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Introduction

With the introduction of faster maturing corn varieties, corn has become one of Wiscon-
sin’s most important crops. Since many corn varieties approach their northern limit of
growth in Wisconsin, there are certain temperature related factors that determine how suc-
cessful a season will be for a particular corn variety,

An important temperature related factor is the accumulation of growing degree days
{heat units) during the growing season. A growing degree day {GDD) is defined as the
number of degrees by which the average daily temperature exceeds the temperature re-
quired for that crop to grow. This factor determines the rate of plant development during
the growing season. Growing degree days for corn and their distribution in Wisconsin will
be examined more closely in the following sections.

In order that this report may he used for different years, the planting dates are spaced
at roughly ten-day intervals for the initial dates which are meant to coincide with approx-
imate planting dates. The dates chosen for this report were suggested by Professor Elwood
Brickbauer, agronomist at the University of Wisconsin-Extension, who encouraged prepar-
ation of this publication. The dates are not o be treated as absolute in terms of precise
dates when corn should be planted. They are chosen because typically, the earliest that
corn is ptanted in the state is about April 20 or 21, depending on soil temperature, and non-
temperature related factors such as soil moisture, and operational decisions by the farmer.

The planting of corn may vary from late April to the first of June. It would be the
farmer’s preference to plant near the end of April or early May in southern Wisconsin and
to mid-May in northern Wisconsin, but work conditions do not always allow him to do so.
The raininess of the spring, the conseguent wetness of the ground and the ability to work
the ground to prepare the final seed beds for planting may vary considerably in time from
one year to another. Normally, in a work sequence a farmer tries to plant his small grains
first. Typically after the small grains and other spring work is done, the corn is planted.

The corn plant goes through certain developmental stages. These again will be depend-
ent upon not only the planting date of the corn but will be dependent on the rate of de-
velopment of the corn plant itself. Silking and pollination are important in the develop-
ment of the corn. Silling and denting of the kernels on the ear are part of this develop-
mental stage and at the end of the growing season the corn reaches a stage where the corn
plant is physiologically mature as far as any further growth is concerned. Once the corn
has reached this stage it is safe from frost. After that date the important thing is the drying
process of the kernels on the ear. The more drying that takes place in the field, the less it
will cost a farmer for energy to dry the corn with some type of drying equipment.

In the spring, frost is not a problem. Usually by the time planting occurs the season of
killing frost is past. This is not always true, but since corn does not germinate until the
temperature of the ground is in the vicinity of 50°F, most of the danger of killing frost is
past. The light frost that occurs in May quite commonly in Wisconsin may nip a few leaves,
but will not usually kill the growing plant itself. The growing portion of the plant is be-
neath the surface of the soil and therefore is essentially protected from a light frost.

One of the reasons why corn is considered a 50°F plant is that the seed does not germin-
ate and the plant itself does not grow until the soil temperature reaches 50°F. Corn ger-
minates and grows much faster at 60°F than it does at 50°F. If it is convenient for a
farmer to plant corn seed when the ground temperature is 45°F, there is usually littie
problem. The corn seed is treated to prevent fungus growih and other deterioration while
itisin the ground. Thus, a well protected seed may remain in the ground two weeks before




it germinates. By the time a farmer is finished with the work that precedes the planting of
corn, the ground temperature is up to about 50°F.

tn those areas where late and early frosts are common, a variety of corn is planted that
matures in a relatively short period of time, 1n those areas of the state where the growing
season is a bit tonger, a different variety of corn is planted. Usually the faster growing
varieties, those that mature more rapidly, do not yield as well as the longer maturing var-
ieties of corn. A farmer would prefer to plant a variety of corn that will give the highest
yield possible for the area in which the farm is located.

Degree days have many uses in agriculture and energy relaied argas. The base tempera-
ture will vary with erops. This report deals with corn that has a 50°F base. This is in con-
trast with peas or small grain in which a 40°F base is used or 2 60°F base for sorghum. 1t
can also he used to regulate heating and cooling of structures maintained at 50°F.

Growing Degree Days

Temperature is one of several important atmospheric related parameters that affect plant
growth and development. 1t is one of the two most widely measured weather parameters
affecting plant growth; the other being precipitation, which manifests itself in soil moisture.

Because of the availability of daily temperature data, temperature has been used in
various ways to estimate plant growth and development. One of the most widely used
methods is that of growing degree days.

In the growing degree days concept, the temperature range over which a specific crop
grows is considered and the temperatures within that range are calculated for each day.
Daily values are computed for a location using the following formula:

GDD = Maximum temperature (Tx) + minimum temperature (Tn} _ temperature
2 base of 50°F {T},)

In this equation Tx represents the daily maximum temperature, Tn the daily minimum
temperature and Ty, the base temperature also referred o as the threshold temperature,
The expression (Tx — Tn)/2 represents the average daily temperature. Only positive values
of growing degree days are computed.

After the growing degree days for each day are calculated, they are summed over what-
gver period is desired, usually from planting date to some developmental stage and ultimate-
ly to maturity. While this system is not perfect, it is simple, easy to work with and is wide-
ly accepted. The strengths and weaknesses of this system and more complex systems are
discussed in the literature and will not be dealt with here.

Growing Degree Days for Corn

Corn requires a temperature of 50°F or higher to grow. 1tis also accepted that the
growth of corn is limited by moisture stress when the temperature is higher than 86°F.
Therefore, 50°F and 86°F are used as the lower and upper limits respectivety of the grow-
ing degree day calculations for corn.

In computing growing degree days using these limits the base temperature, Ty, Is set at
50°F and the following procedures are used.

1) If the daily minimum temperature, Tn, is below 50°F it is set to 50°F,

2) If the daily maximum temperature, Tx, is below 30°F it is set to 50°F.




3) If Tx is above 86"F it is set to 86°F.

4) Compute average daily temperature. If the resulting number contains a haif degree
round up to the nearest whole degree, (i.e., 63.5 is rounded up to 64.0).1

5) Subtract the base temperature, Ty, from the average daily temperature.

The number of growing degree days in a day then range from (-36. Here are four ex-
amples of the resulting growing degree day values following the procedure above.

Tx =82°F, Tn=55°"F Tx =95°F, Tn=73°F

(82 + 55) (86 + 73)
GDD=~—"5— —50=69-50=19 GDD=-"—"5—""-50=30

Tx =70°F, Tn=45°F Tx =90°F, Tn = 46°F

{70 +50) {86 + 50)
GDD=-""5——50=10 GDD=—5———50=18

By using the procedures described above on daily maximum and minimum femperatures
reported in an area, a record of growing degree days for the current growing season affecting
your crop can be kept. Depending on other environmental factors and the corn variety,
developmental stages such as tasseling, silking, and maturity will occur on the average after
a certain number of growing degree days have accumulated from the planting date. See
your seed dealer or county extension agent for more information on growing degree days
and corn development.

Analysis of Growing Degree Days for Corn in Wisconsin

The purpose of the following maps is to present the average distribution of growing de-
gree days across Wisconsin and also to illustrate a measure of the variability of growing
degree days that can be expected. These maps are based on growing degree days computed
at 20 locations across Wisconsin during the period 1950-1974 using the procedures dis-
cussed in the previous section.

Average growing degree day maps of the perioed. 1950-1974 were constructed for 40
periods that correspond approximately to various planting dates for corn and end at vari-
ous dates until the approximate date of corn maturity. See map index. Contour lines were
drawn at 25, 50, and 100 growing degree day intervals depending on the period.

Maps are also presented for 8 periods that show the number of growing degree days
that can be expected once in five years, less than average, and § periods that show the num-
ber of growing degree days that can be expected once in five years, greater than average.
These are based on statistical analysis and should be considered as estimates only.

It Is important to note that the map data are obtained from 20 weather stations in the
state, and that due to differences in terrain or other local effects, the precise growing de-
gree day vaiues for a particular location may differ from the map values. This is particu-
larly true along Lake Michigan where a large range of values occur. The maps should pro-
vide a general guide for virtually all areas of the state.




Twao large-scale features on all of these maps are worth noting. First, the effect of Lake
Michigan that drastically lowers the accumulation of growing degree days from the shore-
line to approximately 50 miles infand. The second feature is the southward dip of growing
degree day isolines in the north central portion of the state. This dip may be the result of
generally higher terrain and the presence of sandy soils. Lower minimum temperatures
often occur over these soils.

Map Index

Average growing degree days maps from 1950-1974 averages. The following index gives
map numbers for 40 periods.

Beginning Dates

Ending Dates Apr 21 May 1 May 11 May 21 jun i

Jun 15 Map 1 Map 9 Map 17 Map 25 Map 33
jun 30 Map 2 Map 10 Map 18 Map 26 Map 34
Jul 15 Map 3 Map 11 Map 19 Map 27 Map 35
Jul 31 Map 4 Map 12 Map 20 Map 28 Map 36
Aug 15 Map 5 Map 13 Map 21 Map 29 Map 37
Aug 31 Map 6 Map 14 Map 22 Map 30 Map 38
Sep 15 Map 7 Map 15 Map 23 Map 31 Map 39
Sep 30 Map 8 Map 16 Map 24 Map 32 Map 40

Maps showing growing degree days that can be expected to be less than or greater than
average once in five years, with appropriate average growing degree days map also illustrated.

Beginning Dates

May 1 May 21
Ending Dates <C average > average < average >> average
Jun 30 Map 41 Map 42 Map 48 Map 49
Jul 31 Map 42 Map 43 Map 50 Map 51
Aug 31 Map 44 Map 45 Map 52 Map 53
Sep 30 Map 46 Map 47 Map 54 Map 55

T Historically the National Weather Service has computed the average daily temperature
using Tx and Tn and rounded up % degrees even though this introduces a positive error
in the summation of GDD.. All GDD computed in this bulletin are computed using this
round up procedure so the values will be consistent with previous GDB studies.
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