisture contents and primary air flow rates. Fuel characteristics of 
corn grain and residue materials are shown in Table 2. Heat contents are 
similar for the grain and residue materials. Ash contents are approximately 
1.5 percent for the grain and cob materials. Ash contents of the stalks, 
leaves and husks are somewhat higher which can lead to potential slagging 
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Table 2. Fuel characteristics. 

BTU/Pound Ash 
Dry Matter Content 

Grain 8000 1.6% 

Cob 7900 1.4% 

Husk 7700 3.0% 

Leaf 7400 10.2% 

Stalk 7450 4.7% 

problems in grate-type combustion systems. Also, the low density stalk, leaf 
and husk materials need to be pelleted for good combustion performance on a 
grate-type burner. For these reasons as well as the relative ease of collec
tion at the time 9f grain harvest, corn cobs were selected as the fuel for 
use in the field scale unit. 

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 fo~ 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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RESIDUE SYSTEM FOR DRYING CORN 

HARVEST CORN 
SEPARATE . COBS 

CONVEY COBS TO 
GRAIN TANK 

TRANSPORT MIXTURE 

OF SHELLED CORN 
AND COBS 

DRY MIXTURE 

SEPARATE COBS AND 

~s 
r------~~~N 

BURN COBS 

PROVIDE HEAT FOR 
DRYING 

DRYER 
FAN 

Figure 1. Schematic of residue system for drying corn. 
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R. Vance Morey, associate professor 
Harold A. Cloud, extension agricultural engineer 

Rising energy costs and concern about the availa
bility of propane and natural gas, the fuels commonly 
used for grain drying, are leading many corn producers 
to consider ways of reducing the energy required in 
their high-speed drying operations. A high-speed dryer 
is any dryer which uses heated air to rapidly reduce 
the moisture content to the desired level. As shown 
in figure 1 these include: continuous flow; batch, 
both automatic and manual; batch-in-bin; stirring bins; 
and continuous-flow, bottom-unloading bins. With 
any high-speed dryer, most of the energy to evaporate 
water comes from the fuel that is burned. 

The following alternatives should be considered 
when looking for ways to reduce energy in drying 
shelled corn. 
• Reduce overdrying. 
• Use dryeration. 
• Use in-storage cooling. 
• Use a combination of high-speed drying followed 

by natural-air drying. 
• Use a natural-air drying system when it is feasible. 

The first alternative should be at the top of every
one's list when considering ways to reduce energy for 
corn drying. One or more of the other alternatives 
also may be applicable in many drying systems. The 
purpose of this publication is to help sort out the 
alternatives that may apply in each situation. Five 
other publications in this series provide more detailed 
information on each alternative. They include "Dryer
ation and In-Storage Cooling for Corn Drying" 
(M-162); "Combination High-Speed, Natural-Air Com 
Drying" (M-163); "Natural-Air Corn Drying" (M-164); 
"Management of Stored Grain with Aeration" 
(M-165); and "Fan and Equipment Selection for 
Natural-Air Drying, Dryeration, In-Storage Cooling, 
and Aeration Systems" (M-166). 

There are two other reasons that make it worth
while to explore all of these alternatives. In addition 
to saving energy, each of these alternatives has the 
potential for increasing drying capacity and improving 
grain quality. Comparative estimates of energy re
quirements and dryer capacities are summarized in 
table 1. 

89 

M-161-1980 

REDUCE OVERDRYING 

Everyone needs to take a careful look at this alter
native first (figure 2). Overdrying is removing more 
moisture than necessary for safe storage over the 
period of time corn is stored. Table 2 shows the mois
ture contents at which corn can be stored in Minnesota 
in well-managed, aerated storages. When corn is dried 
to lower moisture contents, extra energy is required 
at levels shown in table 1. Many farmers are still dry
ing corn to 12 percent because they feel it is necessary 
for safe storage. This may be based on past experience 
where higher moisture corn spoiled because it was not 
stored in a suitably aerated and properly managed 
facility. A properly equipped and well-managed stor
age facility allows higher moisture com to be stored 
successfully, thus realizing the benefits of the energy 
savings indicated in table 1. The publications "Man
agement of Stored Grain with Aeration" (M-165) and 
"Fan and Equipment Selection for Natural-Air 
Drying, Dryeration, In-Storage Cooling, and Aeration 
Systems" (M-166) provide information on aeration 
management and design. 

Table 3 shows the costs of drying shelled com to 
lower moisture contents. If com is marketed, a severe 
economic penalty can be incurred if the corn is sold 
at moisture contents below 15.5 percent. If the corn 
is fed, there is no extra shrinkage cost; but overdrying 
still requires extra fuel, and overdried corn may not 
be as palatable to livestock as corn at higher moisture 
contents. Corn which is to be fed during the winter 
months can often be safely held at moisture contents 
above 15.5 percent if enough airflow is provided in 
the storage to keep it cold. The key to saving com 
drying fuel is to remove only as much moisture as 
necessary for safe storage. 

As indicated in table 1, the increase in dryer capac
ity can be significant when overdrying is reduced. 
Less drying can also reduce stress cracking of the 
k"rnels, decreasing their susceptibility to breakage in 
subsequent handling operations. Also, reducing over
drying will normally provide an increase in test weight. 
These improvements in corn quality may result in 
less dockage when the corn is marketed. 



Table 1. Comparative estimates of energy requirements and dryer capacities when drying 25.5 percent moisture corn 1 

Alternative 

Reduce overdrying 
(High-speed drying 
with in-dryer cooling) 

Dryeration 

ln-stonige cooling 

Combination drying 

Natural-air drying3 

to 15.5% 

to 14% 

to 13% 

to 12% 

to 11% 

to 15.5% 

to 15.5% 

to 15.5% 

to 15.5% 

Gallons of 
propane/100 bu 2 

20 
23.5 

26 

28.5 

31.5 

14.5 

17.5 

8 

Change in high-speed 
dryer capacity relative to 

Kilowatt hours of drying from 25.5 to 15.5% 
electrical energy /100 bu with in-dryer cooling 

10 

11 12% less 

12 18% less 

13 24% less 

14 30% less 

7 60% more 

8 35% more 

70 300% more 

140 

1These are estimates intended to help compare alternatives. There is wide variation in energy use from one system to another. The high-speed drying 
comparisons are representative of typical automatic batch or continuous-flow dryers removing 10 points of moisture (25.5 to 15.5%). 
2Comparisons are made on the basis of 100 bu of corn at 15.5 percent moisture content. For example, overdrying to 11 percent will yield only 94.9 
bu at 11 percent instead of the 100 bu. If comparisons are made on actual 56-lb. bushels at the reduced moisture contents, the fuel and electrical 
requirements would be higher. 
3 Natural-air drying may not be a feasible alternative as a complete drying system. See the publication "Natural-Air Corn Drying" (M -164) for more 
information. 

Table 2. Moisture contents at which shelled corn can be stored in 
Minnesota in properly-aerated, wall-managed storages I 

Storage period 

12 months 

Harvest through June 

Harvest through March 

Corn moisture content 

14% 

15.5% 

16-17% 

1 Assumes corn that normally meets No.2 corn standards. 

Table 3. Overdrying costs when marketing shelled corn below 15.5%1 

Moisture 
content 

14% 

13% 

12% 

11% 

Extra 
drying 
costs 

Extra 
shrinkage 

costs 

Total 
overdrying 

costs 

...................... cents/bu.------------------------

2.2 4.4 6.6 

3.7 7.2 10.9 

5.3 

7.1 

9.9 

12.6 

15.2 

19.7 

1 Based on shelled corn at $2.50/bu , propane at 60 cents/gal., and 
electricity at 5 cents/kWh. 

Additional Equipment 
It is necessary for storage bins to be equipped with 

adequate aeration facilities. Since this is highly recom
mended for all storages, no extra equipment is re
quired when you reduce overdrying. 

DRYERATION 
With dryeration, com is not cooled in the dryer 

but delivered hot to a separate cooling bin (figure 3). 
The hot com is allowed to "steep" or "temper" at 
least 4 to 6 hours, then cooled slowly. After cooling 
has been completed, the com is transferred to storage. 

Dryeration provides the following benefits: 
• Tempering followed by slow cooling increases the 

efficiency of moisture removal during the cooling 
process. 
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• It reduces the stress in the kernels developed during 
the final stages of high-speed drying and rapid cool
ing. This leads to improved com quality. 

• Significant increases in dryer capacity are achieved 
because of the increased efficiency of moisture re
moval, elimination of cooling in the dryer, and the 
possible increase in drying air temperature in the 
high-speed dryer. 
During the tempering or steeping process, conden

sation can build up around the walls of the cooling 
bin. As a result, com that has been tempered in a cool
ing bin should always be transferred out after cooling 
and never left for storage in the cooling bin. At the 
end of the drying season the dryeration bin can be 
used for storage, possibly with in-storage cooling. This 
is discussed in the next section. 

Additional Equipment 
At least one and preferably two cooling bins are 

required along with additional materials handling 
equipment to accommodate the extra com transfer. 
Generally, dryeration is more adaptable to larger 
operations-50,000 bu per year and larger. However, 
it is a flexible system and may, in many instances, fit 
the needs of smaller operations. 

IN-STORAGE COOLING 

Instead of cooling the com in the high-speed dryer, 
it is discharged hot to storage and cooled there (figure 
4). Experience has shown that as long as the cooling 
fan delivers adequate air and is turned on immediately, 
com can be cooled and stored in the same bin. Be
cause cooling is delayed somewhat, the heat contained 
in the com is used more efficiently for the removal of 
water. Probably the biggest advantage of in-storage 
cooling is the significant increase in capacity that 
occurs when the cooling cycle in a batch dryer is elim
inated, or when the cooling section in a continuous
flow dryer is converted to full heat. 



In-storage cooling provides some of the advantages 
of dryeration without the extra transfer operation. 
However, when corn is to be stored in the bin in which 
it is cooled, a tempering period is not recommended. 
The resulting condensation can cause problems around 
the bin walls. 

Additional Equipment 
In general, an increase in aeration airflow is required, 

depending on the capacity of the high-speed dryer. 

COMBINATION HIGH-SPEED, 
NATURAL-AIR DRYING 

Combination drying is high-speed drying followed 
by in-storage cooling and natural-air drying (figure 5). 
The purpose of the high-speed dryer is to reduce the 
moisture content of the corn to a level where drying 
can be safely completed in storage with natural (un
heated) air. Natural-air drying is accomplished by 
moving unheated air through the stored corn. This 
may take from 4 to 8 weeks or even longer to com
plete. In many situations, drying may be stopped in 
the late fall and completed the following spring. Pro
pane or natural gas requirements are substantially 
reduced compared to normal high-speed drying with 
in-dryer cooling since only the water above 20 to 22 
percent moisture content is removed in the high-speed 
dryer. The savings depend on the moisture content at 
which corn is discharged from the high-speed dryer. 
As shown in table 1, electrical energy requirements 
are increased because of the fan operation in the 
natural-air drying stage. However, the net result is a 
reduction in total energy requirements. 

Additional Equipment 
The bins used for in-storage, natural-air drying must 

be equipped with drying floors and fans capable of 
delivering an airflow of at least one cubic foot per 
minute per bushel ( cfm/bu ) of com in storage. This 
is ten times the amount of air required for normal 
storage aeration. 

Who should consider combination drying? Poten
tially, it can be included in a wide range of situations. 
Because of the in-storage drying facility, it is probably 
more feasible for operations less than 50,000 to 
60,000 bu of corn per year. The substantial increase 
in capacity of the high-speed dryer occurring when 
com is discharged at higher moisture contents makes 
this an attractive alternative for those who need to 
expand their drying capacity. The characteristics of 
the combination system make it particularly suitable 
to producers who feed their com. 

NATURAL-AIR DRYING 

Natural-air drying is an in-storage system which 
relies mainly on unheated air for all of the drying 
(figure 6). This may take 4 to 8 weeks or longer, de
pending on the natural air conditions and the initial 
moisture content of the com. The key to natural-air 
drying is to provide enough air to complete drying 
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within the allowable storage time as determined by 
the deterioration of the corn. The quantity of air re
quired depends on the moisture content of the corn 
being delivered to the bin. If the bins are filled rapid
ly, it is difficult to deliver enough air to satisfactorily 
dry corn higher than 22 to 23 percent moisture in a 
natural-air system. Wetter corn can be dried in storage 
if filling is delayed. However, for corn above 25 per
cent moisture content, the necessary delay and/or 
larger fan requirements often become impractical. 
Usually, it is more practical to use high -speed drying 
to reduce wetter corn to 21 to 22 percent, a moisture 
content more easily dried with natural air ( combina
tion drying). 

In some cases, enough supplemental heat is added 
to the natural air to increase its temperature an addi
tional 2° to 4° F. When this is done, it is commonly 
referred to as "low-temperature" drying. The addi
tional 2° to 4° F supplements the drying ability of 
the natural air. The desirability of adding supplemen
tal heat to a natural-air, in-storage drying system is 
discussed in more detail in "Natural-Air Corn Drying" 
(M-164). 

MORE THAN ONE SOLUTION? 
Producers may decide to incorporate several of 

these alternative methods in their systems. For exam
ple, reducing overdrying can be done in conjunction 
with in-storage cooling. Or a bin equipped with a dry
ing floor and fan can be added to complement existing 
storage. This bin can be used for dryeration while fill
ing the existing storage. After the existing storage has 
been filled, the dryeration bin can be used for natural
air drying as part of a combination system, or as a 
complete natural-air system if harvest moisture con
tents have dropped below 21 to 22 percent. It is 
likely that a mixture of these alternatives will best 
suit most situations. 

Economics 
Economic comparisons of the alternatives can be 

complex; since each situation is different, it is very 
difficult to make general statements about costs and 
returns for alternative methods. 

Energy costs will be reduced by using any of these 
alternatives. However, energy is only one part of the 
total cost of the drying and storage system. For 
instance, investment or fixed costs are always signifi
cant. We recommend that your economic analysis 
include: 

• Costs 
a. Investment costs associated with additions to, 

and changes in, materials handling equipment 
and storage bins (For storage bins, cost factors 
may include drying floors, fans, shallower bins 
for natural-air drying, and less storage space due 
to level-fill requirements and space lost for dry
ing air plenums.) 



b. Larger electrical service required in some cases 
to meet increased power demands 

• Returns 
a. Energy cost savings 
b. Increased dryer capacity, which may allow more 

timely harvesting or eliminate the need to in
crease high-speed drying capacity 

c. Improved grain quality, which may result in less 
dockage 

d. Reduced reliance on propane fuel 

Some of these factors will affect the economic analy
sis and some will not. Each situation needs to be 
analyzed separately. 

Figure 1. Schematic diagrams for five types of high-speed dryers 

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 on how to incor· 
porate these alternatives in drying systems. The 
publications include: 

M-161 Saving Energy in Corn Drying 
M-162 Dryeration and In-Storage Cooling 

for Corn Drying 
M-163 Combination High-Speed, Natural-Air 

Corn Drying 
M-164 Natural-Air Corn Drying 
M-165 Management of Stored Grain 

with Aeration 
M-166 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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FiQure 2. Energy used in overdrying 
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Fig11re 3. Schematic of dryeration system 
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Figure 4. Schematic of in-storage cooling system 

HARVEST 
MOISTURE 
CONTENT 

j 
{ ~~~~o}) 

DRYER ' 

IN- STORAGE COOLING 

93 

315 
GALLONS 

IN -STORAGE 
COOLING FAN 

AERATION 
FAN 



Figure 5. Schematic of combination high-speed, natural-air 
drying system 
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Figure 6. Schematic of natural-air drying system 
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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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