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ON THE COVER—Without men like Kenneth Adams of 
Dana, Indiana, we wouldn't have the well-stocked super
markets we take for granted today. 

Standing by some of his corn yield, Adams symbolizes 
what Emerson meant by all trade beginning with the 
grower. Mr. Emerson may be out of date in this nuclear 
age. But suppose every farmer in America decided not to 
grow anything this year? 

Of one thing we are certain: growers like Adams lead 
the way today. He is typical of America's best corn grow
ers just surveyed by George D. Johnson of the E. H. 
Brown Company in Chicago. Adams grows 235 acres of 
corn marketed as cash grain. This year he's shooting for 
165 bushels per acre, with 23,000 plant population and 
140 lbs. actual N, 90 lbs. P 2O s, and 140 lbs. K 2 0 . 

I t ' l l pay you to see what the other top growers do to 
lead the nation. The survey starts on page 38. 
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FERTILIZE 
M A L T I N G 
BARLEY 

PRODUCING high-yield, high-
quality malting barley demands the 
best management practices—variety 
selection, early seeding, and enough 
plant nutrients, among others. 

High quality in malting barley 
means a high test weight, a high per
centage of plump kernels and a low 
protein content—less than 13.5 per
cent protein. 

Barley in North Dakota and Mani
toba is grown on both summerfallow 
and nonfallow land. The summer-
fallow usually responds well to ap
plications of phosphorus (P) and 
possibly potassium (K), while non-
fallow often responds to nitrogen 
(N), phosphorus (P) and possibly 
K. 

Recent trials in North Dakota and 
Manitoba indicate the particular im-

LESS 
LODGING 

MORE 
YIELDS 

portance of seeding date and proper 
fertilization of malting barley. 

E A R L Y SEEDING IS 
IMPORTANT 

Data from recent North Dakota 
trials have shown a delay in seeding 
date usually reduces both yield and 
quality of malting barley. Late April 
and early May have been the best. A 
likely reason is that the later seed-
ings fill and mature under climatic 
conditions less suitable for small 
grain. 

Table 1 shows the benefits of early 
seeding—(1) the extreme and aver
age yield increases, (2) increased per
cent plump kernels (on a % 4 in. 
screen), (3) decreased percent pro
tein (%Nx6.25) obtained in twelve 
trials during 1962 to 1965. 



O N H I G H - P O T A S S I U M S O I L S 

THE ROAD TO TOP-PROFIT MALTING BARLEY includes right variety, early 
seeding, and adequate plant nutrients—nitrogen, phosphorus, and potassium. Barley 
has responded to potassium fertilization not only on low-potassium soils (shown by 
Manitoba trials on left ) , but also on high-potassium soils (shown by North Dakota 
trials above). Both the barley quality and yield were influenced. 

E. H. VASEY 
NORTH DAKOTA 
STATE UNIVERSITY 

R. J . SOPER 
UNIVERSITY OF 
MANITOBA 

Early seeding for quality barley 
is a must. 

•FERTILIZATION BOOSTS 
YIELDS 

Response To Nitrogen (JN) 
Malting barley grown on nitrogen-

deficient soils will respond well to 
applied fertilizer N, both North Da
kota and Manitoba trials show. Fig
ures 1 and 2 show yield response to 
N when row P has been applied. 

Note how N fertilization can often 
double yields on non-fallow land 
without increasing the protein con
tent to the undesirable 13.5 percent 
level. For feed barley on these fields, 
well over 100 pounds N per acre 
might have been profitable. 

But malting barley growers hesi
tate to use enough N fertilizer for 
fear of lowering their grain quality 
by increasing the protein content. 
Table 3 shows relation between 
seeding time and N rates on yield 
and protein content. When substan
tial yield increases occur, effect on 
grain protein content will not usually 
be serious, particularly with early 
seeding. 

Earlier seeded barley fertilized 
with N responded better and the in
crease in grain protein content was 
less serious than on later seeded 
grain. This may mean higher soil 
temperature at later seeding causes 
greater respiration and less efficient 
plants. Critical growth stages more 
likely occur at higher temperatures 
for the later seeding, often resulting 
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in lower yields of higher grain pro
tein content, even where fertilizer N 
is not applied. 

These tests show that early seed
ing along with adequate N levels 
should be a part of any sound man
agement system for malting barley. 

Response to Phosphorus (P) 
Malting barley grown on summer-

fallow or nitrogen-fertilized non-
fallow land responds well to applied 
fertilizer P on soils testing low and 
medium in available P. One can ex
pect yield benefits from applying P 
by drill to a deficient soil, as Table 2 
shows. The P soil test is a good pre
dictor of P fertilizer needs. 

Response to Potassium (K) 
In dealing with K, we will look at 

the benefit of applying fertilizer K 
on low testing soils in Manitoba and 
on soils testing high to very high in 
exchangeable K in Manitoba and 
North Dakota. 

Response to K On Low Testing Soils 
On low K soils in Manitoba (26-

55 p.p.m. exchangeable K ) , malting 
barley responded markedly to ap
plied fertilizer K. In fact, good yields 
were not obtained without fertilizer 
K, as shown in Figure 3 > On 
such soils, adding fertilizer N and P 
was only part of the answer to good 
yields. Applied K not only benefitted 
yield, but also affected kernel plump
ness and protein content of grain. 
Quality improved even when yield 
was not increased at the highest K 2 0 
rate. 

Table 4 compares broadcast and 
drill-applied K in these Manitoba 
trials. Drilling K with the seed was 
much more effective than broadcast
ing it on these soils containing low 
levels of exchangeable K. 

Response To K With High To Very 
High K Soil Tests 

North Dakota and Manitoba re
searchers have also conducted rate 
of fertilizer K trials with malting bar

ley on soils testing from 100 to 400 
p.p.m. of exchangeable K. Most of 
these soils, testing 150 to 250 p.p.m. 
exchangeable K, would usually be 
considered adequately supplied with 
available potassium. But applied K 
brought * profitable yield response, 
shown in Table 5, even though the 
soils tested high in exchangeable 
potassium. 

On high testing soils, 15 pounds 
of K 2 0 per acre was usually ade
quate. Yield response to the second 
15 pound increment has only shown 
up on one of twelve trials in North 
Dakota. This occurred in the experi
ment on Fargo clay shown in the 
table. 

Experimental work in North Da
kota has sometimes shown effects 
of applied fertilizer potassium on the 
standing ability of malting barley. 

The soil at one site was a silty 
clay loam testing 260 p.p.m. of ex
changeable potassium. The average 
hand harvested yield for treatment 
N 3Ki (40 pounds broadcast nitrogen, 
40 pounds available P 2 O s drilled in 
with seed and no K 2 0) , was 64.4 
bushels per acre and for treatment 
N 3 K 3 (same rates of nitrogen and 
phosphate plus 30 pounds per acre 
of K 2 0 (potash) drilled in with the 
seed) the yield was 67.0 bushels per 
acre. 

If harvest had been done by a 
mechanical system such as a farmer 
WDuld use, the yield differences 
might have been greater. 

Other North Dakota trials. have 
also shown malting barley standing 
better during unfavorable weather 
when fertilizer K had been applied. 

POTASSIUM RESPONSE AS 
RELATED TO E A R L Y SEEDING 

In the twelve North Dakota trials, 
yield and quality response of malting 
barley to 15 pounds of applied K 2 0 
has been more consistent at the 
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TABLE 1—EARLY SEEDING INFLUENCES BARLEY YIELD AND QUALITY ON TWELVE 
NORTH DAKOTA TRIALS. 

Test Weight Increase Decrease 
Yield Increase Increase % Plump Kernels % Protein 

Extreme Average Extreme Average Extreme Average Extreme Average 
Bu/A. Lb./Bu. 

18.9 8.0 7.6 2.5 34.7 6.1 2.2 0.9 

TABLE 2—DRILL-APPLIED P INFLUENCES MALTING BARLEY YIELD ON SUMMER-
FALLOW AND NON-FALLOW LAND. 

Barley Added 
Location N P 205 K 20 Yield Yield 

lb/A. Bu./A Bu./A 
(Summerfallow) 

North Dakota 0 + 0 + 0 65.2 
0 + 35 + 0 76.5 11.3 

( Nonfallow ) 
60 + 0 + 0 73.4 
60 + 35 + 0 81.2 7.8 

( Nonfallow ) 
Manitoba 60 + 0 + 0 52.4 

60 + 30 + 0 69.7 17.3 

( Nonfallow ) 
60 + 0 + 100 18.3 
60 + 20 + 100 40.3 22.0 
60 + 40 + 100 47.3 7.0 

TABLE3—EFFECT OF SEEDING DATE AND N FERTILIZER ON YIELD AND PROTEIN 
CONTENT OF MALTING BARLEY, FROM ONE TRIAL AND THE AVERAGE OF TWELVE 

TRIALS. 
Seeding 
Time Broadcast N 

lbs/A 

Yield 
Trial 1 Average 

bu./A 

% Protein1 

Trial 1 Average 

Early 0 30.1 44.3 12.1 12.0 Early 
30 or 40 41.4 52.9 11.9 12.5 
60 49.3 55.3 12.5 13.1 

2 weeks later 0 29.4 38.0 12.8 12.9 
30 or 40 35.1 43.7 13.1 13.5 
60 37.6 45.7 13.5 13.9 

lPercent Nx6.25 

TABLE 4—POTASSIUM APPLICATION METHOD AFFECTS MALTING BARLEY YIELD 
ON MANITOBA SOILS LOW IN EXCHANGEABLE POTASSIUM. 

Fertilizer Yield (Bu./acre) 
Treatment1 Trial 1 Trial 2 Trial 3 

N P 2 0 5 K 20 

60 + 20 + 0 33.4 38.0 34.3 
60 + 20 + 15 D 44.6 53.9 40.2 
60 + 20 + 30 D 41.5 53.3 46.1 
60 + 20 + 100 B 46.0 57.7 40.3 
60 + 20 + 200 B 50.1 59.9 43.9 

XN was broadcast. P 2 0 5 was drilled in with seed. 
D indicates drilled with the seed, B indicates the K 20 was broadcast. 
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FIGURE 1 

earlier seeding than at the later seed
ing. This may reflect cooler soil tem
peratures at earlier seedings, which 
have been shown to decrease the 
availability of the native soil K 
supply. 

When seeded early, seven of the 
twelve trials have shown yield re
sponses of 1 or more bushels per 
acre by adding 15 pounds per acre 
of K 2 () . Average yield response for 
this treatment in these seven trials 
equals 3.0 bushels per acre. 

So far, Manitoba trials have shown 
K responses 5 out of 7 times on soils 
high in exchangeable K. About 1 
bushel of malting barley is needed 
to pay the cost of 15 pounds K 2 0 at 
present prices. 

Malting barley has usually re
sponded best to applied fertilizer 
potassium on the coarse textured 
soils in the North Dakota trials. Re
sponse ranged as high as 6.7 bushels 
per acre by adding 15 pounds K 2 0 
per acre. 

Using exchangeable potassium 
levels in soils may not be the whole 
answer in determining adequate po
tassium supply, for growing malting 
barley on some soils of Manitoba 
and North Dakota. These results 
suggest fertilizer potassium may well 
be used on soils testing very high in 
exchangeable potassium, as trial 
application, once the grower has met 
nitrogen and phosphorus needs of 
his malting barley crop. 
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IN SUMMARY 
Growing malting barley is a profit

able enterprise for many North Da
kota and Manitoba farmers. 

There is every reason to expect 
that a good management program— 
including early seeding, use of ade
quate fertilizer N, P, and K on soils 
deficient in these elements, and trial 
use of fertilizer K on soils testing 
high in exchangeable K—could make 
malting barley growing an even more 
profitable enterprise. 

Malting barley responds well to 
needed fertilizer. Yield response to 
additional N, P, and K has normally 
been best when the malting barley 
was seeded early. Small, but profit

able yield responses to applied ferti
lizer potassium often occur when 
malting barley is grown with ade
quate levels of nitrogen and phos
phorus on soils testing high in 
exchangeable potassium in North 
Dakota and Manitoba. Other valu
able quality effects may also be asso
ciated with the use of applied ferti
lizer potassium on malting barley 
grown on such soils. 

Regardless of the crop, early seed
ing has always been urged. With 
malting barley it appears to have an 
influence on not only yield potential 
but also on quality factors, especially 
protein content. 

THE END 

TABLE 5—MALTING BARLEY RESPONDS TO APPLIED FERTILIZER POTASSIUM 
ON SOILS TESTING HIGH IN EXCHANGEABLE POTASSIUM. 

Location 

Manitoba 

Soil 
Type 

Lakeland SiC 

Exchangeable 
Potassium Level 

(p.p.m.) 

275 

North Dakota Hecla FSL 

Fargo C 

Fertilizer 
Treatment1 

(Lbs/Acre) 

60 + 3 0 + 0 
60 + 30 + 30 

Yield Plump Kernels 
Bu./A. (on 6/64 in. 

Screen) 
55.1 33.2 
60.9 35.2 

150 60 + 4 0 + 0 41.9 25.6 
60 + 4 0 + 15 48.6 36.1 
60 + 40 + 30 48.2 32.3 

300+ 60 + 4 0 + 0 60.5 70.7 
60 + 40 + 15 61.4 71.1 
60 + 40 + 30 67.7 76.9 

defers to pounds of nitrogen (N) broadcast + available phosphate (P 2 0 5 ) drilled 
in with seed + potash (K 20) drilled in with seed in that order. 



R.C.J. KOO 

CITRUS EXPERIMENT STATION 
LAKE ALFRED, FLORIDA 

Nitrogen and potash are the two 
major constituents used in Florida 
citrus fertilizers. 

Using potash in moderate 
amounts is reasonable because most 
citrus soils in Florida are not well 
supplied with potassium containing 
minerals. 

Like nitrogen, potassium does 
not accumulate in sandy soils and 
much of that not absorbed by the 
citrus tree roots is lost through 
leaching. But, unlike nitrogen, po
tassium deficiency symptoms are not 
easily recognized under field condi
tions and citrus trees seem able to 
tolerate a wide range of potash fer
tilization without affecting fruit pro
duction. 

When 200 mature 'Valencia' 
groves were surveyed in central 
Florida 10 years ago, they showed 
potash fertilization ranging from 72 
to 310 pounds per acre per year. 
Citrus growers obviously differ on 

the optimum amount of potash they 
believe in using. 

Since that survey, much potash 
research has been done on-citrus. 
The findings can help guide Florida 
citrus growers to a potash program 
for the tree. 

WHAT POTASSIUM DOES 
TO CITRUS FRUIT 

Potassium affects fruit quality 
more than any other element. 

The fruit may be affected along 
the whole range from potassium de
ficiency to excess. Trees low in po
tassium will produce small fruit, 
having a thin, smooth-texture rind, 
but good color. Trees high in potas
sium, on the other hand, produce 
large fruit having a coarse, thick 
rind with poor color. 

Since fruit rind thickness is in
fluenced by the potassium level in 
the tree, rind disorders (such as 
creasing and fruit splits) have been 
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IN FLORIDA 

Potash 
Puts 
QUALITY 
Into 
Citrus 

associated with low potassium. 
While the exact causes of these dis
orders have not been established, 
potassium could be one of the con
tributing factors. 

Potash fertilization also influences 
the juice quality of oranges and 
grapefruits. 

The acid content of the juice is 
increased by increasing potassium 
level in the tree. 

The soluble solids (soluble 
sugars) and juice content are little 
affected by potash fertilization 
other than by its influence on fruit 
size. 

Large fruit usually has a lower 
soluble solids content than small 
fruit. Large fruit has more juice 
than small fruit but a lower percent
age of juice on the basis of fruit 
weight. Therefore, a 90-pound box 
of large fruit will have less juice than 
a box of small fruit. 

9 

FRUITFUL 
FACTS 

Successful growers plan their fer
tilizer program from facts. These 
well-known, but often overlooked, 
facts should help growers plan their 
potash fertilization program most 
profitably: 

POTASH REMOVAL by the crop 
A crop of citrus removes more 

potash than any other element. 
Every 90-pound box of fruit har
vested removes about a quarter 
pound of potash—almost twice the 
amount of nitrogen removed. So, 
more potash should be applied dur
ing years of heavy crop. 

POTASH LOSS by leaching 
Most Florida citrus soils can 

hold 4 to 5 inches of water in the 
root zone. When rain exceeds water 
holding capacity of soil, some leach
ing will occur. Growers should be 
aware of rainfall distribution. 

Several inches of rain in one week 
can cause leaching, even in a year 
with below normal total rainfall. On 
the other hand, little leaching may 
occur in a year with above normal 
rainfall IF most of the rain is dis
tributed normally over the year. 

The key is distribution. Growers 
should watch it carefully when 
forming their fertilizer program. 

POTASH USE for long term 
Fruit production and fruit qual

ity depend on the ACCUMULA
TIVE effects of potash. Frequent 
change in the potash program will 
serve no useful purpose and may be 
costly in the long run. 
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I L E A F K - H A M L I N O R A N G E S ! 

• 9 + *** 

. 45% . 8 5 % 1.00% 1.35% j 1.65% 1.80% 

ORCHARDS DEFICIENT IN POTASSIUM or bordering on it always 
have a problem with fruit sizing. These oranges show what % K in the 
orange leaf meant to fruit size. Adequate potassium also helps trees hold 
fruit until maturity. Potassium fertilization reduced grapefruit drop from 
46% to 33% in Florida tests. 

POTASH F E R T I L I Z E R 
RECOMMENDATIONS 

Florida Bulletin 563B now rec
ommends potash fertilization as fol
lows: 

"On acid soil, for early and mid-
season orange trees, apply 0.4 
pound and on late season oranges 
and grapefruit, 0.3 pound of potash 
per year per box of fruit, up to a 
maximum of about 250 pounds per 
acre. 

"On calcareous soils, apply about 
one-fourth more potash than the 
recommended rate." 

The recommended rates allow 
ample supplies of potash for new 

growth and for fruit production for 
average bearing groves under nor
mal conditions. 

To try to produce smaller oranges 
for processing, some growers have 
used lower potash rates than recom
mended in recent years. Such a pro
gram demands close watch of the 
potassium status of the trees. 

A normal bearing citrus tree will 
usually take several years to show 
potassium hunger. Once the symp
toms are recognized, it will take 
over a year to restore potassium to 
needed level in the tree. 

A few pounds of prevention is 
worth many months of cure. Citrus 

NPK Teamwork Boost 
T H E P E R - A C R E number of 

marketable tomato transplants in
creased 6 times by supplying proper 
amounts of nitrogen, phosphorus 
and potassium, a U.S. Department 
of Agriculture soil scientist reports. 

Dr. Casimir A. Jaworski, vege
table crop specialist of USDA's 
Agricultural Research Service, re
ports that in his highest yielding 
test he obtained 615,000 marketable 
transplants per acre. 

The industry average is about 
100,000 per acre. The Georgia Ag

ricultural Experiment Station coop
erated in the tests. 

About 90 percent of all tomato 
transplants set out in the Midwest, 
along the Eastern Seaboard, and 
much of the Great Lakes area of 
Canada come from some 6,000 acres 
of plant beds near Tifton, Ga. 

Transplant growers, however, 
have been beset by large numbers 
of culls, a problem that reduces effi
ciency and hampers mechanical har
vesting. 
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growers can easily prevent their 
trees from becoming deficient in po
tassium and below par in produc
tion. The following tool, along with 
standard recommendations, will help 
a grower form a profitable potash 
fertilization program. 

L E A F ANALYSIS by the year 
Field tests have fairly well deter

mined the relation between leaf po
tassium content and fruit quality 
and yield characteristics. The fol
lowing leaf potassium levels are 
based on 4 to 5-month-old spring 
flush leaves from nonfruiting stems: 

Maximum fruit production and 
desirable fruit quality can be ob
tained by maintaining the leaf potas
sium level between 1.2 to 1.7%. 

Leaf analysis can show a grower 
what potassium content trend his 
trees are taking from a given fertili
zer program over a period of years. 

Annual leaf tests will detect any 
potassium extremes soon enough to 
adjust the fertilizer program before 
fruit production begins to decline. 

LEAF K CONTENT RANGE 

1.8-2.3% 

1.2-1.7% 

0.9-1.1% 

0.6-0.9% 

0.3-0.6% 

Less than 0.3% 

High 

Optimum 

Low 

Very low 

Deficient 

FRUIT CHARACTERISTICS AND YIELD 

Large fruit, coarse-thick rind with poor 
color, high acid. 

Moderate size fruit and good internal 
quality. 

Small size, smooth-thin rind, frequently 
has more fruit splits and lower yield, good 
fruit color 

High incidence of premature fruit drop 
and sparse cover crop growth, excellent 
fruit color. 

Twig dieback, tree very susceptible to 
cold damage. 

Extreme deficiency Chlorosis of leaves, dieback of twigs. 

THE END 

romato Transplants-
Transplants are grown largely on 

newly cleared pine forest land be
cause these lands are relatively free 
of tomato-disease organisms and 
nematodes. But over the years that 
the land was pine forest, Dr. Ja-
worski said, the soil was depleted 
of needed minerals, and pine-needle 
residues made the soil acid. 

Dr. Jaworski reported earlier 
that applying 1 ton of dolomitic 
limestone per acre corrected the 
soil's acidity and also corrected cal

cium and magnesium deficiencies. 
From present research, Dr. Ja

worski estimates that basic defi
ciencies in the 3 primary nutrients 
can be corrected by adding 40 to 
60 pounds of nitrogen, about 90 
pounds of phosphorus, and 25 
pounds of potassium on a per acre 
basis. 

He emphasized that local condi
tions might change these amounts, 
but accurate soil tests would point up 
exact amounts of nutrients needed. 

THE END 
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plants to see whether K and Mg 
affected growth rates. 

TRUE HIDDEN HUNGER 

When plants capture the sun's 
energy, carbon dioxide (C0 2 ) is 
withdrawn from the air and into the 
leaf through tiny pores (stomata) 
in the surface of the leaf. Inside the 
leaf, the sun's energy is used to 

It A I i r I c o n v e r t t ' l e C0 2 into new plant ma-
DO LIE! t e r i a l > a process called photosyn

thesis. 
We measured the rate of C0 2 

used by individual corn leaves. This 
measurement required only a few 
minutes, indicating "instantaneous 
growth activity" or photosynthetic 
abilities of the leaf. We found pho
tosynthesis closely related to the 
concentration of K or Mg in the 
leaves. 

The nearly normal looking K-
deficient leaves had very low rates 
of photosynthesis. In other words, 
a good looking leaf could be starved 
for K. This is "Hidden Hunger" at 
its ultimate! 

DOYLE E . PEASLEE 
UNIVERSITY OF KENTUCKY 

FEW FOLKS would ever guess 
it. The young corn plants growing 
on low-potassium (K) soil didn't 
look like they were loafing. But they 
were. Almost 100% loafing! 

Oh, they may have been a little 
smaller than non-loafing plants. But 
little difference otherwise. 

Some plants growing on magne
sium (Mg) deficient soils were an
other story. They looked sick—real 
sick. Typically striped and yellow
ing. Who would guess they were 
growing at nearly normal rates? 

While I was at the Connecti
cut Agricultural Experiment Station, 
Dale Moss and I began measuring 
the "instantaneous growth activity" 
of individual corn leaves from such 

CRITICAL L E V E L S 
As the K concentration in the 

leaf increased beyond a certain level, 
there was very little effect on photo
synthesis—shown in Figure 1. This 
was the zone of adequate nutrition, 
or "Safety Zone." 

As concentrations fell below a cer
tain level, photosynthesis declined 
drastically. This was the "Starva
tion Zone." The region between 
safety zone and starvation zone is 
often called "Critical Zone" or 
"Critical Level." 

The critical level of K in our corn 
leaves was about 2 mg/gm fresh 
weight (or 1.5% K on a dry weight 
basis). This is somewhat lower than 
has been measured in field experi
ments. A few comments on this in 
a moment. 

Figure 2 shows the effect of Mg 
on the photosynthesis of corn leaves. 
About 200 mg/gm fresh weight (or 
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1.0 2.0 3.0 4.0 5.0 
Ext. K in leaf-mg/g fresh wt. 

FIGURE 1 

0.18% Mg on a dry weight basis) 
was the critical level in these leaves. 
Below this level, the leaves were in 
the starvation zone. 

Recall now that the leaves in the 
critical and starvation range showed 
definite deficiency symptoms. Why 
did these "deficient-looking" leaves 
not show the sharply reduced pho-
tosynthetic rates one would expect 

when they lack only Mg? We do 
not know. 

Most researchers feel that the 
green matter (chlorophyll) related 
to Mg supply in leaves may some
times be present in amounts greater 
than actually needed. 

WANDERIN' K 
Earlier, I described the critical 

200 400 600 
Ext. Mg in leaf - mgm/g fresh wt. 

FIGURE 2 
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level of 1.5% as lower than most 
field values. There are several rea
sons for this. 

This value (1.5%) assumes a 
constant supply of K to the plant 
through the complete growing sea
son. Normally the supply decreases 
as the season progresses. So, in the 
field a little higher level is needed to 
carry the plant through the season. 

A more important reason was 
seen in another experiment. Here 
we measured the photosynthesis and 
K concentration in several leaves 
from corn plants at tasseling time. 
Some plants had initially received 
low K supplies and finally K was 
withheld completely from the plants. 
The remaining plants received ade
quate K throughout the experiment. 

Figure 3 shows what happened. 
Much of the K in the low-K plants 
had moved to the upper parts of 
the plant. Lower leaves were starved 
and lost growth activity. A few 
upper leaves on the starved plants 
maintained much photosynthetic ac
tivity since they were higher in K. 

Of special interest were the high-
K plants. Although K levels in these 

plants were 3.8% to 4.8% on a 
dry weight basis, the upper leaves 
tended to be enriched with K at the 
expense of lower leaves. 

We can only conclude that to 
maintain all leaves above 1.5% K, 
many upper leaves will have to con
tain much more K—perhaps 2.5 
to 3.0%. 

As narrow rows and high plant 
populations continue to bring in
creased profits, we need to be more 
aware of the performance of the 
leaf canopy. Some leaves in high 
populations are operating at less 
than optimum lighting. 

Perhaps more information will 
permit increased photosynthesis by 
leaves in suboptimum light. How 
important it is to have all leaves 
in the field carrying out full photo-
synthetic activity can only be de
termined by additional experiments. 

This merely illustrates the com
plexities of plant nutrition. But, 
thankfully, we now have tools to 
observe it more closely than ever 
before. 

THE END 



GROWING CORN is like putting 
a jig-saw puzzle together. You have 
to study all the pieces (practices) 
and put them together right. 

Early Planting Pays Off 
WITH PLENTY OF F U E L 

D. L . MULVANEY 
R. R. B E L L 
J. W. PENDLETON 

UNIVERSITY OF ILLINOIS 

PLANTING corn early has paid 
off with extra bushels in the bin at 
harvest time in Illinois and many 
other corn belt states. 

Corn planted early has a big ad
vantage weatherwise. Early planting 
boosts the chances of having a fa
vorable moisture supply in the soil 

at tasseling before the hot, dry days 
of late July or August. Corn needs 
plenty of water throughout the grow
ing season, but the most critical 
time is around silking. 

Early planting also allows the 
plant to grow during the long light 
days—and corn loves light. In most 
years, early corn planting is one 
way we can make weather work 
for us. 

NITROGEN PUTS PUNCH 
IN E A R L Y PLANTING 

Early planting pays off only when 
we pay proper attention to fertility. 
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It's like lighting a rocket fuse— 
useless unless there is plenty of fuel 
aboard. 

An experiment at DeKalb, I l l i 
nois in 1964 and 1965 showed how 
nitrogen fertilizers help produce top 
yields with early planted corn: 

(1) Three corn varieties were 
planted on May 4, May 14, May 
26, and June 4. 

(2) The varieties used were a full 
season, medium and an early ma
turing type. 

(3) The corn was planted on a 
highly fertile Drummer silty clay 
loam at 24,000 kernels per acre. 

(4) The corn followed winter 
wheat with red clover seeded as a 
catch crop. 

(5) Three nitrogen levels were 
maintained on all varieties and 
planting dates—no nitrogen fertil
izer, 80 pounds nitrogen per acre, 
and 160 pounds of nitrogen per 
acre. 

(6) All nitrogen was applied be
fore plowing in the spring along 
with 120 pounds of P 2 O s and 60 
pounds of K 2 0 . 

FIGURE 1 shows different yields 
of full season hybrid planted at four 
dates to three nitrogen levels. 

DATE OF PLANTING x NITROGEN RATES 
24,000 PLANTS/ACRE 

190 

170 

5 150 

co 130 

no 

90, 

JUNE 4 

180 r 

A V E R A G E CORN Y IELD 1 9 6 4 - 6 5 

P L A N T E D MAY 4 

Y/A N 0 NITROGEN 

] 8 0 LB . N / A 

I 160 LB. N /A 

80 
POUNDS OF NITROGEN 

FIGURE 1 

160 

MEDIUM E A R L Y 
MATURITY MATURITY 

V A R I E T I E S 

FIGURE 2 
Without additional nitrogen, 

yields for the May 4, May 14, and 
May 26 planting dates were about 
equal. 

When 80 pounds of nitrogen was 
applied, the May 4 and May 14 
planting dates produced higher 
yields. 

With an additional 80 pounds of 
nitrogen, or a total of 160 pounds, 
the May 4 planting date rose to the 
top yield of 176 bushels per acre 
(two-year average). 

The yield advantage for early 
planting occurred only when high 
nitrogen was present. Actually the 
yields were still going up with 160 
pounds of nitrogen per acre. 

This experiment does not rule out 
the possibility of higher yields if 
more nitrogen had been added. This 
same relationship was generally 
present with all hybrids, but yield 
increases were less with the medium 
maturity and early maturing vari
eties. 

F U L L SEASON HYBRID STARS 

The full season hybrid produced 
a higher yield than either of the 
other two hybrids at all planting 
dates. 
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FIGURE 2 shows yields from 
three varieties with the three nitro
gen levels from the May 4 planting. 
All varieties responded to added 
nitrogen. But amount of increased 
yield varied greatly between hybrids. 

The full season variety produced 
20 bushels MORE per acre with 80 
pounds of nitrogen and 22 bushels 
MORE per acre for the additional 
80 pounds of nitrogen per acre. 

The medium maturity hybrid 
produced about 11 bushels MORE 
for 80 pounds of nitrogen and 7 
bushels MORE per acre with the 
160 pounds of nitrogen rate. 

This study shows how important 
it is to put all factors together prop

erly for high yields. Additional ni
trogen affected yields very little 
when the corn was planted in late 
May or early June. 

Evidently nitrogen from the red 
clover catch crop and the soil had 
been mineralized to supply sufficient 
nitrogen for the yields obtained. But 
when the corn was planted in late 
April or early May, additional nitro
gen increased the yield by 42 bush
els per acre. 

The two-year average, top yield 
of 176 bushels, was obtained by put
ting three production practices to
gether: early planting, right variety, 
and high fertility. 

THE END 

IN A SPRING RUSH? 

USE THE TOOLS 
ON PAGES 20-25 
TO HELP YOU SELL 
THE VALUE OF GOOD 
NUTRIENT MANAGEMENT 

IDEAS ARE LIKE SEEDS-YOU 
MUST PLANT 'EM TO GET RESULTS 
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MRS. SCHMIDT FILES HER LAST COPY 

THEY COULDN'T keep her in 
the nursing home. She got up and 
returned to her Washington apart
ment, vowing never to get "stuck 
with old folks again." 

She did make one concession to 
age. She liked to call herself the 
Grandmother of Potash. It was an 
apt title, for she began work for the 
old Kali Potash Midwest office in 
1905. 

When she left for the hospital on 
December 27, 1966, an abstract 
card on a potash research project sat 
firmly in her typewriter, half com
pleted. 

Catherine Schmidt, founder of the 
American Potash Institute Library, 
is dead at 83. 

Not long after going to work for 
Dr. H. A. Huston in the Chicago 
potash office 62 years ago, Mrs. 
Schmidt found herself performing 
many duties: searching official bul
letins for reports on potash work, 
helping develop compact educa
tional folders on different crop re
sponses to potash, editing picture 
possibilities for early attempts at 
visual aids, etc. 

This work soon led her into de
veloping the American Potash Insti
tute Library, eventually recognized 
by the Library of Congress as one of 
the world's most complete collec
tions on potash research results. She 
became an active, respected partici
pant in the library circles of Wash
ington, D. C. 

Catherine Schmidt did not have 
to build this library. She was not em
ployed to do it. She had attended 
college one year on a small campus 
in rural Wisconsin, far removed from 
anything called "library science." 
But in this little woman there 
dwelled the Midwest love for hard 
work, self-development, and self-suf
ficiency, supported by a remarkable 
memory no college can give a mind. 

Put these traits into a solid, 
healthy body and you get a mixture 
that defied 8-hour workdays—a 
sturdy little dynamo producing lit
erally bushels of work in collecting, 
classifying, condensing, interpreting, 
and preserving the important potash 
work done around the world in this 
century. She built her library on a 
common sense basis, so facts could 
be found easily and used rapidly. 
She was working for farm-bred sci
entists, not egg-head scholars, and 
her Wisconsin heritage served her 
well. 

At the same time, she took delight 
in quoting the latest wit from New 
Yorker magazine or remembering a 
certain concert at Constitution Hall 
or a certain play at National Theatre 
or a certain viewpoint from a foreign 
affairs meeting. Catherine Schmidt 
was forever building her mind. 

We remember the day she ran 
across a distant study on the possi
bility of music improving plant 
growth—a real human interest grab
ber that the A. P. boys had not yet 
run across. Mrs. Schmidt's eyes 
sparkled. Think of it! Beethoven to 
lift the spirits of a little soybean plant 
on a distant row in West Tennessee. 
We suggested Tennessee Ernie Ford 
mieht do a better job. 

Catherine Schmidt was a perpet
ual student. That's why an Institute 
colleague found potash work in her 
typewriter after the hospital attend
ants had picked her up. 

That's why the Wisconsin soil in 
which she rests will surely produce 
a sturdier turf this spring, the kind 
that can survive much weather, dis
ease, traffic; a hardiness Catherine 
Schmidt stubbornly attributed to pot
ash. 

She should know. She covered the 
world in her mental search for the 
truth about this nutrient to which 
she gave most of her life. 



Winter 1967 19 

NEW K-TELLING TRIO 

Soils are complex mixtures derived from many kinds of rocks and minerals. 
The primary minerals may or may not contain K. Quartz, calcite, and kaolinite 
contain no K. Feldspars, micas, and many other minerals contain K as a part of 
the mineral. Clays resulting from the breakdown of such minerals vary in K 
content and in adsorptive capacities for added K. 

Soils of any color may be low in available K. Dark soils, generally thought 
fertile, may be relatively low in available K. 

Comparing soils by water-separation method shows how widely they vary in 
physical make-up, which also affects their chemical properties. Clay particles and 
humus act as a storage bin for available K. Even though the sand and silt may 
contain some K tied up in the mineral complex, this K is practically unavailable 
to plants. 

K moves slowly—by diffusion in water films—from one soil particle to an
other. Rapid plant growth may deplete available K about the roots, though 
chemically availableK is only short distances away. 

Hidden hunger may thin out alfalfa stands before outstanding symptoms ap
pear. Soon K deficiency causes loss of stand. Without enough K, the plant cannot 
restore root reserves, necessary for spring regrowth and fast recovery after cutting. 

Better quality (a bonus) usually comes with increased yields from proper 
fertilization. When K improves corn ear size, MORE + BETTER corn results. K-
starved ears have unfinished tips and small, chaffy kernels. Adequate K increases 
the carotene content of corn silage. 

Potassium helps improve the plant's use of higher nitrogen rates. Here increas
ing K raised the level of true plant protein in orchardgrass, as plant nitrogen content 
increased. If N is high and K is low, intermediate N compounds (such as aspara-
gine) may accumulate to make feed less palatable or nutritious. 

Schedule K-Telling Trio On Page 20 



PLEASE SCHEDULE POTASSIUM FOR AGRICULTURE AS FOLLOWS; 

MOVIE (25 M i n . , Co lor ) 
Date Desired A l t e r n a t e Date 

SLIDE SET (66 S l i d e s ) 
Date Desired Purchase ($5.00) 
10-day Loan 

BOOKLET (32 pp . ) 
Free Sample Quant i ty (I0j£ ea„) 

Payment Enclosed $ 

Name Address 

City Zip Code 

State Organization 

American Potash Institute, 1102 16th N. W., Washington, D. C. 20036 
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CHEDULE TODAY! 

)USANDS HAVE ASKED 

SRE DOES IT COME FROM? 
JT DOES IT DO? 
V IS IT SO VITAL? 

I 
W THEY HAVE THE ANSWERS 

3 NEW COLOR MOVIE 
I A NEW SLIDE SET 

ASSIUM FOR AGRICULTURE 

TH THE K HANDBOOK AUDIENCES 
TAKE ALONG FOR REFERENCES) 

21 

Potassium for Agriculture 

AN AMERICAN POTASH INSTITUTE PUBLICATION 

*0% 

7 ESSENTIAL 
FOR 

TOP YIELDS 
A N D PROFITS 

A Increases root growth 
and improves.drought 

f \ Reduces respiration, 
%M preventing energy 

£ k Builds cellulose and 
reduces lodging 

f \ Aids in photosynthesis 
and food formation 

Aids many enzyme Helps translocation 
V of sugars and starch 

B O O K L E T 

USEFUL 
TRIO 

The new Potassium For A g r i c u l t u r e 
t r i o — c o l o r movie, s l i d e s e t , and 
booklet—has many uses: 

FOR CLASSROOM 
FOR CONVENTIONS 
FOR LOCAL MEETINGS 
FOR SHORT COURSES & WORKSHOPS 

FOR EVERYONE want ing to know the 
s to r y of t h i s l i f e - g i v i n g element 
—how i t ' s mined and processed, 
how i t ac ts in s o i l s and p l a n t s , 
how i t bu i l ds y i e l d s and q u a l i t y . 

The S l ide Set goes i n t o more tech 
n i ca l d e t a i l than the 25-minute 
Color Movie. The 32-page Booklet 
is an e x c e l l e n t reference tool to 
d i s t r i b u t e to viewers a t each show
ing of the S l i de Set and Movie. 
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N E W S L E T T E R S 

CORN 
LODGING 

E-123 
ON 

M-129 
DOWN CORN 

Tells the story of how ade
quate potash fertilization 
helped keep corn straight 
. . . in different parts of 
the nation . . . helped re
duce premature dying, stalk 
and root lodging. 

two EXTRA tons 

ALFALFA 

WHERE ARE YOU? 
YOU 
CAN 
DO 
IT! 

E-125 M-134 
ON EXTRA ALFALFA 

Shows growers how they 
can get 2 EXTRA tons and 
more with check-list man
agement: fertility-lime, va
riety, cutt ing schedu le , 
stand, insect & weed con
trol. Records impressive 
results. 

CORN 

SILAGE 
(A CRIAT POTENTIAL) 

DISCOURAGED? 

GET TOP YIELDS! 

E-127 
ON CORN SILAGE 

Shows growers what a big 
potential there is for this 
crop in the Northeast . . . 
its high feed value and 
yield potential . . . and 
gives 7 clear steps to 3 0 + 
tons under right manage
ment. 

m 
W H A T 

$418 MILLION 
SOWN rm 

DRAIN! 

S-148 
ON LIME NEEDS 

Gives a major look at the 
heavy cost of acid soils 
all over the South . . . prob
lems created by them . . . 
specific benefits of lime 
when needed . . . answers 
for acid soil reaction. 

B R I G H T 
F U T U R E 
I N D I X I E 

^ SO' 

S-146 
ON SOYBEAN FUTURE 

Shows the bright future for 
soybeans in the South . . . 
the big growth in acreage 
over recent years . . . what 
1 0 M O R E bushels can mean 
to the grower . . . some 
steps he can take to get 
them. 

WHAT A 

DIFFERENCE! 

What About Your Crop? 

S-149 
ON K ADVANTAGES 

Presents tangible evidence 
of what potassium can do 
to increase crop yield and 
quality . . . of corn, toma
toes, cotton, forages, turf, 
tobacco, and fruit . . . in 
many areas of the South. 
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M-138 
ON CROP NUTRIENTS 

Gives latest facts on nu
trient content of crops. 
High yield removals on 
such crops as corn, alfalfa, 
soybean, smal l grains 
largely Midwest—a few 
Eastern and Southern ex
amples. 

M-131 
ON EARLY PLANTING 

Proves how early planting 
can get 10 to 2 0 % increase 
in yield. Lists advantages 
of more plants, narrower 
rows, lower grain moisture, 
less harvest loss, and ef
ficient moisture use. 

W-32 
ON FRUIT QUALITY 

Shows potassium building 
fruit quality. Helps grapes 
resist disease . . . boosts 
prune yields . . . puts more 
size on pears & peaches 
. . . improves citrus for 
processing. 

AMERICAN POTASH INSTITUTE 
1102 16th STREET, N.W., WASHINGTON, D. C. 

ORDER NEWSLETTERS HERE 

U Each $2 Per 100 $20 Per 1000 

E-123 or M-129 W-32 
E-125 or M-13^ S-1.46 
E-127 S-148 
M-138 S-149 
M-131 

Name 

Payment Enclosed $ 

Address 

C i ty State Zip C. 

0 rgan i za t i on 
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m 
! N-K 

PROFIT̂  
CORN! 

- 5TAUC CROSS SICtlON 

C O M P A C T 
PEOPLE 

MAKE 

FORAGE 

P A Y . . . 

ON CORN 
(H-3-65F) 
Shows nitrogen-
potash teamwork 
making more 
money for grower. 
With early ma
turity, stronger 
standing. 
More'protein, less 
dry matter loss. 

ON FORAGES 
( I -12-64F) 

Tells the success 
story of 3 Ky. 
farms. 
How new ideas— 
on pasture reno
vation, fertiliza
tion, feed, and an
imal management 
—paid off big! 

ON REMOVAL 
(B-63) 
Shows nutrients 
an acre of high-
yield corn will ab
sorb in 4 months' 
growth. 
Heavy nitrogen— 
phosphate — pot
ash drain in 2nd-
3rd months. 

ON COASTAL 
BERMUDA 
(D-65F) 
Shows why it's a 
triple-threat grass. 
Drought resistant. 
Immune to root-
knot nematode. 
Top grazing, hay, 
or silage yielder. 

AMERICAN POTASH INSTITUTE 
1102 16th STREET, N.W., WASHINGTON, D .C . 

U Each 

A-Su-66 
A-66-F " 
B-59 
E-59 

Name 

Address 

ORDER FOLDERS HERE 

$2 Per 100 

B-63 
1-12-6^ 
H-3-65F" 
D-65F 

$20 Per 1000 

S-W-66 
B-Sp-66 
L - 6 5 F 

A-1-65 

.Payment Enclosed $_ 

Ci ty_ Sta te Zip C_ 

Organi zat ion_ 

American Potash I n s t i t u t e , 1102 16th St. ,N.W..Wash.D.C. 20036 
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THEMES TO TELL A N D SELL THE FACTS 

ON TOP CORN 
(D-Su-66) 
Gives latest tips 
on top-yieSd corn. 
Planting date, 
plant population, 
NPK rate top grow
ers use. 

ON LAWNS 
(A-66-F) 
Full color USDA-
university pictures 
show how potash 
strengthens lawns. 
For winter survival 
For summer heat 
Fordisease attacks 

gpp TO 
GO 
ST/ 

i 
OD 
RT 

i 

m 
f 
OO 
ISH 

ON PLACEMENT 
(E-59) 
Shows importance 
of band and broad
cast placement. 
Band to get crop 
off to fast start. 
Broadcast to keep 
it going strong. 

ON ALFALFA 
(A-Su-66) 
Gives growers tips 
for producing 10 
tons of alfalfa. 
Right varieties 
Cutting times 
Fertilizer program 
Harvesting tips 

FOR T O P - P R O F I T 

ON TOP-PROFIT COTTON 
(L-65F) 
Tells how to get MORE plus BETTER 
cotton: more quantity, better quality. 
Features lime-fertilizer effects on cot
ton yields all over South. 
And some convincing evidence of how 
potash increases fiber quality. 

FERTILIZE MALTING BARLEY 
§ 

LODGING ' HUBS 

i I 

ON HIGH-K BARLEY 
(E-W-66) 
Shows the road to top-profit malting 
barley paved with right variety, early 
seeding, and adequate plant nutrition. 
Features a major fact: that barley has 
responded to potassium not only on 
low-potassium soils, but also on high-
potassium soils-

Grow STRONG-STALK 
Corn with Potash 

ON STRONG-STALK CORN 
(S-W-66) 
Shows how undernourished stalks can 
age faster, inviting rot organisms to 
enter and weaken stalk for lodging. 
How adequate nutrient supplies keep 
the stalk active longer, reducing lodg
ing, insuring greater yield. 

T O P - P R O F I T S O Y B E A N S - H F 

1 

P O D S F R O M 6 P L A N T S 

« * , 
oMItiPA NO 

0 2 0 - 2 0 F E R T I L I Z E R 

Fertilization iruurM bigger plants . . . . . . man podk better filled. 

ON TOP-PROFIT SOYBEANS 
(B-Sp-66) 
Gives 7 clear steps to high-yield soy
beans in the South. 
Weed control methods, adequate ferti
lizer and lime, top quality seed, proper 
innoculation, fungicide-seed treatment, 
insect control, efficient harvest. 
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J A N . 

Apply lime anytime, if needed. Mix through plowed layer. 

Are you satisfied with growth and production of livestock? 
If not, what about some feedstuff tests? 

FEB. 

MAR. 

Apply fertilizers, especially nitrogen, to grass pastures or 
fall grains to be pastured. 

Sample soils (if not done last summer or fall) . 
Don't compact soils by pasturing or working when too wet. 
Plow down PK or NPK fertilizers while spring plowing for 

corn or spring grains. Get some nutrients into lower half 
of root zone. 

APR. 
Early planted corn needs some "pop-up" and/or side-band 

fertilizers. 

MAY 

J U N E 

JULY 

A U G . 

SEPT. 

OCT. 

Top-dress alfalfa after first cut. Cut early and more often 
for both higher yields and quality. 

Side-dress corn with nitrogen, if not applied pre-plant. Side-
dress early, so as to injure less roots. 

Watch crops closely for any symptoms or abnormalities. Di
agnose with tissue tests or plant analyses. 

Sample soils under crops. Best indications of actual availa
bilities. 

If band-seeding alfalfa about Aug. 1, plan to get corrective 
lime or PK fertilizer treatments plowed down or tilled 
deeply. 

Plow under some PK fertilizers ahead of fall planted grains 
to be over-seeded with alfalfa or clovers. Need nutrients 
in deeper root zone. The same applies to fall-applied fer
tilizers for corn the next spring. 

Winterize alfalfa by top-dressing established stands. ( 0 : 1 : 3 
or 0 : 1 : 4 ) . 

Check nutrient removals. Be sure you are not depleting soils. 

NOV. 
If storing nitrogen fertilizers in soil for next year, apply after 

soil cools to 5 0 ° F . or less. 

DEC. Check on quality of forages by having feedstuff or plant 
analyses made in a reliable laboratory. 
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HIGHK L O W K 

YEAR-ROUND 

Forage 
Fertilization 
Calendar 

HERBERT L . GARRARD 
GARRARD AG PHOTOS 
10 HEATHER LANE 
NOBLESVILLE, INDIANA 

ALFALFA, queen of forages, 
can't produce like a queen when it 
gets hungry. 

By the time alfalfa is so starved 
for potassium (K) that plants are 

% stunted and leaves show whitish 
spots and yellowing, the unseen 
roots may also be stunted and even 
dying. 

Why do K-starved alfalfa stands 
soon start to thin out? Dig out some 
roots from low-potassium soil. 
You'll find a range of conditions: 

* From tiny roots already dead TO 
some that are slender with few 
crown buds TO medium-sized roots 
with more potential regrowth buds. 

L| Such roots are starving to death. 
When tops are undernourished, 
leaves cannot produce sugars to be 
stored in roots as starch for regrowth 
energy after tops are pastured off 
or harvested for hay. 

The high-K roots and crowns 
shown here have plenty of regrowth 
energy to meet heavy harvest de
mands. High-K alfalfa also has bet
ter quality nitrogen compound, not 
as much of the less desirable as-
paragine. 

SEEN 

and 

UNSEEN 

HIGH K LOW K 

Needs For K 
(POTASSIUM) 
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FIGURE 1—Tomato stem lesions developed on plan 
receiving low K+ and high NH+, shown right above. 

High Nitrogen Tomato 
Need Enough Potassiu 

to control stem lesion 
to make up for K trapped in clay 
to insure good protein and plant development 

THE RATE of applying N per acre of cropland in the United Sta1| 
has more than doubled in the last ten years. 

Accompanying this increased application rate has been a shift tow! 
substituting ammonium nitrate, anhydrous ammonia, and nitrogen solu
tions for sodium nitrate. This shift is expected to increase in the future. 
Urea and ammoniated phosphates are being used extensively. 

NHj Trapping of K + in Clay Lat t ice 

FIGURE 2 
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K + Prevents the Development of Tomato Stem L e s i o n s 
4r 

FIGURE 3 

But caution must be taken in applying ammoniacal fertilizers. The 
absorption of too much ammonium N by some crop plants can result in 
their injury. Applications of other nutrients must be adjusted to meet the 
new needs of the crop as a result of changed N nutrition. 

STEM LESION FORMATION INDUCED BY HIGH NH+-N 

In green house soil experiments conducted at the University of Massa
chusetts, a new necrotic stem lesion (Figure 1) on tomato was found 
related to application rate of ammoniacal fertilizers. Subsequent tests 
showed that in soil culture lesion formation occurred only when large 
amounts of NH+ salts were applied. Large applications of nitrates did 
not produce lesions. 

LESIONS NOT PRODUCED BY NH+ IN SAND CULTURE 
Experiments with tomato plants grown in sand culture soon showed 

that lesion formation was not simply ammonium toxicity but was a complex 
nutritional disorder. No lesions formed on tomato plants grown with over 
200 ppm NH+-N in the nutrient solution. Applications of NH+ in this 
quantity had induced lesion formation when the plants were grown in soil. 

SAND AND SOIL SYSTEMS CONTRASTED 

The differences between the sand system and soil system were con
sidered. The possibilities of a minor element deficiency and of excessive 
soil acidity caused by the ammonium applications were rejected. Con
siderable testing showed that withholding minor elements failed to produce 
lesions in sand culture and that liming failed to prevent lesion formation 
in soil culture. 
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K + R e d u c e s NH^/K"1" Ratio and Tomato Stem Les ions . 
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WITHHOLDING K+ L E D TO LESION FORMATION IN 
SAND-CULTURED TOMATOES 

It had been suspected early in the experimentation that a cationic im
balance might exist within the plant when NH+ was high. Because of 
the known relationship between K+ and N metabolism, it was theorized 
that K+ might be the limiting cation. This idea was soon confirmed when 
withholding K+ from the nutrient solution produced lesion formation on 
tomato plants. K+ deficiency did not produce lesions with nitrate nutrition. 

R E L E A S E OF SOIL K+ INHIBITED BY NH+ 
With the normal system of sand culture, K+ was supplied at 234 ppm 

which was adequate K+ for plant growth on NH+-N. No further benefits 
were obtained by increasing the K+ supply. On the other hand, in the 
soil system, all the K+ supply had to come from the soil clays (micaceous 
minerals) since no supplemental K+ was applied in the initial experiments. 
Ammonium ions in high enough concentrations apparently caused a fixa
tion of K+ in the clay. 

The work of C. I . Rich at Virginia Polytechnic Institute and of I . Bar-
shad at the University of California provided a working model which 
served to explain the trapping of K+ by NH+. 

In a soil system saturated with NH+, all the exchangeable K+ would 
be replaced by NH+, and N H t would also occupy many of the readily 
accessible clay interlayer sites. The NH^ and K+ ions have nearly identi
cal hydrated ionic radii. The replacement of K+ by NHi; within the 
interlayer would result in a contracted clay lattice, so K + was unable to 
diffuse out into the soil solution. K+ was effectively trapped by the NH+ 
as shown in Figure 2 and was unavailable to plants. 
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Toxic Compounds 

Ammonium 

VK 
Amino Acids 

v 
Protein 

Amides 

Roles of Potassium in Ammonium Utilization 
FIGURE 5 

CA+ + AND MG+ + LESS E F F E C T I V E 
The addition of CaCL or MgCL resulted in some reduction in lesion 

formation (Figure 3), but did not eliminate them. Actually M g + + , which 
was next in effectiveness to K+, increased the K + supplying power of the 
soil in the presence of NH+. Three to four times as much K+ could be 
extracted in the presence of MgCl 2 as in the presence of CaCl2 or no cation 
addition. C a + + did not increase the extractable K+. 

For reasons not yet fully known, plants receiving NH+ require more 
K+ than plants growing on nitrates. This is well illustrated by this study 
in which lesion development was induced by the combined effects of NH+ 
toxicity and K+ deficiency. 

The K+ Deficiency resulted from two main causes: (1) the reduced K + 

supplying power of the soil and (2) an increased K+ requirements for NH+ 
utilization. The second cause is very important because nitrate grown 
plants do not develop lesions even with K+ deficient conditions. 

With a high NH+/K+ ratio in the plant, stem damage was high (Figure 
4). On the other hand, a low NH+/K+ ratio indicated normal stems. 

Without supplemental K+, N H t and possibly other toxic N compounds 
accumulated and lesions occurred. K+ in some way, as yet unknown, helps 
utilize NH+ into protein or nontoxic storage compounds like the amides, 
glutamine, and asparagine. Without K+, proteins may break down into 
NH+ and toxic degradation products (Figure 5). 

1. Tomato stem lesions occur under conditions of low K+ and high 
NH+ nutrition. 

2. NH+ ions trap K+ in the clay, reducing K+ supplying power of the 
soil. Plants growing on NH+ require a higher K+ level than plants 
growing on NO 7, so the K+ stress is accentuated. 

3. K+ regulates the plant's use of NH+. NH+ accumulation is much 
less when supplemental K+ is added. Adequate K+ is needed for 
NH+ to be used in protein synthesis and plant growth. 

K+ HAS A ROLE IN NH+ UTILIZATION 

SUMMARY 
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FIGURE 1—Ohio soils are in
creasing in P content, as these trends 
in high, medium, and low soil tests 
show. This is the direction we want 
to see them go. 

SOIL PHOSPHORUS (P) levels 
are rising while soil potassium (K) 
levels are falling in Ohio soils. What 
a contrast to just a few years ago 
when P was considered the fertilizer 
nutrient most needed. 

Extension teaching emphasized P 
because so many soil tests were 
lower in P than in K. Industry co
operated and made complete fer
tilizer high in P. Many farmers 
started using more P and kept on 
using it. 

POTASSIUM IS TAIL-END 
CHARLIE 

The use of nitrogen (N) finally 
caught on, too, and farmers began 
to pour it on their soils. This fer
tilizer revolution, coupled with use 
of improved hybrids, minimum til l
age, and earlier planting pushed 
yields higher. Higher crop yields 

A Great State 
Pushes The 

POTASH 
BUTTON 

AFTER GETTING CAUGHT 
WITH ITS 

K RECOMMENDATIONS DOWN 
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FIGURE 2—Ohio soils are declin
ing in K content, as these trends 
in high, medium, and low soil tests 
show. This is the wrong direction 
for top-profit production. 

have siphoned more nutrients from 
the soil, pulling the K level down. 

This is striking when a field is 
converted from poor pasture to good 
alfalfa. The K levels are usually 
high under the low yielding pastures 
because soil K release is greater than 
the removal. 

But these high K levels drop to 
low in 3 to 4 years when several 
tons of alfalfa hay are removed an
nually and the original soil test rec
ommendations are followed. 

Figure 1 shows the trends for soil 
samples testing low, medium, and 
high in P in eight representative 
Ohio, counties, two in each quarter 
of the State. 

The percent of samples testing 
low and medium has been decreas
ing while the percent testing high 
in P has been increasing. This is in 
the right direction since we would 
like to see them all high. 

The trend is just the opposite for 
K levels (Figure 2). The percent 

of samples testing high is decreasing 
while the percent testing low and 
medium is increasing. We're losing 
ground since the increase in medium 
and low soil K levels are at the ex
pense of high K soils. 

WHAT HAPPENED TO 
SOIL K LEVELS? 

The 1961 Soil Test Summary 
sheds some light on the effect of ro
tations on K levels. Figure 3 shows 
a decrease in the % of samples 
testing high in K and an increase 
in the % testing low and medium 
in K, as the number of years of 
corn in the rotation decreased and 
the number of years of legumes in
creased. 

Why such a shift? Census data 
indicate that more fertilizer is ap
plied to corn than to meadows, yet 
legumes remove more K than corn. 
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FIGURE 3—Potash soil content 
declined as corn years decreased 
and legume years increased in the 
rotation. Legumes are very heavy 
potash removers. 

WE GOT CAUGHT WITH OUR 
K RECOMMENDATIONS 

DOWN 

These trends made us wonder if 
our K recommendations were high 
enough, but more facts were needed. 

In addition to our Soil Testing 
Program, we also have an excellent 
Plant Analysis Program in Ohio. 

This statement was found in the 
1965 Plant Analysis Summary: 

. . the low level of K observed 
in many corn and alfalfa samples 
indicated that K deficiency may be 
more widespread than formerly re
alized." 

Plants needed more K, especially 
corn, soybeans, and alfalfa, since 
35%, 33%, and 25% of the sam
ples tested low in K, and only 21 %, 
27% and 6% tested low in P. 

If the best farmers are having 
these problems, then what shape are 
the others in—those who do not 
have their soils tested and do not 
follow through with plant analysis? 

It was also found that soil test K 
levels had to be around 300# K / A 

in order to get sufficient K in the 
corn plants. 

WE "JACKED-UP" OUR 
K RECOMMENDATIONS 

This meant but one thing. Higher 
K recommendations were needed 
for Ohio soils. The Agronomy De
partment Soil Fertility and Soil 
Chemistry Committee met to de
termine how much. Research, teach
ing and Extension staff were repre
sented on this Committee. 

Figure 4 shows how much we in
creased our potash ( K 2 0 ) recom
mendations for alfalfa. 

Not only are greater amounts of 
potash ( K 2 0 ) being recommended, 
but a distinction is made between 
sands, silts, and clays (Table 1). 

Recommendations were also 
made for multiple yields, providing 
an opportunity to select the recom
mendation for the yield goal best 
suited for the soils. 

Tables 2, 3, and 4 show how much 
applied K may be needed to meet 
different yield goals for corn, alfalfa, 
and soybeans at specific soil test 
values. 

PUSH THE POTASH BUTTON 

Potash tonnage used in Ohio has 
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TABLE 1 EFFECT OF SOIL TEXTURE ON K RECOMMENDATIONS 150+ BU. OF CORN 
PER ACRE 

Soil Test Value 

K Lbs/A 

0-99 
100-149 
150-199 
200-299 
300-399 
400+ 

Soil Texture Groups1 

A B C 
Annual application - pounds K 20 per acre 

1302 1402 190 
1102 1 2()2 150 
95 100 125 
70 70 70 
40 40 40 
10 10 10 

1 Soil Texture Groups: A—clays, silty clays, silty clay loams, clay loams; B—loams, silt 
loams; C—sandy loams, loamy sands, sand, and organic soils. 

2 It may be difficult to obtain the listed yield levels at these soil test values. 

TABLE 2 EFFECT OF YIELD GOAL ON K RECOMMENDATIONS FOR CORN 

Soil Test Value 

K Lbs/A 

0 - 9 9 
100-149 
150-199 
200-299 
300-399 
400+ 

Bushels of Corn Per Acre - Loams and Silt Loams 

100-124 125-149 150+ 
Annual application - pounds K 20 per acre 

100 120 1 1401 

80 100 1201 

70 85 100 
45 60 70 
20 30 40 
10 10 10 

1 It may be difficult to obtain the listed yield levels at these soil test values. 

TABLE 3 EFFECT OF YIELD GOAL ON K RECOMMEMDATIONS FOR ALFALFA 

Soil Test Value 

K Lbs/A 

0 - 9 9 
100-149 
150-199 
200-399 
400+ 

Tons of Alfalfa Per Acre - Loam and Silt Loams 

4V2 - 6 6 - 7 7 + 
Annual application - pounds K 20 per acre 

230 280 1 315 1 

195 235 270i 
175 210 240 
110 140 165 
60 80 100 

It may be difficult to obtain the listed yield levels at these soil test values. 

TABLE 4 EFFECT OF YIELD GOAL ON K RECOMMENDATIONS FOR SOYBEANS 

Soil Test Value Bu. of Soybeans Per Acre - Loams and Silt Loams 

K Lbs/A 2 5 - 3 4 3 5 - 4 4 45+ 
Annual application - pounds K 20 per acre 

0 - 9 9 50 65 1 75 l 

100-149 40 50 60 1 

150-199 35 40 50 
200-299 25 30 35 
300+ 10 10 10 

1 It may be difficult to obtain the listed y ield levels at these soil test values. 
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FIGURE 4—Ohio increased its pot
ash (K 2 0) recommendations to meet 
the high production needs of al
falfa. 

Blotchy 
Ripening 

Can 
Shatter 
Profits 

been rising and will probably in
crease more rapidly in the future. 

The trend is toward larger farms 
run by managers who will apply 
the needed fertilizer. This willing
ness, teamed with higher recom
mendations, will increase the de
mand for K. 

Ohio farmers purchased 186,717 
tons of potash ( K 2 0 ) in 1965-66. 
This will probably triple by 1980— 
to at least 570,000 tons (Table 5). 

Table 5 POTASH USE WILL TRIPLE BY 
1980 IN OHIO 

Year Tons K 20 

1965-66 186,717 
1970 280,000 
1975 410,000 
1980 570,000 

More K must be applied if the 
modern farmer is to meet the chal
lenges of today . . . and provide the 
food needed for tomorrow. 

THE END 

FROM CORNELL NEWS 

LOW POTASSIUM level may 
be causing blotchy ripening in to
matoes, according to Cornell Uni
versity researchers. 

A tomato showing blotchy ripen
ing often has discolored areas on 
its surface and hard white tissue in 
the fruit walls or interior. 

Blotchy ripening rarely reduces 
yield but frequently reduces the 
number of marketable fruits, re-

PLANT FRESH 

IDEAS EARLY 

SEE 

PAGES 20-25 
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ports Prof. P. A. Minges, Vegetable 
Crops Dept., N.Y. State College of 
Agriculture, Cornell. 

Minges and Edward Boutonnet, 
graduate student, studied blotchy 
ripening to see if it could be influ
enced in the field by different nu
tritional treatments. 

In working with Fireball toma
toes, Boutonnet found that plants 
treated with a high potassium rate 
produced fruit with significantly less 
white tissue than plants receiving 
no potassium, even though yields 
were about the same. 

This would suggest, he said, that 
higher potassium levels than pres
ently recommended for field toma
toes grown in New York State 
might help reduce the severity of 
this disorder. 

He also found that fruit with less 
blotchy ripening resulted when a 
nitrate form of nitrogen was used 
rather than an ammonium form. 

Calcium had no effect, he said. 
High lime rates were applied to 
several plots for comparison with 
those receiving none. There was no 
significant difference between the 
groups, Boutonnet said. 

In his studies, he observed a wide 
variation in the number of blotchy 
tomatoes produced by plants in the 
same plots. One plant would have 
a large number of blotchy tomatoes 
and the one beside it might have 
very few. 

This variation might make it pos
sible to select or breed plants with 
a genetic resistance to the disorder, 
he said. 

Minges said further study is 
needed to determine the effect of 
higher potassium rates than used in 
this study, as well as the effect of 
other nutrients and the environ
ment on the blotchy ripening. 

THE END 

BOOST YOUR SPRING PROGRAM 

with 

TOOLS TO TELL AND SELL THE FACTS 

SEE PAGES 20-25 
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IN NATIONAL SURVEY 

OUR BEST corn growers pro
vide an excellent measure of prog
ress in corn production: 

1— They adopt new ideas first— 
in fact, originate many of them. 

2— They set practical limits on 
such variable factors as plant popu
lation and fertilizer rates. 

3— They indicate the rate of 
change to new practices, such as 
narrow rows. 

4— And their yield goals provide 
a valuable measure of how high we 
might expect to advance overall yield 
averages in the years ahead. 

Top Corn 
Growers 
Set Trends 
BY GEORGE D. JOHNSON 
CHICAGO, ILLINOIS 

In mid-December, I mailed a 
questionnaire to a list of 400 corn 
growers considered to be the best 
in their respective areas. Distribution 
was nationwide, roughly proportion
ate to corn acreage. 

By the first of February, 224 of 
the questionnaires had been returned 
and summarized—first in total, then 
in four groups, as follows: 

1. Corn Belt—Ohio, Indiana, 
Michigan, Illinois, Wisconsin, Mis
souri, Iowa, Minnesota. 

2. South and East—states south 
of the Ohio River, and east of the 
Mississippi, including the eastern 
states 

3. West (Irrigated) and, 4. West 
(Dryland)—all remaining states, di
vided as indicated. 

Following are their answers to key 
questions, as tabulated to date. 

"What was your 1966 overall yield 
average and average from best 
field?" 

ENTIRE BEST 
ACREAGE FIELD 

BUSHELS 

Corn Belt 106.1 136.0 
South & East 84.7 121.7 
West (Irrig.) 114.7 139.5 
West (Dryland) 77.9 106.2 

Average yields in Corn Belt and 
South were down slightly from 1965, 
due to extreme heat and drought in 
July and August. 

"What was your acreage in corn in 
1966? What is expected acreage in 
'67?" 

1966 1967 

Corn Belt 404.5 446.0 
South & East 304.6 349.6 
West (Irrig.) 667.1 867.2 
West (Dryland) 238.1 281.1 

This compares with 7-percent 
overall increase indicated by first 
USDA survey of 1967 of acreage in
tentions. 

"What is your 1967 yield goal?" 

Corn Belt 150.0 Bu. 
South & East 133.4 Bu. 
West (Irrig.) 148.9 Bu. 
West (Dryland) 113.2 Bu. 

Top corn growers continue to 
think higher yields. A similar sur
vey in early 1965 revealed yield 
goals of 136.9 for the Corn Belt 
farmers and 119 for South and East. 

"Indicate plant population at plant
ing." 

1966 1967 

Corn Belt 22,708 23,078 
South & East 19,103 19,520 
West (Irrig.) 22,523 23,850 
West (Dryland) 19,307 19,307 
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Plant populations of top corn 
growers jumped 2,000 per year in 
'63 and '64. This raises questions: 
do small increases mean the "popu
lation explosion" is reaching its limit 
among top corn growers—or is this 
a normal reaction to a severe 
drought? 

Because of a USDA study released 
in December, 1966, we can compare 
harvest time plant populations of top 
corn growers with average farm fig
ures in two areas. 

TOP CORN 
GROWERS* AVERAGE** 

Corn Belt 
South & East 

20,437 
17,193 

15,900 
10,300 

* Planted population reduced by 10 per
cent. 
** From USDA Statistical Reporting Ser
vice. 

Please indicate fertilizer rates for 
'66 and '67. 

CORN BELT: 

N 
P 20 6 

K 20 

SOUTH & EAST: 

N 
P2O5 
K 20 

WEST (IRRIG.): 

N 
P2O5 
K 20 

WEST (DRYLAND): 

N 
P2O5 
K20 

1966 

145.5 
91.1 

121.0 

1966 

154.2 
89.3 

110.5 

1966 

163.1 
59.5 
35.0 

1966 

105.5 
49.3 
31.4 

1967 

154.0 
97.9 

133.5 

1967 

161.5 
87.6 

116.7 

1967 

173.4 
68.9 
50.0 

1967 

133.8 
47.5 
36.3 

Rate of increase appears to be 
slowing—top farmers increased ni
trogen 45 pounds per acre between 
1962 and 1964. 

"Please indicate 1966 row width 
and 1967 plans." 

Of 224 surveys summarized, the 
following are 1966 row widths, and 
expected changes in 1967: 

15" to 25" 26" to 35" 36" to 45" 
1966 6 65 153 
1967 7 78 139 

Of 14 planning to switch in '67— 
13 will go to 30" rows; 1 to 20". 

Again, thanks to USDA, we have 
a comparison with average figures. 

ROW WIDTH USED IN 1966: 
TOP CORN 
GROWERS AVERAGE 

34" or less 31.7 4.9 
35" or over 68.3 95.1 

"How many hybrid varieties did you 
plant in 1966?" 

(Corn Belt only.) 

NO. OF HYBRIDS NO. OF FARMERS 
USED REPORTING 

One 5 
Two 16 
Three 23 
Four 32 
Five 17 
Six to ten 29 
Eleven to twenty 2 

The survey reveals that more hy
brids per farmer are now being used 
than in '64 and '65. 

"Estimate your yield goal 5 years 
from now." 

Corn Belt 185.64 Bu. 
South & East 161.7 Bu. 
West (Irrig.) 196.08 Bu. 
West (Dryland) 147.6 Bu. 

A comparison with a 1965 survey 
reveals top Corn Belt corn growers 
that year saw long range yields of 
156.6 bu./a. 

What things are you going to con
centrate on most in 1967? 

NO. OF FARMERS 
PRACTICE MENTIONING 
More fertilizer 29 
Hybrids 29 
Weed control 20 
Early planting 17 
Herbicide change 12 
Care in planting 11 
Narrow rows 9 
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NO. OF FARMERS 
MENTIONING 

9 
8 

PRACTICE 
Adjust for weather 
Minimum tillage 
Lower plant popula

tion 7 
Higher plant popula

tion 7 
Every detail 7 
Different fertilizing 

method 7 
Less tillage 6 
Insect control 6 
Early harvest 5 
Lime 5 

CONCLUSION? 

Top corn growers are continuing 
to set a fast pace for themselves. 

They are making many changes 
and adjustments in production meth
ods trying to reach their goal. 

Relatively small increases in plant 
population and fertilizer rates com
pared to a high 1967 yield goal may 
indicate top corn growers feel they 
are approaching the limits of these 
practices—and that it will take 
other practices, plus favorable wea
ther, to attain their '67 goal. 

The yield difference between their 
best fields and their overall average 
(doubled to get the range of best to 
poorest field) gives us some idea 

of the great challenge the individual 
farmer has in bringing all his fields 
up with his best fields. 

Rates of phosphate and potash 
are being increased slightly faster 
than N in most areas, indicating they 
are moving these elements into 
better ratio with nitrogen. 

Is transition to narrow rows more 
gradual than first indicated? Most of 
the 71 farmers using narrow rows in 
1966 made the switch in '66. By 
December, only 14 had decided to 
switch in '67. 

Are farmers using more hybrids? 
Probably. This and other surveys 
confirm a trend toward a larger 
selection of hybrids—this is con
firmed by their great interest in hy
brids shown in the final question. 

As for the future—if the outlook 
of top corn growers is any indica
tion, it will be some time before their 
aspirations begin to level off. And 
with the average yields well behind, 
it is clear that corn yields will con
tinue to move up for some time to 
come. 

THE END 
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