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Why This Booklet 
Was Written 

Research has been conducted by several 

departments for a number of years on corn 

production. The results are reported in bul
letins and technical papers. This report brings 

together all these results in a connected story. 

Corn is the most important row crop 

grown in the state. It is not a high value cash 

crop but is of primary importance in the pro
duction of meat animals, dairy and poultry 

products. The length of the story attests to 

the importance of the crop in the state and the 

value of the information that research has 

produced. 

J. H. LONGWELL, Director 



Mainstay of Missouri Agriculture 

CORN 
Now from this direction and from that came 

first faint shouts and cries, mixed with whimpers of 
babes in arms. A few people were reaching the grea~ 
walled-in ' square, enclosing the great barricade. 
They were shouting something in this mad rush. 
Their cries were shrill and panicky. Finally the last 
one had reached the stockade and as the doors of the 
strong fortress instantly closed behind, one word 
stood out so distinct. It hung hot in the awful atmo
sphere like a flashing blade in the moonlight . . . 
"Iroquois." 

There was powder and shot 'in that stockade 
.. . enough to withstand an Indian attack for days 
on end. But more important, those early settlers 
had seen fit to stack great supplies of corn in the 
fortress against the day when the Iroquois would 
strike. Now it had come and they were ready! 

Corn, symbol of America, was here when the 
white sails of the three tiny ships of that intrepid 
explorer, Columbus, first sighted the rim of the 
Western hemisphere. For hundreds of years, his
tory tells us, or long before the white man came, the 
Narragansetts, Iroquois, Algonquins, and the Chip
pewas, up and down the eastern part of the land and 
tribes out in the plains had, these centuries long 
past, used it as their "staff of life." How long corn 
had been on this continent before the discoverer of 
America came no one seems to know ' exactly. It was 
important then. It is important now! 

Corn provided the succor and strength for the 
pioneer in facing the problems and complexities of a 
new land. The colony at Plymouth would hardly 
have survived that first winter without it. Corn 
then, as today, symbolized the new world. In the 
daily lives of our forefathers they found in it the 
gesture of a Divine Providence. 

Great pans of it were on the long tables at that 
first Thanksgiving, ~d when the white men broke 
the black, virgin soil of the new world, it was the 
grain dropped in the furrow to provide the first 
harvests. God forbid that we ever forget those early 

The State's !4 Billion 
Dollar Crop! 

blessings wrought by the lowly corn. It was im
portant then. It is important now! 

When daring explorers moved west into the 
country of the Arapahoe, Aztec and Apache, corn 
went with them in saddle bags and prairie schooners. 
It was as important in the winning of the west as the 
full powder horn and the loaded Winchester. All 
because it spoke a language the hungry knew, as at 
Valley Forge when its parched grains kept alive 
Washington's ragged, bare-footed and heart-sore 
men and ultimately kept alive the very spark of 
Liberty itself. It was important then. It is important 
now! 

A friend, corn proved to be in the husbandry of 
the new world ... friend to the man behind the 
crude sod-buster and the oxen that pulled it. Corn 
is America's greatest single crop whose value in one 
year would buy all the iron, steel, gold and silver 
that is produced in a like amount of time. 

Look about you and you see at once the value 
and the majesty of corn in vast seas of green in sum
mer, shocks of brown and gold in autumn-time, 
locked in bin and barn it provides a great buttress 
of economic strength. 

In 1956 the value of this great crop in the United 
States was 4% billion dollars. Some 76 million acres 
were devoted to it, yielding an average of almost 
54% bushels per acre. 

In Missouri, as in the nation, the picture is hard
ly less impressive, and that only because of the 
lessened area. In this state farmers harvested an 
average of 48 bushels of corn per acre from almost 
four million acres in 1956. Its value has been placed 
at $256,000,000. More than 1/4 billion dollars! A 
fabulous sum! No wonder, then, for our keen inter
est in research o"u a crop so valuable to each and all. 

As a nation we consume more corn in our diet 
than any other agricultural crop. This includes 
corn as milled-corn products and corn consumed 
indirectly in the form of milk, meat, eggs and such. 
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Industry is making more and more use of corn while 
scientists busily engage themselves in improving 
the crop. 

Corn will be our mainstay in those days ahead 
when there will be millions more mouths to be fed 
in this land. Corn, then, as now, will be called upon 
to supply the main ingredient of the nation's food 
basket. Land on which it is grown, and the corn, 
itself, will be calJed upon to do double-duty. Corn, 
as a plant, must continue to improve in efficiency. 
This is the job of research. 

Long before the advent of the commercial hy
brids in the early "thirties", which saw corn begin
ning to make phenomenal yields, research has been 
on the job to improve this vital crop. It must be 
none the less in the future. Research must ever go 
on! 

Already a yield of more than 300 bushels of corn 
per acre has been achieved by a 4-H Club boy in 
the nearby Southern state of Mississippi, proving 
that when all conditions-soil, climate, seed, fertility 
and cultivation-are ideal, tremendous yields of 
quality corn are possible. 

High yields are important, but what is even 

more important is the economy of production. High 
yields that make the farmer money and not just 
high yields for the sake of high yields and breaking 
records, alone, is what research is ever striving 
toward. The soil scientist and the plant breeder, 
working together, have a common goal. 

These pages, which are in your hands, are im
portant pages. Read them carefully and with un
prejudiced thoughts, please, because they are about 
your crop-everybody's crop, Corn! These pages tell 
of the work of the scientists in your very employ, at 
your own Missouri Agricultural Experiment Sta
tion. These pages tell what these men have been at
tempting to do to improve your quarter-of-a-billion
dollar corn crop ... to show honestly and truthfully 
that for every dollar invested in corn research the 
harvest has been truly bountiful. 

Corn is your crop. Important as it was back 
yonder when the shrill cry, "Iroquois" rent the air, 
it is more important today. As John J. Inga1ls once 
said so eloquently regarding grass, those of us who 
live in Missouri feel, perhaps, that the same can be 
said of corn, "should its harvest fail for a single 
year, famine would depopulate the world." 

Availability of cheap nitrogen has revolutionized corn production (though presented new pt·oblems). The corn at left has 
received adequate chemical nitrogen but has never been cultivated. That on the l·ight has been handled in the same way 
except the nitrogen has been omitted. Where ample water is available these weeds have only a minor effect on yield. 
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Heavy use o( nitrogen has pointed to the need (or other elements. Both o( these plots of com (Columbia) were planted 
after red clover and both received chemical nitrogen in addition. The area to the right was deficient in potassium. 

Charting A New Course 
MISSOURI HAS BEEN BLESSED in rec nt years with 

an abundance f economically priced chcmical 
nitrogen which has wrought gr at changes in the 
States corn producti n during the past ten years. 

Yi Ids are now obtain d that were thought im
possible a d cad ago. Many soils ar producing 
higher yields than when they wer first brought into 
cultivation in the virgin state. 

Some soils that hav been abandoned for row 
crops because of over-cropping and erosion, are 
being restored to f rtility. The cost of rebuilding 
has be n and is being paid for by these newer 
methods of corn production. 

Corn has long been onsid rcd a hungry soil
d pleting crop. Rec nt studies indi ate a lack of 
manag ment knowledge, rather than certain char
acteristics of the rop as bing primarily responsible 
for loss of soil vigor. Many past so-called "land 
capability concepts" are now out-of-date. 

We are r aching a stage where the use of fertil
izer will be a ommonly acc pted thing in corn 
production 011 most soils. This will be especially 
true if on of the main objects in growing corn is 
to make a profit. 

A Corn-Importing State 
While Missouri produ es ab ut 4 million acr s of 

corn, it is still a corn-importing state. Today, from 
50 to 60 million bushels ar brought in from other 
states for Ie d alone. It is possible to raise this ad-

ditional corn without increasing acreage, and not 
only eliminate these transportation costs, but in
crease both th crop prod uction ifi iency, the total 
incom of both farmer and processor of corn grain 
and livestock products. 

New developments in corn production the past 
ten years have been rapidly put into effect by 
Missouri farmers. However, these new soil fertility 
and soil management practices have rais d many 
new problems. As an example: the effect of in
creased nitrogen use has been spectacular. In some 
cases unbalanced nutrition conditions for corn have 
r suIted from too little of other el ments. More 
vigorous plants and high r yi Ids have resulted in 
d eper rooting, and created problems of recharging 
subsoils with water. The residual effects of th se 
larg amounts of nitrogen are making soils more 
acid. 

This not only complicates the problem of de
termining the amount of lim to add to a soil, but 
brings into solution such elem nts as manganese, 
aluminum, and iron that may have direct toxic 
effects on the growth of corn plants, or may r duce 
th solubility of phosphate, requiring higher levels 
of this mineral. 

Much additi nal work is requir d if full ad
vantage is taken of th se new advances in tech
n 1 gy, and corn continues t be the mainstay of 
Missouri agriculture. 
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Something New In 
Soil Fertility Studies! 

Following the appropriation of money specifical
ly for research on corn during the 1955-56 biennium, 
additional work on soil fertility and plant nutrition 
research was initiated by the Department of Soils of 
the Missouri Agricultural Experiment Station. 
During 1955 and 1956 work with corn was conducted 
at the following locations: 

Columbia (South Farms) 
Columbia (Sanborn Field) 

McCredie 
Weldon Spring 
Savannah (Christie Farm) 

Spickard (Thompso~ Farm) 
Bell City 

Malden 
Lathrop 

Sikeston 

Leonard 
Eastville 
Elsberry 

In addition, work has also been conducted with 
cooperating farmers over the state. 

Thousands of Plots 

During the past two years these corn projects 
have included more than 4,000 individual plots 
each. Some of these plots are in long-time experi
ments while others may be carried on for only one 
or two years on a specific area. 

Have a look at the studies and the results: 

1. Correlation Studies 

Laboratory soil tests are being extensively used 
to determine the most efficient additions of plant 
nutrients. The tests are the best method available 
for determining the nutrient need. However, these 
tests are more reliable before heavy initial treat
ments are made. Work for the past two years shows 
that after corrective treatments are applied, differ
ent values are obtained in the laboratory. 

Much correlation with field response is needed 
as increased fertilizer use becomes a regular practice 
on most Missouri farms. This study is slow and at 
times unglamorous, but it is essential at arriving 
at facts in understanding the crop-soil nutrient rela
tionships in high yielding corn. This study in the 
long run will help guide the Missouri farmer in 

getting the greatest return from money spent for 
fertilizer. 

2. Top Yields of Corn 
Studies to produce the very highest yields of 

corn resulted in production of about 150 bushels per 
acre in 1955 and 1956. Some of these findings are of 
practical value now. 

Other phases of this investigation show the basic 
relationships between corn growth and soil chem
istry. This type of information is essential in the 
design and interpretation of new experiments. The 
study brought out that some corn hybrids now avail
able, do not have the potential yield capacity appar
ently to produce greater yields from the low-cost 
nutrients now available. 

3. Sources of Fertilizer Material 
There has been more development of new fer

tilizer materials during the past decade than in the 
previous century. These materials have a lower 
price index than most other materials farmers 
purchase. 

The reaction and response of corn varies with 
the season. Studies are being conducted on the soil 
reactions and responses of corn to these various 
materials. A large percentage of the inquiries of 
corn growers is concerned with the merits of a 
particular material under specific soil conditions. 

4. Fertility Relationship to Run-Off and Erosion 

The fertility losses caused by corn have been 
largely 'attributed to erosion. In the past, measure
ments of these losses have been made under inade
quate fertility levels. Studies now in progress in
dicate that the use of adequate nutrient levels will 
permit corn to be planted with crop residue left 
on the surface. . 

The more rapid vigorous early growth affords 
early protection to the soil and the return of larger 
amounts of residues will furnish surface cover dur
ing the fall and winter. 

During the past two years corn grown continu
ously under higher levels of fertility and surface 
mulching has given little more run-off and erosion 
than where corn follows a sod and the fertility level 
is low. 

5. Growing C~rn Needs Water 
More vigorous corn plants, resulting from better 

fertilization of improved hybrids has resulted in 
deeper rooting and greater water use by corn. 

Water is becoming one of the limiting factors in 
corn production. Measurements are being made at 
the Missouri Experiment Station on the amount of 
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water used by corn plants: (a) at different seasons, 
(b) on different soils, and (c) at different soil fer
tility levels. This kind of information is essential in 
determining planting rates and in "blueprinting" 
irrigation systems. 

6. Effects of Soil Treatment 

By changing variety and nitrogen treatment the 
crude protein content of corn grain has varied from 
6.5 ~ to 18 j{ . Soil treatments can also alter the 
shelling percentage. Studies are being made to de
termine the difference in the nutritional values of 
these same grains for animals. 

7. Supplemental Irrigation 

Missouri's total rainfall is usually ample for 
crop production. However, poor distribution and 
summer drouths ar frequently limiting factors in 
producing a good corn crop. With the high invest
ment in producing corn, a summer drouth can 
seriously affect not only the corn crop, but the ntire 
farm ent rprise. 

Missouri has more land that can b irrigat d 
than does California. R s arch work n irrigation of 
corn is being conduct d at those fields wh r water is 
availabl. In 1955 yi Ids of corn at th McCredie 
field weI' increas d from 79 to 150 bush Is p r acre, 
and from 118 to 143 bush Is p l' acr in 1956. The 
av rag inc l' as pry r for th last three years, 
including 1954, at this location is 55 bush Is per acre. 

8. Number of Plants Per Acre Studied 
The averag rate of planting corn has been 

nearly doubl d in Missouri during the past t n years 
d pending of cours n c rtain factors, among th m 
fertility. Following th dry s asons sinc 1953, 
there has been concern over to many plants in dry 
seasons. Studi s during the past two seasons which 
have be n dry in many parts of the stat , indicate 
that most effici nt yi Ids ar s cured in some sec
tions with not 1 ss than 15,000 plants p r acre, while 
in some parts of th state th numb l' should be less, 
clep nding on f rtility. 

9. SubsoiIing and Deep Placement of Fertilizer 

Placing of f rtiliz 1"S deep in th row has giv n 
sam l' sp ns in ar as where summ r rainfall has 
be n short. Subsoiling r suIts have varied widely, 
dep nding up n soil prop rti s. On soils with heavy 
clay subsoils, the respons has n t paid th high 
power c sts. An inv stm nt in more soil treatments 
and d ep r placing with r gular farm machin ry has 
be n mol' profitabl. Subsoiling, coupl d with soil 
treatments, has been of much ben fit wh n "traffi 
pans" have d v lop d on sandy or silty soils and th 
underlying mat rial has an op n t xture. 

10. Year After Year Cropping 

Corn is the crop of greatest profit to most 
farmers in Missouri. Because of the high cost of 
eliminating soil fertility as a factor in production, 
there is much interest in growing corn on the same 
field more than one year. On fields where erosion 
is not a problem, the use of enough chemical nitrogen 
produced as high yields in 1955 and 1956 where full 
treatment had been applied and corn was grown 
continuously, as where the corn followed a legume 
and the same soil treatment added. 

11. Corn in Various Crop Orders 
Corn is being grown in varying cropping ar

rangements. Some of these are long-time studies, 
such as those on Sanborn Field and at the South 

The corn stalk at left, in pictures abovo and below, shows 
the type of weak stalk that may d velop when an excess of 
unneeded nutrients are applied. The above normal absorp
tion of iron, aluminum, and manganese has clogged conduct~ 
ing tissue and caus d a bl·cakdown of the stalk. The stalks 
at right are normal. 

Farms, tudy of crops and crop 
sequ nces on soil pr p rti s, and long-time produc
tion tr nds. Current xperim nts indicate that crop 
ord r or s qu n is of minor irnportance in soil 
manag m nt. What is more important is th pro
viding of adequate nutri nts and moisture. 

12. Increasing Organic Matter With Corn 
Wh n ad quate soil f rtility and rate of planting 

hav b n made, the weight of dry st vel' per acr 
has xc d d four tons per acre. This is mol' 
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organic residue returned (while still harvesting a 
profitable grain crop) than is supplied by any crop 
being grown in Missouri. Additional experimental 
work must be done at the Missouri Experiment Sta
tion, but corn with adequate soil treatments appar
ently can be used most effectively in restoring 
organic matter to rundown soils, and still return a 
cash profit. This is not possible when legumes and 
small grains are included in the cropping scheme. 

13. Need for Minor Elements 

High use of nitrogen and increased yields of 
corn, and other crops, removes more of the other 
elements from the soil. A number of locations have 
been found, particularly in south Missouri, where 
magnesium and sulphur additions have increased the 
yield of corn and other crops. Little benefit has 
been noted from trace elements on corn, but re
sponses have been obtained with other crops. 

14. Nitrogen Losses Are Heavy 

The soil transformations and retention of nitro
gen has been one of the main lines of fertilizer re
search by the Department of Soils of the Missouri 
Agricultural Experiment Station. Methods have 
been developed for improving the retention of an
hydrous ammonia, so that when one-third of the 
users in the state adopted these practices the savings . 
would be more than the annual total budget of the 
Department of Soils. 

Work started during the past two years indicates 
that probably more than a third of all the nitrogen 
applied by farmers is lost to the air. This mechanism 
of loss is not yet fully understood, but it is hoped that 
future research can show means of increasing ef
ficiency of retaining this nitrogen in the soil. 

.15. Residual Effects of Fertilizer 

It has been a co;mmon practice to charge the 
entire cost of a fertilizer treatment to the crop grow
ing the year of application. Recent results have 
shown that leaching losses are small, except in 
southeast Missouri. In many cases, particularly fol
lowing drouth years, the yield of the second crop, 
after fertilization, has been sufficient to pay the 
entire fertilizer cost with none being charged to the 
first crop. 

16. Time of Nitrogen Application 

In most experiments, except on very sandy land, 
fall applications of nitrogen have been as effective 
as spring applications. However, with recent data on 
denitrification losses, this is a study that should be 

critically repeated to measure these soil changes of 
nitrogen as well as crop yields. 

17. Response of Hybrids and Inbreds 

Many of the corn hybrids now being used were 
developed and tested at low levels of soil fertility be
fore higher applications of fertilizer were practiced. 
Cooperative studies are being conducted with the 
corn breeders of Missouri, to test both inbreds and 
double-cross hybrids at various soil fertility levels. 

18. Starter Fertilizers 

There is much interest in the need for starter 
fertilizers . The application of this material at time 
of planting slows operations. Results to date indicate 
that in cold, wet seasons this row application is 
highly desirable. When the soil is warm at time of 
planting corn, improved results are obtained by 
placing all of the fertilizer deep. 

19. Methods of Applying Potassium 

Most potash used in Missouri is added as potas
sium chloride. Recent work shows this chlorine 
may interfere with the absorption of phosphorus. 
Studies are being made to study the effect of row 
application of this chlorine-containing material on 
corn yields. Fall plowdown applications are being 
compared with starter treatments. Fall application 
will permit the chlorine to leach while the potassium 
is held. This work is just being started, and may be 
quite important as corn yields are pushed to higher 
limits. 

20. Le~es vs. Chemical Nitrogen 
Legumes have in the past been considered the 

main support of a permanent soil fertility program. 
Low-cost chemical nitrogen has eliminated the value 
of most legume crops as nitrogen suppliers. Some 
of the other previously held values of legumes for 
soil improvement are now difficult to uphold. As 
yields of corn increase, moisture becomes more 
limiting in growth. 

For the past two years corn after alfalfa has 
made the lowest yield on many of the experiment 
fields. Moisture-not nutrients-was the limiting 
factor .. 

Probably no phase of soil management, as the 
comparison of soilbuilding values of legumes and 
chemical nitrogen, is of so widespread interest now. 

( This is a problem that will require some time to 
establish where chemical nitrogen will substitute 
for legumes. 
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Improving Corn 
Through Breeding 

The objective of the Missouri corn breeding pro
gram is to develop superior hybrids for the farmers 
of Missouri and to help in the solution of problems 
which will increase corn production. 

The breeding work at the Missouri Agricultural 
Experiment Station is proportioned into five major 
sections: A. breeding nursery, B. special breeding 
studies, C. inheritance studies, D. cultural studies, 
and E. yield trials. 

A. Breeding Nursery 
The breeding phase of the program consists of a 

61;2 acre tract at Huntsdale, Missouri, a lh acre area 
at Columbia, Missouri, plus a winter crop of approxi
mately 150, 15-plant rows in Florida, and 120, 8-plant 
rows in the greenhouse. 

Each year about 150, 13-plant rows are used for 
making experimental single and double crosses, 300 
rows for top cross s, 125 rows for increasing seed of 
lines used in hybrids for Missouri, 100 rows for 
maintaining open pollinated varieties, 500 rows for 
fundamental studies, and 2500 rows for selfing and 
developing new inbred lines. 

Must Pollinate By Hand 
It is necessary to pollinate by hand all selected 

plants used in crosses and self pollinations. Some 
35,000 to 40,000 pollinations are made each year. 
During the course of pollinations and throughout 
the s ason, the material is watched carefully and 
s 1 cted rigorously for desirable plant and ear type; 
resistance to stalk, rot, ear, and leaf diseases; and 
resistance to insects such as corn earworm, European 
corn borer, and aphids. Further selections are made 
for unusual charact ristics which may have immed
iate or future uses. 

B. Special Breeding Studies 

1. A program in cooperation with the No~thern 
Regional Research Laboratory at Peoria, Illinois i 
presently und r way to change the composition of 
corn starch by bre ding for a high amylose content. 
This particular starch in sizable quantities would 
have almost in exhaustible uses in the manufacture of 

films, fibers and related fields. A study of this 
nature is necessarily slow but considerable progress 
has been made. 

2. Male sterility and restorer gene transforma
tion work has d veloped to the point where many 
new and established lines will be available for utili
zation in the hybrid corn industry in the near future. 
This work must be kept current as new lin s are 
developed since production of hybrid seed by the 
sterility-restorer method is firmly entrenched as a 
highly useful procedure. 

Phosphorus deficiency is widespread on many Missouri 
oils. The picture at right. show the re ponse to phosphoric 

acid at the Weldon SpJ'ing field in 1956. The other pictu re 
shows the resRonse to phosphorus in the stal1el' fertilizer at 
the Sikeston field on a deep sandy loam soil. 
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3. A rather novel, yet indirect, idea for increas
ing the acceptance of white corn by farmers is being 
investigated. Farmers object vigorously to planting 
white corn because of its contamination by yellow 
corn. Since all dent corn has a recessive character 
(ga) but popcorn has its dominant counterpart (Ga). 
The presence of this character as a monozygous 
dominant prevents the fertilization of the ovules by 
pollen carrying the recessive factor, gao 

Therefore, a part of the breeding program is 
being devoted to transferring the dominant, Ga, 
to white corn which will eliminate contamination 
by yellow pollen. 

4. Sweetcorn loses its sweetness in a very short 
period after being husked. It has been found that 
the presence of the shrunken gene in corn will pro
duce kernels with a sweetness equal to, or greater 
than, regular sweetcorn and will maintain its sweet
ness three to four times longer than regular sweet
corn. The benefit to market and home gardeners is 
apparent. The transfer of this character is nearly 
complete but the refinement of the product is still 
another task. 

5. The general criticism by farmers of new 
hybrids is high ear placement. There are some 
inbreds that have an unusually low ear placement on 
an otherwise normal plant. Furthermore, there are 
certain lines that are abnormally short either 
through being simply inherited dwarfs or by their 
stature being shortened by a more complicated 
inheritance. 

The Problem is Stated 
However, many of these height reducing mech

anisms likewise reduce yield and thus the problem is 
to get high yielding hybrids whose ears have not 
objectionably high placement. 

6. Corn cob pipe production is a sizeable in
dustry in Missouri. Until recently the pipe industry 
has had to rely on cob supplies derived from open 
pollinated pipe corn varieties. These cobs were of 
different size and quality which make possible con
siderable difficulty in the manufacture of pipes. 

New pipe corn hybrids have been released that 
overcome much of the difficulty which accompanied 
the use of cobs from open pollinated varieties. Work 
is continuing in the development of improved pipe 
corn hybrids. 

C. Inheritance Studies 
1. It is a generally accepted fact that for a given 

maturity classification white corn will usually out 
yield yellow corn. A study is being conducted to 
determine why this happens. 

2. Hybrids vary considerably in shelling per-

centage. The characteristic is inherited to some 
degree, but there are other factors which apparently 
exert an influence. There have been some prelimin
ary studies of the relationship of shelling percentage 
with morphological characteristics of the ear. How
ever, the work has not been pursued sufficiently to 
fully satisfy the desired understanding of this some
times perplexing problem. It may be inferred that 
shelling percentage may be influenced by maturity, 
endosperm color, and a host of phenotypic and geno
typic characteristics of which we have no· knowledge 
of their influences. An endeavor is being made to 
re-evaluate previous work and to check new possi
bilities. 

Rot And Lodging Associated 
3. It has been assumed that susceptibility to 

stalk rots and susceptibility to lodging were closely 
associated. However, preliminary studies conducted 
at the Missouri Agricultural Experiment Station re
vealed that high lodging is not always associated 
with a high degree of stalk rots. 

Further investigations have shown that lodging 
resistance or susceptibility perhaps is associated with 
certain chemical constituents in the stalks. This is 
also true of disease reactions. The information is 
strictly preliminary and studies along this line are 
being continued. 

4. A cooperative study with the Department of 
Entomology of the inheritance of resistance to Euro
pean corn borer was instituted in 1956. A major 
portion of the work is being conducted primarily 
in southeast Missouri where the corn borer is on 
the increase. 

5. The question of maturity is a perplexing 
one. According to some fundamental studies, the 
time from germination to full bloom and from full 
bloom to maturity are controlled by separate genes 
and not by a single group as is commonly believed. 

This allows for transgressive segregation of F 2 

material ~f crosses between lines containing unlike 
genes controlling these two phases of plant develop
ment. However, the question of maturity may be 
associated with other characteristics which are not 
involved in this particular mechanism since husk 
and cob characteristics must surely play an import
ant part in the grain reaching maturity. This prob
lem has been studied during the past two seasons 
and the work is continuing. 

D. Cultural Studies 
1. A few years ago there was considerable in

terest in plant densities as a means of increasing 
yields of corn since a fairly logical assumption would 
be that, within practical limits, with more potential 
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ear bearing plants the greater the yield possibilities. 
However, the occurrence of a number of years of 
drouth blunted the enthusiasm generated by earlier 
results since higher plant populations demand more 
moisture and with its inadequacy the yields of corn 
planted at high populations were often lower than at 
lower populations. 

A different approach to high plant population 
which is being investigated is through the use of 
prolific hybrids. A prolific hybrid under favorable 
conditions will produce two ears per plant, or other 
words, about twice the numb r of ears as a non
prolific hybrid. 

This means that if the number of ears of a pro
lific hybrid is governed by environment, it should 
give nearly as high a yield under favorable condi
tions as a nonprolific hybrid at a high plant popula
tion. Also, it should be better able to adjust ac
cordingly to adverse conditions. 

2. Occasional inquiries are receiv d as to the 
b st dat to plant corn and what maturity hybrid to 
plant if it is n c ssary to plant late. Studies of this 
problem have been in progr ss during the past two 
seasons at Columbia and Sikeston using hybrids of 
four maturiti s and planted at five different dates 
at Sikeston and thr e differ nt dat s at Columbia, 
the latter date at each location being June 20th. 

3. Hybrids have be n r ported by some to have 
a differential response of various lev Is of nitrogen 
application. It is advisabl to know the I' action of 
new hybrids so that this information may accompany 
the release of a new hybrid. A study to determine 
th effects of nitrog n applications was initiat d in 
1956. Hybrids w re check d for the influence of 
nitrog n on yi ld, lodging, number of ears per plant, 
and maturity by flowering dates, and moisture in 
the grain at harvest. This study is exp cted to be 
continu d. 

4. Preliminary studies have shown that in some 
instances hybrids produced by male st rUe method 
will, under conditions of str ss, give a higher yi Id 
than will hybrids produced by th conventional 
method. Studies of various str sses are being con
ducted to d tcrmine the comparative yi ld of hybrids 
produced by the two methods. 

5. Cobs of two pipe corn hybrids were sav d 
separately from ach of 10 yi ld testing locations in 
the stat . These cobs will be valuated to determine 
the effe t of nvir nment nth quality and quantity 
of cobs produc d. This information will b of interest 
to the cob pipe industry. From this study it was 
fo und that newly d v loped pipe corn hybrids gave 
excellent yields of grain in th south rn on -third 
of Missouri. 

Effect of Temperature 
6. The recent dry years have made the effect of 

temperature on flowering of the corn plant rather 
common knowledge to the alert observer. However, 
little comparative information has been collected. 
The Department of Field Crops and The U. S. De
partment of Agriculture, cooperating, have set up 
long term date of planting tests which, to this time, 
have revealed some rather interesting results and 
which fail to verify c~rtain elementary theories. 

7. Investigators have sought ways of delaying 
or accelerating flowering so as to insure th syn
chronization of anthesis of the male and female 
parents in a hybrid production field. One of the 
av nu s of approach is through the use of nitrogen 
£ rtilizers. This angle is now being investigated. 

8. A cooperative study with the Department 
of Agricultural Chemistry has been started to d ter
mine the £fect of soil treatment, plant populations, 
hybrids, and climatic conditions on the chemical 
composition of the plant and grain. 

It is known that hybrids and soil t1' atment will 
aff ct the chemical composition of corn plants but 
the reaction of specific hybrids to soil treatment and 
th in£luen e of plant populations is not so well 
known. 

E. Testing Program 
Th testing program involves 16 locations and 

encompasses approximately 30 acr s. Th material 
is compos d of about 150 top crosses, 200 single 
crosses, 25 popcorn hybrids, 20 sweetcorn hybrids, 
and 20 pipe corn hybrids. The information obtained 
from various tests includ s plant and ear hight, 
yield, lodgi.ng, dropped ears, moisture in th grain at 
harvest, sh Uing percentag , and leaf blight and 
ins ct ratings. 

There i much interest in subsoiling and deep placement 
of fert ilizers. Subsoiling has been o( limited benefit unless 
a "tl'a((jc pan" has developed. Soil treatments have been 
or greater benefit 011 many soils than has the su bsoiling 
operations. 
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Foundation Seed Stocks • • • 

Increase and Distribution 
Newly double-cross hybrids developed are thor

oughly tested before they are recommended for 
production in Missouri. When the corn breeder has 
a new double-cross hybrid ready for release a small 
amount of the new inbred seed is turned over to 
the Missouri Agricultural Experiment Station for 
increase. Inbred lines can be increased by one or 
two methods, such as: 

1. By hand pollination. 
2. By planting small acreages in fields that are 

isolated eighty rods in all directions from other corn. 

Production Costs High 
Due to the low yields obtained from inbred 

parents th costs of production are high. It is also 
necessary to scatter production fields in various 
parts of the state to insure against losses from crop 
failure that may be in anyone locality in a particular 
year. 

The acre yield of inbred lines varies from one 
bushel to around twenty-five bushels per acre with 

an average of around two to six bushels per acre. 
Thus it can readily be seen that inbred seed stock 
production is an expensive but necessary under
taking. 

The next step in increasing foundation seed 
stock is the production of single cross seed. Single 
cross seed is produced in isolated fields, and must be 
eighty rods in all directions from other corn. 

Again the isolated fields are located in various 
parts of the state and in 1956 a total of 101 acres 
in 14 different locati ns of 10 different single crosses 
were planted. The 1956 results were fairly good and 
some 86 acres were harvest d that produced 1040 
bushels of seed averaging about 12 bushels per acre. 
The 1956 production osts of this single cross seed 
was $18,807.40. 

The 1956 production provides sufficient single 
seed stocks to produce the following acreages of 
double-cross d se d: 4,000 acres of US 13,4,000 acres 
of Kan. 1639, 3,000 acres of Mo. 843, 3,000 acres of 
US 523W, 1,000 acr s of AES 904W, 1,000 acres of 
Mo. 313, 500 acres of Mo. 148, 100 acres of Mo. 8, 
500 acres of Mo. 804, and 250 acres of Mo. 880. 

Co t of produ ing crops are inCl'ea ing. Moisture is becJ:wing the limiting factor in crop production. Mis ouri . has 
ample water supplies and more land uitable {or irriga tion than has California. At the McCredie field supplemelltal IrrIga
tion has produced a n avet'age in rase in corn yield of 55 bushels per acre during the past Ihree years. 
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Acreages Are Certified 

In 1956 the Missouri Seed Improvement Associa
tion certified the following acreages of open pedigree 
hybrids that are currently recommended by the 
Missouri Agricultural Experiment Station: 

Mo. 843, 655 acres; Kan. 1639, 278 acres; Ohio 

How Nitrogen Changes 
Yield and 
Composition of Corn 

As our soils have b come depleted through over 
cropping, erosion or other causes, the place that 
nitrogen fills in our whole agricultural program has 
become one of prime importance. Studies which 
definitely show that nitrogen can change the yield 
and the composition of corn have been conducted 
with the following abbreviated results: 

1. Increasing the nitrogen fertilizer (up to 120 
lbs. nitrogen/ A) increas s the yield of dry matter 
and protein in stover and in grain, providing weather 
conditions are favorable. These studies were made 
in 1951-1952. 

C92, 117 acres; Mo. 804, 30 acres; Mo. 313, 36 acres; 
US 523W, 10 acres; and US 13, 933 acres. The pro
duction received will produce about 60,000 bushels 
of double-cross hybrid seed available to Missouri 
farmers in 1957. This 60,000 bushels will plant about 
420,000 acres which is approximately one-tenth of 
the Missouri corn acreage. 

2. With increased nitrogen fertilizer, % protein 
in the stover and in the grain increases. This study 
was made from 1951 through 1953. 

3. As the ',Ir, prot in in corn increases, the 7r of, 
or fraction of, protein in the corn protein increases, 
and the protein from high protein corn needs more 
supplem ntation with soybean oil meal or chemical 
additives in animal feeding. This study was made in 
1952 and 1953. 

4. Increasing the level of added nitrogen past 
50 lbs./ A decreased the ~ fiber and increased ro 
protein, 7r ash and 7c KNOa-that is, more nitrogen 
seemed to prolong vegetative growth and delay 
maturity (1953). In an unfavorable season the de
layed maturity may be a disadvantage. 

5. In the 1954 drouth no grain was produced, 
and acre yields of dry matter and protein were low. 
Since growth was arrested at an immature stage 

~oil tests can show the nutrient needs of specific fields. Nitrogen made the difference in growth of com on this Sharkey 
clay In Southeast Missouri. The previous year this field produced 2 bales of colton per acre. 
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protein was high in the stover and the nitrate was 
high in the stalks. The nitrate was toxic to · rumin
ants unless fed with molasses, or another feed high 
in sugars and starches. 

6. In the 1954 drouth, corn from irrigated plots 
produced fair yields of grain, and nitrate concen
tration in the stalks was lower than in stalks from 
non-irrigated plots. 

7. Assays were made in 1955 and 1956 to deter
mille the carotene (Vitamin A) content of corn 
leaves and the nitrate content of the stalks. Carotene 
studies are very important because here is the source 
of vitamin A, the growth-giving vitamin. 

The carotene content of the corn leaves aver
aged, in 1955 and 1956 respectively, 58 and 101 mg. 

per lb. dry matter. Average figures for KNOa in 
corn stalks in 1955 and 1956 were 0.49% and 1.15% 
(dry b~sis) . KN03 concentrations in 1954 drouth 

forage were much higher. Year to year differences 
in carotene and nitrate concentrations are-probably 
related to the climatic conditions since heat and 
intense sunlight destroy carotene and dry spells 
cause increased nitrate retention. 

8. When grain production was prevented by 
bagging the shoots (1955) the leaves dried early and 
with increase in dry matter the carotene content of 
the leaves dropped significantly. 

No differences were apparent between the caro
tene content of the leaves from the hybrid with 
yellow grain and the hybrid with white grain. 

Corn In Rotation 
With Small Grain 

With shortages and higher costs of farm labor, 
it has been necessary for farmers to use more and 
more machinery. In order to get lowest costs of 
operation from machines, it is necessary to use them 
as much as possible during the year. Also, with more 
power and machinery on the farm, it is possible to 
operate larger farms. The farmer can manage more 
intensively the smaller farms which he already owns. 

Studies were made to answer problems in the 
production of corn in intensive one-year rotations of 
corn and small grains, and to compare corn with 
other crops for use in intensive two-crop, one-year 
rotations. This was done in an attempt to adapt 
farming more profitably to power farming conditions. 

Advantages .Could Result 
Many advantages result from such rotations if 

some of the obstacles in connection with them can 
be overcome. Two crops each year require early 
harvesting which is possible with grain drying equip
ment. This results in much lower harvesting losses, 
high quality grain, and the growing of crops on the 
soil a larger part of the time, resulting in reduced 
erosion hazards. 

Other advantages from this method of rotation 
are increased production per farm, lower cost of 
machines per unit of production, higher labor effic
iency, and higher farm profits. 

The Objectives 
Such intensive systems of farming have prob-

lems which must be overcome, however, if they are 
to be highly successful. Thus the specific objectives 
in this study include: 

1. To study different methods and to improve 
techniques of quickly preparing seedbeds and 
planting corn and comparison crops immediately 
following the harvesting of small grain. 

2. To determine the earliest state of maturity prac
tical for harvesting of crops which are to be 
succeeded immediately by other crops in in
tensive rotations. 

3. To study different methods and to improve 
techniques of early harvesting of corn and 
comparison crops which are to be succeeded 
immediately by small grain crops. 
Some of the observations which may be made 

on the basis of the 1956 crop year, the latter part 
of which was very dry, are as follows: 

1. Wheat yields in two-crop rotations are compar
able to those obtained when wheat was grown 
as a single crop. 

2. Wheat harvested as . grain made a good net re
turn in all cases. Wheat harvested as silage, 
however, made a comparatively low net return 
above production costs. 

3. The net' returns from corn silage are comparable 
to the net returns from corn harvested as grain. 

4. Wheat used as a green manure crop gave a more 
favorable planting date for corn, and resulted 
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in a net return which compared favorably with 
the higher net returns of the other intensive 
two-crop rotations. 

5. The large amounts of water required in the dry 
year of 1956 increased irrigation costs on corn 
following wheat to the point where there was 
little profit left even with comparatively good 
yields of corn. 

6. Without irrigation, corn after wheat did not pay 
more than the cost of production. 

7. Corn following wheat did as well as soybeans or 
grain sorghums following wheat. 

Minimum Loss of Moisture 
Considerable progress has been made in methods 

of quickly planting row crops with a minimum loss 
of moisture after the harvest of small grain. A once
over tillage and planting operation is possible im
mediately behind the combine equipped with a straw 
shredder. 

A tillage and fertilizer unit is mounted on the 
front framework of a tractor cultivator, and a two
row planter is pulled behind the tractor. Even under 
comparatively dry conditions, sufficient moisture is 
retained to give good seed g rmination. 

This onc -over short-cut method of planting 
corn used after wh at was remov d for silage gave a 
30-bush 1 per acre yield without irrigation. Corn 
planted by conventional methods was almost a com
plete failure. 

Natural, unheated air, grain-drying equipment 
on the farm enables small grain to be combined 
much earlier than normal, reducing field harvesting 
losses to a very small amount under most conditions. 
Likewise, drying equipment for corn enables much 
earlier harvest of corn for grain-also with a great 
reduction of field harvesting losses. 

While the intensive, two-crop rotations were 
seriously handicapped by the 1956 dry weather, it 
appears they will do much better in years when 
rainfall is more nearly normal. 

Table 1 gives the results of the field trials on 
intensive two-crop, one-year rotations for 1956. The 
costs per acre include all costs, except land rent. 

The cost rates that would apply on a particular 
farm would depend of course, upon conditions on 
that farm. The overhead costs on tractors and ma
chines, for example, would be determined primarily 
by the amount they were used per year. While the 
costs used here may vary from those applying to a 
particular farm, they are judged to be typical or 
average for typical conditions. Even though they 
should not represent conditions on a particular farm, 
they are comparative and for purpos s of this project 
are satisfactory. 

The study shows that highest net return per 
acre was $44.95 where th first crop was barley, har
vested for grain, follow d by sudan harvested as 
pasture. 

Cover crops have been considered of value in adding organic matter and reducing soli erosion. This crop of rye added 
little organic matter and it removed soil moisture that cut corn yields. 
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The 1956 results of the one-year, wheat-corn 
rotation on small plots show the highest net return 
per acre was $84.33, which was for wheat harvested 
for grain, followed by corn harvested for silage 
where both crops were irrigated. Without irrigation 
this rotation made a net return of $56.29. 

TABLE I-YIELDS OF WHEAT AND CORN IN AN INTENSIVE TWO-CROP 
O NE-YEAR ROTATION ON SMALL PLOTS, 1954, 1955, AND 1956 

Year 
1954 
1955 
1956 

ARE SHOWN BELOW 

Wheat 
Bu per A 

56 
37 
40 

Corn, not 
Irrigated, 
Bu per A 

40 
32 
00 

Corn 
Irrigated, 
Bu per A 

76 
53 
67 

Corn and Drouth 
A special study has been conducted by the 

Climatology Section in cooperation with the Field 
Crops Department concerning the reaction of corn 
to drouth. In this investigation, humidity and tem
perature measurements were tl;lken in irrigated and 
unirrigated corn plots. From these data, it was pos
sible to interpret the importance of temperature and 
humidity in plant damage and to determine some of 
the physiological reactions of the corn plant to 
drouth. 

Specific results which were obtained include: 
1. The corn plant continued to produce viable 

pollen during periods of extremely high tem
peratures if sufficient soil moisture was avail
able. It was noted that even temperatures as 
high as 113°F. did not prevent the production of 
viable pollen. 

2. One of the chief effects of drouth on corn was 
the delaying of silking during the period of ex
treme moisture stress. It was found that ir
rigation treatments produced earlier tasseling, 
earlier silking, fewer sterile tassels and fewer 
plants without silks. 

3. The air temperatures within nonirrigated corn 
plots were found to be slightly higher than those 
within irrigated plots, but it was concluded that 
these differences were of little biological sig
nificance. 

4. Relative humidities were found to be appreci
ably higher in irrigated plots than in the un
irrigated. This indicated that there was smaller 
moisture stress on the corn plant receiving the 
water treatment. 

Corn Insect Studies 
During 1956, through the appropriations for the 

study of corn insects, researchers at the Missouri 
Agricultural Experiment Station were able to inves
tigate several long-neglected phases of control of 
insects attacking corn in this state. Some of these 
pests the scientists knew occurred in the state; others 
were suspected but they had no definite proof to 
show that they occurred here. Some of those pests 
which they knew occurred here were never evalu
ated in terms of dollars and cents. 

Although they made considerable progress this 
first year, the evaluation of damage and control is 

. still incomplete. They have been able to show in 
some cases that much more damage is incurred by 
some pests than was formerly suspected. 

They also found that some of the pests suspect
ed to occur in Missouri do actually occur here, and 
that some of these have caused heavy damage to our 

. corn crop in some areas. The distribution of some of 
the more important pests has also been found to be 
greater in the state than was formerly suspected. 

Studied Specific Problems 
During 1955-1956 most investigations were car

ried out on specific corn insect problems which were 
believed to be of greatest importance. Less emphasis 
was placed on those considered less important corn 
insect pests, but investigations were also made 
where outbreaks of these occurred. 

The major pests investigated in 1956 were the 
Northern and Southern Corn Rootworm. The adults 
of these two insects are small beetles which feed on. 
vegetation such as corn silks and pollen. 

The feeding habits of the Northern corn root
worm adult seem less diversified than those of the 
Southern corn rootworm. Therefore, it is more 
damaging to corn silks which it prefers. In one in
stance, near Charleston, Missouri, adults entered a 
25 acre field which was in the process of silkiD.g and 
devoured the silks. This prevented pollination and 
the field was a total loss. If the farmer would have 
noticed this at the beginning of the infestation he 
could have applied an insecticide and saved this 
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crop. In other instances, the major portion of a crop 
was lost where these beetles fed on silks and reduced 
pollination. 

Not only do the adults cause damage to corn, 
but the larvae also feed on or tunnel into the roots of 
corn. They so reduce the root system that the plant 
vigor and yield is frequently greatly reduced. They 
also weaken the plants so that they lodge readily. 
This may reduce the quality of the corn if the ears 
lie upon the ground and become molded. The major 
deficit, however, occurs where, in some cases, as 
high as 18 bushels per acre were missed by the corn 
picker. 

In a badly lodged field one farmer had to walk 
the corn row so his son could keep the picker on the 
row. The corn was so badly lodged that the father 
even lost the row! Plots treated with insecticides on 
this man's farm thoroughly convinced him of the 
value of insect control. 

The Southern corn rootworm is known to occur 
throughout the state where it attacks many crops 
other than corn. Possibly because of its varied host 
plants it did not appear to cause nearly as much 
damage to corn as did the Northern corn rootworm. 

Northern Rootwonn in Most of State 
The Northern corn rootworm was previously 

believed to be rather restricted to the northern re
gions of our state bordering Iowa. We have found 
that this is unfortunately not the case. It has been 
found to occur throughout much of the state and 
more so in the major corn producing areas. It is 
most abundant in the northern half of Missouri, 
north of the Missouri River and then along the Mis
sissippi River extending into the extreme southeast 
corner of the state. Different insecticides, at dif
ferent rates of application and using different meth
ods of application, have been applied in test fields 
for comparison and evaluation for rootworm control. 

During 1956, soil insecticide treatments in test 
plots have shown significant increases in yield and 
reduction of lodging. These increases in yield may 
vary from one to fifty bushels per acre. Reduction 
of lodging may amount to as high as 90 to 100% 
depending on the treatment and severity of the 
infestation. 

Another group of soil insects attacking corn are 
the white grubs. The opportunity to experiment on a 
heavy infestation of white grubs presented itself so 
tests were conducted on these pests. Numerous in
secticides at different levels of application, in differ
ent formulations and · applied by different methods, 
were compared. These tests showed that much 
heavier applications of insecticides were necessary 
to control these soil insects than was necessary to 
control rootworms. 

Control of wireworms was investigated second
arily, along with the rootworms and grubs. Since so 
little is known about these pests, it has been neces
sary to attempt to find out which species are present 
in the state and which are pests so that their life 
histories and control measures can be investigated 
more effectively. In 1955 our list of Missouri wire
worms consisted of 42 species. This was increased to 
79 species in 1956 and is still incomplete. How
ever, it should be pointed out that not all of these 
are known pests of corn. 

Stored Grain Pests Studied 

It is well known that stored grain pests are the 
cause of considerable loss of money both to the 
farmer and the miller or seed company. With this 
in mind several projects have been started to inves
tigate stored grain pests in Missouri. 

Experimentation on bags treated with insecti
cide has been underway for ten months and grain 
stored in these containers is still receiving protection 
from the treatments. The cost of treatment amounts 
to only a few cents per bag. Some tests using pro
tectants against stored grain pests are underway, but 
more work on this aspect is needed. 

In one cooperative survey with the Agricultural 
Stabilization and Conservation Office in Columbia, 
Missouri, it was found that 77 % of farm stored corn, 
purchased by the government, contained stored 
grain pests of one kind or another. The government 
was, therefore, buying an insect problem. This corn 
came from northeast Missouri. 

In another survey collections of corn were made 
directly from the field to find if any stored grain 
pests were attacking this unharvested grain. Ento
mologists suspected that infestations, in some cases, 
did develop in the field. Farmers also occasionally 
reported "weevily" ·grain in the field. It was not 
known whether field infestations were common or 
not, and those conducting the work didn't know 
what species of stored grain pests might be involved. 

Although this survey is not now entirely com
pleted it has been found that the Angoumois grain 
moth occurs in the field in about 70-80 % of all the 
samples collected south of the Missouri River. North 
of this line they still occur, but the percentage de
creases as one progresses to the Iowa line. This one 
pest alone is destructive enough so that control 
measures should be taken before the grain is stored 
or it will reproduce and build up a heavy infestation 
in storage. 

Chinch Bugs a Problem 

Investigations for the control of chinch bugs 
were also carried out. Numerous insecticides and 
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different rates of application were applied and eval
uated. Good control was obtained from certain treat
ments. Others were not as satisfactory. 

Another aspect of control of corn insects being 
investigated is biological control by the use of a 
parasitic nematode. This nematode was discovered 
by a parasitologist employed by the U.S.D.A. It was 

found to be a parasite restricted to insects, and its 
host list includes many very injurious pests. 

Preliminary investigations were initiated this 
year and most of the testing was carried out in the 
laboratory. However, some tests were made in the 
field and the results look so promising that more 
emphasis will be placed on field tests in 1957. 

Grasshopper Studies 
a. Use of insecticides to control grasshoppers 

It has been established that certain organic 
compounds will kill grasshoppers. Of these, aldrin, 
dieldrin, and heptachlor in sprays have already been 
tested and recommended for grasshopper control at 
dosag s of one to four ounces per acre depending 
upon weather conditions, size of the grasshopper, 
and the insecticides being used. 

To meet regional and local differences in cli
mate, topography, and agricultural practices, these 
insecticides must be tested on a practical farm and 

field scale befor use can be made of them in an 
economical and effective control method which any 
farmer can employ in getting rid of his grasshoppers. 

b. Location and timing of spray operations 
There are several economic species of grass

hoppers involved in the Missouri grasshopper prob
lem. For th most part infestations of these grass
hoppers originate in pastures, alfalfa, and along all 
types of field margins. It is important to know how 
extensive and accessible these sources of infestation 
are in relation to the use of spray equipment; what 
can be done to control the infestations at their source 

A 100-bushel corn crop will return more organic matter to the soil than any Cl'OP that can be grown (with grain harvested) 
jn Mi souri. Erosion is of much Ie s importance when thi type or trash mulch is provided during the winter. 
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before they spread to adjacent crops widening the 
areas to be treated. 

Hatching Periods Differ 
The hatching periods of two of the major species 

of grasshoppers found in Missouri differ by at least 
three weeks. One of them starts hatching the middle 
of April and this continues into June. The other 
commences hatching the middle of May and con
tinues to hatch to the first of July. Both of these 
periods taken together make the length of the first 
hatching period 12 weeks. The earlier species also 
produces a second generation which begins hatching 
the middle of July and goes on hatching past the 
middle of August. This gives the impression of 
having new infestations developing all summer long. 

Timing of Spray Important 
The importance of knowing something about 

these periods is in timing spray operations so as to 
get the spray on befor th spread is too great from 
the hatching grounds but not too soon to include 
most of the hatch. These insecticides will kill grass
hoppers from ten days to three weeks after applica
tion, depending upon dosages and weath r condi
tions. Recommendations for th ir use must consider 
this important question of timing to fit the hatching 
period. Information on this problem can only be ob
tained from actual and continuous field studies. 

.. • ~w 

c. Residual effect of the insecticides 
The most valuable property of the new organic 

insecticides is the long killing effect, 10 to 21 days, 
they have on the grasshoppers. At the same time 
this residual action poses a problem of active resi
dues of these poisons remaining on forage and other 
crops supplying feed · for livestock and food for 
humans. 

This problem has opened up a whole field of 
controversy regarding their use. The residues ac
cumulate in and contaminate the fat and lean of 
meat animals and milk of dairy cattle. Their use as 
insecticides involves the problems of pasturing and 
harvesting feed in order to comply with FDA regu
lations concerning these compounds. An organized 
experimental community control program can best 
resolve this problem and the many others which 
concern the farmer when he tries to rid his farm of 
grasshoppers. 

d. Development and habits of the grasshoppers 
in relation to their control 

Some of the pasture grasshoppers, although oc
curring in great numbers and damaging the pasture, 
will remain there and not move into corn or other 
crops. Others, like the big yellow grasshopper and 
the small brown migratory one, will leave the hatch
ing areas, whether pasture, fence row or roadside, 

Special cutters are a necessity in handling this quantity of residues. 
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and move into corn or other crops soon after hatch
ing and before the third stage of nymphal develop
ment. 

These migrations before the hoppers get wings 
are on foot and are mostly from one field to another. 
Later in July and August when they become adults, 
two of the major species take to the air and will fly 
several miles in their quest for food. Information on 
this portion of the problem is important in evaluat
ing the ultimate good of the control efforts. 

e. Dosages of the insecticide in relation to tem
perature and size of the grasshopper 

Dosages of dieldrin at one ounce and aldrin and 
heptachlor at two ounces per acre lose their killing 
effect at temperatures below 70° and above 90° and 
when grasshoppers are of adult size. By doubling 
these dosages the effectiveness at higher tempera
tures is restored to a great extent. To round out the 
information regarding an effective spray method of 
grasshopper control, spray operational tests, on a 
farm and field scale, have to be continuous through 
the seasonal changes in weather and development 
of the grasshopper to determine what dosages are 
most effective at different periods during the sum
mer months. 

-f. Long view of the grasshopper problem 

The first five objectives are directed more to
ward the immediate control of grasshopper infesta
tions to lighten or eliminate the current situation. 
There is also the longer view of the problem which 
includes investigations leading to a better under
standing of the grasshopper as an insect pest in the 
agriculture of the state. 

Briefly these are studies of the different grass
hopper species in the state, their biology, their food 
preferences in relation to crop damage, their natural 
enemies, their distribution, and current numbers. 

Useful surveys each year are needed to obtain 
information regarding the current grasshopper 
numbers in order that an informed public will know 
what to expect. 
Present Status of the Project: 

For five or six years grasshoppers coupled with 
drouth have caused severe crop losses in the state. 
In 1955 a cooperative grasshopper control research 
project was established in Greene County, Missouri. 
A solid block of farms involving some 2800 acres was 
mapped out two miles south of Ash Grove. On this 
area an attempt was made to eradicate all the grass
hopper infestations by continuous applications of 
organic insecticides. The purpose was to see if it 
could be done and what it would take to do it. 

Lack of previous experience in what constitutes 
a . Missouri grasshopper spray control problem and 

the time and money to keep someone constantly on 
the job throughout the season, caused a failure in 
obtaining the primary objective of eradication. In 
spite of this, some valuable knowledge in what 
should and what should not be done was gained 
which helped in the 1956 program on the same a~ea. 

In 1956 one federal employee to supervise and 
two temporary state employees to do the spraying 
were on the job all summer. A great amount of 
information was amassed which now will take more 
time to organize and analyze for a complete report 
on the project. 

It was proven, however, in the course of the 
spray operations, that pastures and corn and other 
crops can be protected from grasshopper damage by 
the use of the insecticides aldrin, dieldrin, and hepta
chlor. It was demonstrated that the grain crop from 
corn six to eight feet tall, threatened by 100 percent 
grasshopper damage in late July, can be saved by 
spraying with dieldrin using a blower sprayer 
mounted on a truck with a less .than five pe; cent loss 
of plants due to driving through the field. 

It remains however until next season, 1957, be
fore it can be determined how effective the 1956 
spray operations were in reducing the infestations on 
the area in 1957. 

A complete record was kept of each spray opera
tion, and these records are being studied in relation 
to date of application, stage of development of the 
grasshoppers on that date, weather conditions dur
ing the operation, and results of the treatment. 
Enough information was obtained to show that dos
ages used effectively earlier had to be doubled after 
daily maximum air temperatures above 90° were of 
common occurrence and the big yellow grasshopper 
had become adult. 

Livestock Off Pastures a Problem 
The greatest drawback to the use of spray was 

the holding and pasturing of cattle off the treated 
fields for the prescribed period of time, 21 days after 
application of the insecticide. Some of the smaller 
farms do not have enough pasture to do that. It was 
the consensus of farmers that holding cattle off 
more than seven days produced a distinct hardship 
in the use of their pastures. 

Because of the extensive flights of winged adults 
in July and August, the 100 percent decreases in 
earlier infestations due to spraying were cancelled 
out to some degree by infestations from these mi
grating adults. It led to a general concept that the 
grasshopper problem can be contained but not eradi-
cated. . 

Future of the Project: 
As stated before it will take another season of 
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observation to learn what effect the 1956 spray oper
ations had on the infestations for 1957. There should 
be some further spray operations in 1957 to round 
out what was learned in 1956, especially in the light 
of the new FDA regulations upon which there is 
expected to be more definite understanding. 

Another season's work should complete the 
spray controI phase of the grasshopper project. There 
is always the possibility that some new insecticide 

European Corn Borer ... 

A destroyer in all parts of Missouri 

The European corn borer was first found in 
Missouri in 1942. Until about 1948 this insect was 
not found in large enough numbers to do any serious 
damage. However, since that time it has spread into 
all parts of the state and is now found in large 
enough numbers to do noticeable damage in many 
southeastern and northern Missouri corn fields. 

The fall corn borer survey for the past few 
years has shown that the worst borer infestation has 
been in the "bootheel" counties and the next worst 
infestation has been in the northwestern quarter of 
the state. Estimates of losses caused by the corn 
borer in Missouri were five and a half million dollars 
in 1955. 

War Is On Against Corn Borer 
During the summer of 1955 a research program 

was started in the Department of Entomology of the 
University of Missouri to learn more about fighting 
the corn borer in Missouri. This program has four 
primary objectives in view. They are: 

1. To find out how much damage is actually done 
by large numbers and by small numbers of corn 
borer larvae. 

2. To find out the best insecticides to use to kill the 
corn borer and how to use--these insecticides in 
the best way possible. 

3. To find out if we can kill corn borer larvae in 
any other ways besides using insecticides. 

4. To find out more about the life of the corn borer 
in order to be able to control it more easily. 
As soon as we began this work, we realized that 

there are really two entirely different problems in 
Missouri. The corn borer problem in southeastern 
Missouri is entirely different from the corn borer 
problem in northern Missouri. In southeastern Mis
souri, there are three generations of corn borers each 
summer. In northern Missouri there are only two 
complete generations each summer. Because of this, 
we have to conduct similar experiments in each area 

will be developed which will need some field tests to 
prove its value. 

Beyond the 1957 season one can only speak in 
terms of generalities such as studies in the biology, 
ecology, and control for a continuation of the project. 
A back to more normal rainfall will probably have 
its effect in decreasing the seriousness of the present 
grasshopper problem. That in itself will be worth 
some study. 

to determine what will happen under each type of 
condition. 

Must First Evaluate Damages 
Before we can recommend control measures for 

corn borer, we must know about how much damage 
the corn borer is able to do. About twenty years ago 
an entomologist suggested that a single corn borer on 
a stalk of corn could reduce yield by about three 
percent. This was in an area in which there was only 
one generation of corn borer each summer. A pre
liminary study was made this year that has shown 
that under Missouri conditions farmers may have 
an increase in yield of almost 100 percent if they 
control the heavy second and third generation borer 
infestations found in southeast Missouri on late 
Mayor June planted corn. 

Further studies regarding the increase in yield 
due to borer control are planned for next year. These 
will also determine reduction in yield caused by 
each of the two generations in northern Missouri and 
each of the three generations in southeastern Mis
souri. This study will enable the researchers to 
determine under what conditions farmers must spray 
for borers .and under what conditions they shall be 
able to disregard the borer infestation. 

What Is Best Borer Control Method? 
Another study that is now underway is a study 

to determine just what is the best method to coptrol 
the corn borer. Until recently, DDT sprays were the 
only insecticides available for corn borer control. 
However, federal regulations prohibit the use of 
DDT on any crop that might leave a harmful residue 
in food. Therefore DDT cannot be used on forage 
or silage corn since harmful residues of DDT will 
be found in meat or milk obtained from cattle that 
are fed this corn. 

Several other insecticides are being tested to 
determine if they can be used for corn borer control 
without leaving harmful residues. Other tests are 
being made to determine if insecticides applied in a 
granular form will give better results than insecti
cides used as sprays. Results indicate that granular 
insecticides give better control for corn borers when 
applied to corn that has not tasselled and that gran-
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ules give about as good control as sprays after corn 
has tasselled. Further tests regarding proper timing 
of insecticides applications are planned for next 
summer. 

There are several methods of killing insects 
without the use of insecticides. These methods have 
several advantages, one of which is that they do not 
cost the farmer very much, if any, money. One 
method that is being used for corn borers is natural 
enemies. 

There are several insects that eat corn borers. 
Also, there are two diseases that kill corn borers. 
Investigations are including the effectiveness of 
these and whether or not ways can be devised to 
help these natural enemies to kill more corn borer 
larvae. 

A way of reducing the damage caused by corn 
borer larvae is to use varieties of corn that are 
resistant to corn borers. We know that the corn 
borer likes some varieties more than others, and it 
is possible to grow varieties that the corn borer does 
not like very much. Most of these varities of corn 
are adapted to growth in the northern part of the 
corn belt. However, we are testing some varieties 
to see if they are resistant to corn borers in Missouri. 
Still ahother way of killing corn borers is by cutting 
up the corn stalks and plowing the pieces at least 4 
to 6 inches deep in the soil. For this method to be 
most effective, it must be carried out by all farmers 
in a large area. 

In some areas of the United States it has been 
illegal to leave standing corn stalks overwinter. We 
are studying all of these methods of reducing the 
corn borer infestation. By using these methods we 

Corn's Resistance 

To The Earworm 
The loss due to corn earworm in Missouri 

amounts to from five to ten per cent of the crop. 
This loss is not only that caused by the feeding 
damage done by the insect but to the ear rots and 
,molds which follow the earworm into the ear. It 
is obvious that this is an exceedingly costly insect 
to Missouri corn production. 

Spray programs are not economically justifiable 
for use on field corn. The most logical approach ,to 
the problem appears to be the incorporation of re
sistance from unadapted strains from the South 
into strains adapted to Missouri. To obtain this 
objective it was first necessary to understand some-

may be able to reduce the amount of damage to 
such an extent that insecticides will not need-to be 
used. 

In addition to the above research that is being 
conducted, we are also studying the life history of 
the corn borer and its relationships to corn. One of 
these studies deals with the date of planting and 
maturity rating of corn. We have found that date of 
planting, especially, has an important effect on the 
amount of damage to corn. In southeastern Missouri 
it would appear that corn planted during April has 
less damage than corn planted at any other time. 

In northern Missouri it is suggested planting in 
the middle of the planting period, since both early 
and late corn usually is damaged more by corn 
borers than the middle planted corn. Another part 
of this study is a corn borer census that is being 
conducted at least three times a year in both north
ern and southeastern Missouri. 

This is part of a large scale study which also 
includes Iowa, Kansas, Nebraska, Minnesota, and 
Ohio. In Missouri this study is centered in Carroll 
and New Madrid counties. It is planned to take part 
in it for 15 to 20 years to try to determine why 
there are large numbers of corn borers in some years 
and not in others. 

Much has been learned about the corn borer 
since beginning this work in 1955. However, there 
is much still to be studied. As mentioned above, it 
is planned to continue all parts of this work. In 1957 
it is hoped most of the work will be done on the 
amount of damage done by the corn borer and on 
more efficient use of insecticides for control. Future 
investigations, of course, will depend upon the 
results we obtain from the work now being done. 

thing about the mechanism of the resistance. This 
phase of the investigation has followed two lines of 
approach. 

I 
Study of Resistance 

The first . of these has been a study of the 
physical aspect of resistance; taking into considera
tion husk tightness, and length and nature of silk 
channel. 

The second approach has been the determination 
of chemical differences which may be associated with 
the silks of susceptible against resistant strains to 
verify the differences observed in the field. ~ilks 
from the two strains were fed to earworm larvae and 
data obtained on the growth rate and weights at
tained on the different types of silks. The reason for 
such studies was suggested from field observations 
wh~re the silks were indicated to be the contro~g 
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factor in the light grain damage found with resistant 
strains. 

Preliminary chemical determinations of fresh 
silks suggested that one of the amino acids might 
be deficient in the resistant strains, leading to nu
tritional inbalance causing differences in growth. 
The possibility of toxic substances being present in 
the resistant strains has also been considered. 

Diseases of Corn 
Heavy state-wide damage is sustained almost 

annually from the stalk rots of corn that lead to 
heavy stalk lodging. Besides shortening the produc
tive life of the corn crop, lodged stalks make harvest
ing difficult and wasteful and put the corn crop in 
contact with the soil where ear rotting occurs. A 
large portion of the corn disease research in Missouri 
is concentrated on the stalk and ear rotting diseases 
in an effort to develop stalk rot resistant hybrid 
varieties. 

Four Stalk Rots 
The stalk rotting complex in Missouri consists 

of four severe diseases, Charcoal rot, Diplodia, Gib
berella and Fusarium stalk rot, operating separately 
and in combinations. It has been shown that Diplodia 
stalk rot may reduce yields in Missouri, that the 
disease is most destructive when infection occurs 
twenty or more days after plant pollination and that 
with successively later dates of planting the percent
age of damaged kernels increases at harvest. 

The most extensive damage from ear rotting 
fungi in Missouri is stimulated by a complex of com
mon ever-present molds that take their toll during 
wet harvest seasons and especially when the crop 
has lodged and come into contact with the soil. 

Resistance to Bacterial Blight 
The leaf-phase of Bacterial blight has been noted 

to incite severe losses. The disease overwinters in
side the corn flea beetle and thus is severe following 
mild winters. Effective resistance to the disease has 
been noted in some promising Missouri corn lines. 
An intensive program has been started to introduce 
this resistance into future hybrids. Continuous 
evaluation is made of all Missouri breeding lines to 
the potentially important leaf blights of corn. 

Corn is planted in the spring as soon as, and 
very often before, the soil is warm enough for nor
mal rapid development of healthy seedlings. The cold 
testing technique for corn was designed to stimu
late the planting of seed corn in cold wet soil. It has 
been found to be a very useful tool in checking the 
inherent differences of corn lines to develop under 

This project is a cooperative one with the corn 
breeders in the Field Crops Department of the Mis
souri Agricultural Experiment Station and certain 
important aspects of the work relative to the inheri
tance of resistance will be covered in the corn 
breeding report (See Project 85, 1955-1956 Annual 
Report, Entomology Department, Missouri Agricul
tural Experiment Station). 

adverse cold conditions and checking differences in 
the ability of fungicides to protect seeds during 
germination. 

An experiment designed to determine how far 
in advance of planting a group of fungicides and in
secticides may be applied to seed without harmful 
effects appearing during germination and then re
tain their ability to protect is in progress. 

Combatting Enemies 
Of Stored Seed Corn 

A cooperative study between the Entomology 
and Field Crops departments was conducted on the 
effect of various insecticides and fungicides used as 
a seed treatment, alone and in all combinations, on 
the germination of seed corn. 

Germination percentages were determined by 
standard and cold test methods. Seed was first 
treated with the various insecticides and fungicides 
in October, 1955 by the slurry technique. Germina
tion tests were made at one-month, three-month, six
month, nine-month, and 12-month periods after 
treatment. 

Objectives of the Study 
The objective of the experiment was to deter

mine what combination of insecticides and fungi
cides could be applied to seed corn in storage at 
various intervals of time before planting. Treating 
seed in the fall when processed would be advan
tageous provided damage to germination did not 
occur during the storage period. 

The results of this study are not completely 
available as yet, and so have not been fully evaluated 
to the point where definite statements may be made 
but certain trends have been noted, namely that 
some fungicides were more effective immediately 
after treatment but decreased in efficiency with 
storage, whereas others were generally effective 
throughout the testing period. 

It was also apparent from these tests that strain 
differences existed between corn varieties and this 
was made the subject of a special study which is now 
in progress. 
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Weed Control 
Experiments have shown that the chief purpose 

of cultivation of corn is to control weeds! 
In repeated tests, corn that was kept weed free 

by just scraping the surface with a hoe with prac
tically no disturbance of the soil out yielded corn 
which was cultivated. 

The higher yields for surface scraping compared 
to cultivation was great st on soil of good physical 
condition. At Maryville, Missouri the resu lts of a 
three year test showed an advantage of 30 percent for 
su rface scraping as compared to the next best kind 
of cultivation. The average of seven tests, including 
three at Warrensburg, three at Maryville, and one at 
Springfield, shows surface scraping to be five per
cent better than the next best kind of cultivation. 

If sh allow cultivation is effective, it is lower in 
cost to perform and usually leaves the soil more level 
for preparation of the seedbed for the next crop. In 

experiments at th Missouri Agricultural Experi
ment Station shallow cultivation has produced aver
age yields 50 percent higher than corn receiving 
deep cultivation. This same research shows a con
siderable disadvantage for continuing cultivation 
late into the season. 

Cultivate to Control Weeds 
It is on the basis of the research, thus enume

rated and conducted in the first decade of this 
entury, that the principles of corn cultivation for 

Missouri conditions have been established. Thes 
includ the re ognition that the primary purpose of 
cultivation is to control weeds and that corn should 
be cultivated as shallow and level as practical and 
still accomplish this primary objective. 

Missouri was one of the first states to recognize 
the value of 2,4-D as a pre-emergence herbicide for 
corn. When one to two pounds of acid equivalent of 

The corn in the picture above is the 68th CI'OP grown continuously on Sanborn F ield without treatment. The y ield in 1956 
was 12 bushel pel' a re. The corn in the 10wCl.· picture is the 7th crop of continuou corn on an adjoining plot that was as low 
in fe rtility in 1950 as that in the top picture. The yield was 98 bushels in 1956. A bused la nd can be re tored to fertility by 
proper corn production managem.ent. 
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2,4-D ester is sprayed on the surface of the soil 
just after planting, both broad-leaved weeds and 
weedy grasses are well controlled for about four 
weeks. This enables farmers to eliminate the early, 
slow, tedious, cultivation of corn, and provides in
surance against weeds "taking" the corn in wet sea
sons. 

This treatment is particularly helpful on land 
that is very foul with weeds and for farmers who are 
normally very busy with the first cutting of hay or 
other work at the time when corn without chemical 
treatment needs cultivation. One is committed to the 
cost of the pre-emergence 2,4-D treatment before 
he knows for sur whether or not a weed problem 
will develop. 

For this reason, a farmer n d not use this treat
ment where cultural practices can r asonably be 
expected to tak care of the w ed problem and 
wh re labor will surely be available for the cultiva
tion. Pre-emergence treatment is not recommended 
on sandy soils because of the hazard of the 2,4-D 
1 aching down around the corn kernel and destroy
ing the stand of corn. Fortunately, sandy soils are 

not subject to as severe weed infestations as some 
of the heavier soils. 

Control of Broad-Leaved Weeds 
It has been shown at the Missouri Agricultural 

Experiment Station with % to lh pound of acid 
equivalent of 2,4-D amine per acre, sprayed over 
the corn and weeds, will give good control of most 
of the broad-leaved weeds infesting corn fields. This 
treatment can be applied at any time except when 
the corn is tasseling and silking. The development of 
this treatment has made it possible to control cockel
burs, morning glory, pigweed, lambsquarter, and 
many other broad-leaved weeds that have in the past 
contributed greatly to the problems of corn produc
tion. This treatment is not effective against weedy 
grass s that have come into the corn. 

It frequently happens that corn fields b come 
very infested with weedy grass s, broad-leaved 
we ds, or mixtures of these, after the corn has been 
laid-by. They sometimes interfer considerably with 
harv st, r duce the yield of corn, and infest the land 
with und sir able seeds to interfere with future crops. 

One to two pounds of acid equivalent of 2,4-D 

Improper usc of some fertilizer is costing farmers large s ums of money. Here anhydrous ammonia was applied too late 
to a heavy soil. Work on this problem alone to gain greater efficiency of use of nitrogen by the corn crop can rehlrn many 
times the cost of the research. 
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amine, sprayed on the soil and directed as much as 
possible off of the corn plants, has been found to be 
effective in controlling these weeds from lay-by time 
until the corn is large enough to shade the ground 
and hold down weed -growth through the remainder 
of the season. 

Although not necessary on much of our corn 
land, this lay-by treatment has been a great help 
to maJ;ly Missouri farmers who are farming land that 
is very foul with weeds. 

Battle Against Foxtail 
Giant foxtail is a weed that has invaded corn 

fields and caused a great deal of losses, especially in 
the past few years. In addition to reducing corn 
yields, this weed sometimes gets so bad that mechan
ical pickers cannot operate. It has been learned that 
giant foxtail can be reasonably well controlled with 
a pre-emergence application of 2,4-D ester followed 
by two cultivations and a directed lay-by treatment 
of one to two pounds of 2,4-D amine per acre. 

If weather or other factors prevent the use of 
the 2,4-D pre-emergence chemical treatment, another 
more expensive treatment can be applied when the 
corn has emerged, but before it is beyond the three
leaf stage. This is the use of three pounds per acre 
of DNBP as a selective contact herbicide. 

This treatment will sometimes give slight burn
ing to the tips of the corn leaves, but is not known 
to have given material damage to the corn when 
used as recommended. In addition to its utility for 
grass-infested corn, this treatment has value in fields 
of inbreds which are susceptible to 2,4-Din hybrid 
seed corn production. 

Simazin, New Chemical, Studied 

In 1956 a new chemical, Simazin, applied as a 
pre-emergence herbicide maintained corn plots weed 
free throughout the season with no cultivation. This 
chemical is not yet on the market, nor is it approved 
by the Food and Drug Administration for use on 
corn, but its record at the Missouri Agricultural 
Experiment Station was spectacular in 1956, and 
it is expected that information on its use will be 
available to farmers through their Agricultural Ex
periment Station as soon as the chemical is ready for 
the trade. 

The weed killing properties, and residue char
acteristics, of a score of other new agricultural 
chemicals are being tested in combination with cul
tural practices to increase the efficiency of corn 
production through more effective and lower cost 
weed control. 
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