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Corn Production
G. F. SPRAGUE^ and W. E. LARSON ^

Corn production has undergone numerous changes in the last 10 years
—changes that have contributed greatly to increased yields. During this
time, higher yielding hybrids have been developed. Hybrids have been
developed, for example, that possess some resistance to one or more
diseases and insect pests. The use of insecticides to control soil insects
has increased. Fertilizers are used more extensively and efficiently.
Herbicides are used extensively to reduce field losses caused by weeds.
Management practices have improved, and more mechanization has
increased timeliness of all field operations. Harvesting equipment and
storage facilities have improved.

CORN PHYSIOLOGY
Eflîcient corn production and eflîcient use of fertilizers require some
knowledge of growth and of nutrient uptake. The great bulk of the
dry weight of the mature corn plant results from the process of photosynthesis. In photosynthesis, the green coloring matter in the leaves
(chlorophyll) with the aid of sunlight transforms carbon dioxide absorbed from the air into such simple chemical compounds as sugars.
These simple chemical materials are then transformed into more complex
substances, which are either utilized in growth or stored.
When the com seedling emerges, the leaf area is small, and growth or
dry-matter accumulation is slow. As more leaves develop, the growth
rate increases. The maximum leaf area is available for photosynthesis
at the time of tasseling and silking. Also, at this time the plant has
achieved its maximum height. Further growth is largely limited to the
developing cob and grain.
Many factors affect the total period of growth, from emergence to
maturity. The most important of these is the genetic characteristics of
the hybrid. Early hybrids adapted to the northern sections may reach
maturity in less than 100 days after emergence, whereas hybrids adapted
to the extreme South may require 150 or more days to reach the same
stage of development. When the total period of growth is divided into
^Collaborator, formerly agronomist, Agricultural Research Service, Beltsville, Md.
2 Soil scientist. Agricultural Research Service, and professor of soils, University of
Minnesota, Soil Science Bldg., St. Paul, Minn. 55108.

2

AGRICULTURE HANDBOOK NO. 322, U.S. DEPT. OF AGRICULTURE

two periods, from emergence to silking and from silking to maturity,
the first period is more variable.
Com growth during the vegetative period from emergence to tasseling
is related to both temperature and soil water. For example, data by
Wallace and Bressman (7)^ show that one strain of corn required 74 days
from planting to tasseling at an average temperature of 68° F, whereas
it required only 54 days at an average temperature of 73°. Favorable
soil-water conditions also shorten the time from planting to tasseling.
The period between tasseling and silking is particularly critical. Tasseling normally precedes silking by 4 to 10 days. Under conditions of
stress, such as moisture shortage, inadequate fertility, or reduced light
intensity because of thick planting, silking may be delayed by 2 weeks
or more. Under such conditions seed set may be reduced or the cobs
may be completely barren because of inadequate pollen at the time of
silk emergence. Robins and Domingo (4) in Washington found that
water depletion throughout the root zone to the wilting point for 1 to 2
days during pollination reduced yields 22 percent, and depletion for 6
to 8 days caused about 50 percent reduction.
The period from silking to maturity is less sensitive to weather than
the earlier periods. Increase in grain weight is slow for the 2 weeks after
pollination. This slow dry-weight accumulation of the developing kernels
corresponds to the slow growth rate of the young seedling. This is
followed by a more rapid rate of growth as starch, protein, and oil are
stored in the developing kernel. The final yield is affected by leaf area,
rate of photosynthesis, and availability of moisture and nutrients. The
developing kernels reach their maximum dry weight at 50 to 60 days
after pollination, depending on the variety and seasonal conditions.
At this time, the kernel is considered physiologically mature.
When corn kernels reach maturity, a black layer of cells in the placental region of the kernel develops. The black layer can be recognized by
cutting a kernel lengthwise through the center and looking near the tip
of the kernel where it was fastened to the cob.
The moisture content at this stage normally exceeds 32 to 45 percent.
Subsequent changes are limited primarily to loss of moisture. Harvesting
at moisture contents in excess of 35 percent results in considerable
breaking and scuffing of the kernel. This does not interfere with feed
uses if it is stored in airtight facilities (silos) or is artificially dried.
If the com is to be stored in cribs and air dried, harvesting is normally
deferred until the moisture content is 25 percent or below. Lower moisture percentages are necessary if air temperatures are still high.
The demands of the corn plant for water and nutrients are in direct
3 Italic numbers in parentheses refer to Literature Cited, p. 39.
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DAYS AFTER EMERGENCE

FIGURE

1.—Dry-matter increase and nutrient uptake in developing corn plant.
From Hanway (2).

relation to the increase in dry matter. The amounts absorbed are low
during the seedling stage. Nutrient uptake increases sharply as the rate
of dry-matter accimiulation increases and deceases again during the later
stages of grain development, as illustrated in figure 1.

Nitrogen
Nitrogen (N) is necessary for the stimulation of early growth and is
needed by the plant thoughout the growing season. The heaviest demand
for this nutrient extends from about 2 weeks before to 3 weeks after
tasseling. Approximately one-half of the total nitrogen requirement is
absorbed during this period. A 150-bushel com crop contains about 170
pounds of nitrogen in the grain and stover. Some time after silking,
a part of the nitrogen, previously stored in the leaves, stalk, cob, and
husks, is translocated to the developing grain. At maturity over half of
the total nitrogen is contained in the grain.
Nitrogen deficiency in the young plant is indicated by light yellowishgreen leaves and a spindly, stunted growth. Since the nitrogen content
is greater in the newer tissue, at later stages of growth the older leaves
become lighter green. If the deficiency continues, the yellowing becomes
more pronounced along the midrib, producing a characteristic V-shaped
pattern. This is followed by browning of the tissue. The dying of the
lower leaves from nitrogen deficiency is often confused with the "firing"
caused by inadequate water. The loss of functional leaf tissue restricts
photosynthesis, which in turn limits the potential yield.

Phosphorus
Phosphorus (P) is present in all living cells, and is necessary for all
energy transformations including cell division, photosynthesis, growth,
and reproduction. As with nitrogen, phosphorous concentration is highest
in young plants and in the most actively growing parts. Substantial
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quantities of phosphorus are transferred from the leaves, stalks, and cob
to the developing grain. At maturity approximately four-fifths of the
phosphorous content of the entire plant is contained in the grain. A
150-bushel corn crop contains about 35 pounds of phosphorus per acre.
Phosphorous deficiency symptoms are not easy to recognize. In the
seedling stage the leaves are dark green, growth is slow, and plants are
stunted. In some strains of corn, a purple color develops. As the plants
increase in size, there is a progressive yellowing and death of the lower
leaves similar to nitrogen deficiency symptoms. Silking may be delayed
and incomplete pollination results.

Potassium
Adequate supplies of potassium (K) are necessary for cell growth and
for the production of sugars, starches, and proteins in plants; however,
potassium is not chemically a part of these substances. It moves readily
within the plant and is present in highest concentration in the young,
actively growing tissue. The uptake of potassium is most rapid during
the period beginning the week preceding tasseling and ending 2 weeks
after silking. Somewhat less potassium than nitrogen or phosphorus is
translocated from other plant parts to the developing grain. One-fourth
of the potassium content of the entire plant is present in the grain at
maturity. The total potassiimi contained in a 150-bushel com crop is
about 175 pounds per acre.
Since potassium moves freely within the plant, deficiency symptoms
are most extreme in the older leaves. The young leaves may be yellowgreen or sometimes streaked with yellow. The leaf tips and margins
gradually turn brown and die. When the deficiency is severe, much of
the leaf area may be killed, with a corresponding reduction in growth
rate and yield potential. Ears from such plants are small, poorly filled,
chaffy, and of low quality.

Other Soil Nutrients
In certain areas other soil nutrients may be deficient. These elements
are either macronutrients or micronutrients because of the quantities
required rather than because of their lack of importance for growth and
high yield potential. Calcium, magnesium, boron, and zinc deficiencies
have been reported and may become increasingly important with the
adoption of more intensive cropping practices.

CLIMATIC REQUIREMENTS
Corn is a warm weather crop. Because of a wide range in maturities
the crop is grown in every State, but the greatest concentration is in the
Corn Belt (fig. 2). Areas of greatest production in the United States

CORN PRODUCTION

mi
■■.iSff

•
/
.''•••*' *'* ••.**

.;:<x

O

^

■y"^

¿ ö

TL-II
J?

¿¿^

l~~~~~~x^r

570-023 O - 75 -

1

K

M

^..\
if
if
V

6

AGRICULTURE HANDBOOK NO. 322, U.S. DEPT. OF AGRICULTURE

have average summer temperatures of 70° to 80° F, an average night
temperature exceeding 58°, and a frost-free season of over 140 days.
Although corn may be grown without irrigation in areas of limited rainfall
(20 inches or less), production reaches its greatest intensity in areas
receiving 30 or more inches per year. In the center of the Corn Belt,
5 or more inches of rain are normal during the 50 days centered around
the tasseling period. In some parts of the world, com is grown where the
annual rainfall reaches a maximum of 200 or more inches.
Corn does not germinate satisfactorily at temperatures below 50° F.
In the 50° to 60° range growth is slow, and the seedlings are susceptible
to seedling rots and blights.
As a result corn is usually not planted until the average air temperature is 60° F or higher. Water, too, must be readily available for good
germination. The drying rate of mature com is also affected by the
weather. Warm, windy, dry days generally increase the drying rate
of com.

SOIL REQUIREMENTS
Cropping Practices
Com can be grown successfully in a definitely planned rotation with
other crops, or for many years continuously on the same acreage,
depending on the soil conditions and the management level. Where
different kinds of soil exist on the farm, the aim should be to use each
acre for the crop best suited for it. It may be desirable to grow com
nearly continuously on the level or slightly rolling, permeable soils. On
the slowly permeable soils and those with moderate erosion, corn is best
grown in rotation with sod crops.
Special practices for erosion control should be used. The steep soils,
where erosion is an extreme hazard, can be kept in a close-growing forage
crop. Slowly drained areas can be used continuously for crops that do
not require early-spring field operations, and droughty soils can be used
for such drought-resistant or drought-evasive crops as sorghums or
winter small grains.
In deciding on the intensity of cropping corn for a particular soil,
consideration is given to erosion, fertility, structure, organic matter,
and drainage of the soil and the requirements for weed, insect, and
disease control.
Before the widespread use of chemical fertilizers, it was usually
desirable to grow corn in rotation with legumes, because more nitrogen
was available to crops following legumes. For example, corn grown
continuously on a soil of average fertility requires from 100 to 200
pounds of nitrogen per acre to be added yearly for high production.
In contrast, corn grown in a small-grain, legume-meadow rotation may
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need less than 100 pounds of added nitrogen for high production.
Although corn grown for several years in succession will require large
amounts of nitrogen fertilizer, the long-term needs for phosphorus and
potassium may be less than for a rotation with legumes. The fertility
level of the soil can be adjusted more readily and precisely for corn
grown several years in succession than for all the crops in a rotation.
Since soil erosion is higher from clean-tilled cornland than from closegrowing meadows on sloping land, it is usually necessary to grow corn
in rotation with meadows or to use an effective reduced tillage method to
limit erosion losses and prevent serious loss of future crop-production
potential. Grasses or grass-legimie mixtures are usually preferred over
legumes grown alone for water-erosion control.
Research has shown that yields from corn grown continuously under
a high level of management have been nearly equal to those from corn
grown in rotation on deep, medium-textured soils of the Corn Belt.
On the other soils, yields from corn grown continuously have been
inferior to those in rotation, but the differences are usually much less
than were once expected.
A high level of management includes adequate fertilization, return
of crop residues to the soil, and avoidance of excessive tillage. If not well
managed, soils on which corn is grown continuously or in rotation with a
high percentage of corn may crust over and thus reduce water intake and
seedling emergence, become excessively cloddy, and be difficult to till.

Water Requirements
In the Corn Belt a high-yielding crop of corn will use from 16 to 25
inches of water per year. The total water used in évapotranspiration
(evaporation plus transpiration during the growing season) varies considerably with the water available, climatic environment, and the soil- and
water-management practices.
A single stalk of corn on a hot, windy day may use as much as 5
quarts of water. The total évapotranspiration during hot, windy periods
in July and August may range from 0.25 to 0.35 inch per day. In most
areas, however, water used during July and August will probably average
0.20 to 0.25 inch per day if plenty of water is available for evaporation
and transpiration.
The water needs of corn during the summer in most areas exceed the
amount falling as rain. Because of this latent need, moisture stored in the
soil is essential (fig. 3). In the humid and irrigated areas, a deep soil
with a high available water-holding capacity is desirable. In the dry
areas of the Great Plains States, medium- to coarse-textured soils with
moderate to limited storage capacity are desirable, because rainfall will
penetrate deeper into the soil, and will not be so easily lost by evapora-
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3.—Estimated water-use balance for corn in Iowa. Adopted from Shaw
and others (5).

tion. In the deep soils of the Corn Belt, corn will withdraw water from a
depth of 5 feet and occasionally to as much as 8 feet. The deep soils of
the Com Belt may store as much as 10 to 12 inches of available water in
a 5-foot profile. Most soils in the Southeast can store less than 8 inches
of water in a 5-foot profile, and corn may withdraw water from only the
top 2 to 4 feet. The alluvial soils of the Mississippi Delta have waterholding characteristics similar to those of the Com Belt.
Several soil-management practices can be used effectively to reduce
water losses from runoff and evaporation. Contouring and terracing
effectively slow down runoff, so that water has more time to soak into
the ground. Use of parallel and cut-and-fiU terraces and smoothing land
on irregular slopes help eliminate point rows, making these practices
more adapted to multiple row equipment.
The maintenance of an adequate level of nutrition through proper use
of fertilizer will increase the efficiency of water use. Reduced tillage
practices which leave the soil loose and rough, help to detain the water
on the surface and to provide more pore space within the plow layer for
temporary moisture storage during rains. Mulch tillage, till planting,
and no till also protects the soil surface from sealing during rains and
results in greater water intake.
In the western Corn Belt where water is usually insufficient during the
growing season, corn yields following such meadow crops as alfalfa are
frequently lower than those following corn. This is because the alfalfa,
if not killed, uses water for évapotranspiration until late in the fall and
again early in the spring. By killing the alfalfa in August, frequently

CORN PRODUCTION
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several inches of additional water can be stored in the soil. This results
in material increases in com yields over those where the alfalfa was not
killed until shortly before corn planting.
Com is presently grown on about 6 million acres of irrigated land,
with the largest acreage in Nebraska. Here, high-level management
practices for full production must be adopted to take full advantage of
the added water.
Many soils are too wet for efficient corn production and must be
drained through surface or subsurface systems.

FERTILIZATION
More fertilizer is used on corn than on any other crop grown in the
United States. Even with good management, few mineral soils will grow
corn crops of 100 or more bushels per acre without the addition of
chemical nutrients. Table 1 gives approximate removals of nutrients by
grain and stover of a 150-bushel per acre crop grown on a representative
soil from the Com Belt. Harvesting of grain only will remove considerably less nutrients than if the entire crop is harvested for silage. Nitrogen,
phosphorus, and sulfur are contained in major proportions in the grain;
zinc is about equally distributed between grain and stover; while potassium, calcium, magnesium, iron, manganese, and boron are concentrated
in the stover.
Weed control is extremely important to maximize efficiency of fertilizer
use by corn.
Nitrogen, phosphorus, and potassium are called the major nutrient
elements because they are most likely to limit plant yields on most soils.
Calcium and magnesium are called secondary nutrients and may be
limiting production on soils of pH 5.5 or lower. Zinc is a micronutrient
TABLE

1.—Nutrients in aboueground plant material in 150-bushel corn
crop per acre ^

Element
Nitrogen
Phosphorus
Potassium
Calcium
Magnesiiun
Sulfur

Quantity in
Grain
Stover
Pounds Pounds
115
55
28
7
35
140
1.3
10
11

35
29
8

Element

Quantity in
Grain
Stover
Pounds Pounds

... 0.10
Iron
Manganese . . . . ... .05

1.80
.25

17
04

.17
.12

Zinc
Boron

1 Derived from chemical composition data on corn of the Iowa, Indiana, Michigan,
and Nebraska Agricultural Experiment Stations. (Barber and Olson {!)).
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deficient on some soils particularly where compact subsoils are exposed,
where soils are high in calcium carbonate, or where large and continued
applications of phosphorus have been applied.
Other nutrient elements essential for corn production that are almost
always present in most areas in sufficient amounts to supply the
corn plant include boron, chlorine, cobalt, copper, iron, molybdenum,
and sulfur.
To continue to produce 150-bushel com crops per acre would seem to
require only the immediate replacement of the depleted elements. The
problem, however, is not that simple. Any cultivated soil is an active,
constantly changing system. The nutrients may be leached away, removed by erosion, or changed chemically to forms that are not available
to plants or that become available slowly. In general, the supplies of
nutrients, which may be large or small, are slowly released to the growing plant. Plant nutrients are usually most readily available in soil
that is neither highly acid nor alkahne and that is well supplied with
organic matter.
In 1973, commercial fertilizers were used on nearly all corn harvested
for grain except in the drier regions. All three major nutrient elements
were used except in Western States where potassium was often omitted,
and occasionally phosphorus.
The amounts of the major nutrient elements used vary considerably.
For example, the average pounds per acre of nitrogen (N), phosphorus
(P), and potassium (K) used for com in Illinois in 1973 was 123, 31
(71 lbs P2O5), and 69 (83 lbs K^O) respectively. In Nebraska, the
averages were 139, 18 (41 lbs P2O5), and 18 (22 lbs K2O) pounds,
respectively.
Fertilizers can be applied in a variety of ways and at a number of
times during the year. The most efficient method of application will
depend upon the properties of the nutrient and its reaction with the soil.
Nitrogen may be applied before planting, at the time of planting, and
as a sidedressing after the com is up. The best time for application
depends on the form of nitrogen fertilizer, the soil, the climate, and the
proportion of the total nitrogen needs of the crop. Most nitrogen fertilizers contain ammonium, ammonium forming or nitrate, or both, forms of
nitrogen. Ammonium will attach to clay particles and will not be leached.
However, under favorable temperatures and soil water contents, ammonium will quickly be converted to nitrate which is water soluble and
readily leached.
Where leaching occurs in the fall or winter, ammonium fertilizers
should not be applied in the fall until temperatures are below 40° to
50° F and nitrate forms should not be used at all. Where rainfall is low
enough to make the dangers of leaching small, either nitrate or ammo-
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nium can be safely fall applied. An effective way to apply nitrogen on all
but very sandy soils is by plowing it under or by knifing it in. Sidedressing after planting is also an effective way to apply nitrogen and is
recommended on very sandy soils. Placement of nitrogen 6 to 8 inches
deep in moist soil is preferable to shallow or surface applications because
the nitrogen is more likely to be in the region of active root absorption
when it is needed.
Phosphate fertilizers are applied (1) broadcast and plowed under,
(2) as a sideplacement 2 inches deep and 2 inches to the side of the seed,
(3) in a band with the seed, or (4) as a combination of (1) with
(2) or (3). When rates exceed 25 pounds per acre of phosphorus (57 lbs
P2O5), broadcasting and plowing under is preferred. Phosphorus applied
with the seed should not exceed 5 pounds per acre (11 lbs P2O5). Sideplacement is an effective method of application for rates from 5 to 25
pounds per acre. In northern parts of the Com Belt, use of some row
fertilizer in addition to broadcast has sometimes given yield increases.
Broadcast applications can be applied for corn at almost any time. They
should be plowed under to be in moist soil at all times where active roots
are growing. Most soils in the United States do not fix large amounts of
phosphate so that large amounts can be applied once every 2 or 3 years.
This may be particularly significant where reduced tillage methods are
used, and the soil is plowed only occasionally.
Potassium is best broadcast and plowed under or banded 2 inches to
the side and 2 inches below the seed. When corn is grown continually for
grain, it is usually not necessary to apply potassium every year if large
amounts are applied every 2 or 3 years. However, in some cases where
soils fix potassium in unavailable forms, annual applications are desirable.
Zinc is usually most available if broadcast and plowed under. It,
however, is commonly applied in mixed fertilizers as a row application
because of convenience. Row applications of zinc with fertilizer containing only traces of zinc will not correct zinc deficiency. If applied with
large amounts of phosphorus, the zinc availability may be reduced.
For the various nutrient deficiency symptoms of corn for nitrogen,
phosphorus, and potassium, see the section on Corn Physiology.
Recommendations for application rates of the three principal fertilizer
constituents and lime can usually best be obtained by submitting a soil
sample representing a particular soil situation to a local or State soiltesting laboratory. Soil testing must be used along with other data on
potential corn yield, residual phosphorus from previous applications, subsoil fertility, and other management practices. Two important phases of
soil testing are (1) obtaining samples that truly represent the field and
(2) filling out all of the information requested on the soil sample information sheet. Local recommendations on times and methods of fertilizer
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2.—Adequate ranges of nutrients by tissue analysis of ear leaf
at silking ^

Nutrient

Concentration range

Nitrogen
Phosphorus
Potassium
Calcium
Magnesium
Sulfur

Percent
2.75-3.25
25- .35
1.75-2.25
25- .40
25- .40
1 - .2

Nutrient
Iron
Manganese
Zinc
Boron

Concentration range
Parts per million
20-250
20-150
20- 70
4-20

^ Barber and Olsen {1 ).

application should also be obtained from the county agricultural agent
or State agricultural college.
Analysis of corn leaves is another way to assess the nutrient adequacy
of corn. State university and private laboratories often make tissue
analysis. They should be contacted for exact details about sampling.
Usually the ear leaf or the leaf below the ear is sampled at the silking
stage of growth. The range of values which indicate an adequate level of
nutrients for com growth is given in table 2. Values below the range
usually indicate a deficiency. Values above the range may indicate an
excess or suggest a severe deficiency of some other nutrients.

TILLAGE
Tillage methods for corn have been changing owing to improved farm
power and machinery, herbicides, and better understanding of tillage
requirements. Different soil types and climatic conditions result in
different requirements for seedbeds and for managing soil and water
most effectively. On some soils, wind and water erosion may be a problem; on others, moisture conservation; and on others, drainage. Tillage
can be effective in helping to meet the particular management problems
and at the same time to prepare seedbeds for good seed germination and
high yields.

Seedbed Requirements
A field planted to corn can be divided into the row zone, or the soil
immediately around the seed and seedling roots, and the interrow zone,
or the soil between the rows (fig. 4).
In the row zone, seed should be placed in warm, moist soil that is
broken down to such an extent that seed and soil are in close contact so
that moisture moves readily from the soil to the seed. The seed should
be planted at a uniform depth of 1 to 3 inches; 2 inches is most common.
Since soil warms and dries from the surface downward, the preferred
depth increases as the planting season advances.
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FIGURE

4.—Row and interrow zones in corn seedbed.

The soil in the interrow zone can be prepared quite differently from
that in the row zone. Where erosion and runoff are problems, the soil
between the rows, if left rough and loose following plowing, will collect
considerable quantities of water during rains that can later soak into the
soil. The loose soil also has large pores, which permit water infiltration
and temporary storage of water. Between the rows construction of deep
furrows or ridges will, if on the contour, collect water during rains and
thereby increase water infiltration and reduce erosion. If excess water is
a problem, graded furrows between the rows aid in surface drainage.
Crop residue mulches are effective in protecting the soil from wind
erosion and from sealing over during rains.

Tillage Methods
A great many tillage practices and variations have been developed
during the past 20 years. Practices used by farmers are rapidly changing,
and they will continue to change with new developments. Although most
farmers have not gone all the way in accepting the new once-over or
no-till practices, there has been a general reduction in the amount of
secondary tillage before planting and in the amount of post-planting
tillage. There also has been a strong tendency toward combining practices such as a secondary tillage and planting into one trip over the field.
For convenience of discussion the current tillage practices are divided
into five general groups.
Conventional tillage.—In the conventional tillage method, the field is
disked or the residues are chopped, it is fall or spring plowed with a
moldboard plow, worked with a disk harrow once or twice, and finally
harrowed with a spike-tooth harrow. A runner or disk opener planter is
generally used for corn. Typical equipment is illustrated in figures 5 to 7.
With this method a firm, finely pulverized seedbed is usually prepared.

570-023 O - 75 - 3
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PN-3993

FIGURE

5.—Fall or spring plowing is one step in preparation of conventional seedbed.

which produces good com stands and yields. Clods and trash do not
interfere with rapid cultivation. These conventional operations, however,
are a relatively expensive way to prepare a seedbed. Because of many
trips over the field, equipment produces firm and often packed soils.
Consequently, the surface becomes susceptible to rapid sealing, water
infiltration is reduced, and runoff and erosion increase.
Plowing with reduced secondary tillage.—Plowing can be done
either with a moldboard plow, chisel-type plow, or a large disk. This

PN-3994

FIGURE

6.—Under conventional tillage methods, plowed field is worked once or twice
with disk harrow.
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PN-3995

FIGURE

7.—Planting on conventional seedbed.

group differs from conventional in that most, if not all, of the secondary
tillage—disking and harrowing—are omitted (fig. 8).
When only a moldboard plow is used, residues are buried but the soil
surface is left somewhat looser and rougher than with the conventional
practice. The rough seedbed enhances water infiltration and reduces
runoff and erosion. If the surface is rough, herbicides are desirable at
least in the row to eliminate the need for early mechanical cultivation.
Because some of the trips over the field are eliminated, compaction of
the soil is less than with the conventional practice.
When a chisel, large disk, or diskplow is used, much of the crop residues are left on or near the soil surface (fig. 9). The surface residues
plus a somewhat rougher surface than a conventional prepared soil surface increases water intake and reduces runoff and erosion. It also affords
protection from wind erosion. Weed-control problems are generally increased by surface residue. Early mechanical tillage may also be more
difiicult because of the rough soil and surface crop residues. Chemical
weed control is desirable although herbicides may be less effective because the residue interferes with proper placement. Chisel tillage when
wet can produce excessive cloddiness which can create planting and stand
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PN-3996

FIGURE

8.—Reduced tillage system appropriate for fall- or spring-plowed land.

problems. A surface mulch will lower soil temperature and this will
decrease early com growth in northern areas when spring soil temperatures are low. Chisel tillage has become more popular as indicated by the
increase in sales of chisel plows during the past 10 years.
Plowing with secondary tillage only in the row.—Secondary tillage
only in the row zone is made by wheels of the planter or tractor or by
small rotary tillers (fig. 10). The practice increases infiltration and reduces erosion because of the loose, rough condition left between the rows.
It is effective against wind erosion, and the interrow area is left a poor
seedbed for weeds.
One disadvantage is that usually planting must follow plowing within
1 or 2 days. On moderately fine to fine-textured soil, tillage in the row
may be inadequate to break down the soil sufficiently, and stands may
be reduced.
Strip tillage.—The soil is tilled in a band centered near the row with
no tillage between rows. Examples of this type of tillage are the tillplanter (fig. 11) and the sidewinder, a rotary tiller. The practice usually
leaves the bulk of the residues in the centers between the planted rows.
It is an excellent practice for wind and water erosion control and increases storage of water in the soil profile. A rototiller incorporates

CORN PRODUCTION

17

insecticide and fertilizer in the tilled row zone. Incorporation of fertilizer
and insecticide is much less with the till planter.
Because surface residue decreases spring soil temperature, it is advisable in northern areas to plant into a ridged row created by cultivation
the previous year. This will leave the planted seedbed nearly level, and
soil temperature will be warmer than if planted in a furrow. These
methods are not well suited to wet, poorly, or somewhat poorly drained
moderately fine to fine-textured soils. It is best suited to well-drained,
medium- and coarse-textured soils.
Rotary tillage has a high-power requirement and the correct match
between ground speed and rotary tiller speed is necessary to avoid over
or under tilling the row.

PN-3997

FIGURE

9.—Heavy spring tooth or chisel plow for primary tillage in the fall or spring.
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FIGURE

10.—Wheel-track planting, a reduced tillage method.

No tillage.—No tillage is done before planting, and at planting only
enough tillage is done to place the seed into the soil (fig. 12). One method
uses a nonpowered fluted coulter mounted directly in front of each
plemter unit. All of the plant residue is left on the surface. This can be an
effective way to control water and wind erosion, as well as to increase
storage of water in the soil. Evaporation from the soil surface is temporarily decreased when the soil surface is wet. The no-tillage concept is

PN-3998

FIGURE

11.—Till-planting- -a conservation tillage system for corn production.
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PN-3999

FIGURE

12.—Two-row no-till planter operating in stubble.

best suited to areas south of 43° north latitude on well-drained soils with
moderate to severe erosion.
The no-tillage system allows corn to be grown on slopes where perennial
grasses were previously used. It may also find acceptance on poorly
drained soils to enable timely planting when plowing is unduly delayed.
In northern areas, decreased early corn growth from lowered soil
temperature may limit use of no-tillage. Com yields have been lower than
from moldboard plowing on poorly drained soils. Weeds must be controlled with herbicides.

CHOOSING GOOD SEED
The requirements for a satisfactory hybrid vary greatly in different
areas. Maturity, tolerance of stress conditions, and resistance to pests
are factors of prime importance. Hybrids satisfactory in the central Corn
Belt will be too late for the Northern States, too susceptible to insects
and diseases for the South, and too susceptible to drought for the Southwest. A superior hybrid may be widely adapted within a given climatic
zone and yet be quite inferior under different environmental conditions.
A farmer may obtain hybrid seed suitable for his needs by examining
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the seed and checking performance, adaptation, and disease and insect
resistance. Examination of the seed provides only limited information.
It will reveal the uniformity of sizing, whether treatment has been applied, and the physical condition of the seed.
Uniformity of sizing is important to the degree that it affects the
desired planting rate. Large seed will produce more vigorous seedlings
but with equal stands any effect on yield will be minor. The "round"
kernel sizes are as good as "ñats" if suitable planting equipment is available and equal stands obtained.
Seed treatment is almost universally used. It is beneficial under adverse conditions, and it is good insurance under any condition.
Seed should be plump and free from visible damage such as broken
seedcoats and chipped crowns. Such damage and even microscopic breaks
in the seedcoat can increase susceptibility to seedling blights and rots
particularly under unfavorable conditions, such as a cool, wet spring.
Selecting suitable seed includes information on yield potential, adaptation, or insect and disease resistance. Such information may be obtained as follows:
(1) Many States conduct corn-yield tests to compare hybrids of
importance to their area. Results from such tests may be obtained from
the State experiment station or the local county agent. He may also have
additional information from local yield trials or observation plots.
(2) Local seed dealers or distributors can usually provide some information on performance, area of adaptation, and resistance to insects
and diseases for the seed being offered for sale.

PLANTING
Planting Time
Planting dates within a given locality depend upon temperatures and
soil conditions. In general, planting dates follow as soon as practicable
after the date of the last killing frost (fig. 13). Experimental data from
Mississippi to Minnesota indicate a sizeable yield advantage from early
planting of full-season types. Shorter season varieties usually suffer less
yield reduction than do full-season varieties but the earlier maturing
types also exhibit lower yields even with optimum planting dates. Late
planting in the more northern areas is particularly undesirable as the
full-growing season is required to produce a crop of sound corn. In
southern areas where length of growing season is less a factor, delayed
plantings normally produce reduced yields and are often accompanied
by an increased incidence of insects and diseases.
Extremely early planting involves some hazard because of the longer
period required for emergence and the greater susceptibility to seedling
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blights and soil-inhabiting insects. The commonly used seed treatments,
however, give adequate protection against seedling diseases.
Information on the optimum dates of planting within a given region
may be obtained from the local State agricultural experiment station.

Planting Rates and Row Widths
There is no universal optimum planting rate for corn. The objective
in any area is maximum production per imit area. This balance between
increasing population density and decreasing yield per plant is reached
at various population levels depending on soil type, fertility level, water
supply, seasonal conditions, and maturity of the hybrid grown. Recommended stands range from an estimated 10,000 to 30,000 plants per acre.
The factor most commonly determining the optimum stand level is
adequacy of soil moisture, which in turn is affected by the amount and
distribution of rainfall and initial soil moisture.
The most favorable planting rates tend to be lower in areas south and
west of the eastern Corn Belt and higher in the north and east. For
example, the best planting rate in eastern Texas is between one-half and
two-thirds that for Pennsylvania. In the central Corn Belt, planting
rates for full season hybrids under good management should be about
20,000 to 24,000 seeds per acre. In any area the planting rates for early
hybrids should be somewhat greater than for the full-season hybrids.
Similarly, planting rates for the production of silage will be greater than
for grain.
A guide for distances between seeds at different populations and row
spacings is given in table 3. The final stand is always less than the
planting rate; therefore, the space between kernels at planting time must
TABLE

3.-—Average distance (inches) between seeds
Between rows

Seeds
per acre

24

10,000
12,000
14,000
16,000
18,000
20,000
22,000
24,000
26,000
28,000
30,000

26.1
21.8
18.7
16.3
14.5
13.1
11.9
10.9
10.1
9.3
8.7

30

36

38

Between plants in row
20.9
17.4
16.5
13.8
14.5
17.4
11.8
12.4
14.9
10.3
10.9
13.1
9.2
9.7
11.6
8.2
8.7
10.5
7.5
7.9
9.5
6.9
7.3
8.7
6.3
6.7
8.0
5.9
6.2
7.5
5.5
5.8
7.0

40
15.7
13.1
11.2
9.8
8.7
7.8
7.1
6.5
6.0
5.6
5.2
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be somewhat less than that desired for the final stand. The difference
between planting rate and final stand is extremely difficult to predict,
because stands vary with seed quality and seasonal conditions. However,
planting rate will commonly need to be 10 to 15 percent greater than
desired final stand.
The average weight of grain per plant may be used as an indicator of
the efficient use of moisture and fertility. Where the weight of air-dry
ears per plant is greater than one-half pound, the final stand is too thin
for maximimi efficiency.
Com yields usually increase from 5 to 10 percent as row widths
decrease from 40 to about 30 inches if plant populations are relatively
high. Yield improvements are greater for narrow row spacings under highyield conditions than at low-yield levels. Row spacings for corn grain
production have been generally decreasing in the last 10 years. Row
spacings for corn grain production averaged août 36 inches in the Corn
Belt in 1972 with 20 percent of the fields having row widths less than
32 inches.
The essential mechanisms for com planters varies. In one type of
mechanism the seed passes from a cylindrical hopper through cells (holes
or edge notches) in the plate to the soil opener. The planting rate is
determined by the size and number of the cells and the revolving speed
of the plate. For accurate planting the size of the seed must be uniform
and fit the cells of the plate. In another type of planter the seed is
metered by an air-pressure mechanism. In this mechanism, sizing of the
corn is imnecessary.
In the Corn Belt, com is most commonly planted with 4-row planters
with an increasing number of 6-, 8-, and even 12-row planters.

WEED CONTROL
Mechanical Cultivation
The most important function of cultivation is to control weeds. Weeds
are easiest to control mechanically when they are small, if possible even
before they can be seen above ground. The most economical and efficient
implement for early cultivation following most seedbed preparation
methods for corn are the rotary hoe (fig. 14) and the rotary cultivator.
The rotary hoe and rotary cultivator perform best when the ground is
slightly crusted and when most of the weeds have not yet emerged
(weeds in the "white") or are not more than one-fourth inch high. Most
annual weeds germinate within an inch of the soil's surface, whereas corn
is planted deeper and its roots go deeper than most annual weeds.
Shallow cultivating tools, such as the rotary hoe, can kill the weeds
without appreciably disturbing the crop. The rotary hoe can pass over
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PN-4000

FIGURE

14.—Rotary hoeing field with small corn plants.

corn without severely damaging the com plants until they are between
6 and 8 inches high. Such surface cultivation implements as the rotary
hoe are not effective in controlling perennial or annual weeds once they
have established a good root system. Moreover, the timely use of the
rotary hoe and rotary ctdtivator may be prevented by extended periods
of rainy weather. Best performance with the rotary hoe is obtained at
ground speeds of 6 to 12 miles per hour. The rotary cultivator combines
tillage wheels near the row with a shovel in the center between the rows.
The shovel cultivator is the most effective implement for cultivating
soils following the rotary hoe, or it may be used effectively for the first
cultivation. Cultivation should be just deep enough to kill weeds. As
the com becomes larger the shovels should be placed farther from the
plant. Deep cultivation and cultivation too near the row often cut the
com roots.
Disk-type cultivators and cultivators with larger than normal "duck
foot" sweeps are useful after mulch-tillage seedbed preparation or where
considerable crop residue or vine weeds occur.
The number of mechanical cultivation with shovel- or sweep-type
cultivators has generally been decreasing because of greater use of initial
cultivating implements such as the rotary hoe, greater use of herbicides,
and improved seedbed tillage methods. Two shovel- or sweep-type cultivations are commonly used in the Com Belt; with reduced seedbed
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preparations, one cultivation is often sufficient. There is usually no advantage in cultivating corn after it is 24 to 30 inches tall when weeds
have been controlled by earlier cultivation.
Aiding water intake and reducing runoff are sometimes important
functions of corn cultivation. Cultivation where few weeds are present
may be beneficial through loosening or breaking the crust on soils that
have become compacted or sealed at the surface after rain.
For example, an experiment was conducted on a Russell silt loam soil
in Indiana on a 5-percent slope, where the seedbeds had been prepared
initially by reduced tillage methods. Simulated rain of 5.2 inches resulted
in 1.8 inches of runoff following one cultivation and 2.9 inches of runoff
where the soil had not been cultivated.
Pairs of disks, one on each side of and next to the corn row (disk
hillers), in combination with sweeps are highly effective when used on
the contour for ridging soil around larger corn plants and leaving furrows
between the rows. The furrows trap water for later intake into the soil.
The effects of wind erosion on sandy soils often can be reduced through
cultivation by forming clods from the moist soil beneath the surface and
by leaving the surface rough.

Flame Cultivation
Flame cultivation in areas where it is used for other crops may control
weeds in corn. One flaming before the corn is 2 inches tall and several
flamings directed into the row at the base of corn more than 12 inches
tall may be used. Flame cultivation effectively controls or suppresses
seedling grasses, seedling broad-leaved weeds, nutsedge, and other
small weeds.

Chemical Control
Many herbicides are registered for use in corn in the United States.
Several of these, however, are in limited use or are used mainly for
specific weed problems or in specific areas.
The herbicides listed in table 4 by common and chemical names are
those most widely used. Other herbicides are registered for use in corn.
Some of these herbicides are for use in limited areas or for specific weed
problems. On-going research may produce new herbicides that will be
useful in com production. The best sources of recommendation for use of
herbicides are extension personnel, or others, who are familiar with local
conditions and problems.
The herbicides listed are those most widely used now. However, they
will likely be supplanted or even replaced in the future as more effective
and safer treatments are developed. This discussion is not intended to
serve as a set of recommendations. The mention of a particular herbicide
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4.—Common and chemical names of herbicides used to control
weeds in corn

Common name
or designation

Chemical name

Alachlor
Atrazine
Butylate
Dicamba
Linuron
Paraquat
Propachlor
Simazine
2,4-D
Ametryne
Cyanazine

2-chloro-2',6'-diethyÍ-ÍV- (methoxymethyl) -acetanilide
2-chloro-4- (ethylamino) -6- (isopropylamino) -s-triazine
S-ethyl diisobutylthiocarbamate
3,6-dichloro-o-anisic acid
3-(3,4-dichIorophenyl)-l-methoxy-l-methylurea
l,l'-dimethyl-4,4'-bipyridinium ion
2-chIoro-iV-isopropyIacetanilide
2-chloro-4,6-bis (ethylamino) -s-triazine
2,4-dichlorophenoxy acetic acid
2- (ethylamino) -4- (isopropylamino) -6- (methylthio) -s-triazine
2-[[4-chloro-6-(ethylamino)-s-triazin-2-yl]amino]-2methylpropionitrile
Chlorobromuron .. 3- (4-bromo-3-chlorophenyl) -1-methoxy-l-methylurea

should not be interpreted as an endorsement of one chemical over another product not listed that may be equally effective.
Preplant treatments are those applied before planting the crop. Preplanting incorporated treatments may offer the opportunity for application of herbicide, insecticide, and fertilizer applications at the same time.
Atrazine and butylate are the most widely used preplanting treatments.
Atrazine effectively controls most broadleaved weed seedlings and many
grass weed seedlings. It performs well either incorporated or left on the
soil surface. Butylate, which requires incorporation soon after application
for best results, is very effective on grass seedlings. The combination of
atrazine plus butylate, applied preplanting and incorporated, controls a
broader spectrum of weeds than either atrazine or butylate alone.
Preemergence treatments are those applied just after planting and
imtil immediately before emergence. Application of these treatments is
relatively simple. They may be applied as liquids or as granules (fig. 15)
through attachments on the planter (fig. 16), or they may be applied
separately after planting is completed.
Some of the most effective and widely used herbicides for preemergence application in corn are alachlor, atrazine, propachlor, cyanazine,
chlorobromuron, and simazine. Alachlor and propachlor control annual
grass weeds and some small-seeded broadleaf weeds. Atrazine and simazine control annual broadleaf weeds and many annual grass weeds.
Combinations of alachlor or propachlor with atrazine or simazine provide
effective control of essentially all troublesome annual weeds in com. The
herbicide linuron, for control of broadleaf weeds, is sometimes used in
combination with alachlor or propachlor.
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PN-4001

FIGURE

15.—Reduced tillage system applying fertilizer, insecticide, row herbicide at
the same time as planting com.

Soils high in clay or organic matter require higher rates of application
than sandy soils low in organic matter. Conditions of temperature and
moisture optimum for growth of plants promote the effectiveness of preemergence treatments.

i'N-4Ü02

FIGURE

16.—Applying preemergence granular herbicides on plowed, disked, and
harrowed land.
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Postemergence treatments have several uses. They can control weeds
that germinate after preemergence treatments have lost their effectiveness, susceptible weeds that escape preemergence control, and weeds that
are not susceptible to preemergence control. They can both supplement
and complement the use of preemergence treatments and other weedcontrol practices.
Postemergence applications are only slightly more complicated than
preemergence operations. Small young weeds are usually easier to control
than larger older weeds. Most applications to corn less than 6 to 10
inches tall are made as overall sprays (fig. 17). As the com grows taller,
the chances of injury from overall sprays increase with some herbicides.
Directed sprays (fig. 18) help minimize the risk.
The most effective and widely used postemergence treatments in com
are 2,4-D, dicamba, atrazine, and cyanazine. Many kinds of broadleaf
weeds are controlled with 2,4-D, and it is perhaps the most widely used
postemergence treatment. Dicamba is similar to 2,4-D in that it controls
many kinds of broadleaf weeds. On some species, it is considerably more
effective than is 2,4-D.
Drift of dicamba to nearby soybean fields often causes damage to
soybeans and must be controlled. Atrazine, applied early postemergence,
controls young annual grass and broadleaf weeds. Surfactants or nonphytotoxic oils are usually included in the atrazine spray mixture to
increase effectiveness of the treatment.
The addition of surfactants or nonphytotoxic oils may greatly enhance
the postemergence activity of some herbicides. However, indiscriminate
addition of surfactants and nonphytotoxic oils to all postemergence treatments may reduce the selectivity and result in severe crop injury.
Many inbred lines of corn are quite variable in response to herbicides.
Some inbred lines have often been injured by 2,4-D.
Those postemergence treatments commonly called layby applications

^Ow*':%*^;*
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FIGURE

17.—Early postemergence spray application of herbicides to com.
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PN-4004

18.—Postemergence application of herbicides at layby stage. With proper
arrangement of drop nozzles this application is postemergence for row zone and
preemergence for interrow zone.

FIGURE

are made immediately after the last cultivation. They are applied primarily to the soil in the row and between the rows after existing weed
vegetation has been removed or killed by cultivation or previous chemical
application. Occasionally, however, the layby application can be of value
in killing existing weed vegetation.
Specific weed problems or geographical areas sometimes require
specialized techniques or treatments for optimum weed control. For
example, in no-tillage com production, the herbicide paraquat is quite
effective in providing contact kill of existing vegetation at planting. The
combination of paraquat plus atrazine has provided quick knockdown as
well as residual control of germinating seedlings. In combating quackgrass, a program involving atrazine has been effective. Other special
treatments may be necessary in johnsongrass or nutsedge infestations.
Neither herbicides nor cultural practices will effectively replace the
other. Weeds not controlled with chemicals will soon rapidly infest the
area in the absence of cultivation. Cultivation alone often will fail to
effectively control weeds in the row and sometimes will fail to control
weeds between the rows during adverse weather.
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In using chemicals for weed control in com, carefully consider the
specific problem for the type of com, weeds present, stage of crop and
weed growth, soil type, geographic area, other control methods available,
succeeding crops in rotation, and adjacent crops. Under some climatic
conditions and on some soil types, herbicide residues in the soil have
affected such succeeding crops as grains and soybeans, but usually such
ill effects have resulted from violating restrictions on herbicide labels.
Chemical control of weeds requires a thorough knowledge of spraying
procedures. Equipment should be carefully adjusted and in good operating condition. Extreme care is necessary in calibrating nozzles to
deliver the proper size of spray droplet, in adjusting nozzle heights, and
in maintaining a tractor speed that delivers the spray at correct rates
per acre. Precautions should be taken against damaging adjacent crops
with spray drift.
Additional information on weed control may be obtained from State
agricultural experiment stations, county agents, and the U.S. Department of Agriculture.

FIELD INSECTS
Several hundred species of insects feed on the roots, stalks, leaves, or
seed of corn. About 25 of these are especially troublesome. Some of the
corn-infesting insects are shown in figure 19.
The choice of well-adapted hybrids is important in reducing insect
damage to corn. In general, a corn plant may be injured less by insects
when it is adapted to its environment, well fertilized, and capable of
making vigorous growth. The European corn borer, however, concentrates on the better fields and the more vigorous plants within a field.
Corn breeders and entomologists have countered by developing hybrids
with relatively high resistance or tolerance or both to the borer. Resistant hybrids, where available, will do much to reduce corn borer losses.
Good methods of handling seed and soil also help to control insects.
If the seed germinates quickly and the seedlings grow fast, there is less
danger of injury by the seed-com maggot, Hylemya platura (Meigen);
the seed-corn beetle, Agonoderus lecontei Chaudoir; wireworms; cutworms; webworms; flea beetles; and thrips. In Ohio, white grubs, averaging 8 to 14 per hill, reduced unfertilized corn yields to 16 bushels per
acre. Similarly, infested plots receiving 8 tons of manure plowed down
and 100 pounds of 3-5-10 (elemental) fertilizer in the row yielded 73
bushels per acre. Presumably a fertilizer plus an insecticide would give
higher yields.
Crop rotation tends to suppress certain soil-inhabiting insects, such
as the western corn rootworm, Diabrotica virgifera Le Conte, the
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northern corn rootworm, D. longicornis (Say), and root aphids that prey
on com. On the other hand, wireworms, cutworms, sod webworms, and

BN—27560

19.—Economically important corn-infesting insects: A, European corn borer,
Ostrinia nubilalis (Hübner) ; B, corn earworm, Heliothis zea (Boddie) ; C, chinch
bug, Blissus leucopterus (Say); D, corn rootworm, Diabrotica sp.; and E, fall
armyworm, Spodoptera frugiperda (J. E. Smith).

FIGURE
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PN-4006
FIGURE

20.—High-clearance tractor applying granular insecticides for first-brood
corn borer control.

white grubs thrive on grass sod. Nematodes may severely damage the
root system of com.
The rootworm has caused severe damage in recent years, and, in some
areas, it has developed marked resistance to previously effective chlorinated hydrocarbons. New chemicals are being evaluated and resistant
com types are being developed.
Several effective insecticides are variously used in poisoned baits,
sprayed or dusted on plants (fig. 20) or seed, mixed with the soil, or even
applied with row fertilizers. For best results, they should be used as
directed by State agricultural experiment stations, local county agents,
or the U.S. Department of Agriculture.

DISEASES
Com is subject to various diseases from the time it is planted through
maturity. Corn diseases are seldom destructive over large areas in the
United States, although they can reduce both yield and quality and may
cause considerable losses in local areas. Corn is affected by both nonparasitic and parasitic diseases.
Nonparasitic diseases are caused by unfavorable climate, soil or cultural practices. Nutritional deficiencies most commonly cause nonpara-
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sitie diseases. The imbalance or lack of such essential elements as
nitrogen, phosphorus, or potassium, often causes streaking, discoloration,
or dying of leaves and may promote weakening of stalks at maturity.
Insufficient microelements may cause abnormal plant development. Nonparasitic diseases caused by soil deficiencies can be controlled by good
cultural practices and proper use of fertilizers.
Parasitic diseases ^ are caused by bacteria, fungi, viruses, or nematodes. Some of the disease organisms may be responsible for seedling
blights, stalk rots, and ear rots (fig. 21).
Organisms causing seedling blights may rot the seed in the soil or kill
the young seedlings at emergence or shortly afterward. They are controlled by (1) planting mature, sound seeds, (2) providing soil conditions
that favor quick germination and rapid seedling growth, and (3) treating
the seeds with an effective fungicide.
Plants with stalk or root rots sometimes appear frosted or to have
matured early. Brownish discolorations, which may easily be pressed in,
may occur on the lower part of the stalk. When these symptoms develop
before the kernels harden, losses in the quality and quantity of grain
will result. Stalk rotting will also normally be accompanied by broken
stalks, which reduce the efficiency of mechanical harvesting. In general,
early-ripening hybrids are more subject to stalk rots than full-season
hybrids. Well-nourished, resistant hybrids have the best chance of
escaping these rots.
Corn is subject to several ear rots and kernel disorders. Contributing
factors are poor husk cover; deep, soft starch grain; growth cracks in
kernels; and weather conditions, which delay drying of ears in the field.
Hybrids differ in resistance, and those with established records for
producing sound grain should be given preference.
Smut, a commonly known disease of corn, is characterized by irregular
shaped galls that may appear at any stage of growth on the stalks, ears,
tassels, or leaves. Wounds from hail or injuries received from late cultivations all provide favorable sites for infection. Large galls on or above
the ear reduce grain yield the most. Dry weather generally favors smut
development. Certain hybrids possess some resistance to the disease.
Leaf spots and blights, caused by bacteria or fungi, vary in severity
from year to year and from one locality to another. Yield losses are
usually limited to the warmer, more humid corn-growing areas. Plants
are most noticeably affected about silking time, and the disease progresses as the plants mature. If the epidemic is early or especially severe,
younger plants may become badly affected. Large losses in yield may be
^ For detailed information on symptoms and control of corn disease, see UUstrup
(6).
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expected when many leaves are seriously blighted within about 2 weeks
after silking time. The upper and newer leaves are normally the last
infected. Resistant hybrids are now available for many of the large
corn-growing areas.

BN—27556

FIGURE

21.—Symptoms of economically important corn diseases: A, Stalk rot; B,
Helminthosporium blight; C, ear rot; D, leaf rust.
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Com rust appears as small reddish-brown powdery pustules on the
leaves. In severe attacks, entire leaves may be killed.
Virus diseases of corn have become increasingly important since 1962.
Corn stunt and maize dwarf mosaic predominate. Plants may be stunted
followed by chlorosis and leaf reddening. When infection occurs early,
the plants are normally barren. Corn stunt appears to be confined to the
Southeastern States and is spread by one or more leafhoppers. Maize
dwarf mosaic occurs in the Corn Belt and adjacent areas, and several
species of aphids are capable of transmitting it. The development of
resistant com types appears to be the only feasible method of control
for either disease.
Several new diseases appear to have potential for serious damage.
These include downy mildew, Nebraska bacterial blight and stalk rot,
and Helminthosporium leaf spot blight. The development of resistant
varieties appears to offer the only feasible method of control.
Witchweed, a parasitic plant attacking corn and other grasses, may
severely damage corn. This parasite is limited to certain areas in North
Carolina and South Carolina.

HARVESTING THE CROP
Corn is harvested for grain or silage with only limited quantities cut
and fed green, hogged down, or used as dry fodder. An estimated 85
percent of the corn crop is harvested for grain.

Grain
Harvesting of grain has experienced a major revolution in the last 40
years. In the 1930's the major portion of the crop was harvested by hand
with a labor requirement for production and harvesting of well over 100
man-hours per 100 bushels of grain. Harvesting is now completely
mechanized in the Corn Belt and in other areas where it is an important
crop. The labor requirement has dropped to 6 man-hours per 100 bushels
with some efficient farmers spending near one man-hour per 100 bushels.
The mechanical pickers, used so extensively in the 1950's, largely have
been replaced by picker-shellers and combines with corn heads. In 1972,
about three-fourths of the corn grain in the Corn Belt was shelled in the
field with either picker-sheller or corn combines. These changing patterns
in harvesting have necessitated corresponding changes in handling,
drying, and storage procedures.
Harvesting losses (3) depend upon the kernel moisture content at
time of harvest, the speed of operation, plant population, and type of
equipment used. Early harvest minimizes both ear and shelled grain
losses but may accentuate subsequent losses in quality unless adequate
provision has been made for artificial drying to ensure safe storage.
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PN-4006
FIGURE

22.—Two-row picker husker in operation.

Several types of corn-picking machinery are available. The pickerhusker (fig. 22) snaps the corn from the standing stalks, removes the
husks, and delivers the ears into a truck or wagon pulled behind or to
one side of the picker.
With com pickers, harvesting is normally delayed until the corn has
reached a safe cribbing moisture—20 to 25 percent depending upon the
geographical area and the width of cribs used. Expected field losses
rise rather sharply after the grain has reached physiological maturity
because of the increased incidence of dropped ears, stalk lodging, and
ear-rot development.
The corn combine and the picker-shellers (figs. 23 and 24) are rapidly
replacing the mechanical picker. These machines pick, husk, shell, and
deliver the corn into hoppers or trailing vehicles all in one operation.
Because of cost, the picker-sheller and com combines are used more
frequently on large farms and for custom harvesting.
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FIGURE

23.—Two-row tractor-mounted picker sheller.
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FIGURE

24.—Four-row self-propelled corn combine.
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Corn is stored, depending on its moisture content, as (1) dry corn,
(2) high-moisture corn, (3) cold corn, and (4) corn with preservatives.
Shelled com with a moisture content of 17 percent to 22 percent can
be stored in conventional grain bins if the temperature of the grain is
kept below 50° F. Corn stored as cold corn must be stored in a bin
equipped with a fan and a good air distribution system. Corn should not
be stored in this way during the warm months of the year because of the
difficulty in keeping it from heating.
Corn that is field-shelled at high-moisture contents, often 22 to 27
percent, must be artificially dried to be stored as dry corn. Four methods
for drying shelled com are (1) batch dryers, (2) continuous-flow dryers,
(3) bins equipped for in-storage or multiple-layer drying, and (4) bins
equipped for batch drying.
For safe storage, dry shelled corn must not only contain the correct
moisture content (not over 13 to 14 percent), but it also should be
protected against corn-storage insects.
Shelled corn or ground-ear corn can be stored as high-moisture corn
(20 to 25 percent for shelled corn and 23 to 28 percent for ground-ear
corn) and have equal or higher feed value than dry corn. High-moisture
corn storage requires special airtight storage facilities.
In recent years, research reports indicate that corn grain, up 25 to 30
percent moisture, can be stored successfully by treatment with propionic
acid or other chemical preservatives. It is important to have proper
application equipment so that all kernels are covered with the preservative. Cessation in application of the preservative to small amounts of
grain can be serious. Grain treated with propionic acid will not germinate, and it is unfit for human consumption. Recent recommendations
on the use of this method should be obtained from the agricultural
extension service.
Each system of harvesting, handling, and storage has its own unique
requirements relative to the total system. Because climatic conditions
vary greatly, details of corn storage should be checked with local officials.

Silage
The corn acreage grown for silage has remained relatively stable at an
estimated 8 million acres for the past 10 years. In the Northeastern
States nearly half of the crop is used as silage. Silage makes the most
efficient use of the corn crop. An acre of ensiled corn has about one-third
more feeding value for cattle than an acre harvested for grain.
The largest amount of total digestible nutrients in corn silage will be
obtained by harvesting as soon as the grain is physiologically mature.
A full season hybrid that produces high grain yields should be used.
A field chopper saves labor in the preparing of silage (fig. 25).
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PN-4009
FIGURE

25.—Two-row field chopper.

Hogging Down
Less than 5 percent of the U.S. corn crop is harvested directly by
livestock. Hogs harvest the crop with fair efficiency if the ground is
reasonably dry and if the hogs are confined to small areas, which they
will clean up thoroughly before being moved to a new area. The inconvenience in supplying water and supplements and in moving fences and
shelters appears to be the principal deterrent to this method of harvest.
Lambs harvest corn somewhat less efficiently than hogs, and cattle less
efficiently than lambs. Hogs following lambs or in combination with cattle
improve the efficiency of harvest.
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