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AGRICULTURAL SCIENCE

Foundation For World Peace

EARL BUTZ
Dean of Agriculture Emeritus

Purdue University

MUCH OF THE WORLD’S tur-
moil can be traced to man’s quest for
food, and the quest for land on which
to grow that food.

It’s been said you can reconstruct any
nation’s history, its ups and downs, by
following its attempts at land reform,
or its bickering over how to divide the
spoils of the earth.

Increasing food production during
the next 25 years will be man’s greatest
test. Potential food shortages within a
quarter-century could serve as the cata-
lyst for man’s final act of self-destruc-
tion.

The way in which we view agricul-
tural production today, the priorities
the world places on food, will hold the
answers.

I, for one, believe the human race
will solve its food production prob-
lems and hopefully stabilize its popu-
lation in the remaining few decades
left to do so. But, these are high hopes
which can come only with wisdom and
action, not folly and talk.

Even from the beginning, food has
held the key in man’s earthly story. Eve
ate the apple. Adam became a farmer.

Our oldest histories tell us of the
struggle between the nomadic peoples
who grazed livestock, and the seden-
tary tribes who raised crops.

THE STRUGGLE over grazing
rights provided us with the great leg-
ends of our own West: The battles be-
tween ranchers and sheepherders; the
wars between cattlemen and home-
steaders.

Even before that, most of the trouble
among the North American Indians
came when one tribe encroached upon
another’s hunting grounds.

Colonial empires were often built on
the basis of gaining raw materials, usu-
ally food, for the Motherland. America
itself was discovered in the search for
shorter trade routes to the Far Eastern
land of spices and tea.

In our development days, many of the
European loans which helped build this
country were paid off with shipments of
grains and tobacco.

When Hitler began his drive which
touched off World War II, his cry was
“Lebensraum”—Iliving space, productive
land.

A quarter century ago the founda-
tions of today’s European Community
were laid as a noble effort to “debal-
kanize” Europe. But, in practice, the
chief thing that holds it together today
is its Common Agricultural Policy.

National and international politics
often center on food. The United States
itself has supplied $25 billion of food
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aid to other countries in the last two
decades—mainly for humanitarian pur-
poses, but sometimes also to help bring
political stability.

THE WORLD FOOD CONFER-
ENCE in Rome two years ago was
called to deal with impending food
shortages. When the discussions began,
most of the representatives turned their
interests to short-term emergency food
distribution, rather than planning for
increased food production in the future.

But, in concentrating on emergency
distribution and plans for future re-
serves, the point was missed that, un-
less production is increased, there would
soon be little emergency food to dis-
tribute.

In summary, food is perhaps the most
potentially explosive factor in the in-
ternal politics of over half of the na-
tions of the world today.

We are now face-to-face with the
fact that the world’s Number One
Problem is how to feed 80 percent more
people in the next quarter-century.

Or, put another way, “Allow for
slight improvement in individual diets
and the job becomes one of learning in
the next 25 years how to feed as many
more people as we've learned to feed
since the dawn of history.”

This is a frightening prospect. It is
one to which the world must address
itself seriously—and quickly.

We must find the answers at a time
when there is no new Western Hemis-
phere to discover, no new prairie sods
to plow, no more virgin woods in tem-
perate climates to clear and convert
into farmland.

WE MUST DOUBLE FOOD pro-
duction at a time when most nations
are losing arable land to urban sprawl,
highway construction, and recreation.

Demographers predict that in 30
years, earth’s human population will be
6.5 to 7.0 billion, compared with 4.0
billion today.

Can we feed those 7 billion people
30 years from now?

The answer is simple. Yes, we can—
or they won’t be here.

4

The question is not can we feed them,
but can we feed them well. For that half
of the world’s population that goes to
bed hungry most nights, can we make
eating an exciting experience? Can we
make eating something more than a
mere exercise in sustaining a spark of
life inside an emaciated body?

CAN WE PRODUCE and distribute
enough food to generate the sort of
happiness and satisfaction that will pro-
mote international political tranquil-
ity?

The answer to all these questions is
a resounding yes:

@ If we continue to incorporate the
latest and best technological advances
into our agriculture.

e If we continue with a program of
intensive and far-reaching agricultural
research.

® If we continue to develop new
sources of fertilizers and use them
wisely.

e If we continue to develop new
types of pesticides and use them wisely.

@ If we maintain a viable system
of credit to provide the massive capi-
talization required for intensive agri-
cultural production.

@ If we continue to hold together a
system of individual freedom and in-
centives that reach each and every
farmer willing to strive for them.

The above qualification applies main-
ly to agriculture in the developed world.
But, many other countries will need
these things and more—if they are to
develop into viable agricultural pro-
ducers, capable of sustaining their own
populations.

The United States alone cannot feed
the world—no matter how productive
we are. It’s possible to expand our farm
production by a goodly degree, but not
enough to serve the explosive food needs
of all the world.

Already, we are carrying a sizable
portion of the load. In recent years, we
have exported approximately 100 mil-
lion tons of grain (including soybeans
and rice) to other countries.




We supply about 55 percent of all
the feed grains that move in world trade,
50 percent of the wheat, and about 70
percent of the soybeans.

Even if we could double our contri-
bution to world food trade in the next
25 years, we could not take up the
slack.

AGRICULTURAL PRODUCTION
must be increased in the indigenous
areas where it will be consumed.

The main avenues for agricultural
gains are: (1) continued emphasis on
research and development, and applica-
tion of new techniques and farming
techniques; and (2) the strengthening
and extension of incentive systems for
the man on the land.

The first will not be too difficult.
Modern technology is transferable. Re-
search results can cross oceans and
mountains overnight. Scientific develop-
ments that have taken 20 years to per-
fect can be transported to other coun-
tries in months.

But strengthening incentive systems
for the farmer is far more difficult. Yet,
it is just as crucial. Too often, we have
believed the road to more food for the
developing countries is paved only with
technology and science. Yet, those tech-
niques, when transplanted, have some-
times withered on the vine, almost be-
fore our own technicians could get out
of the field.

Why?

Was it because the local farmer was
illiterate? Was it simply because he was
hung up with old ways and didn’t want
to change?

NO! It was often because there was
no real incentive for him to take the
risk to change. Talk is cheap. Explana-
tions with no cash behind them are dis-
posable.

People have been telling the develop-
ing nation farmer for years how much
better he should do things—but too
infrequently have they created an eco-
nomic environment with good prospects
for increasing his real income?

Too few national governments have
made the commitment to assure that

changes in techniques would provide
real incentives to the individual.

IF A DEVELOPING nation farmer
can see how a change will bring a
profit, he'll change in a hurry.

Farmers in India and Pakistan who
had a chance to profit by planting the
new varieties of wheat switched faster
than our own farmers first accepted
hybrid corn.

Farmers in the Philippines made the
same high-speed switch to new high-
yielding rice varieties once they saw the
returns they could get.

Too many nations, including our
own, have an underlying but powerful
urge to pursue a cheap food policy—
making it difficult for the man on the
land to reap the reward from the inno-
vations he makes.

Consumers the world around welcome
such a cheap food policy—and poli-
ticians respond, whether they’re capital-
ist or communist,

As nations become less agricultural
and more urban, the incentive base for
the farmer becomes less certain. It be-
comes more susceptible to political
pressures and special interest dealings.

INCENTIVE IS AS important for the
farmer who farms with a forked stick
behind a water buffalo in India as it is
to the man who rides a $35,000 tractor

in Nebraska.

Yet, politicians often fail to perceive
this simple fact.

Even in our own highly literate na-
tion, we have seen repeated attacks
on the incentive system for farmers.

We have had such campaigns as the
beef boycott, eat one less hamburger per
week, or Meatless Tuesdays. It has been
only three years since political pres-
sures forced us into a system of fed-
erally imposed price ceilings on meats
and other food products.

It has been less than three years since
the American Bakers Association
whipped up a scare campaign that
bread would go to a dollar a loaf unless
we imposed export controls on wheat.
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It’s been less than two years since an
emotional reaction to the sale of grain
to the Soviets induced a suspension of
sales—in spite of record harvests.

It's been less than two years since the
longshoremen refused to load Gulf-
port grain that was destined for Russia
—on the pretext of keeping living costs
under control—while they did some
fancy contract maneuvering of their
own. Millions of housewives applauded
the action.

WHILE THE MOTIVE for each of
these examples may have varied, the net
result was the same.

It sent back several signals:

® A signal to producers that we
were a nation which would interfere
with farmers’ access to a free market.

@A signal that the farmer should
exercise caution in making yield-in-
creasing investments in fertilizer, chem-
icals, seeds, or machinery.

® A signal to some would-be young
farmers that they are really thinking
about the wrong vocation.

@ A signal to some investors that
agriculture really isn’t too good a place
to put their capital.

® A signal to some farm families that
opportunities for satisfactory living
might be better somewhere else, in some
business where there was less danger of
restraint on seeking and serving avail-
able markets.

The sad part is that these negative
signals, these arbitrary restraints, didn't
happen in some distant land. Didn’t
happen in a dictatorial society. Didn’t
happen in a Communist State. Didn’t
happen under a government dedicated to
suppression of human rights. Didn’t
happen under a political system based
almost completely on central planning.

They happened in the United States.

They happened in the world’s greatest
democracy.

They happened in a nation whose
hallmark is freedom of choice and free-
dom of action.

They happened in a nation whose
level of economic literacy is perhaps the
highest in the world.

They happened in a country where
the legislative body reputedly reflects
the will of the people better than in
any other nation.

NOW, WE MUST ASK, have we
learned our lesson from taking those
negative acts?

Have we learned that if the United
States is indeed to use its great food
productive capacity, then the individual
farmer must be free to produce and
market his crops as he sees fit?

We must not dampen the incentives
that have made our farmers the pro-
ducers that they are. We must not signal
to them in the language of price—the
language they understand best—that we
want less, not more.

We must not periodically signal to
our farmers that they have only limited
access to markets beyond their shores.
We must not periodically throw govern-
mental controls at them that dampen
their plans for investment, their dreams
of expansion, their hopes for success.

Our nation—and indeed every nation
in the world—must make the commit-
ment to move agriculture and food pro-
duction to the front burner.

It must be moved higher on the scale
of priorities in both national policy and
in capital allocation.

Our national and international com-
mitments to agricultural science must be
strengthened.

To do less will be to condemn hun-
dreds of millions of people to such a
substandard level of living in a few
years that peace will be difficult, if not
impossible.

There are various estimates about
the number of people who already go
to bed hungry or malnourished each
night. Today, in a world of instant
communications and far-reaching mo-
bility, hungry people have power. They
exercise the franchise. They have the
power to topple governments. They
have the power to start revolutions.



HUNGRY PEOPLE WILL, in time,
no longer remain invisible or silent.
No matter how remote their village,
they now hear of the outside world on
transistor radios.

Many of them see movies. They see
affluent travelers from North America,
Europe and Japan. They now realize
that a better life is indeed possible.

Increasingly, they will not settle for
less. They see a ballet of affluence
dancing all around them—and they
dream of a piece of the action.

Hunger is the stuff out of which
revolution is born. And, revolutions,
once started, have a tendency to spread.
They are like a pebble dropped into
the pond. There is no way of knowing
where the ripple will hit the shore.

The oceans on either side of us are
no insulation. Four times in the gen-
eration of many reading this, the United
States has been drawn into conflict away
from our shores. There is no way we
can avoid it the next time.

That is why this nation’s agriculture
now commands such a strategic posi-
tion. Other nations may have Petro-
power, but we have Agri-power—and
we have it in abundance.

It is to our door that nation after
nation will beat the path for food, and
for the know-how to grow better food.

To the extent that we can respond to
those needs, we will lay the foundations
of peace.

America must help the world learn
to grow food. We must use our Agri-
power wisely and with strength, We
must do these things not because we
are a humanitarian nation, not be-
cause we are a Christian nation, not
because we are a generous people—
but just because we are Americans.

In the years ahead, it will be im-
possible for the United States to exist
as an Isle of Affluence in a Sea of
Human Misery. The End

This paper was delivered by Dr. Butz in the
Beatrice Foods Distinguished Leadership series
at the Institute of Agriculture and Natural Re-
sources at the University of Nebraska.
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ALFALFA YIELDED 9 T/A FOR FOUR YEARS. In four years 36 tons
of alfalfa hay were harvested off research plots that were fertilized with 0-98-294
every year, had four cuttings each year from late May to mid-October and were
sprayed for weevil after the first cutting. This 9 ton/A/yr was produced in an
area receiving an average of 30.4 inches of precipitation/yr with no irrigation.

Four Keys To 5-8 Tons Alfalfa

M. B. TESAR
Michigan State University

OVER 7 TONS HAY PER ACRE—
that’s what 11 out of 36 alfalfa va-
rieties averaged during 8 years of trials
at East Lansing, Michigan (1970-77).
One variety yielded 64 tons of superior
quality hay in 8 years—8 tons from 4
cuts each year. This was on fertile,
tilled loam topdressed yearly with 0-98-

294 (pH 7.2, P 8, K-132).

In another test on Conover loam,
one variety produced over 9 tons (com-
pare to 7.5 for Vernal) per year for
four years. Half of 40 varieties pro-
duced over 8 tons. Topdressing was
0+98+294 per year. A 4-cut system,
late May to mid-October, was used.



TOP YIELDS REQUIRE TOP MANAGEMENT. Fourth cutting (mid Octo-
ber) of clear-seeded alfalfa in its second year produced over seven tons hay in
1978 in mid-Michigan. Yields in the year of seeding, using Eptam herbicide instead
of a companion crop, were over three tons per acre in three cuttings. Soil test
levels are high—109 P and 480 K with a soil pH of 6.8. Seven hundred pounds of
0-14-42 are topdressed annually to maintain high yields and high soil test levels
of 109 P and 480 K.

HOW ARE 5 TO 8-TON YIELDS
PRODUCED? Get a good stand!

Choose well-drained soil with good
moisture-holding capacity. Bring soil pH
to 6.8 or above. Lime far ahead to insure
the soil at this point at seeding. Inocu-
late and band seed with about 100 lbs
P,0; and K,0/A.

Phosphorus is vital to getting seed-
lings off to a fast start. Use press
wheels or a cultipacker after seeding.
Clear seed alfalfa alone, using Eptam
incorporated preplant or 24 post emerg-
ence when the alfalfa is about one inch
tall.

Seed as early as possible on a well

prepared seedbed to get 2)2 to 3 tons
alfalfa in the seeding year. If oats are
needed for grain or straw, seeding in
oats is good. It is used on 2 of 3 seeded
acres in the North Central region.

Summer seedings on late July or early
August have been very successful in
Michigan and in the Corn Belt or
Northeastern states except in most
northerly areas. Plan for 3 cuttings
and 2.5 to 3.5 tons that first year when
clear seeding in a humid area.

A 3-ton crop will produce almost a
half ton of protein in the seeding year.

After getting such good stand, how
can you continue to get good yields?
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Try four management keys:

KEY 1—THREE TO FOUR CUT-
TINGS. Take three cuttings instead of
two in southern Michigan, the first in
late May or early June (late bud stage).
Second cutting when flowering starts
July 5-10. Third cutting after flowering
starts.

Yields climb a TON by taking the
fourth cut for silage (hay under ideal
conditions) in mid-October and after a
third cutting about August 17-25 on
the most intensively managed land in
southern Michigan and similar climatic
areas.

This indicates 4 cuttings, with the
last cutting in mid-October after growth
has stopped, will not hurt the stands.
And it will produce the highest yields
because of younger leaves and less leaf
loss.

More frequent cutting gives finer,
leafier, more digestible hay. This im-
proves feeding value 50% or more.
And animals eat more of it—the ulti-
mate test for any feed.

In a 4-year Michigan test, unfertil-
ized Vernal cut twice a year yielded 3
tons hay per year. A French variety,
receiving 200 lbs K,O each year and
cut three times, yielded 4.9 tons a year
—a 63% jump in yield. But feed value
almost doubled—92% increase per acre.

KEY 2—TOPDRESS ANNUALLY,
ESPECIALLY WITH POTASSIUM.
Early, more frequent cutting gives higher
yields. It also takes off MORE potassium
—because young-cut alfalfa plants con-
tain higher potassium than older plants
cut less frequently. RECOMMENDA-
TION: Apply 12 lbs phosphate (P,O;)
and 50 lbs potash (K,0) for every ton
removed. Calculate fertilizer applied
with the seeding in the total amount
applied. For example, 5 tons need 60
Ibs phosphate and 250 Ibs potash. Eight
tons need 96 lbs phosphate and 400
Ibs potash.

When high potassium rates are
applied, they should be applied in split
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applications annually for best yields.
Over 200 lbs K,O annually should be
split between a fall application and
after the first cutting.

Phosphorus tends to carryover more
and can be applied annually or every
other year without reducing yield. Add
1 to 2 lbs boron per acre each year,
especially on coarse-textured soils of
high pH.

WHY DO WE NEED TO APPLY
THESE AMOUNTS OF A P AND
K? Many MSU tests have shown yields
going up as annual K,0 increases to
about 400 lbs per acre, see graph. Tests
in other areas are telling the same story.

Also, yields increase as P i1s added
if soil tests indicate a need. A 1976
MSU test showed 8 tons of Saranac al-
falfa removing 14 1lbs of P,0; and
47 lbs of K,0 in each ton of hay. This
means this 8-ton hay yield removed
112 lbs phosphate and 376 lbs potash
per acre.

To get more cuttings and good winter
survival, alfalfa must be well fertil-
ized, particularly with potassium.

KEY 3—USE EARLY MATUR-
ING, RAPID RECOVERY, WILT-
RESISTANT VARIETIES. Alfalfa va-
rieties should be chosen for (1) yield
goal, (2) stand life desired, (3) soil
conditions, (4) seed availability, (5)

TO PAGE 13




INIT Q311040 ONOTY 1ND

ONNIVW 304 3¥3H 31dVIS

FOLD HERE FOR MAILING

BUSINESS REPLY MAIL

FIRST CLASS PERMIT NO. 6230 ATLANTA, GA

POSTAGE WILL BE PAID BY ADDRESSEE

POTASH & PHOSPHATE INSTITUTE
2801 Buford Hwy., N.E., Suite 401

Atlanta, GA 30329

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES




YOU CAN HELP US DO A BETTER JOB

Do you want to continue to receive Better Crops magazine? Give us your frank
views below. This is a good time to tell us how to improve it. We have a new editor
to bring fresh ideas to your suggestions.

DO NOT SIGN YOUR NAME.

1. Your Specialty:

County Agent —_USDA Fertilizer Business
College Staff Farmer Vo-Ag Teacher
Other

2. How much of the magazine do you read?

Every article Less than half Very little
— About half Occasional articles
3. How would you describe the articles in general?
Too technical Too long ____About right
Too simple Too general Very helpful
4. Do you think the information is slanted or biased?
Too biased Not at all Slightly

5. If you seldom read the magazine but just GLANCE through it, please
be honest and check this:

6. Do you like the magazine layout?
Too "busy” ____ Too many articles ____About right

7. What changes would you like to see:
More articles Fewer articles
Regional interest
Horticultural crops
Corn or soybeans
Forage
Other changes

A
T

8. Do you want to continue to receive Better Crops magazine?
Yes No

Please put any other comments, suggestions, criticisms, etc., you wish to
make in the space left here and send to Potash & Phosphate Institute, 2801
Buford Hwy., N.E., Suite 401, Atlanta, Georgia 30329.
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FROM PAGE 10

intended use—for hay (or silage) or
pasture.

For maximum yield, short-to-medium .

term varieties run 2 to 4 years. Many
commercial and public varicties have
been fine for this. More than 75% of
the alfalfa in the North Central area is
left for 3-4 years, generally followed
by corn. Most of these varieties are
earlier maturing. They are less winter-
hardy than Vernal but hardy enough
for highest yields for 2-4 year stands.

Select best variety from local rec-
ommendations. Wilt resistance is a
must. Almost all varieties used today
can resist wilt. Your agricultural lead-
er will know the ones for your area.

For hay or pasture, long-term vari-
eties run 5 years or more. Use North
American types to resist winter and
wilt. They start to blossom in late May
or early June in southern Michigan.
They are fine stemmed. They recover
moderately after cutting. And have
moderate fall dormancy. Many varie-
ties are available. Study variety test re-
sults and follow state recommenda-
tions.

Michigan State University trials have
shown how widely alfalfa varieties can
vary in yield. For example:

In East Lansing: Conover loam, pH
7.0. Ranging from 6.2 to 9.1 tons, 4-year
average, 4 cuts per year.

In East Lansing: Brookston loam, pH
7.2. Ranging from 4.0 to 7.7 tons, 8-year

average, 4 cuts per year.

In Battle Creek: Kalamazoo sandy
loam, pH 6.9. Ranging from 2.2 to
5.2 tons, 7-year average, 2 cuts per
year.

In Upper Peninsula: Silt loam, pH
6.8. Ranging from 4.2 to 5.3 tons, 3-
year average, 2 cuts per year.

These yield ranges can make a 35%
to 50% difference in what you haul out
of the field. Selecting the right yielder
is obviously important.

KEY 4—SPRAY TO CONTROL
ALFALFA WEEVIL WHEN NEC-
ESSARY. Follow recommendations to
control harmful insects, including alfal-

fa weevil and leafhopper.

A first cutting taken about May 25-30
in southern Michigan usually doesn’t
need spray against weevils. This is one
of the advantages of early cutting.
Spraying stubble after first cut is re-
moved is necessary in most southern
Michigan fields every year.

Many farmers now produce 4-6 tons
alfalfa per acre—some of the best 6-8
tons per acre in a four-cut system. A
7-9 ton yield requires four cuttings in
Michigan. Three cuts won't get the
highest yields.

How about protein? It's expensive to
purchase and will become more expen-
sive in the future. Alfalfa is a great
protein provider.

A 6-ton alfalfa yield of 20% protein
carries one ton of protein. Eight tons
have 2,700 lbs of protein.

When used to supply protein for a
dairy herd, 6-8 tons alfalfa is the
cheapest source of protein, including
soybeans. Michigan tests showed 8 tons
Saranac alfalfa per acre containing 460
Ibs N. This provides 2,760 lbs of pro-
tein.

Where did this nitrogen come from?
Probably 50 to 75 lbs from the soil.
About 400 lbs from the air through
alfalfa’s nitrogen factory, symbiotic fixa-
tion.

AS ALFALFA YIELDS go up in the
next decade, phosphate and especially
potash applications will have to increase
even more than the percentage increase
in yield.

P and K hunger signs can be rather
subtle in alfalfa. The signs may go un-
detected until yields and stands drop.
To maintain 6-8 tons or higher alfalfa
yields, the grower must use more than
normally applied from 5-6 ton range.

Inadequate sulfur may limit future
Michigan yields, as in some less indus-
trialized states, especially on coarse-
textured sandier soils.

Sulfur that once came from indus-
trial plants burning coal is now being
scrubbed away to meet EPA clean air
standards. And S deficiencies are show-
ing up in some alfalfa fields. The End
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Foods Instead of Drugs
To Offset

Potassium Losses In Diet

EDITOR’S NOTE: This article was developed by Bill
Agerton from a detailed article in the September 1976

issue of Utah Science.

EAT THE RIGHT foods to replace
body potassium lost when diuretics are
used. Utah State University experts say
foods instead of extra drugs can offset
these potassium losses.

Increased use of diuretics has caused
potassium loss to become a common
medical problem in recent years. And
potassium is vital to human health.

What are diuretics? They are drugs
used to accelerate urine formation in
the human body so excess body water
can be excreted. Medical doctors often
prescribe the drugs for persons with
congestive heart failure, high blood
pressure or liver abnormalities.

But, doctors cannot always prevent
problems for their patients who use di-
uretics even when they carefully match
patient and situation. Why? Each di-
uretics’s mode of action and potential
side effects are different. And the more
potent the diuretic, the more signifi-
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cant the potassium loss. The exception
. some diuretic drugs have little ef-
fect on potassium.

THE CURRENT TREATMENT
for potassium deficiencies is to combine
supplemental potassium salts and po-
tassium-sparing diuretics. The side ef-
fects of potassium salts include irrita-
tion of the upper small intestines while
a number of side effects may accom-
pany the diuretics. The latter may cause
elevated blood urea nitrogen, dizziness,
vomiting, diarrhea, flaccid weakness, etc.

The Utah nutritionists and chemists
recommend a qualitative diet therapy.
By properly selecting foods, a person can
offset potassium depletion problems. In
fact, a lack of daily intake of potassium
can be a problem before a person en-
counters illness or drug therapy. Daily
intake may be as low as 50 milliequiva-
lents (1950 mg) where 100 milli-
equivalents are needed.




EATING YOUR WAY OUT of a
potassium deficiency certainly seems
more pleasant than taking drugs to do
it. But, how much should a person eat?
Doctors often fail to provide instruc-
tions about quantity of potassium rich
foods needed to replace that lost to
drugs. In fact, it has been difficult to
determine just how much potassium
different foods actually provided.

Now there is a method for determin-
ing the nutrition/energy ratio—index
of Nutritional Quality (INQ). The USU
authors devised a computer program
that allows calculation and summary
information in graph form for hun-
dreds of foods. Sodium is included in
the computed data because it some-
times is lost at the expense of conserv-
ing potassium in the body.

The Utah information can help pa-
tients everywhere who need potassium
supplements. In the ratings, foods with
a computed INQ above “1" were con-
sidered good choices. This indicated
that the amount of that food required
to supply a person’s total energy re-
quirements for a day (2,300 Kcal)
should also supply the needed potassium.
Foods rating lower than “1” were con-
sidered poor choices.
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NOT TOO LONG AGO, 100 Bu/A
corn was an uncommon Yyield—and
often considered impossible,

But in recent years, whole states have
averaged 100 Bu/A corn in the U.S.
In 1978, the 68 million acres of corn
in the U.S. reported an average yield
of 101 Bu/A across the nation.

Yields exceeding 200 Bu/A are fre-
quently observed. What does it take to
reach 200 bushels of corn per acre?

The Potash & Phosphate Institute
conducted a nationwide survey of agri-
culturists, both producers and research-
ers, to determine some crop production
practices associated with 200+ bushel
per acre yields. This report summarizes
observations from the survey.

#*Dr. Dibb is Southern Midwest Director of the
Potash & Phosphate Institute. Dr. Walker is
Professor of Biometry and Soil Fertility, Uni-
versity of Illinois.
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THE SURVEY includes 549 reports
of 200+ Bu/A corn received from 33
states across the U.S. A letter asked
university research and extension per-
sonnel, consulting services, seed corn
companies, state and national corn
grower organizations to identify any
200+ bushel yields they knew of and
the steps taken to get them.

As the producers’ names were re-
ceived, a letter was sent directly to
each producer or researcher for the ex-
act production practices in their pro-
gram. Approximately 50% of these
inquiries were answered.

The survey covers the 1975 and 76
growing season, generally, though a few
other entries are included. Only a small
proportion of the total number who
produced 2004 bushel yields in these
years is finally included in the survey,
response from the initial survey group
indicates.

But the sample does give a good
summary of basic practices employed in



Figure 1—Average planting date of 200+ bu/A corn yields by state.

producing 200+ Bu/A corn, as re-
ported by these producers. Table 1
shows average management practices
from 549 reports where corn yields
equaled or exceeded 200 Bu/A. The
average yield was 218 Bu/A, 352 Bu/A
the highest.

HYBRID SELECTION

is an im-

portant step in reaching 200+ bushel
yields. Several different hybrids were
used, the survey showed.

If other management factors are ade-
quate for a 200+ bushel yield, several
hybrids contain the genetic yield poten-
tial that is necessary. Commercial and
public corn breeders will continue to de-
velop even better hybrids for the future.

Table 1. Average management practices by region that were associaied with 2004 bu/acre corn

yields throughout the U.S.

Region*
Overall West  Great Plains Midwest  Northeast Southeast
Yield bu/A 218 220 219 216 217 221
Planting date Apr. 22 Apr. 17 Apr. 27 Apr. 29 May 6 Mar. 28
Harvest population 25,500 217,350 26,300 24,400 23,950 25,550

Fert. rate (N-P20s-K20) 220-95-109 227-65-61 234-59-29 204-120-144 184-90-93 258-113-172

*West: CA, OR, WA, UT; Great Plains: CO, KS, OK, NE, NM, TX;
Midwest: IL, IN, IA, KY, MI, MN, MO, OH, WI; Northeast: DE, MD, NJ, NY, PA, VA;

Southeast: AL, FL, GA, LA, NC, SC, TN, MS.



PRECISION PLANTING is impor-
tant. The producer can generally control
his corn plant population. Harvest popu-
lations ranged from 16,000 to 47,000
plants per acre, averaging around 25,500
plants per acre.

Let’s assume each stalk produces a
0.5 pound ear of corn, the predicted
yield for 25,500 plants per acre is 228
bushels, not much more than the survey
average of 218 Bu/A.

Although plant populations aver-
aged a high 25,500 plants per acre, a
statistically important (2=.0001) corre-
lation was observed between plant popu-
lation and yield. This places the higher
yields with the higher plant populations.

Research has often shown this. Re-
search has also shown uniform spacing
in the row can increase yield potential
further.

Row widths ranged from 18 to 48
inches, averaging 33.1 inches among the
200+ bushel corn growers. There was
no significant correlation between row
width and yield. But research has shown
narrower row widths may be an impor-
tant consideration for increasing yields.

FERTILIZER APPLICATIONS were
associated with the higher yields. Soil
test reports varied so much—soil test
differences, different extractants, dif-
ferent category limits and different soil
fixation properties—that they did not
give a good statistical comparison of
P and K application rates and yield.

But soil P and K levels were gen-
erally high or very high and average
application rates were 95 lbs of P,O;
(about 42 Ibs of P) per acre and 109 Ibs
of K,0 (about 89 lbs of K) per acre.
This exceeded somewhat the grain re-
moval.

At some locations, the reported soil
test and accompanying P and K rates
applied indicated P and K may have
limited obtaining even higher yields
than reported.

Soil pH, a measure of soil acidity,
averaged 6.7, which is within a desir-
able range for corn production. Soil pH
varied from 5.5 to 8.3, with only two
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observations below pH 6.0 and 5 above
8.0. There was no important associa-
tion between pH and yield.

The average nitrogen rate was 220
Ibs/A. The relation between N rate
and yield was statistically significant
(2=.0001). That is, higher yields went
with higher N rates. Inadequate nitro-
gen may have limited an even higher
yield than the one reported for some
locations.

MOISTURE IS POTENTIALLY the
most limiting factor in corn production.
But, with other factors being at ade-
quate levels, it was adequate to produce
at least 200 bushels in each case. Mois-
ture stress was probably the limiting
factor to even higher yields in some
locations.

Table 2 shows the percentage of the
200+ Bu/A yields that were irrigated
in each region of the nation to see the
relative extent that inadequate rainfall
limits high yields in each region.

Table 2, Percent of 2004 bu/A yields reporiing
use of supplemental irrigation.

Region % irrigated

West

Great Plains
Midwest
Northeast
Southeast

The arid and semiarid West and Great
Plains rely heavily on irrigation for high
yield potential. The Midwest generally
receives adequate quantity and distri-
bution of rainfall. The Southeast is noted
for generally high annual rainfall. But
the problem of seasonal distribution and
generally lower soil moisture holding
capacities require greater dependence
on supplemental irrigation for high corn
yields.

Fertility is important when discussing
moisture limitations because research
has shown the advantage of adequate
fertility in overcoming short term mois-
ture stress periods. The high fertility
reported in this survey helped mod-




erate the effects of short term moisture
stress on yields as they occurred.

EARLY PLANTING has been sup-
ported by research and has been a rec-
ommended practice in the U.S. for sev-
eral years.

This survey supports the importance
of early planting. The average planting
date was April 22, relatively early
given extreme north to south distribu-
tion of the yields.

Across this large distance there was
no statistical association between plant-
ing date and yield. But within any one
state or part of a state, research has
shown earlier planting dates can gen-
erally increase corn yield potential.

A subjective look at these planting
date data seems to indicate critical
planting date for high yields becomes
much narrower as you move from south
to north and into the traditional Corn
Belt.

For example, of the 51 planting date
observations in Illinois, the earliest was
April 13 and the latest May 17 (34
days). Of 35 observations in Georgia,
the earliest was March 1 and the latest
May 10 (70 days).

This probably comes from the need to
plant as early as possible in the north
to allow for tasseling and silking to oc-
cur as nearly as possible to the time of
maximum solar radiation in late June.

Higher radiation and photosynthesis
rates can then produce higher yields.
Because the dropoff from this radiation
peak is much more rapid as you move
northward, early planting becomes more
and more critical. Weather data also
shows the mid Corn Belt has a much
lower probability of a 1” rainfall during
early July than in late June. This indi-
cates earlier pollination, due to earlier
planting, would more often help avoid
effects of severe moisture stress at this
critical period.

Average planting date was still much
earlier in Southeast than in Midwest,
although the range was much greater.
Average planting date is relatively early

for each separate state, shown in Fig-
ure 1.

Acreage involved in the 2004+ Bu/A
yield ranged from 1 acre to 190 acres,
averaging 6.1 acres. Analyzing the asso-
ciation between acres measured and
reported yield did not result in an im-
portant correlation. So, size of measured
area was not a major factor associated
with yield.

IN SUMMARY, 200+ Bu/A corn
yields can come from a rather wide
range of plant populations. But statistics
show high yields tied to high plant popu-
lations. And nitrogen rate was important
to corn yield. Inadequate nitrogen may
have limited even higher yield than the
one reported from some locations. High
P and K levels and moderate pH were
also generally associated with these
high yields.

Other production practices not evalu-
ated in the survey are also important
for reaching 200+ bushel corn yields.

Weeds must be controlled so they do
not compete with corn for moisture and
nutrients. In areas where they are a
problem, diseases and insects can pre-
vent 200+ bushel yields.

They may be controlled through vari-
ous recommended techniques such as
variety selection, planting date, or use
of biological and/or chemical agents.
Timeliness and precision operations are
important contributors to increased
yield potential.

Although some regions had many
200+ bushel sites that were irrigated,
in many areas climatic factors are not
controlled by the producer or re-
searcher.

For a producer who would like to
approach or exceed 200 Bu/A corn, it
is important to maintain all factors un-
der his control at sufficient levels to
take advantage of a favorable climate
when it occurs, whether irrigated or
not. The End

Do you want this magazine to continue
to come to you? See Page 12.




FREQUENCY

Beating The Odds
with
HIGH CORN YIELDS

WILLIAM WALKER
University of Illinois

MANY CORN PRODUCERS can
still remember when yields of 100 to
125 bushels per acre were considered
“high”—and impossible by a few.

The current record yield is 352
Bu/A, although just a few producers
have reached 150 to 200 Bu/A. And
250 Bu/A or more usually stand at
the top or near the top of most major
corn-producing sections of the U.S.

A reliable “prescription” cannot be
written for extremely high corn yields
like 300 Bu/A in today’s technology.
Factors affecting yield vary enough to
make such prescriptions quite specula-
tive. Yet researchers and corn pro-
ducers are continually learning more
about corn production. And 300 or
more Bu/A may be achieved in the
future.

Figure 1 shows a normal frequency
distribution where the average corn
yield is 226 Bu/A and the standard
deviation is 51 Bu/A, based on yields
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FIGURE 1
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obtained by Mr. Herman Warsaw for
the growing seasons of 1967 through
1977.

If the history of corn production on
Mr. Warsaw’s field repeats itself (that
is, if the distribution of corn yields in
Fig. 1 is correct), then the probability
of 300 or more Bu/A is about 7 in 100.
But if the average corn yield is 250
Bu/A, the probability of 300 or more
Bu/ A is increased to about 16 in 100.

If the average corn yield happened
to decrease, then the probability of a
300-or-more Bu/A yield would de-
crease. The probability that any par-
ticular corn grower would produce a 300
or more Bu/A corn yield within any
given year is improved if average yield
over a period of years is high.

Let's review some practices asso-
ciated with high corn yields.

SITE SELECTION is important.
Select a site with deep permeable soil
that will allow full development and
proliferation of plant roots. It should
also permit maximum water infiltra-
tion and have the texture of silt
loam or clay loam to have high plant-
available soil moisture.

If possible, select a site with soil
relatively well supplied with organic
matter, not only in the plow layer but
deeper in the soil profile.

Soil physical properties can affect
yield. And favorable site selection is a
key decision in achieving unusually high
crop yield. A well drained permeable




soil not only permits top root develop-
ment, but also favors the plant’s uptake
of essential nutrients.

SOIL FERTILITY should be high
—ecither through buildup by fertilizer
use or weathering of soil minerals. Aim
for a soil pH between 6.5 and 7.0.

A recent survey of 275 Midwestern
sites producing 200+ Bu/A showed an
average soil pH of 6.7. A slightly
acidic soil pH should be a desirable en-
vironment for corn roots. Use soil tests
to guide fertilizer applications.

Soils testing high P-K should receive
at least 50 to 75 lbs P and 100 to 150
Ibs K broadcast before planting. Since
the special corn-producing area should
be relatively small, economic consid-
erations are minimal.

Remember nutrient uptake. Each corn
grain bushel contains about 0.8 Ibs
nitrogen, but some N is also required
for the vegetative portion of the plant.
One rule of thumb is 1.2 to 1.3 Ibs
nitrogen per bushel of corn.

This suggests 375 lbs N per acre. If
animal manure is available, apply 10 to
20 tons/A and assume 50 to 100 1b N
from this source. Then apply 100 Ib
N before planting and 200 1b N side-
dressed about 3 to 4 weeks after seeding.

Using nitrogen to get high corn yields
deserves special thought and considera-
tion. If the soil becomes wet for just a
few days, available soil and fertilizer
nitrogen may change to nitrogen gas
and be lost to the atmosphere.

And in coarse-textured soil, nitrogen
may leach through the soil profile out
of the rooting zone. Observation is the
first key to scientific method. This key
must be used in managing the N nutri-
tion of the corn plant. A symptom of
nitrogen hunger is the yellowing
of corn leaves. Additional nitrogen
should be sidedressed.

What about calcium, magnesium, sul-
fur, and the micronutrients? If the soil
is limed to pH 6.5 to 7.0, sufficient cal-
cium will be available for high yields.
If the soils are low magnesium, use
dolomitic limestone to adjust soil pH.

Commercial fertilizers, such as mag-
nesium sulfate or potassium sulfate

supply magnesium and sulfur. Potas-
sium sulfate also supplies potassium.
Some soil testing labs will determine
the micronutrient status of a soil through
soil test procedures. In the Midwest,
micronutrient soil tests have not cali-
brated with yield as satisfactorily as the
more conventional analyses for P and K.
Chemical tests of the plant or leaf
tissue can help monitor the nutritional
status of the crop for all needed nu-
trients during the growing season.

PLANT EARLY in the growing sea-
son. Having corn plants near or at
silking the last week of June or first
week in July is desirable in the central
. 5S;

Use narrow rows and equidistant
spacing between rows and between
plants in the row, as nearly as possible.
Equidistant spacing gives many bene-
fits. For example, nearly complete
ground shading early in the growing
season causes less moisture evapora-
tion and less weed growth.

Planting 28,000 to 33,000 plants per
acre of an adapted variety should in-
crease the potential for high corn yields.
Check variety trial publications and
seed dealers for assistance in selecting
a variety.

CONTROL WEEDS and other pests.
Don’t expect maximum corn yields
when weeds are using available mois-
ture and nutrients. Also, right selection
of variety of use of pesticides reduce
the effects of plant diseases and insects.

WILL YOU GET a high yield such
as 300 Bu/A if your farm has a soil
with all the desirable properties and
you do all the things recommended?

Obviously your odds are much bet-
ter when you use all the knowledge
available, At such high yield levels,
small differences in daily temperatures,
light intensity, rainfall amount and dis-
tribution, and soil fertility can cause
relatively large yield differences.

If you maintain the controllable part
of your environment at an optimum,
you are ready to take advantage of the
uncontrollable part when it is favor-
able. The End
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POTASSIUM DEFICIENCIES

In Northeast Saskatchewan

FOREST RESERVE

ROY BUTTON
Saskatchewan Dept.
of Agriculture

ABOUT 1,000,000 ACRES of Sas-
katchewan soils are estimated by soil
tests to be deficient in potassium.

The largest percentage and most se-
verely deficient soils are in the north-
east area of Saskatchewan.

The Grayish Black and Gray soils
in the higher rainfall or more norther-
ly regions contain less available potas-
sium than soils in the black, dark brown,
and brown soil zones, shown in Fig-
ure 1.

From 10 to 20% of the Grayish
Black and Gray soils tested by the Sas-
katchewan Soil Test Lab contained
less than 180 lbs available potassium
in the top 6" of soil, the level where
potash fertilizers are recommended for
producing barley.
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Up to 6% of the tested Black soils
and less than 1% of the tested Brown
and Dark Brown soils required potash.

MAINLY COARSE OR SANDY
SOILS with low clay contents require
additional potassium. Table 1 shows
22% of the stubble fields and 17% of
the fallow fields on the coarse textured
Grayish Black soils and only 10% of
the stubble fields and 7% of the fallow
fields on the fine textured soils con-
tained less than 180 lbs of available
potassium in the top 6” of soil

Similar, but more pronounced re-
sults, occurred in the Gray soils.

Figure 1 shows the most severe pot-
ash deficient soils in Saskatchewan to
be in the Carrot River soils. Soil tests
show 75 to 85% of the Carrot River



TABLE 1: Percentage of the soils deficient in po-
tassium for the production of barley in
Gray Black and Gray soil zones. (Sas-
katchewan Soil Test Lab Data—1977-78)

Grayish Black Gray
Texture Stubble Fallow Stubble Fallow
Coarse 22 17 23 15
Medium 1 13 10 0
Fine 10 7 2 0

soils need added potash to produce
barley.

About 100,000 acres of this soil are
cultivated in the Nipawin, Carrot River,
and Hudson Bay areas. The coarse to
medium textured Carrot River soils
have many peaty areas, high water
tables, and high surface lime contents—
all factors tied to potassium deficiency
in soils.

DIFFERENT CROPS need differ-
ent amounts of soil potassium to get
maximum production. Barley requires
more potassium than wheat, oats, or
rape.

Legume crops are heavy potash users.
They require 240 lbs of available soil
potassium in the top 6” of soil at estab-
lishment time, according to Saskatche-
wan Soil Test Recommendations.

Up to 35% of the Grayish Black and
Gray soils and up to 20% of some of
the Black soils require potash for the
production of legume crops.

POTASH DEFICIENCIES occur on
both summerfallow and stubble crops.
Stubble crops tend to show more of it,
in Table 1. This is expected since some
stubble fields are cropped -continu-
ously for 3 or more years, which can
deplete the soil potassium supply.

Farmers are becoming more conscious
of the need for potash fertilization in
Northeast Saskatchewan. The area
commonly grows barley and legume
crops, both heavy potash users.

With late seeding from wet spring
conditions and the risk of fall frosts,
barley is often preferred over wheat
because of barley’s earlier maturity. The
area grows Red Clover, Sweet Clover,
and Alfalfa for seed. About 100,000

acres of alfalfa is produced for the
Alfalfa Dehy Industry.

FARMERS USUALLY boost barley
production 25-30% from using potash
fertilizer on deficient soils. Wheat and
rape tend to vary in their responses to
added K but generally give economic
response when soil K level drops below
150 1b per acre.

Lack of potassium has actually led
to complete crop failures on severely
deficient soils in the Carrot River area,
especially on fields seeded to barley.

University of Saskatchewan research
and other work have found it more
efficient to drill potash with the seed
of cereal crops than to broadcast pot-
ash. This is why most farmers drill P
and K with the seed and broadcast N
where needed.

EXTRA POTASH is broadcast on
severely deficient soils to increase soil
K levels. Potash is usually broadcast
for rapeseed to get adequate K levels
and avoid seedling damage from seed
placed fertilizer.

The only effective way to determine
deficiencies is to soil test, because just
a percentage of the fields are deficient
in K and similar soils can vary widely
in their available K levels.

We encourage farmers to have their
fields soil tested and fertilized according
to soil test recommendations.

Northeast Saskatchewan may well
increase its use of potash fertilizers in
the future. Certain cropping practices—
longer term rotations, legume crops for
soil improvement, and more legume
seed production—may deplete soil K
reserves and increase the need for pot-
ash fertilization. The End

HELP US IMPROVE...
We want to improve this magazine.
We need your help to do it right.
SEE PAGE 12

23




Seeding Orchardgrass Into Alfalfa
SUCCESSFULLY

From Forage and Grass-
land Progress Of The
American Forage and
Grassland Council.

C. L. RHYKERD,
B. 0. BLAIR,
and N. P. MAXON
Purdue University

OVERSEEDING unproductive pas-
tures and hay fields with a legume is
one of the most commonly recom-
mended methods of improving hay
crop yields.

But situations arise which make it
desirable to seed a cool-season grass,
such as orchardgrass into an estab-
lished alfalfa field.

Undoubtedly, the most common rea-
son for this is that as alfalfa stands
age they become less productive due to
thinning of the stand. The recently de-
veloped technique of “clear seeding”
alfalfa, involving application of the
herbicides Balan, Eptam or Tolban,
dictates that only alfalfa can be seeded
since these herbicides kill many
grasses,

There are occasions where a pure
stand of alfalfa is required such as for
dehydration, or it may be desirable for
milk production.

However, there are many advan-
tages of including a cool-season grass
in a mixture with alfalfa. A little grass
with alfalfa is preferred by many for
feeding horses.

24

ADVANTAGES OF
mixtures include:

@ Reduced soil erosion, thereby

minimizing non-point pollution.
Reduced winter heaving of alfalfa.
Less weed invasion.

Reduced bloat hazard.
Less lodging of alfalfa.
More rapid curing of hay.

@ Easier preservation when stored
as silage.

As little, if any, research has been
reported relative to the feasibility of
seeding orchardgrass into an estab-
lished stand of alfalfa, the following
experiment was conducted on the Pur-
due University Agronomy Farm, West
Lafayette, Indiana.

A 5-year-old stand of Temp alfalfa
was selected for overseeding Hallmark
orchardgrass, at a seeding rate of 10
Ibs/A as follows:

1. Seeded September 24, 1975, with
a Nordsten grain drill.

2. Frost seeded on March 26, 1976.

3. Seeded April 2, 1976, with a John
Deere Power-Till Seeder.

Tiller counts were taken following

alfalfa-grass




Table 1. Effect of method of seeding orchard-
grass in established alfalfa on orchardgrass
tillers/m?. Tiller counts were taken in June '77.

Orchardgrass*®

Seeding Time Tillers/m?
Late Summer-1975 1188
Frost Seeding-1976 631
Spring Seeded-1976 §50

*Average of 3 replications

the first cutting of the second growing
season for the orchardgrass, and the
data are presented in Table 1. No at-
tempt was made to evaluate the stand
in 1976 as the spring-seeded seedlings
were slow to establish. The 1975 late-
summer-seeded orchardgrass plots made
vigorous growth in 1976, indicating suc-
cessful establishment.

The data presented in Table 1 dem-
onstrate that all methods of seeding
orchardgrass into the alfalfa were suc-
cessful. In fact, it was evident from
observing the plots during the growing
season in 1976 that the seeding rate for
the late-summer-seeded and the spring-
seeded orchardgrass may have been too
high, as these two methods of seeding
resulted in vigorous competition for the
alfalfa.

THESE RESULTS show late summer
to be a better time to seed orchard-
grass into an established alfalfa stand in
Indiana than in spring. One of the fac-
tors favoring late-summer seedings is
the cool temperature at this time, along
with adequate rainfall.

In addition, adopted alfalfa varieties
produce a rosette-type growth during
fall, thereby offering less competition to
the orchard grass seedlings. Alfalfa
makes vigorous growth during spring
and, consequently, offers a great deal of
competition to the seedlings for mois-
ture, nutrients and sunlight.

Generally, agronomists do not rec-
ommend late summer seeding of or-
chardgrass, due to lack of winter hardi-
ness in orchardgrass seedlings. There was
no evidence of winter killing of seedlings
in this experiment. Quite possibly the

established alfalfa plants provided some
microclimatic protection to the orchard-
grass seedlings.

Based on the results of this study,
a late summer seeding rate of orchard-
grass of 5 1b/ A should be adequate when
seeding into an established alfalfa stand.
The 10 Ib/A seeding rate appeared
optimal for the frost seeding, while
5-7 1b/ A should be sufficient for spring
drilling of orchardgrass into established
alfalfa.

SOME SOIL COVERAGE of the
orchardgrass seed was provided by the
Nordsten grain drill and the John Deere
Power-Till seeder. Based on the data
from this investigation, use of seeding
equipment providing some soil coverage
of the seed would appear advantageous
in establishing a cool-season grass
such as orchardgrass.

A word of caution to those attempt-
ing to sod-seed orchardgrass into al-
falfa. One of the major causes of thin-
ning of alfalfa stands is lack of suffi-
cient K. Since orchardgrass is more
efficient at absorbing K than alfalfa, it
may be necessary to make a liberal
application of K each year.

Otherwise, the orchardgrass will
crowd out the remaining alfalfa plants.
A ton of hay removed 50-60 Ib/A of
K,O. This fact, along with a soil test,
should be used as a guide in applying
K fertilizer to an alfalfa-orchard-
grass stand. The End

LET US KNOW...

Let us know if you read or do not
read Better Crops magazine.

Help us serve you better.
Or help us not clutter your mail with

another journal you don’t want.

SEE PAGE 12
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SOYBEANS REQUIRE adequate
quantities of phosphorus for plant
growth. Although phosphorus is an
essential element for plant growth, we
don’t often recognize unique functions
this nutrient performs within the plant
nor how it influences plant composi-
tion of the other two primary nutrients,
nitrogen and potassium.

It is generally believed in the U. S.
that it is not necessary to apply phos-
phorus for soybeans when they follow
such crops as corn or wheat, because
little or no response would occur.

This may be true in some situations.
But we must understand that soybeans
demand adequate phosphorus to grow.
This was well shown in Brazil. As soy-

Soybeans Need PHOSPHORUS

National Soybean Research Center near
Londrina, Parana, Brazil studied this.

These soils are considered low to
medium in available P and not the most
infertile in southern Brazil.

This study included triple super-
phosphate, rock phosphate of Morocco
and recently discovered Brazilian rock
phosphate called Patos de Minas.

In this study, additional phosphorus
increased nodule numbers and mass per
plant, regardless of source. The more
soluble triple superphosphate produced
higher yields and at lower rates.

The influence of phosphorus treat-
ment on leaf and seed composition is
very interesting. Increasing quantities
of phosphorus boosted both leaf and

R. G. HANSON
University of Missouri

bean production moved to low fertility
soils, phosphorus influenced nodulation.

RESEARCH ON SOME low phos-
phorus soils in south-central Brazil
studied the effects of P on nodulation,
leaf composition of the plant, and
yield.

Table 1 shows results from a field
study near Anapolis, Goias, Brazil.
Phosphorus influenced nodule weight
and numbers per twenty (20) plants and
yield more than limestone did.

Including limestone with P produced
more nodules per plant, a larger nodule
mass, and higher yields than without
lime. This demonstrates phosphorus with
lime produces greater soybean growth
and yield than limestone alone on these
low fertility acid soils.

HOW DO PHOSPHORUS sources
affect nodulation, yield and the NPK
composition of the leaf and seed? The
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seed N-P regardless of P source. In-
creasing P rates did not increase leaf
potassium but it did raise K level of
the seed.

THESE TWO STUDIES clearly show
phosphorus can influence soybean nod-
ulation. This is important because high-
er nodule population and total nodule
mass can aid nitrogen fixation and other
plant functions to help increase yield.

Phosphorus increased both N and P
composition of the leaf and the seed.
We should also note phosphorus in-
creased the K level of the soybean seed
as well as nitrogen and phosphorus.

This suggests phosphorus and potas-
sium removal increases with high yields
and these high yields need higher main-
tenance fertilizer applications.

Soil testing and plant analyses are
important tools for determining soil P
levels and plant nutrient status of the
soybean crop. The End




Table 1. Effect of phosphorus and lime upon soybean nodulation, leaf N, P, K and yield.

P-Treatment Nodulation Leaf Composition Yield
(20-plants)
Weight Number N P K
Kg P20s/ha g % Kg/ha
Without lime
0 018 85 392 049 177 453
200 115 200 394 021 223 1,527
400 205 320 414 025 239 2,038
600 2.08 451 4.32 0.27 21 2,382
800 215 357 392 027 20 2,326
With Lime
0 021 98 440 018 204 619
200 122 192 415 022 229 1,921
400 2.07 366 430 026 211 2,288
600 221 354 405 025 219 2,510
800 224 483 419 028 226 2,685

Anapolis GO - Brazil. Pereira, Hanson, Dutra, Franca and Santos.

For Adequate Nodulation

Table 2. Effect of phosphorus sources upon soybean nodulation, yield and N, P and K composition of
leaf and seed.

P-Treaiment Nodulation Leaf Composition Seed Composition
(20 plants)
Weight Number N P K Yield N P K
Kg Pa0s/ha’ g Yo Kg/ha %
TSP
0 416 1,296 497 021 2.38 2,658 6.23 041 207
80 487 1,525 533 024 245 3.0M 646 049 218
160 495 1,400 531 025 226 3,390 653 058 211
320 422 1,526 545 028 221 3,448 653 056 2.23
640 473 1,470 542 032 232 3,585 638 060 230
RP-Morocco
0 416 1,296 497 021 238 2,658 6.23 041 207
80 492 1377 537 025 238 2,994 645 049 214
160 548 1,667 540 028 237 3,449 653 056 220
320 5.75 1,681 5.57 027 232 3,501 678 059 227
640 488 1,541 544 026 215 3,316 638 0.61 233
RP-Brazil
0 416 1,296 497 021 238 2,658 623 041 207
80 468 1,501 521 024 230 3,051 643 049 216
160 587 1,605 535 023 235 2977 645 047 2.18
320 586 1,861 548 027 233 3,229 6.39 052 215
640 496 1,699 566 028 217 3,512 6.63 055 227

Londrina, PR-Brazil. Hanson & Borkert. EMBRAPA CNPSoja.

'TSP — Triple superphosphate; Rp-Morocco — Moroccain Rock Phosphate; RP-Brazil — Rock
Phosphate-Patos de Minas, Brazil.

27




Nitrate Accumulation In Corn
And Nitrate In Animals

C. H. NOLLER and
C. L. RHYKERD
Purdue University

NEARLY EVERY SUMMER con-
cern is expressed over the threat of ni-
trate toxicity — especially in isolated
areas where low rainfall prevents eco-
nomic yields of corn grain and the crop
is harvested for silage.

The threat of nitrate toxicity is due to
a combination of factors. The farmer
has probably applied at least 150 Ib
N/A, in expectation of favorable rains
for high grain yields assuming other fac-
tors are optimum.

Lack of rain stunts the corn plant and
increases possibility of high nitrate con-
centration in the plant.

High nitrate concentrations are not
particularly harmful to plants. And if
growing conditions improve, especially
moisture, nitrate concentration will prob-
ably decline. Danger from high nitrate
plants comes when the forage is fed to
animals.

Let’s look at Purdue University trials
which fed cattle and sheep corn and
sudangrass fertilized with up to 800 Ib
N/A.

NITROGEN AND THE PLANT.
When growing conditions are favorable,
the corn plant takes up nitrogen largely
in the form of nitrate. The nitrate is then
rapidly converted to ammonia which is
incorporated into amino acids and then
to protein.

So there is usually a rather low con-
centration of nitrate in the corn plant.
Dut unfavorable growing conditions,
such as drought, can interfere with nitro-
gen assimilation in the plant. This can
causc the nitrogen to accumulate in the
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plant as nitrate—particularly in the
stalk.

When conditions improve, there may
be a very rapid utilization of the nitrate,
sharply reducing plant nitrate in just a
few days.

Corn grain is always low in nitrate.
Under normal growing conditions, the
corn plant will be nearly 50% grain at
harvest time. Thus, nitrate toxicity threat
comes only when conditions inhibit nor-
mal maturity of the plant.

NITRATE AND THE ANIMAL.
Normally, the plant uses the nitrogen in
nitrate to make protein. The same con-
version of the nitrate to ammonia to pro-
tein can be made by rumen bacteria in
the first stomach compartment of cattle
and sheep.

Rations high in available energy favor
the use of nitrate by the bacteria and de-
crease chances of a nitrate toxicity.

Nitrate toxicities occur when high ni-

trate levels in the feed overwhelm the
system. A simplified scheme for the con-
version of nitrate in the rumen of cattle
or sheep is as follows:
Nitrate (NO,) =sssd Nitrite (NO,)
s Hydroxylamine (NH,OH ) s
Ammonia (NH,) == Amino Acids
s Protein

A nitrate toxicity occurs when nitrate
converts to nitrite faster than nitrite con-
verts to ammonia.

When this happens, nitrite (NO,) ac-
cumulates and is absorbed into the blood
stream. There it reacts with the oxygen-
carrying hemoglobin (bright red) to pro-
duce reduced hemoglobin (chocolate



color) which cannot carry oxygen.

The animal literally suffocates when
too much hemoglobin is affected.

ENSILING AND NITRATE. We
have studied corn forage fertilized with
up to 800 Ib N/A. Ensiling corn forage
reduced nitrate content about one-third,
shown in Table 1.

Table 1. Effect of ensiling on nitrate content of

corn silage.
Nitrogen Lb/A
0 200 800
GREEN FORAGE
Nitrate (ppm)’ 602 2319 4438
SILAGE
Nitrate (ppm)? 380 1468 2861
Decrease with
ensiling (%) 37 41 36
pH 39 3.8 38

INitrate values on dry basis. To convert the values from
ppm to percent, move decimal point four places to left,
i.e. 602 ppm is .06 percent.

The nitrate declined further with the
addition of 20 Ib limestone per ton of
silage. More than 20 Ib nitrogen per ton
(30 and 40 1b) reduced the nitrate even
more. But the higher limestone affected
silage fermentation and quality adverse-
ly. So we do not encourage the addition
of limestone when ensiling corn forage.

ADAPTATION OF ANIMALS TO
NITRATE. In feeding ruminant ani-
mals, it pays not to make drastic changes
in feed without allowing sufficient time
for the rumen bacteria to adjust to the
new feed.

Making a very rapid change from a
poor forage to green corn, corn silage, or
high grain may throw the animal off-
feed. The same feed change made gradu-
ally over one to two weeks should cause
no problem.

Adaptation also occurs when animals
are changed slowly to high nitrate feeds.

When we fed green corn of 2.29%
nitrate to unadapted rumen—fistulated
steers—nitrate in the rumen fluid in-
creased in one to 1.5 hours after feeding.

Nitrate levels were lower succeeding
days and did not increase after feeding
when experimental forages were fed to
adapted animals. At no time in our
studies did we encounter problems asso-
ciated with nitrate.

Our data indicates that the nitrate
problem can be prevented by placing
animals on feed slowly to give the rumen
bacteria time to adapt to the nitrate.

NITRATE, SUDANGRASS, AND
SHEEP. Corn forage is a high energy
forage favoring use of nitrate in the
rumen. In contrast, sudangrass is a low
energy feed. Consequently, sudangrass
fertilized with O, 200 and 800 Ib N/A
was fed free choice to sheep.

The crude protein and nitrate in the
sudangrass is shown in Table 2. At the
highest nitrogen rate, the sudangrass
feed contained 2.20% nitrate. The ani-
mals showed no harmful effects from
these nitrate levels.

Table 2. Effect of nitrogen fertilization on protein
and nitrate in sudangrass.

Chemical Comp. (Dry Basis)

Crude
Nitrogen Lb/A Protein Nitrate
First Growth %
0 14.2 0.70"
200 17.2 1.25
800 193 1.73
Regrowth
0 21.0 0.69
200 22.4 1.53
800 241 2.20

To convert percent to ppm move decimal point four places
to right, i.e. 0.70 percent is 7000 ppm.

NITRATE IN CORN GRAIN. Ni-
trogen fertilization increased crude pro-
tein content of corn grain from 8.69 to
9.41 percent, shown in Table 3. Nitrate
content varied from 35 to 64 ppm, very
low compared to the forage.

Table 3. Nitrogen fertilization and corn grain.

Nitrogen Crude
Lb/A Proteine Nitrateo
(%) (ppm)
0 8.69 48
200 8.53 35
800 9.41 64

a
Values on dry basis.

Corn grain normally contains almost
no nitrate and is not considered to be a
problem. If present, most of the nitrate
will be found in the stalk. So nitrate
toxicity risk is greatest when animals are
consuming cornstalks.

NITRATE AND SILO GAS. Ensil-
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ing high nitrate forage can be dangerous
when poisonous nitrogen gases form
during filling or shortly thereafter. Fre-
quently the reddish gas can be seen com-
ing from the silo. This gas is highly toxic
to man and animals.

Danger exists from ensiling through
the week after. So, during filling, or
shortly thereafter, don’t enter a silo
without first running the blower for a
few minutes or ventilating it some other
way.
IN CONCLUSION, it appears nitrate
toxicity is often blamed when something
else may be the cause—such as throwing
the animal off-feed or failing to balance
the ration. Under normal feeding situa-
ations, it appears a feed must contain
over 2.0 percent nitrate to cause nitrate
toxicity. Very few forages, particularly
corn, contain enough nitrate to approach
toxic levels.

When there is a doubt, there are some
steps to reduce the likelihood of a prob-
lem:

1. Make the feed change to a ques-
tionable feed over a period of one
to two weeks to adapt the rumen
bacteria. Use this procedure any-
time drastic changes are made in
diets of cattle and sheep.

2. Use high energy feeds, such as
corn grain, along with the high ni-
trate feeds. High energy feeds help
the rumen bacteria use the nitrate.

3. Ensile the corn plant to help re-
duce the nitrate. Adding 20 Ib
limestone per ton corn forage go-
ing into the silo reduces nitrate
further. But limestone should be
added very carefully because it
tends to raise the pH of the silage
which will produce a poor quality
silage, if excessive.

4. Dilute high nitrate feeds with low
nitrate feeds, such as grain and
legume hay, to lower the percent-
age of nitrate in the daily ration.

5. Corn stalks from drought-stressed
corn may be high in nitrate. Ni-
trates tend to accumulate in the
stalk, so use more care when feed-
ing stalks.

6. Balance the ration.
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THIS MAGAZINE has been
on the American scene since
1923. It has been an Institute
magazine since 1935.

We wonder if there are any
readers still alive who have re-
ceived it since the 1920, the
30’s, or even the 40s.

If so, drop us a card. This
would be a nice way to wel-
come our new editor, Bill Ager-
ton.

Just address the card WEL-
COME to our new address on
the back cover. Or mail the
form on page 12, which seeks
reader advice on how to im-
prove our journal.

Editor Agerton comes at a
time when an expert recently
said, “I can’t put my finger on
it. But the overall style of Better
Crops magazine has an image
that doesn’t look modern when
compared to first class industry
publications.”

Maybe the word he was seek-
ing was “old-fashioned.”

A few issues from now that




expert may see a different
image, because Agerton brings
fresh, modern ideas to one of
the longest-lived trade journals
in American industry.

This freshness is born from
solid, down-to-earth experience
that seems tailored to this kind
of journal:

e Farm-raised near Ariton,
Alabama.

e Bachelor of Science and
Master of Education from Au-
burn University.

e Area Field Representative
for the Alabama Farm Bureau
Federation.

e Associate Editor and Edi-
tor of the Alabama Farm Bu-
reau News.

e Publications Editor, Uni-
versity of Georgia Agricultural
Extension Service.

e In Visual Aids, winner of
the Alabama County Agents
Association Slide Competition.

e In Publications, winner of
the Gold Medal and Silver
Medal Awards for the Ala-

bama Farm Bureau News.

e Active in Agricultural
Communicators, National Mar-
keting Association, National
Association of County Agents,
and Kappa Delta Pi.

e Past President of two Civi-
tan Clubs in Alabama.

e Past President, Montgom-
ery (Ala.) Association of Busi-
ness Communicators.

The most interesting creden-
tial he brings is the strong drive
that led him into communica-
tions, not through a journalism
school or writing course, but a
natural gift for it.

And like the sports writer in
the newspaper world, he started
working with words and pic-
tures in one of the best areas
possible to develop a crisp, in-
teresting style of communica-
tions—in 4-H work developing
into a photo journalist first.

Pictures must have words to
tell their full story. And the hu-
man interest material in 4-H
work was a natural training

ground for Bill Agerton's way
with words and visuals.

As an editor of Alabama’s
Farm Bureau News, he experi-
enced something of newspaper-
ing, because the tabloid he
edited was loaded with news on
farm people, their leaders, and
the events they cause to happen.

Then, as Georgia’s Publica-
tions Editor for Extension, he
mixed many parts of the com-
munications game — ranging
from publications on 4-H ac-
tivities to agronomic reports
and different types of Farm
Day materials.

The 39-year-old editor now
enters a new phase of a life that
has been very active in his pro-
fession, his community, and his
church.

The opportunities for crea-
tive work with Institute publi-
cations and visuals are very
great. The work can use good
advice. So, he and we would
welcome your counsel. You can
give it on page 12.
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