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PREFACE 

This special packet of management information, designed to help Minnesota crop 
farmers cope with an abnormal harvest season, was conceived, written, and produced 
between Aug. 28 and Sept. 7, 1979 by the extension specialists listed on the cover page, 
with assistance from the Department of Information and Agricultural Journalism, Special 
Secretarial Services, and Duplicating Services. 

Permission to use material from these articles in newspaper, newsletter, radio, and 
television releases is hereby granted, provided that credit is given to the appropriate author 
and the Agricultural Extension Service. 

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. Roland H. Abraham, 
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. 



1979 WEATHER SUMMARY 

Mark W. Seeley, Extension Climatologist 

Beginning with a late planting of both small grain and row crops, the 
1979 crop season has continued to be very unusual climatically. 

' Temperature. Since late May most crops around the state have needed 
warmer temperatures to enhance their rate of development. Despite great 
variability and short periods of warm temperatures, monthly mean temperatures 
indicate that crops have had little opportunity to "catch up" on their normal 
rate of development. Following a below normal May, June temperatures were 
near or slightly below normal across the state, while in July we experienced 
approximately normal temperatures in most agricultural regions. 

Thus, beginning August 1, crops were still significantly behind in 
their development. Unfortunately, most regions remained cool, averaging 
1 to 3° F below normal. As we begin September, crops are very much behind 
schedule and fact the threat of freezing temperatures before they are fully 
mature. Since daily solar radiation and temperature normally decrease markedly 
in September, there appears to be little opportunity left to compensate for 
our slow crops season, even if we have above normal temperatures and sunshine 
during the month. 

Solar Radiation. Both July and August were cloudier than normal, limiting 
the amount of radiant energy available for photosynthesis. For example, the 
percent possible sunshine for the Twin Cities was 17 percent below normal in 
July and more than 25 percent below normal through August. Should this trend 
continue, field drying conditions during the harvest season cannot be expected 
to be favorable. 

Precipitation. Seasonal rainfall totals around the state are highly 
variable, which is normal. However, the overriding factor relating to the 
upcoming harvest season is the August moisture situation. Soil moisture in 
the southern districts is reported to be at field capacity, with standing 
water in many areas. Several locations have received 2-3 times the normal 
August precipitation. Central and northern regions report more variable soil 
moisture conditions, ranging from moderately dry to excessively wet. 

For the most part, moisture is adequate to carry the crops to maturity. 
Since September is climatically a transition month when~precipitation begins 
to exceed evapotranspiration, daily drying rates will be declining. An abnormally 
dry, sunny month would most lik,~ly permit sufficient drying to make·most soils 
suitable for harvesting. 

Weather Outlook. The 30-day outlook by the National Weather Service 
indicates that the southeastern half of the state should expect near normal 
temperatures in September. Northwest sections of the state are expected to 
have below normal temperatures. The probabilities associated with the accuracy 
of the 30-day outlook are 60-65 percent; Though September mean temperature 
is not absolutely correlated with the date of first fall frost~ there is a 
tendency for frost dates to vary with the mean monthly temperature departure. 
However, since crop development in many areas has been so slow this year, even 
normal first frost would catch immature crops. Normal fall frost dates are 
listed on Map 1. 
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The September moisture outlook projects above median precipitation for 
the state. The normal precipitation for the month is illustrated on Map 2. 
Above normal precipitation for September would significantly inhibit·normal 
field operations during harvest, particularly in southern counties, where 
many soils are presently saturated. 

3.00 3.25 3.25 

Map 1. Average date of first occurrence of 32° F. 
or lower in the fall. 

Map 2. · September normal precipitation in inches, 
Minnesota. 
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CORN KERNEL DEVELOPMENT AND DRYING RATE 

D. R. Hicks, Extension Agronomist 

Because of the late planting and subsequent later pollination, there 
is concern regarding corn development and the effect an early frost may 
have on yield and drying rate. Data from a number of ,studies conducted 
in Minnesota are used below to project what we might expect during the 
rest of the growing season. 

Kernel Development. Beginning with pollination, the dry weight of 
grain increases as shown in Figure 1. Various stages of kernel development 
are shown to indicate the proportion of maximum yield that has accumulated 
when the crop reaches these developmental stages. Maximum yield is obtained 
when dry matter accumulation ceases. This stage is known as physiological 
maturity (PM) and occurs 55 to 60 days after pollination. 

Figure 1. Corn grain dry weight accumulation. 
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Heat accumulation or corn growing degree days (GDD) can be used as a guide 
for predicting corn PM. Approximately 1,000 to 1,100 GDD are required for corn 
to develop from pollination to PM. This heat requirement is less for later
planted corn. Since the planting season this year was later than normal, the 
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heat requirement for this developmental period is likely to be less than 
1,000 GDD. GDD for each day are calculated by the formula: 

Max. temp. (S 86) + Mine temp. (~ 50) 

2 
- 50 = Daily GDD 

The daily GDD can be summed for the period from pollination to the current 
date to determine the heat accumulation that the crop has received. An ideal 
temperature pattern during the grain filling period is warm days and cool 

·nights. 

Maturity Projection. Half the state's corn crop had·pollinated by . 
July 30. Normally there are about 600 and 300 GDD for August and September, 
respectively, for most corn growing areas in Minnesota. Therefore, as a 
state average, half of tlie crop might be PM by October 1. However, the 
cooler and wetter than normal August will have a delaying effect on corn 
maturity and may reduce yield. In addition, the below normal solar radiation 
for August will have a further yield reducing effect by reducing kernel 
number per plant. 

Moisture Content. Kernel moisture content at PM is generally about 
32 percent (ear moisture about 37 percent). However, moisture content is 
1 to 3 percentage points greater at PM when corn is planted late. Therefore, 
kernel moisture content will be about 33 to 35 percent when grain is physio
logically mature this year. 

Drying Rat~. Drying rates for corn planted mid and late May at Waseca 
are shown in Figure 2. Moisture loss over time is similar for both early 
and late-planted corn. However, late-planted corn is wetter for each calendar 
date in this drying period. In Figure 2, the late May-planted corn i~ 5-7 
percentage points wetter during October. Similar experiments have shown , 
the same results at other Minnesota locations. 

Figure 2. Ear moisture loss during October of full season (110-115 RM) 
hybrids planted mid and late May, Waseca, MN, 1973-75. 
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Effect of an Early Frost on Grain Yield. The yield effect of an early 
frost will depend upon how much leaf area is permanently damaged and the stage 
of development when the frost occurs. The more leaf area damaged, the greater 
the effect on lowering yield and, conversely, the closer to physiological 
maturity when damage occurs, the less effect a frost has on grain yield. 
Average grain dry matter increase is 1. 7 percent per day.. Therefore, a 
killing frost would reduce grain yield about 1.7 percent for each day prior 
to PM. 

Frost damaged corn is usually lower in test weight. However, feed 
value is comparable to unfrosted grain when test weight is 45 or greater. 

Effect of Frost on Drying Rate. The term "soft corn" has been used to 
describe corn'which is frosted before grain is PM and is meant to describe 
corn which dries very little after the killing frost. Innnature corn killed 
by low air temperature will dry if drying conditions exist. 

Kernel drying rates are given in Figure 3 for unfrozen corn, unfrozen
husks opened, and frozen corn. The "No treatment" drying curve represents 
the drying rate of kernels on control plants that received no treatment. All 
other ears were cut from the plant, treated, and hung on the plant to dry 
in the same field drying environment. Husks were loosened to simulate a "light 
frost" which killed husk tissue. Ears were frozen in a 20°F chamber for 8 
hours to simulate a "hard, killing frost." 

Figure 3. Kernel moisture loss during September and October of ears which 
were untreated; ears with shank cut and husks loosened; ears with 
shank cut, husks not loosened; and ears cut from stalk, frozen and 
hung on plants to dry in the field, St. Paul, MN, 1974. 
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Comparing the drying rates of the "No treatment" and "Unfrozen treatment" 
shows the effect on drying of cutting the shank. While there is little 'effect 
on the drying rate, there is an initial delay in moisture loss of ears with 
cut shanks. However, after September 26, the moisture loss rates were similar. 
Drying rate for frozen kernels during this period was approximately the same 
as for unfrozen kernels, although the frozen kernels were 5-9 percentage 
points wetter at each calendar date. If conditions for drying in the field 
are good, frozen kernels should dry at a comparable rate to unfrozen corn. 
Moisture loss from ears with the husks loosened was greater than that of normal 
ears. Therefore, a frost that kills husk tissue should aid drying rate. 
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THE SOYBEAN CROP SITUATION 

L. L. Hardman, Extension Agronomist 

The 1979 soybean crop development sequence is plotted in Figure 1. The 
solid lines contrast with the dashed lines, which are the previous four-year 
averages for the various events. 

The table below Figure 1 shows the date at which 50 percent of the crop 
arrived in each stage in 1979 and the previous four-year average date. One can 
readily see that the 1979 crop was behind the four-year averages at all these 
data points through podding. The figure in parentheses is the estimated date 
that 50 percent of the crop arrives at maturity, using the four-year averages 
as a comparison. That date is approximately 47 days from the 50 percent podding 
date. Killing frosts before Sept. 29 obviously will reduce yield to some extent. 

The growth of soybeans in 1979 and the bean yield from that growth have 
been altered by the peculiar weather in June and again in August. Soybean growth 
(in inches) was off from the long-term averages by as much as 5" at times (see 
Figure 2). The plants in the field were under cooler temperatures and other 
stresses (wind, etc.) until early July, when canopy growth seemed to pick up. 
All later critical stages (bloom, podding, etc.) were behind the long-term 
averages because of this ·delay in planting, emergence, and early growth. 

The pod-filling period is a critical time in the production of yield because 
lower light levels, lower temperatures, and deficient or excessive moisture 
all can act to reduce it. Thirty percent of the plant's requirement for Kand 
40 percent of its P and N are taken after seed fill begins. Our conditions this 
year were not conducive to optimum growth and development. July and August 
both were characterized by lower light intensity days and excess moisture and 
cooler temperature than would be desired in much of the state. 

Leaf diseases were more prevalent in beans this year because of cool, 
damp conditions. This also will likely reduce yields somewhat because of leaf 
destruction and lodging problems. Standing water will kill soybeans after a 
period of time and certainly reduces yield, due to its effects on nutrient 
uptake and diseases. Pod and stem diseases are likely to be more severe this 
year, and some seed quality reduction will be noted due to disease. 

Seeds are likely to mature about 65-75 days after pollination in soybeans; 
this date is near the Sept. 29 maturity projection. At physiological maturity, 
seeds are 50-55 percent moisture, but Iowa data suggests moisture drops off 
15 percent within 5 days after leaf drop in the fall. Harvesting above 20 
percent moisture is risky becaus·e of damage; at 15 percent little damage results, 
and 13 percent is necessary for good storage and marketing. Some size variation 
is likely this year, and smaller seed size and greener seed is to be expected. 
Germination tests and quality evaluation should be done before planting these 
seeds. 

Oil content likely will be lower because it is known to drop with cooler 
temperatures during seed development. 
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Figure 1 o SOYBEAN CROP DEVELOPMENT 
(1979 and 4-year average) 
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MATURITY SITUATION ON SUNFLOWERS 

Oliver E. Strand and L. L. Hardman 

Extension Agronomists 

A cold May, together with a cloudy,,cool August, resulted in a lower-than
average number of growing degree days for 1979 through August for five weather 
stations .that were compared (Waseca, Lamberton, Morris, Staples,. and Fosston). 
The months of June and July were near normal at these locations. 

Growing degree days are figured on a base of 50° F, which is commonly used 
for corn. Observations by Harley Shurson, East Polk County Extension Director, 
note that about 1,900 to 2,000 GDD are needed to mature sunflowers in his area 
(using a base of 50° F). Research by Dr. Bob Robinson, Agronomy Department, 
University of Minnesota, St. Paul, indicates that a base of 45° F is more accurate 
for sunflowers. Using a base of 45° F, the most recent National Weather· Service 
advisory gives a range of 2,000-2,150 GDD acctnnulated through August for the 
northwest part of Minnesota and 2,150-2,200 for central Minnesota. 
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Sunflower Crop Status 
(1979 vs. period 1974-78) 

Planting . (Date of 50% achievement) 
1978 1974-78 

May 13 
May 18 
May 23 
May 28 
June 5 

May 5 
May 11 
May 21 
May 29 
June 5 

Harvesting (Date of 50% achievement) 
1979 1978 1974-78 

Sept. 12 Sept. 19 
Sept. 25 Sept. 30 
Oct. 9 Oct. 10 
Oct. 20 Oct. 20 
Oct. 27 Oct. 30 

Planting of the crop in 1979 was about 7-10 days behind normal. If this 
delay remained all year, a look at the long-term (1974-78) harvesting stages 
should allow us to project a later October (Oct. 20) date for 50 percent of 
1979 crop to be harvested. 

Good data on progress of the sunflower crop are not available o~her than 
these figures. 
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ENSILING IMMATURE, HIGH MOISTURE CORN OR SUNFLOWER CROPS 

Neal P. Martin, Extension Agronomist 

Larry H. Smith, Professor of Agronomy 

Periodically in Minnesota, grain crops such as corn or sunflowers do not 
reach physiological maturity before a killing frost due to an abnormally short 
or cool growing season. Those crops produced can be salvaged by ensiling, but 
if the crop is too innnature, moisture concentrations may be too high to result 
in good fermentation and high quality silage. 

An optimum moisture concentration for whole plant grain crops in a tower 
concrete silo is 65 percent moisture, with a range of 55-70 percent moisture. 
In oxygen-limiting structures, an ideal range is 40-55 percent moisture, and 
65-72 percent moisture is preferred in a bunker or horizontal silo. 

Moisture contents greater than 72 percent moisture are common in crops 
harvested at innnature stages of growth. Figure 1 indicates that the corn plant 
contains 27 percent dry matter (73 percent moisture) at late milk to early dough 
stage in the kernels. Living plant cells have the ability to retain water against 
leakage from individual cells. When a plant cell is harvested and ensiled, 
it is no longer able to .retain water in the silo due to the death of the cells 
and cell membranes. Most non-living plant materials can hold about 2 ._3 lbs. 
of water per pound of dry matter at a pressure of 15 lbs. per square inch (psi). 
This represents a moisture content of about 70 percent. 
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Figure 1. Effect of stage of maturity of corn silage on total dry 
matter accumulation. 

SOURCE: Iowa State University Special Report No. 48., 
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The amount of water that various plant materials can retain when stored 
in silos is given in Table 1. Water contents greater than those which non-living 
plant materials can hold are lost from the silo as seepage. As silo diameter 
and height increase, pressures exerted on plant materials in the silo increase 
well above 15 psi. USDA research has shown that the maximum moisture percentage 
to prevent seepage of' whole plant corn silage in tower silos ranges from 72-63 
percent moisture (Table 2). Although this investigation was with whole plant 
corn silage, it is expected to apply to other materials stored in tower silos. 
Therefore, a maximum moisture content to prevent seepage from ground shelled 
corn or ground ear corn in a silo larger than 30' x 90' would be 41 and 46 
percent, respectively (Tables 1 and 2). Materials stored in small horizontal 
silos or stacks do not have as much pressure exerted on the plant materials 
and, therefore, can be stored at higher moisture levels, at least 75 percent 
moisture, before seepage occurs. 

Table 1. Maximum water-holding capacities of various silage materials 

Moisture 
Silage materials 
and additives 

Shelled corn (ground) 
Ear corn (ground) 
Corn cobs (ground) 
Oats (ground) 
Sugarbeet pulp 
Hay or straw 
Alfalfa silage 
Smooth bromegrass (mature) 
Corn silage 

SOURCE: Adapted from Smith et al., 1966. 

content 
(%) 

32-41 
38-46 
61-68 
44 
73 
70-74 
68-72 
69 
72 

Seepage from silos carries with it many of the water-soluble plant nutrients, 
such as sugars, simple proteins, and organic acids. Loss of these materials 
results in a 5 to 7 percent loss in dry weight of the forage and could run as 
high as 10 to 15 percent. 

Table 2. Recommended maximum moisture levels for prevention of 
seepage from ensiled whole plant corn. 

Height Silo diameter (feet) 

(feet) 12 14 16 18 20 24 30 

% 

40 72 70 
50 72 70 70 68 68 
60 70 68 68 
70 68 68 65 65 
80 65 65 65 
90 65 65 

100 63 
120 63 

SOURCE: Adapted from Waldo, 1977. 
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Water squeezed from non-living plant material by pressures exerted within 
a silo carries various dissolved minerals with it. These minerals react chemically 
with other organic acids produced by bacteria active during fermentation.· Such 
reactions '"'salt out" the acids produced during fermentation, so the acidity of 
the forage mass is !owe.red and production of additional acid by the bacteria is 
required to lower the pH to the point where bacterial action is stopped. Since 
the production of organic acids by bacteria in a silo requires carbohydrate 
materials, the "salting out" of acids tends to greatly increase the amount of 
carbohydrate required for proper silage production. 

For the silage process to "work, 11 bacteria must produce organic acids that 
"pickle" the forage as silage. These organic acids are produced through a 
fermentation process from nutrients (primarily sugars and other carbohydrates) 
present in ensiled plant material. Bacteria use about 5 percent of these plant 
nutrients to produce desirable lactic and acetic acids. Therefore, for each 
10 lbs. of sugar fermented, theoretically about 9 1/2 lbs. of acid should be 
formed. Actually about 3-4 lbs. are formed, due to a variety of reasons. This 
loss represents a fermentation loss that is classified as unavoidable but 
necessary. 

Undesirable organic acids, such as butyric acid, are formed as a result of 
insufficient carbohydrates for a desirable type of fermentation. The loss due 
to fermentation of these acids is about 25 percent. Therefore, ensiling materials 
containing excessive moisture (above the levels suggested in Table 1) results 
in poor quality silage b.ecause seepage removes water-soluble plant nutrients 
essential for the formation of sufficient· beneficial organic acid concentrations 
that stop bacterial action before undesirable compounds, i.e., butyric acid, form. 

Silage Additives 

Various substances may be added to green, immature plant material at ~n
siling to overcome excessive moisture and low carbohydrate levels. The most 
connnon additives are preservatives and conditioners. 

Preservatives. A silage preservative is a material that helps develop 
acidity essential for preserving the crop. There are two general types of 
preservative in use: 1) substances that stimulate lactic acid fermentation 
through the addition of sugar or other readily fermentable carbohydrates, and 
2) substances that minimize undesirable fermentation by inhibiting undesirable 
bacterial development. 

The latter type does not correct the excessive moisture and low carbohydrate 
restriction present in immature, high moisture silage crops. Howeyer, the first 
type of preservative improves at least one of these restrictions. Examples of 
these preservatives are molasses, cereal grains, beet pulp, and whey. 

Conditioners. Using various dry materials to absorb excess water to reduce 
the water content of the mass below the maximum concentration that will prevent 
seepage in various silos has been tried. Chopped old hay or straw, ground corn 
cobs, and chopped corn stover are examples of types of materials used. These 
materials are referred to as conditioners. 
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Amount of Additive Needed. Cereal grains such as shelled corn, corn 
and cob meal, barley, wheat, oats, and sugarbeet pulp are carbohydrate-rich 
feedstuffs or preservatives that can supply carbohydrate and absorb .moisture 
of the materials they are mixeq with. Grains absorb moisture best when they 
are coarsely ground (1/2 inch screen). Table 3 contains estimates of the 
amount of water various conditioners and preservatives will absorb. 

Table 3. Water-holding capacity of various silage materials and additives. 

Material Pounds of water per 100 lbs. of materials-!./ 

Ground corn grain 
Ground oats 
Ground wheat 
Corn cob 

coarse grind (1/2 inch) 
medium fine grind 
fine grind (1/16 inch) 

Sugarbeet pulp 
Alfalfa hay 
Mixed grass hay 
Oat straw 

58* 
69* 
61* 

143* 
163* 
192* 
248* 
194** 
195** 
218** 

SOURCE: Adapted from Smith et al., 1966. 

l./ Materials are air dry basis; the mat~rials with * contain 10 percent 
moisture and those with ** contain 12 percent moisture. 

The following calculation illustrates how to determine the amount of 
additive that must be added to arrive at a given moisture content: 

One ton of corn silage contains 75 percent moisture. The corn silage'will 
be stored in a 20' x 70' silo. Therefore, the corn silage must be below 65 
percent moisture to prevent seepage. Wheat is available to use as a preservative. 

2,000 lbs. of silage x .75 (percent moisture) = 1,500 lbs. water 

2,000 lbs. of silage x .65 (percent moisture) = 1,300 lbs. water 

By subtracting, we find that 200 lbs. of water must be absorbed; 100 lbs. 
of ground wheat will absorb 61 lbs. of water (Table 3). 

200 lbs. water need absorbed 

61 lbs. water hold 
x 100 = 328 lbs. of ground wheat needed per ton 

of 75 percent moisture silage to make 
it 65 percent moisture silage. 

or, 92 lbs. of oat straw would be required: . 200 
218 x 100 = 92 

-15-
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Which Conditioner Should Be Used? The major objective is to reduce the.," 
moisture content, but adding these feedstuffs also will influence the feedirtg 
value of the original silage. Corn silage is high in energy (TDN) and low in 
crude protein. Sunflower silage contains slightly more protein, but less energy 
than corn silage (Table 4). Because corn silage is the major energy source 
of many livestock rations, it is important to add a feedstuff with a comparable 
or higher energy value than corn silage. Table 4 illustrates some feed values 
obtained from NRC tables. Cereal grains will improve the TDN percentage of the 
final silage, whereas oats straw, for example, will lower the silage energy value.· 
A maximum level of addition of a preservative· is influenced by the final crude 
'fiber percentage of the silage. 

Optimum carbohydrate concentrations for optimum fermentation are 2-3 percent 
of the dry weight. Two hundred (200) pounds of corn, barley, wheat, and oats 
added to corn silage analyzing 70 percent TDN and 30 percent dry matter theo
retically will increase the TDN percentage silage 5, 4.6, 4.3, and 1.5 percentage 
units, respectively. Therefore, corn, barley, and wheat contain similar energy 
values pound for pound. Cereal grain meals normally are reconnnended at 150 lbs,/ton, 
but some research indicates as much as 300 lbs. can be added with little evidence 
of nutrient loss. 

Dairymen should consider the maximum fiber content of the ration. An 
extremely high fiber content in the forage portion of the ration may limit the 
total ration intake and require a low fiber concentrate, such as shelled corn 
as opposed to ear corn. Th~ fiber and protein values of other forages used in 
the ration also influence the fiber level of ·the salvage silage. Silage additives, 
preservatives, or conditioners can be used to lower the moisture content of high 
moisture grains for silage. 

Table 4. Crude protein, crude fiber, and TDN concentrations of various 
silage materials and additives. 

Material or 
additive 

Corn grain 
Ear corn 
Corn cob 
Corn silage 
Oats 
Wheat 
Barley 
Corn and cob meal 
Sugarbeet pulp 
·Alfalfa hay 
Grass hay 
Oats straw 
Wheat straw 
Barley straw 
Sunflower silage 

Crude 
protein 

10 
5 
3 
9 

13 
14 
14 
9 

10 
14-21 

8-21 
4 
4 
4 

12 

SOURCE: Extension Bulletin 218, 1977. 
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Crude 
fiber TDN 

-% (100% dry matter) 

2 91 
9 90 

36 47 
21 71 
12 76 
3 85 
6 83 
9 85 

20 72 
23-36 52-62 
32-40 47-58 

41 50 
41 44 
42 47 
33.5 54 



Management Suggestions 

A. Harvesting Frosted Immature Corn 

1. At physiological maturity, corn kernels contain about 30-32 percent moisture, 
ear corn 40-45 percent moisture, and the whole plant 62-68 percent moisture. 

2. Determine the maxinium moisture level your storage facility will hold without 
seepage for each of the corn plant parts you intend to ensile. The optimum 
moisture level is 65 percent moisture for whole plant corn silage, 33-35 
percent moisture for ear corn silage, and 28-30 percent for shelled corn 
silage. 

3. Delay harvest after frost until the material reaches the maximum moisture 
limit. However, best quality silage results from adhering to optimum 
moisture contents. Adding a cereal grain or conditioner after the crop 
reaches the maximum level is preferred. 

4. If time will not allow timely harvest of all materials, add cereal grains 
or conditioners to reduce the moisture content. Adding 200 lbs./ton of cereal 

I 
grain will drop the moisture content 3-6 percentage units and increase the 
energy value, depending on the cereal grain used. 

5. Grind cereal grains through coarse grind if they are used as preservatives. 
Sprouted grains should be similar to normal grains. 

6. Moisture test to ensure the proper moisture content. Currently, a forced-air 
moisture tester is the most accurate moisture tester evaluated at the Northwest 
Agricultural Experime~t Station, Crookston. Electronic moisture testers having 
a compaction chamber produce rapid, rea·sonable results. Consult Agronomy 
Fact Sheet No. 24 for details of an oil-distillation test and a grab test 
method of moisture content estimation. Microwave ovens also may be used. 

7. Store high moisture shelled corn or high moisture ear corn in silos or 
structures. Store the best corn silage in a silo with th~ most immature, 
wet corn silage stored in a horizontal silo or stack if silo space is limited. 
Adding a cereal grain as a preservative on a corn silage stack does not appear 
economically sound. Dry matter losses in a stack normally will be 25-30 
percent, but could go as high as 50 percent. 

B. Harvesting Frosted Immature Sunflowers 

1. Limited data is available on sunflowers as a silage crop. Assume the material 
.will hold as much water as whole plant corn silage. Whole plant sunflowers 
at physiological maturity usually are 5-10 p~rcentage units wetter than corn 
silage; that is, they will probably be at 70-80 percent moisture. 

2. Delay harvest until the whole plant material has reached the maximum moisture 
percentage your storage facility will tolerate without seepage. 

3. Add a cereal grain or conditioner to reduce moisture content when normal 
drying conditions will not all.ow for enough drying. 

4. Test - don't guess - the moisture percent. 

5. Sunflower silage should be considered good silage for maintenance rations. 
Energy values and high fiber contents will limit: milk production. 

6. Because salvaged sunflower silage contains lowest energy and highest moisture 
concentration of all crops for silage discussed here, it would be the best 
choice for a stack or temporary storage. 
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DRYING AND STORING CORN, SOYBEANS, AND SUNFLOWERS 

FOR THE 1979 HARVEST 

by Harold A. Cloud 

Extension Agricultural Engineer 

Based on weather conditions and grain moisture contents, Minnesota farmers 
have been blessed with excellent harvest seasons the past five years (1974-1978). 
The outlook for fall harvest conditions in 1979, however, appears dismal. It 
looks as if Minnesota farmers will be faced with harvesting, drying, and storing 
fall harvested crops (corn, soybeans, and sunflowers) under much less favorable 
conditions than they have experienced the past several years. Crops are later 
maturing, moisture contents will be much higher, and soil moisture conditions, 
precluding an excellent dry fall; will cause problems. 

The following table shows the average moisture contents reported by the 
Crop and Livestock Reporting Service for shelled corn harvested in October for 
the years 1965 through 1978: 

Average October Average October 
Year Moisture Content (%) Year Moisture Content 

1965 31.5 1972 26.0 
1966 28~3 1973 24.0 
1967 26.5 1974 22.8 
1968 29.3 1975 22.3 
1969 28.8 1976 19.3 
1970 23.0 1977 23.5 
1971 26.8 1978 22.3 

(%) 

Projections based on the climatological and crop growing data presented 
earlier give an expected average.October moisture content of 27-28 percent with 
normal fall weather conditions and possibly 29-31 percent with poor harvest 
weather conditions for the fall of 1979. 

For those farmers who remember the harvest seasons of 1965, 1966, 1968, and 
1969, it appears the harvest conditions for 1979 will offer similar problems. 
Harvest moisture contents for 1971 and 1972 were 26.8 and 26.0, respectively. 
It will require excellent conditions (beyond expectations) from here on out 
for the 1979 harvest conditions to compare with these two years. 

The 1979 corn, soybean, and sunflower harvest season will most certainly 
be a stress period for Minnesota farmers. Every effort must be made to eliminate 
bottlenecks in the harvesting, drying, and handling systems. Timeliness will 
be of utmost important this fall t'o assure satisfactory completion of the harvest 
and the necessary fall field work. This will be much more critical than in the 
past five to six years, which were blessed with good harvest conditions. 

Problems created by the Duluth dock strike, the transportation situation, 
and the energy situation will add to the stress conditions for Minnesota farmers 
during the harvest season this fall. 
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Corn Harvest and Drying 

Due to the late maturing crop, harvest moisture contents will be much higher, 
the harvest season will be considerably later, and drying system capacities 
will be much lower than in recent years. High moisture contents will make the 
1979 crop much more \rulnerable to rapid quality deterioration if not handled 
properly. The following table gives the maximum allowable holding time for 
shelled corn without significant reduction in grain quality. 

MAXIMUM STORAGE TIME FOR SHELLED CORN* 

Corn Corn Moisture Content 
Temperature 15~% 1'8% 20% 22% 24% 26% 28% 30% 

OF Time in Days 

30 1140 325 160 95 64 47 37 30 
40 639 182 90 53 36 26 21 17 
50 358 102 50 30 20 15 12 10 
60 200 57 28 17 11 8 6 5 
70 112 32 16 10 7 5 4 

*Based on 0.5% maximum dry matter loss - calculated on the basis of USDA-ARS 
research at Iowa State University by Bob Saul and Associates. 

From this table it can be seen that the allowable holding times for corn 
in the 20-24 percent moisture content range (the past five to six years of 
experience) is two to five times the allowable storage time for corn at 28-30 
percent moisture content (very likely in 1979). 

The late harvest this fall will make it more critical than ever to start 
combining as soon as it is possible to do a reasonable job. This means s~arting 
at 28-30 percent moisture content or higher. If harvest is delayed beyond this, 
the harvest season is shortened, weather risks increase, and fall fertilizer and 
tillage applications suffer. Delayed harvest the past several years has not 
caused serious problems because of the early start, extended season, and 

3 

generally good weather. This fall the situation will, very likely, be drastically 
different. 

Combining corn at these higher moisture contents results in: 

1) Reduced dryer capacities 

2) Increased drying costs and energy requirements 

3) Increased deterioration rate of the corn 

4) Reduction in combine capacities 

5) Increased harvest damage··· 

Undoubtedly the major bottleneck in this type of .harvest situation is the 
drying system. Minnesota farmers should now be planning how to increase the 
capacities and efficiencies of their drying and handling operation for the fall 
of 1979. Many things can be done to improve these operations. 

Overdrying (drying to moisture contents lower than necessary for safe 
storage) causes severe reductions in capacity and increased fuel requirements 
and costs. Aeration of the stored corn is a necessity if maximum capacity and 
minimum costs are to be achieved from the drying system. Proper aeration cools 
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the stored grain and improves its storability. With the probably late harvest, 
temperatures will be cooler, which--with aerated storages--allows grain to be 
held safely at higher moisture contents up to 18-19 percent during the winter. 
If corn is being delivered to aerated storages, a farmer can increase his daily 
capacities significantly by drying to these levels. This corn must then be 
monitored closely and c~n, if necessary, be fed or· dried at a later date. 

Another way to increase capacity and reduce operating costs is to eliminate 
cooling in the dryer (dryeration and in~storage cooling). This requires adequate 
airflow in the bins to cool the corn properly. An airflow of one-half cubic 
foot of air per minute per bushel of corn (based on the full bin) is enough under 
all conditions. Aerated bins with a duct system (one-tenth to one-fifth cfm 
per bushel) can be used to cool hot corn in storage if some cool corn is delivered 
to the bin first and the bin is filled over a four to five day period. The 
bin should be checked to see that the cooling keeps up with the filling to 
minimize condensation problems around the walls of the bin. 

Bins equipped with full drying floors and high .capacity fans delivering 
one cfm per bushel or higher can be used to dry corn with natural air from 
22 percent on down. Corn can be delivered to these bins hot at 22 percent from 
a high-temperature dryer and finished with natural air. This corn may dry 
only to 16-18 percent in the fall but can be finished with spring air starting 
about the first of April. These high airflow bins also can be used to hold 
high moisture corn 24-30 percent in cold weather for extended periods of time 
(see the chart on storage time) for feeding or drying at a later date. If this 
corn is in the bin the following spring (March) it will have to be dried. 

Farmers using natural-air drying bins must recognize the limitations of 
these systems concerning moisture content. These bins can be filled rapidly 
with corn up to 22 percent moisture content. As the moisture content increases 
beyond this, they should be filled at a slower rate. Manufacturer's recommenda
tions, if available, should be followed. These systems typically can handle 
corn up to 26 percent moisture content if filled gradually over a period of 
five weeks. Higher moisture corn is much riskier. However, late in the season 
during cold weather, higher moisture corn can be handled as discussed above. 

Soybean Harvest and Drying 

Early harvesting of soybeans will extend the harvest season for corn. If 
drying facilities are available, it will be wise to start harvesting this fall 
just as soon as it is possible to do a reasonable job of combining (17-18 percent 
moisture content). Soybeans can then be run through the drying system. 

If soybeans are dried in a high-temperature dryer, the drying air temperature 
should be reduced significantly to -prevent seed coat cracking and splitting. 
Most high-temperature, column-type batch and continuous-flow dryers can be 
operated at 120 to 140° F to dry soybeans. This will vary with dryers. The 
drying air temperature must be adjusted to the level where the soybeans being 
discharged are in satisfactory condition. 

High airflow drying bins can be used to dry soybeans with heated air (up 
to 100 to 110° F) at batch depths of three to four feet. These bins also can 
be used to dry soybeans with natural air over a week to two weeks, depending 
on the depth of soybeans in the bin. 
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Harvesting and Drying Sunflowers 

Sunflowers can be dried with any type of standard grain drying equipment. 
Typically they are quite easy to dry because of the reduced amount of moisture 
to be removed due to the lower test weight and generally lower moisture ~ontent 
when compared to shelled corn. 

The primary concern in drying sunflowers with heated-air dryers is the 
FIRE HAZARD. If a heater-air dryer is being used on sunflowers, the dryer should 
be attended to at all times. If a fire starts, the drying fan can be shut off 
and the dryer unloaded to prevent destruction of the equipment. If the dryer 
is unattended when the fire starts, the dryer w.ill rapidly be destroyed together 
with its contents. The fire hazard can be reduced by good housekeeping practices. 
The plenum chamber of the dryer should be cleaned periodically. If possible, 
orient the dryer so that clean air is delivered to the fan unit. In some cases 
a snorkel tube can be attached to the drying fan so that air some distance from 
the dryer can be delivered to the fan unit. 

After drying, sunflowers should be delivered to aerated storage. The 
advantages of properly aerated storage for all grains cannot be overemphasized. 
The ability to move small quantities of air through stored grain to reduce the 
temperature and maintain uniform temperatures through the storage will increase 
the storability of grain and significantly reduce risks. 

/ 

-21-



TILLAGE PRACTICES FOR THE FALL OF 1979 

by Jim Bauder 

Extension Soils Specialist 

In regard to tillage practices, there is no question about it--1979 is an 
unusual year.' As you'll recall, we started out a week to 10 days behind normal 
this year because of a late spring and wet soil conditions, even.into mid-May. 
Now, here we are, 90 days after planting, with standing water again on many 
fields. And as most of us know, the problem we are now faced with is the prospect 
of early frost, innnature crops, and soils too wet to get equipment on. 

Although most farm operators will be preoccupied with thoughts about time
liness of fall operations, frost damage, high moisture crops, and low yields, 
another point they should consider is equipment use on wet soils. Off-hand 
two concerns come to mind: 1) equipment traffic associated with harvest 
operations, and 2) fall tillage and soil management for the 1980 crop. 

With regard to harvesting equipment· traffic, most farm operators realize 
that wet soil compacts much more readily than the same soil when dry. Further
more, soil compaction may persist indefinitely if it is below the tillage 
depth. However, there are a nwnber of options available to minimize the 
likelihood of long-term cbmpaction of wet $Oils: 

1) When possible, use dual wheels rather than single wheels, thereby 
distributing the load over a larger area and confining the compaction 
to the tillage zone. 

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

3) Avoid over-loading harvesting equipment, especially combines, bale 
wagons, etc. 

4) Where severe soil compaction exists, delay harvesting as long as 
possible, especially if a killing frost has occurred; delaying 
harvest will allow both the soil and crop to dry more. 

The problem of fall tillage can be approached in a number of ways. The 
first recommendation is to delay f.all tillage as long as possible to allow 
the soil to drain. Tillage of wet soil is not only inefficient, but it may 
cause long-term compaction problems and short-term problems of unmanageable 
soil conditions. Weather permitting, fall tillage, including moldboard and 
chisel plowing, can be easily delayed until well after frost and possibly 
until as late as mid-November. 

Farm operators should avoid excessive tillage operations, simply to 
minimize field traffic. Where practical, operations such as stalk chopping 
or disking should be avoided; this is especially true if farmers intend to 
moldboard plow. Since most of our soils receive sufficient moisture over 
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winter to recharge, the main concern this year should be to perform the 
minimum amount of tillage necessary to prepare a seedbed next spring. Ideally, 
seedbed preparation need be only three inches deep and it may be accomplished 
with a single disking in the fall and spring. 

Reduced tillage will be a must this year. Two h~ghly favorable operations 
for 1980 which will require no primary fall tillage this year are till planting 
and no-till or slot planting. If you have been considering one of these 
systems, this is the fall to try it. R.educed tillage operations will minimize 
compaction, reduce your timeliness considerations, and possibly make up for 
some of the economic set-back that might result from early frost, reduced 
yields, and

1 
high grain drying requirements. 
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FUEL SUPPLY AND TRANSPORTATION OUTLOOK 

by Jerry Fruin 

Extension Transportation Specialist 

Fuel Supplies. Stocks of regular gasoline have been rebuilt and should 
be adequate for fall. No-lead may continue to be in short supply in some 
areas. Supplies of diesel fuel are not as large as last year but should 
be adequate. ' 

Demand for propane (LPG) for drying will be substantially above that 
of the last several years because of both high crop moisture and the late 
harvest. Supplies of propane are abundant now, but distribution problems 
are possible this fall as the exceptionally high demand may fall in a very 
short time period. Tank levels should be checked and farm supplies re
pleni.shed now. 

Transportation. Transportation shortages will undoubtedly continue 
throughout the harvest season. Moving grains and oilseeds from country elevators 
and subterminals to major domestic and export terminals may present severe 
problems. Transportation and storage shortages may push farm prices down 
more than seasonally. ~onsequently, transportation services and storage 
should be arranged as far in advance as possible. 

The severity of transportation shortages will depend on a number of 
factors, including crop yields and market conditions this fall. The national 
railcar shortage (which consists almost entirely of equipment that can be 
used for grain) is continuing. In addition, Minnesota shippers face further 
difficultiesc 

First, the grain millers strike at Duluth-Superior is now causing 
problems and will continue to have repercussions even after it is settled. 
In a typical year, one-third of the wheat and two-thirds of the sunflowers 
produced in Minn~sota and the Dakotas .are ship.p.ed by water from Duluth-Superior, 
along with significant amounts of barley and corn. Crops that cannot be 
shipped from Duluth-Superior because of the strike are having to be transported 
long.er distances to other locations by rail, t.ruck, or barge. This is causing 
additional shortages in those modes. 

Second, there are severe railroad problems in some areas of Minnesota. , 
Even if the bankrupt Milwaukee Railroad can be kept running, it may be allowed 
to embargo traffic on two-thirds of its system this fall. This will limit 
the amount of corn and soybeans th~t can go to Pacific Northwest ports as 
an alternative to Duluth. 

The bankrupt Rock Island Railroad does not play a major role. in moving 
Minnesota crops. However, the Rock Island is now on strike. If it is forced 
to close down for more than a few days because of the strike or because of 
other problems, there will be a reduction in rail service in Minnesota. In 
addition, nearby areas in Iowa served by the Rock Island w.ill compete with 
Minnesota shippers for the remaining transportation. 
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Thirdly, unlike some years, the available grain barge capacity on 
the Mississippi River has been sold out for several months. 

Finally, because of these limitations, trucks (and railcars) will 
be used more frequently for longer hauls than in past years. The increased 
length of time and distance per trip will reduce the total quantity of grain 
that can be moved in a fixed time period. 

In summary, these factors will cause transportation shortages to 
national and export markets to persist throughout the harvest period. 
Adequate on-farm or local storage should be prepared or obtained as soon 
as possible. 
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1979 MARKET PROSPECTS FOR FEED GRAINS, SOYBEANS, AND WHEAT 

by Fred Benson 

Extension Economist--Farm Management 

As noted in preceding articles, the weather this year has not cooperated 
with the agricultural connnunity as had been expected. The USDA Aug. 1 production 

. estimates fo~ feed grains, soybeans and wheat are probably higher.than production 
actually will be. The estimates, which came out on Aug. 10, projected expected 
crop yields given normal weather conditions into the fall through harvest. 
However, as noted above, those conditions have not existed. There is a very 
good chance that the September crop estimates will be much lower than the 
August estimates. 

The Aug. 1 estimates indicated 69.6 million acres for corn harvest in 
the U.S. At an estimated yield of 102.1 bushels per acre, this would provide 
7.1 billion bushels of corn. Minnesota has 5.9 million acres of corn with 
an estimated yield of 94 bushels, which provides· slightly more than one-half 
billion bushels of corn. 

The U.S. soybean crop at 70.3 million acres actually has more acres 
than corn. Anticipated soybean yield as of August 1 was 30.3 bushels per 
acre, which would provide 2.1 billion bushels of soybeans. Minnesota's 
expected yield as of Aug. 1 was 32 bushels to the acre, from 5.26 million 
acres, totaling 168 million bushels of soybeans. 

The U.S. spring wheat crop has an estimated 14.9 million acres, with 
an anticipated yield of 28.4 bushels to the acre, to provide .4 billion bushels 
of wheat. Minnesota has about 2.4 million acres of wheat, with an anticipated 
yield as of Aug. 1 of 37 bushels to the acre, to provide 88.4 million bushels 
of wheat. 

Using the Aug. 1 crop estimates, our price projections were worked out 
considering the balance of the supply of feed grains, wheat, and soybeans 
against the use of these crops for feed, food, and exports. This analysis 
considers carefully the expectations of the livestock industry. With the 
Aug. 1 conditions, we expected a slight dropping off of beef cattle feeding 
and an increase in hog feeding and poultry feeding. Our projections for 
average prices for the next year put corn at the Minneapolis terminal at 
$2.55 per bushel. The average terminal market price for wheat was $4.30 
per bushel. The terminal market price for soybeans was estimated to be 
$5.85 per bushel during the first ?ine months of the 1979-80 marketing year. 

These estimates rely quite heavily on the interdependency of livestock 
feeding and the export market. We witnessed a strong export demand in the 
late spring, with much export activity. However, when the USSR grain crop 
expectations were discovered to be low, prices increased sharply. However, 
as prices hit their high peak in late June and July, exporters backed off 
and export demand decreased. We noticed that exporters do back off in the 
face of high prices, indicating that a short crop and high prices will decrease 
our exports. 
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The weather is creating problems not only with Minnesota farmers, but 
also with other farmers throughout the Midwest Corn Belt. Therefore, we 
can probably expect the September crop estimate to indicate a reduction in 
the U.S. crop over a much wider area than just Minnesota. 

If, for example, in.stead of the U.S. corn crop averaging 102 bushels 
per acre, it were to average only 98 bushels per acre, this would mean a 
U.S. corn crop of about 6.8 billion bushels. Our analysis, which is set 
up to study small deviations from the expected crop, would indicate that 
for every 100 million bushel decrease in crop size, we could expect about 
a 2~ cent/bushel increase in season average corn price, or a 2 cent/bushel 
increase per bushel yield decrease. Therefore, a reduction from the August 
expectation of 7.1 billion bushels to a theoretical reduction of 6.8 billion 
bushels would mean an increase of about 7~ to 10 cents in seasonal average 
price. However, there may be a definite change in the average prices by 
month. One ~ould expect to see a somewhat higher market interest with a 
reduced crop. 

Higher feed grain prices would reduce cattle and hog feeding. Cow 
slaughter would increase and probably would off set somewhat the expectations 
in reduced fed marketings. Therefore, beef production would not decline 
as much as would be expected for the forthcoming year, which would tend to 
hold down prices somewhat. Therefore, the effect on cattle prices probably 
would not be felt until 1981. 

Pork production would be expected to increase slightly in the fall of 
1979 because of higher corn prices, with a reduction in hog breeding stock. 
Production would be expected to decline in 1980 as producers would reduce 
their farrowing intentions. Reductions in pork supply would not become 
apparent until towards the end of 1980. 

Feeder cattle prices would be expected to be reduced substantially 
with higher feed prices. 1980 feeder cattle prices would probably decline 
because of increased marketings, and hog prices may rise somewhat but will 
be held back because of the increase in supply of competing meats. 

The U.S. crop report for soybeans indicated 2.1 billion bushels from 
70.3 million acres, with an anticipated yield of 30.3 bushels per acre. 
Minnesota has about 5.3 million acres of soybeans, with an anticipated yield 
as of Aug. 1 of 32 bushels per acre. The weather certainly has not cooperated 
with the soybean grower either. Our projections would indicate that for 
every 100 million bushel reduction in the soybean crop, we could expect to 
see a 60 to 65 cent increase in seasonal average price. Or, in other words, 
for each 1 bushel decrease in average U.S. yield, we would expect an increase 
in seasonal average price o'f ~bout 42 to 45 cents per bushel. 

Again, we would expect to see a lot of soybean market activity at and 
right after harvest time. This may, then, be a good time to price the crop 
or sell it through a delayed pricing cantract. Remember to consider elevator 
or farm storage costs. 
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In stnilIIlary, then, it appears that the U.S. crop will be lower than the 
Aug. 1 estimates. How much lower depends on what the September weather is 
and what harvesting conditions will be. The lower the crop, the more market 
activity we can expect at and immediately after harvest. This may be a good 
time to consider pricing the crop, depending on to what degree it is reduced. 
We can expect to see increased beef cow slaughter holding up our beef production, 
and we can expect to see hog farrowing lands reduced and can expect hog prices 
to rise somewhat but be held by increased beef marketings. 

Storage and Harvesting. There is not much information available on 
existing storage capacity. However, a 1978 survey showed that Minnesota 
ranked third in aggregate storage capacity, behind Iowa and Illinois, with 
an estimated amount of commercial and farm storage of 1.56 billion bushel 
capacity. 

Table 1. 1978 Estimated Grain Storage 

On-Farm Off-Farm Total 
(bu) (bu) (bu) 

Minnesota 1,191,819 367,914 1,559,733 

North Dakota 691,300 141,842 833,142 

U.S. 9,923,559 1 6,987,057 16,910,616 

Since that time, there has been increased interest in building grain 
storage, particularly because of the government program making low-cost funds 
available for new grain storage. So, there now should be increased storage 
capacity above the 1978 figure. 

The June 1 estimate of stocks of grain on hand in Minnesota estimated 
all major grains to be 722 million bushels--about one-half the 1978 estimated 
storage capacity for Minnesota. Our stocks on hand this June 1 were up 19 
percent over the previous year. Since June 1, our normal marketings have 
probably been down somewhat because of the Duluth labor situation, although 
the river traffic has increased somewhat over last year. 

The Aug. 1 crop estimate for Minnesota estimates about 935 million bushels 
of production--a 9 percent reduction overall from last year. This would 
mean about a 5-10 percent shortage on storage space, given the June stocks 
on hand report and the Aug. 1 crop estimate. 

Table 2. Minnesota Crop Storage and Expected Production 

June l,Crop % Ghange Expected 1979 % Change 
Stocks on Hand. From Production From 
(million bu) Last Year (million bu) Last Year 

Crop On-Farm Total 

Corn 366.9 455. 6 + 40% 554.60 - 14% 
Wheat 61. 9 88.6 - 17% 88.43 
Oats 50.3 68.9 - 13% 85.55 - 13% 
Soybeans 36.9 59.4 + 3% 168.32 + 18% 
Barley 31.6 45.8 + 30% 38.00 - 27% 
Flaxseed .2 1.2 - 36% N.A. 
Rye • 7 1.6 N.A • N.A. 
All major 555.9 722.0 + 19% 934.90 . 9% 
grains 
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Assuming there have been increased marketings through the river 
ports and that the actual 1979 crop may be somewhat less than the Aug. 1 
estimate, storage space should be adequate. However, we should expect to 
see some problems with storage availability, especially in the northern 
sections of the state that have been affected by the strikes at Duluth. 
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