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FROM LIEBIG’S TIME in the 1850’s, re-
search workers on plant nutrition had
number to reduce to the minimum the
labored of elements needed for plant
production in sand and water cultures.
By 1910 they had resolved the list to

nitrogen, phosphorus, potassium, cal-
cium, magnesium, sulfur, and iron and
had developed what was known then as
the three-salt solution for the growth of
plants. About this time, Mazé, one of
the brilliant French research men of
the time, developed the idea that other
things were necessary, but were present
as impurities in the chemicals which were
used. Purifying his chemicals with ex-
treme care, he was able to produce evi-
dence of deficiencies of copper, zinc,
and manganese and show recovery

when these were applied, thus reducing
the trend toward reduction in the num-
ber of elements felt necessary for plant
growth and causing considerable head-
shaking in the field of plant nutrition,
Even in the mid-20’s, the teaching of
Mazé&s ideas was considered heresy in
some quarters and was little discussed or
frequently left unmentioned in courses
on plant physiology.

Actually, the beginnings of the idea
were much earlier than this and recom-
mendations had been made as early as
1890 for the inclusion of zinc sulfate in
culture solutions for Aspergillus niger in
the production of citric acid from sugar.
In 1892, Javillier had recommended
zinc sulfate as a fertilizer for corn produc-
tion, though this recommendation went
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unnoticed until the minor element field
began to develop in the 1930s,

The widespread use of organic fer-
tilizers, which contain minor or trace ele-
ments, was an important factor in pre-
venting the discovery of the importance
of these elements in the field, just as
impurities in the laboratory chemicals
had delayed identification in the labo-
ratory. For many years in Florida, or-
ganic nitrogen and phosphate showed a
pronounced advantage over inorganic
salts in the production of citrus. This
was generally credited to the slower avail-
ability, resulting in a higher percentage
use of the elements supposedly applied.
More recently, long-time experiments on
the sands of Florida have shown rather
conclusively that an organic material
like castor pomace is actually no more
efficient as a source of nitrogen for citrus
trees than chemical materials such as
sodium nitrate, ammonium sulfate, or
ammonium nitrate. However, if no
minor elements are added to the fer-
tilizer to take care of these deficiencies,
the organic material will show a pro-
nounced advantage over the others
mentioned because of the traces of needed
elements that it contains. In Table I is
a comparison of yields of oranges pro-
duced under a modern fertilizer program
using different sources of nitrogen and
it will be that castor pomace in gen-
eral has not produced quite as well as the
chemical sources of nitrogen, such as
Uramon, ammonium nitrate, ammonium
sulfate, or sodium nitrate. The margin
is not great, but certainly the great supe-






Seedy Gropefruit

N-P-K Only

were able to take zinc from the soil in the
form in which it existed there. The
litter they produced left the zinc in an
organic form which could be taken up by
the tung trees. Thus, where the forest
litter was present in quantity, the tung
trees grew well, but where crops had
been removed from the land over a
period of 40 to 50 years, this supply of
available zinc had been exhausted.

The investigation of the relation of
zinc to the production of tung trees led
to the clarification of another problem
that had been plaguing corn growers in
northern Florida for many vears. The
“Cracker” farmer had learned that on old
cultivated soils he could grow corn only
every second or third vear and that he
had to let weeds grow during the inter-
vening years. On the poorer soils, the
period of weed growth had to be longer.
Chemical examination of the weeds
showed a very high content of zinc,
whereas corn grown continuously on that
land was unable to meet its relatively low
zinc requirements and White Bud (a
syvmptom of zinc deficiency) resulted.
The addition of 10 o 15 pounds of zinc
sulfate per acre, in combination with the
usual nitrogen, phosphorus, and potash
fertilizer, made possible a better crop of
corn than did the old plan of alternating
with weeds or applying large amounts of
manure.

Another illustration of the same point
came from Australia. There it was
found that a certain type of pine could be
grown on old cultivated land only if
forest litter was hauled in and added to
the soil. Later it was discovered that
the same result could be achieved with-
out the litter by simply spraying the
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Since Foll 1937

Fruit Lost By Hurricane

seedling pines with a zinc spray. Thus,
again, a forest litter was responsible for a
supply of zinc in an available form, that
supply having been made possible by the
ability of the native plants to take zinc
from naturally occurring compounds and
leave it in a form available to the pine
tree.

This difference in the ability of plants
to “graze” on the supply of nutrients in
the soil explains many things. One
cannot say that because one plant shows
no deficiencies on a certain soil, another
will be equally fortunate, because the
second plant may have different food
requirements and a different ability to
obtain them. It may also help to ex-
plain why some plants grow better after
certain crops than they do after others
and emphasizes the importance of the
composition of the cover crop as well as
the tonnage of organic matter, which is
usually the criterion.

Another influence which has entered
into the picture is increasing purification
of fertilizer chemicals. In the case of
potash, for instance, old experiments in
Florida showed that low-grade sulfate of
potash, which contained from 2 to 89
magnesium, and kainit, which contained
about the same amount of magnesium,
were the best sources of potash for citrus
and many other crops. Later we
learned that high-grade sulfate of potash
or muriate of potash could be made equal
to the low grade materials bv adding an
equivalent amount of magnesium to the
pure product. Chemists are very prone
to look on purity as a criterion of quality
and are continuously irving to increase
the purity of the chemicals, but many
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Figure 2. Production rec-
cord of two grapefruit plots,
side by side in a cold
location. They were both
on an inorganic N-P-K pro-
gram until 1937 when one
plot had the minor elements
added to the program and
the other was left on the old
program. The latter plot
has not produced any fruit
suitable for the modern fresh
fruit market for several
years, and is an indication
of what could have hap-
pened to Florida’s citrus in-
dustry

times the purification tends to benefit the
researcher more than the farmer.

Figure 3. Five-year record of juice
analysis from grapefruit trees receiving
all of the needed elements as com-
pared with the juice from trees deficient
in the minor elements. Note that the
juice of the fruit from the trees with
the complete treatment jwas higher in
both total soluble solids and ascorbic
acid in all years
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Florida Citrus Decline

The trend to purified inorganic fer-
tilizer materials, plus the use of a light
sandy soil low in natural fertility, had be-
gun to produce a declinein the condition
of many Florida citrus groves by the late
20’s. The trees would produce a good
crop, but at the same time many of the
leaves would turn yellow and fall, accom-
panied by the dying back of the twigs.
The following year, there was little or no
crop and a pronounced alteration was
set up in the individual tree. The
quality of the fruit was declining, sugar
content of the juice was slowly falling,
oranges were yellow instead of orange in
color, and grapefruit bitter in taste.
Intensive research starting about 1930
showed that the trees were suffering from
deficiencies of zinc, copper, manganese,
and magnesium. By 1935, it was pos-
sible to put this developing information
in the form of a new fertilizer and spray
program which included not only nitro-
gen, phosphorus, and potash, plus the
incidental calcium and sulfur, but also all
of the minor elements then known. This
new program went into use with amazing
rapidity and with it, production in-

creased and the quality of fruit improved.

Later boron and molybdenum were
added to the list and then an available
form of iron was developed.

In Figure 1 will be found a graphic
history of the production from two plots
of grapefruit located side by side, equally
exposed to cold and on the same soil.
The trees in both plots were planted in
1921 and fertilized with inorganic nitro-
gen, phosphorus, and potash mixtures
until 1937, That year, one plot was
changed to the new program of fertiliza-
tion, including the minor elements, and
the other was left on the old program
until the present time. The latter has
produced little or no marketable fruit
for a number of years. In Figure 2
is shown a graphic demonstration of
the difference in cold resistance between
these two plots, the picture being taken
after the freeze of 1940, when the trees
deficient in minor elements were almost
killed and the trees properly fertilized
suffered little damage. In Figure 3 will
be seen a record of the total soluble solids
in the juice of the fruit of the two plots,
and also the amount of ascorbic acid
present. It will be noted that for the
period from 1939 to 1943, which this
covers, the fruit from the new fertilizer
program was always higher in nutritional
value than the fruit from the deficient
plot.

All of the above, multiplied on an enor-
mous scale, is the history of the Florida
citrus industry since 1935. Frozen con-
centrate plants today request fruit with
129, solids or above and get large quan-
tities of it, whereas a few years ago fruit
with 129 soluble solids in the juice was
very uncommon.

Yield of Hamlin Oranges in Pounds per Tree As Produced by
Various Sources of Nitrogen

8-yr. Ave.

1944-45
1944~ 1945~ 1946~ 1947— 1948- 1949~ 1950- 1951— to

Source of Nitrogen 45 46 47 48 49 50 51 52 1951-52
Uramon 160 584 505 740 420 570 843 880 588
Ammonium nitrate 210 412 510 712 425 545 795 920 566
Ammonium sulfate 279 685 615 760 510 420 780 880 616

Sodium and potassium

nitrate 238 584 523 582 448 522 686 944 566
Castor pomace 120 492 460 620 468 419 733 944 532

For several years after 1935, Florida
was considered a freak area with regard
to minor elements and considerable fun
was poked in certain quarters at prac-
tices that became standard in Florida by
the mid-30’s. Actually, Florida was
forced into this research and its use,
mainly by circumstances—the circum-
stances being a soil that was remarkably
deficient in almost every plant nutrient,
plus an early change to inorganic phos-
phate and nitrogen. As a result, we
were confronted with the necessity for
changing our practices or losing a large
part of our citrus industry. Our store of
forest litter or forest soil was very scant.
because of the light soils and the regular
burning of the woods, and what little
was left when the forest was cleared was
rapidly consumed or leached under the
tropical conditions which exist in Florida.
In the cooler zgnes, where the destruc-
tion of the organic forest soil is slower and
where the soils are naturally richer
in minerals, the development of these
deficiencies is much slower and in many
areas no evidence of deficiencies has yet
appeared. This does not mean that they
will not appear, because as we farm the
land year after year, the reserves left by
the forests will gradually disappear and
our use of inorganic fertilizer materials
in the nitrogen, phosphorus, and potash
class and without adequate amounts of
minor elements will eventually lead to
the development of many and serious
deficiencies.

New Jersey Soil Conditions
Similar to Florida

Some of this evidence is already ap-
pearing. New Jersey, for instance, is
becoming a center of research on minor
elements because it has much the same
soil conditions in many areas as Florida.
Some peach growers in North Carolina
are now using zinc, manganese, and mag-
nesium in their peach fertilizers for sandy
soils, with what they believe to be highly
beneficial results. Boron and wmag-
nesium are being used in a routine way
on apples in some sections. In the
tropics, deficiencies of zinc, boron, and
perhaps some other elements have be-
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come a controlling factor in the produc-
tion of coffee on very old coffee lands in
the highlands.

Depletion of Organic Matter in
Brazilian Coffee Lands

In Brazil, we have a classic example of
what happens to rich forest lands under
cultivation plus tropical conditions.
Coffee has been grown on new land for
many generations in Brazil. The tropi-
cal forest is cut down; the coffee is
planted. At that time, there is about a
foot of high organic soil, frequently with
209, organic matter, which provides an
ample supply of all the needed elements.
After 20 to 30 years, the coffee plants start
declining and the grower clears and
plants new lands. By this practice, the
land in the province of 3o Paulo has
been exhausted and instead of containing
20 or even 309, of organic matter it may
contain only 2 or 39,. The province of
Parana now is being developed—but it,
too, is not inexhaustible and the same
procedures are used. The problem of
the use of the old land is becoming acute;
the organic soil has disappeared, leaving
a soil with only 2 or 39 organic matter,
and with a tremendous fixing power for
phosphate. This soil is very low in cop-
per and zinc and a fertilizer program is
needed to make it profitably useful.
Because of the disappearance of the sup-
ply of new soils available at altitudes and
climates suitable to coffee, it may be
necessary within a generation to develop
a fertilizer program which will make pos-
sible coffee production on the now de-
pleted soils and it would be my prophecy
that that program may lock very much
like the fertility program used in Florida
today.

It is reasonable to assume that within
the next 10 to 20 years, evidence of de-
ficiencies will become widespread and the
use of some or all of the elements needed
by the plants will become necessary in
many areas. Possibly one of the factors
that will help this along, along with the
turn to inorganic fertilizer materials, will
be the tendency to use introduced cover
crops rather than native cover crops.
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There is a good deal of evidence that
native cover crops are able to use the
native elements or minerals quite effi-
ciently, but frequently the introduced
cover crop has little ability to use these
or may not have much of a requirement
for them. In the case of Florida, again,
the use of Crotalaria, an introduced leg-
ume, in alternate years between corn
crops was not nearly as satisfactory as
the use of native weeds. The native
weeds accumulated large amounts of
zinc, while the Crotalaria accumulated
extremely small amounts, insufficient to
produce a crop of corn.

It occurs to me that we slavishly follow
“tonnage of organic matter’” produced by
cover crops as a criterion to their value,
without ever examining very critically
the composition of the organic matter
produced, and this is perhaps the most
important point of all.

The development of an understanding
of the basic principles involved in the
use of minor elements should reduce the
resistance to changes in fertilizer practices
as they become necessary. A continu-
ation of the idea that minor elements are
magic potions which accomplish marvels
under any condition is a handicap to the
sensible development of the program.
We have no evidence that consumption
beyond need will accomplish anything
valuable. Correction of a deficiency
may increase cold resistance of a grove to
the point that it will go unharmed while
an adjoining grove is killed back to
stumps; it will increase the sugar and
vitamin content as well as general food
value of fruit produced. But an excess
may be toxic or may cause antagonistic
action toward other necessary elements,
thus causing other deficiencies. All of
these points have already been men-
tioned and illustrated in Table I and
Figures 1, 2, and 3. The pictures and
data given are for citrus, but the effect of
the deficiencies in increasing cold sus-
ceptibility has been noted in other crops
as well, notably tung oil, and data on the
effect of deficiencies in reducing the qual-
ity of fruit is constantly coming to light.

Deficiencies will increase with time.
If these are recognized and studied and
the proper treatments are devised, crop
production can be maintained and im-
proved. Failure to recognize defi-
ciencies and proceed sensibly will put us
into the hands of the organic gardeners,
for they hold the alternative, though
more expensive, answer to the problem.
It is the duty of the research men in ex-
periment stations and industry to study
this problem and to provide the answers,
and it is up to industry to provide and
sell the proper materials, and to both to
educate the farmer concerning the prob-
lem. This is the sensible program that
tends to eliminate the “sharpers” with
the trick cures.

In attempting to bring some semblance
of order to the thinking, the first thing to
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get rid of is the idea that a complete fer-
tilizer contains only nitrogen. phos-
phorus, and potash. Actually a complete
fertility program should include in avail-
able form all of those elements needed by
a crop which cannot be taken from the
soil in sufficient quantity by that crop.
It was probably true that in the early
experiments nitrogen, phosphorus, and
potash, with their attendant calcium and
sulfur, did constitute a complete fer-
tilizer, but this term has hung on per-
sistently and has strongly handicapped
the development of the program of sup-
plying the needed minor elements by
putting them in a separate classification.

Useful Methods for Application
Of Minor Elements

Minor elements may be applied to the
soil as fertilizer or separately as nutri-
tional sprays.

s . Sprays take advantage of the
praying o X

ability of the plants to absorb
the elements through theirleaves—anidea
that for some timne was considered heresy.
Much of the early work in Florida was
criticized severely on that basis. The idea
is now well established and is common
practice,  Copper, zinc, manganese.
molybdenum, and boron have been ap-
plied successfully as sprays in countless
tests. Difficulty has been experienced in
the application of magnesium asa spray on
citrus plants, probably because the glossy
surface of the leaf offers an impediment to
sufficient absorption of an element needed
in such large amount. On the other hand.
spraying of magnesium salts on apple
trees has met with suecess. More re-
cently, nitrogen applications, in the form
of urea, to the leaves of apple trees, has
been successful and such sprayvs are now
used commercially.

The above differences between plants
are important factors and must not be
disregarded. Where the apple has a
relatively soft leaf without a pronounced
cuticle, the citrus tree has a verv hard
leaf with a sort of varnished surface which
offers little in the way of retentive power
for spray materials and is undoubtedly a
considerable barrier to easy absorption.
For citrus, it has been found desirable to
neutralize zinc and manganese before
application and thus apply them in a
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cations of solutions of the sulfates such as
are used on beans in the everglades, are
generally unsatisfactory on citrus. The
need to retain an element on the leaf for
a long period of absorption has resulted
in the neutralized spray materials for
zinc and manganese, widely used in
citrus in Florida, the question of burn
having been a secondary factor. The
precipitated material can be depended
upon to stay on the leaf and in the pres-
ence of dew, release minute quantities of
the needed element in solution in the
dew film. This allows the necessary
long absorption period. If the sulfate is
applied alone, it usually washes off almost
immediately in rain or heavy dew. It
is not safe to reason that because the neu-
tralized spray is needed on citrus, how-
ever, that other plants such as beans and
apples, with different types of leaves,
should receive the same type of spray.
In general, for citrus, we have found
the neutralized sprays successful for
copper, zinc, manganese, and boron but
unsatisfactory for iron, which will be dis-
cussed later. Molybdenum, on the
other hand, is applied as sodium molyb-
date in a spray solution, in this case a
soluble material, but the amount of
molybdenum needed for normal func-
tioning of the citrus wee is extremely
minute. All of these materials have in
their favor the fact that very small
amounts of the elements involved are
needed and absorption is sufficient to
take care of the plant needs. Whether
they should be applied as sprays or not
depends upon a variety of other factors.
The two most important reasons for
applying minor elements in spray form
are lack of response to soil applications
and economy. If soil applications are
not satisfactory, sprays should be tried.
Where soil applications must be of large
magnitude and over prolonged periods,
sprays may give quicker and comparable
results from smaller quantities of rather
expensive salts.  Quick response may
also be needed for some crops which grow
rapidly and for this, sprays generally
work better than for soil applications.
In many areas, the limiting factor in
spray applications is the cost of spraying,
if spraying is not already being done
for other reasons. In Florida, minor ele-
ments are simply added to applications
of spray that will be put on anyway, but
in many areas where spray equipment is
not readily available, to attempt to use
minor element sprays on crops would re-
quire the purchase of equipment and the
instituting of expensive procedures.
Likewise, in many areas spraying would
be extremely difficult. In Costa Rica,
for example, extensive zinc deficiency
has been found in coffee in the highlands
but no results have been obtained from
soil applications. Coffee is planted
thickly on very steep slopes and the prob-
lem of spraving would be extremely diffi-

slowly soluble form. Straight appli-









