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Basic Concepts ol

VIIIWII . Phosphorus, and Potassium
In Calcareous Soils
By
Wallace H. Fuller
Head, Department of Agricultural Chemistry and Soils

And

Howard E. Ray
Extension Soils Specialist

The University of Arizona

GENERAL INTRODUCTION
Fertilizers are vital to Arizona agricul-

ture. More than 200,000 tons of fertilizer
are applied to Arizona crops annually. Of
the fertilizer elements, nitrogen is the one
needed and used in greatest amounts.

The amount and kind of fertilizer
needed will depend upon the supply in
the soil, its availability, and the crop to
be produced. For example, soils of Ari-
zona are characteristically low in reserve
nitrogeni supplies, and most crops respond
well to nitrogen fertilization. In the case
of a legume such as alfalfa, however,
little or no nitrogen fertilizer will be
needed if nodulation is good.

Nitrogen, phosphorus, and potassium
are considered the primary fertilizer ele-
ments. These, and the other elements
essential for plant growth, may be "lost"
through:

1. Nutrient removal by crops and resi-
dues.

2. Chemical combination into forms
unavailable to plants.

3. Physically through leaching below
the reach of the roots or conversion
to gas with ultimate loss to the
atmosphere.

- 3 -





The fertilizer requirement for any
crop is the amount needed by the crop
minus that which can be supplied by the
soil. The proportion of a particular fer-
tilizer which will be utilized by a given
crop depends upon chemical and physical

characteristics of the soil and the fer-
tilizer. Therefore, efficient and effective
fertilization practices require an under-
standing of the various nutrients in the
chemical fertilizer, in the sod, and in the
plant.

I. NITROGEN
Introduction

Arizona soils are characteristically low
in organic matter and therefore in reserve
nitrogen. Additional nitrogen is required
for most crops on most soils to insure
high crop productivity. Nitrogen is the
plant nutrient most universally needed to
meet the fertilizer requirement for the
high crop yields obtained in Arizona.

The importance of nitrogen to the
Arizona agricultural economy is indicated
by the quantities of this nutrient used.
More than 180,000 tons of nitrogen or
nitrogen-carrying fertilizer were used in
Arizona last year. Table 2 indicates the
forms in which this nitrogen was sup-
plied. (See page 12.)

Nitrogen in Soils
Nitrogen undergoes numerous changes

in the soil. Included are biochemical
reactions, movement and fixation.

Carbon-Nitrogen
Relation

The transformation of nitrogen in soil
is controlled almost wholly by soil organ-
isms. The decomposition of plant residues
depends upon nitrogen as well as the
nature of the carbon source.

Synthesis by microbial cells demands
nitrogen as well as carbon. If the ratio
of carbon to nitrogen in a plant residue
is greater than about 30 to 1, additional
nitrogen must be supplied in order for
decomposition to take place. This is the
case with mature plant residues such as
barley straw, sorghum stalks, etc.

If large quantities of crop residue such
as grain sorghum are plowed under just
previous to planting without additional
nitrogen, serious nitrogen deficiency
symptoms may appear in the new crop.
Enough fertilizer nitrogen should be
added to bring the crop residue up to a
level of 1.25 to 1.5 percent nitrogen on
a dry-weight basis.

During decomposition of organic ma-
terial, nitrogen will be liberated only
when the supply is greater than that re-
quired by the microorganisms. During
the decomposition of plant materials,
nitrogen may be recycled by the organ-
isms until the carbon content decreases
to a level where the carbon-to-nitrogen
ratio falls below 30.

This narrowing is accomplished by the
evolution of carbon dioxide during the
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Nitrosomonas
3/2 Q2 2H + H2O

followed by oxidation of nitrite to nitrate

Nitrobacter

NO2~ + 1/2 O2 ) » NO3"

biological oxidation of the carbonaceous
plant constituent. Nitrogen continues to
be recycled in various combined forms.

Nitrification
Chemically speaking , ammonium

(NH4
+) is the most reduced form of

nitrogen in the soil. It is readily available
for oxidation to nitrate and the process is
called nitrification. Although there are
8 possible compounds through which
nitrogen may pass before it finally reaches
the nitrate form, the process is divided
into two major steps.

They are:

(1) conversion of ammonium to nitrite
by the Nitrosomanas bacteria and

(2) conversion of nitrite to nitrate by
Nitrobctcter.

(See top of page.)

Since nitrobacter are more sensitive to
high levels of ammonium ions than nitro-
somonas, their activity is retarded to a
greater extent by abnormally high levels
of ammonium ions in the soil, and nitrites
may accumulate. However, this is of only
short duration in normal soils undergoing
the usual cultural practices of farming.

Because of the rapid rate of nitrifica-
tion, ammonia is generally present in the

soil only in small quantities — only a
few ppni at any one time. The process of
nitrification is sometimes regarded as
being a non-essential or perhaps even
harmful stage in the nitrogen cycle.

By this process, nitrogen as the am-
monium ion which resists leaching is
converted to the nitrate ion which is very
mobile and subject to loss by leaching.
Also, the nitrate-nitrogen is lost directly
by denitrification, whereas ammonium
ion is not.

There is some possibility that nitrifica-
tion may occur by methods other than
those mentioned above. More evidence
for such non-biological methods is neces-
sary, however, before they can be accepted
as being important in most soils.

Denitrification
Denitrification is the process by which

nitrates are reduced to elemental nitrogen
gas It results in the loss of nitrogen from
the soil and consequently loss of nitrogen
for crop use.

Denitrification is most pronounced un-
der conditions of limited oxygen supply
in the soil. Such conditions may exist in
waterlogged or very compacted soils. It
may also take place under aerobic condi-
tions where large amounts of carbona-
ceous materials such as straws are present,
thus:

NaNO3 + 1/2 H2O—»-l/2 N ,A+ 5/4 O2 + NaOH + 5/4 O 2 + 5/4 CH2O-

5/4 CO2 + 5/4 H2O+5/4 CO2 + NaOH—^NaHCO3 + 1/4 CO2
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The energy necessary to make this
reaction go, as indicated above, comes
from the carbonaceous residues left on
the land after harvesting.

Nitrogen Fixation
Nitrogen fixation refers to the biologi-

cal conversion of atmospheric or ele-
mental nitrogen to combined nitrogen by
microbial action. The ability to fix at-
mospheric nitrogen in a form that can be
used by biological systems is possessed by
only a few bacteria and certain algae.

Elemental nitrogen of the air is assimi-
lated by microorganisms for cell material.
It is converted to ammonium or hydroxy-
lamine, then to amino acids, and finally
to cell protein. Upon the death of the
cell, the nitrogen of the protein is am-
monified where it again may be used by
microorganisms or absorbed by plants.

Under certain conditions, ammonium
or amino acids are formed from atmos-
pheric nitrogen more rapidly than they
can be used by the cells. Thus, some

soluble nitrogen compounds are excreted
from the cells and become available for
use by other organisms or the plant.

Four general groups of microorganisms
are involved in nitrogen fixation in the
soil: (1) Khhobmm or legume-nodule
bacteria; (2) Azotobacter or free-living
aerobic bacteria; (3) Clostridium or free-
living anaerobic bacteria; and (4) Algae
or free-living aerobic green plants. All
except possibly the Azotobacter contrib-
ute substantially to the nitrogen economy
of the soil The nitrogen economy has
not been fully determined.

Movement
Movement and fixation of nitrogen in

the soil depend upon the form in which
the nitrogen exists. The ammonium ion
held on the clay complex is available to
both plants and microorganisms, but is
not subject to leaching. Nitrogen in the
nitrate form, on the other hand, is highly
mobile and moves readily with water in
the soil. Thus, it may be lost by leaching.

Nitrogen in the Plant
Essential Functions

All plant cells require nitrogen for
their formation and functions. The nu-
cleus and chondriosomes or mitochondria
are nitrogen-containing structures of liv-
ing plant cells. Nitrogen also enters into
the structure of chlorophyll, the amino
acids, amides, alkaloids, protein, and the
protoplasm of the plant.

Nitrogen occurs primarily in the or-
ganic form in plants although small
quantities may be found in the inorganic
form as ammonia, nitrite or nitrate. The
percentage of nitrogen in the different
plant parts will vary with the age, type of

tissue, and kind of plant as well as the
time of day.

Excluding the leaves, the aerial parts
of the plants contain more nitrogen than
the roots. Nitrogen content varies the
most m the leaves and least in the roots.

Nitrogen has been found to:
1 Encourage vegetative growth (stems

and leaves)
2 Produce rapid growth.
3 Increase green color of plants.
4 Increase the protein content of

various plant parts.
5 Favor seed production.
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Effects on Growth
And Development

Adequate Nitrogen: An adequate sup-
ply of nitrogen is essential to maximum
crop production. Either excess or de-
ficiences will limit production.

Abundance of Nitrogen: An abun-
dance of nitrogen in the soil produces a
rank growth of foliage, giving an un-
usual growth of stem and leaves

Increase in leaf area is one of the most
striking effects of an abundant supply of
nitrogen. Nitrogen also is one of the
most important factors in the growth
rate of the leaves. The size of the plant
is thus largely a measure of the rate of
nitrogen metabolism.

An abundant supply of nitrogen in-
creases the water content of the tissue of
various plants. Cotton is one of these
plants. The increased succulence in the
plant parts is considered to be caused by
a lower rate of transpiration of plants
supplied with an abundance of nitrogen
compared with those having a limited
supply.

An abundant supply of nitrogen also is
known to stimulate vegetative growth at
the expense of flowers and fruit develop-
ment with certain crops. Other effects
that have been reported, particularly in
the humid areas, are that plants are more
susceptible to disease, insect, frost and
drought damage when an over abundance
of nitrogen is available throughout the
growth of the crops.

Excess of Nitrogen: An excess of solu-
ble nitrogen will burn or kill the plant.
Excess of soluble nitrogen is particularly

hazardous to seedlings when placed too
close to the seed row by the sidedress
method of application.

An inverse relation has been found to
exist between the growth in length of
roots of corn, barley, wheat, and rye and
the amount of nitrogen in the root medi-
um. Roots are more sensitive to a change
in nitrogen supply than the tops Thus
excesses of soluble nitrogen at any one
time during the growth of the plant may
have a lasting detrimental effect on the
plant.

If plants can be grown to maturity,
the excess foliage resulting from an
abundant supply of nitrogen has no ap-
parent effect on yield. However, plants
under a condition of excess nitrogen may
be delayed in maturing, and ripening
occurs prematurely before sufficient food
materials can be transferred from the
vegetative parts to the seeds or grain.
The seeds or grain thus produced are
shriveled.

Delay of maturity of cotton by the
presence of excess nitrogen late in the
growing season often results in an un-
usual quantity of green bolls. This may
be particularly damaging to the final
yield if an early frost occurs.

Deficiency of Nitrogen: An insufficient
supply of available nitrogen results in
light green or yellowish leaves, dwarfed
or stunted plants, limited branching of
annuals, and small, poor-looking blooms
and faiit. Lower leaves dry and drop
earlier than usual. A decreased amount of
protoplasm is formed and a general re-
duction in leaves and stems occurs. Crop
production declines rapidly when nitro-
gen is deficient.

Forms of Nitrogen Utilized by Plants
The forms of nitrogen in the soil avail-

able to plants may be separated for con-
venience into two classes: (1) inorganic
and (2) organic; the atmospheric sources
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are: (3) combined and (4) elemental.
Primary consideration will be given to
the soil forms.

Inorganic Soil Forms
The most common sources of nitrogen

in the soil that axe absorbed directly by
the plant are nitrate (NO3~) and am-
monium (NH4

+) ions. Nitrite (NO2~)
ion also may be absorbed by plants. The
presence of small quantities of nitrite-
nitrogen in the cell sap of plants is well
known.

It has been established that some plants
grow equally well with either nitrates or
ammonium salts as a source of nitrogen,
and that others although assimilating
ammonium salts in the absence of nitrate
seem to grow better when nitrates are ap-
plied. From a standpoint of the assimila-
tion of these two ions, the ammonium
form requires a lower expenditure of
energy by the plant in its conversion to
protein.

There appears to be no apparent prac-
tical significance of this energy relation-
ship. The effectiveness of one form as
compared with the other appears to de-
pend upon the type and age of the plant
and the reaction (pH value) of the root
medium.

Young sugar cane, for example, cannot
survive without some nitrate ions present.
Young rice plants, on the other hand,
cannot use this form but grow well with
ammonium nitrogen. Cotton and corm, as
well as many other plants, grow equally
well with both forms.

In experiments with cotton, it was
shown that the reaction of the root medi-
um influenced the uptake of these two
ions. The absorption of ammonium nitro-
gen decreased as the pH increased up to
a certain level, whereas the absorption of
the nitrate nitrogen was only slightly
affected by changes in pH reaction.

In root media where the oxygen ten-
sion is low, the nitrate ion gives better
growth than ammonium nitrogen. The

practical significance of this under field
conditions is difficult to ascertain Re-
gardless of the form utilized to the great-
est extent by plants, it has been well
established that the nitrate form will pre-
dominate in normal, well-aerated soils.

Plants will absorb the nitrite ion as
readily as the nitrate. Nitrites can be
tolerated by plants only in low concen-
trations. They are always more toxic to
plants than nitrates.

Organic Soil Forms
Certain organic forms of nitrogen can

be used directly by plants. These are:
nucleic acid, amino acids, and some of
the organic forms present in casein, cot-
ton seed meal, hemoglobin, linseed meal,
and malt products. Complex nitrogen,
such as protein, cannot be absorbed di-
rectly. Organic fertilizers, such as oil
seed meals, fish scraps and tankage, for
the most part, cannot be used by plants
unless they are first decomposed by soil
microorganisms.

The use of natural organic fertilizer
depends primarily upon the rate and ex-
tent of the ammonification by soil organ-
isms. Under certain conditions the bac-
teria in legume nodules will produce an
excess of nitrogen compounds. The more
simple compounds are excreted into the
soil and thus may be available to non-
legumes growing in close association.

Natural organic forms of nitrogen
were long considered superior to inor-
ganic forms in terms of their effect on
crop yields. Many of the alleged advan-
tages, however, have not been substan-
tiated under controlled experimental con-
ditions.

Atmospheric Nitrogen
Higher plants cannot use elemental

nitrogen of the atmosphere to build pro-
tein. Before the development of the com-
mercial fertilizer industry, plants were
dependent wholly upon the symbiotic
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nitrogen-fixing organisms associated with
the roots of leguminous plants and cer-
tain free-living soil microorganisms to
make the atmospheric nitrogen available
to plants.

Nonsymbiotic bacteria such as the
aerobic Azotobacter and the anaerobic
Clostridium pasteuran/um have been
found to fix atmospheric nitrogen. Re-
cently many of the soil algae of the Ari-
zona desert have been shown to contrib-
ute considerably to the nitrogen status of
the soil.

Although it is difficult to evaluate
fully the contribution of these organisms

to irrigated agriculture, there is no doubt
that they play an important role in the
fertility status of the soil under virgin
conditions. The vast range and forest
area of the state still depend predom-
inately upon natural sources of atmos-
pheric fixation for nitrogen.

There are small quantities of ammonia,
nitrate- and nitrite-nitrogen in the atmos-
phere brought to the soil by rain and
snow. At Ithaca, New York, for example,
where the rainfall averaged 29-31 inches
during a five-year period about 12.5 lbs.
of such nitrogen per acre was brought
down annually.

Nitrogen Fertilization
Sources

Ammonia: Ammonia is the starting
point of many fertilizers. It is made by
combining nitrogen of the air with hydro-
gen from natural gas or other sources.
The reaction is as follows:

Nitrogen Hydrogen

(air) +(natural gas)
>• Anhydrous Ammonia

Anhydrous ammonia is a gas under natu-
ral conditions. When supercooled or put
under pressure it is a liquid. It may be
injected directly into the soil oor irrigation
water or combined with other substances
to form solid fertilizers.

Anhydrous
Ammonia -f

Sulfunc Acid

Phosphoric Acid

Carbon Dioxide

Ammonium Sulphate

Ammonium Phosphate

Urea

The positive ammonium ion is held to
the clay mineral and can be retained to a
certain extent against the effects of leach-
ing. The ammonium form of nitrogen
held by the soil colloids or as a free salt
is quite rapidly nitrified by bacteria in

Arizona soils. Only the fixed NH4
+ which

is entrapped within the clay minerals is
not available for nitrification or for plant
use. Although the immediate behavior of
the chemical forms of solid nitrogenous
fertilizers in the soil depends largely
upon the ionic-form added, the fact that
nitrofication takes place so rapidly dimin-
ishes the importance of these early re-
actions somewhat.

Urea: Urea is formed by combining
anhydrous ammonia with carbon dioxide.
The formula looks like this:

= 0
\

urea
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Urea is used in fairly large quantities
alone or in commercial fertilizer mixes.
It initially acts as a noo-polar substance.
It is converted to ammonia either bio-
logically or chemically in the soil first by
hydrolysis to ammonium and finally by
decomposition to form ammonia. The am-
monia produced is converted ultimately to
nitrates.

Products formed by combining urea
and formaldehyde have been developed
to provide slowly available nitrogen.
These products have been found to be
superior to the more soluble nitrogen
fertilizers for maintaining nitrogen for
turfs over a longer period of time. Their
cost on an elemental nitrogen weight basis
is somewhat higher than that of urea
alone.

Nitrate: Nitrate fertilizers, for the
most part, are derived from the oxida-
tion of ammonia. Thus:

Anhydrous Ammonia idati Nitric Acid

Nitric acid in turn is reacted with cer-
tain substances to produce solid fertilizers.

Ammonia

Nitric Acid + Sodium Carbonate

Calcium Carbonate

Ammonium Nitrate

Sodium Nitrate

Calcium Nitrate

Nitrogen, unlike phosphorus, moves
readily in the soil. The nitrate ion is
mobile and moves with water. Both ni-
trate and ammonium forms are soluble
and immediately available to the growing
crops.

Natural Organks: Organic nitrogen
sources are used more in home gardens
and around the urban home than they
are in. the field. This is due principally to
the fact that these sources usually cause
less plant damage in the hands of inex-
perienced users and to the relative higher
cost per increment of nutrient element
than inorganic sources.

The release of soluble nitrogen from

strictly organic fertilizers often is slow
compared with inorganic forms. Thus
feeding is provided over a longer period
of time.

Application
Timing: The time of application of

nitrogen fertilizer depends on:
1. Kind of fertilizer applied.
2. Soil type.
3. Temperature.
4. Kind of crop.
5. Stage of growth of crop.
Nitrogen loss by leaching below the

root zone must be considered in choosing
a time of application. For example, pre-
plant application of ammonium forms
where loss by leaching could occur would
be preferable to nitrate forms. Split appli-
cations also are preferable to one large
application where loss by leaching is a
factor.

Nitrogen fertilization, early in the
stage of the growth of the plant, has
always been superior to late applications.
Certain grains establish their potential
yield in the seedling stage of growth.
Nitrogen influences these factors for yield
very early. For the most part, nitrogen
should be applied as close as possible to
the time of use by the plant.

Placement: The choice of placement of
fertilizer also depends upon many factors.
Some of these are: crop, soil, climatic
conditions, date and rate of application,
equipment, and kind of fertilizer.

For example, ammonical nitrogen must
be placed several inches below the1 soil
surface or it will be lost by volatilization.
Nitrate and organic sources, however, are
not readily lost as such by this means.
Placement of anhydrous ammonia near
young plants can result in damage.

More care is necessary with crops on
sandy soils than finer textured soils be-
cause of the greater mobility of nitrogen
in coarse soils. Nitrogen fertilizer should
be placed within the root zone of the





released from pressure. It should be
placed in narrow furrow at a depth of
5 to 6 inches and covered to prevent loss
by volatilization. Application of ammonia
gas to water to be used in flood or furrow
irrigation is common practice in the west.
This high-analysis nitrogen source offers
certain economies which more than offset
the cost of special application equipment.

The retention of ammonia gas to the
soil depends on 5 main factors:

1. Exchange capacity of the soil.
2. Nature of the absorbed ion.
3- Moisture content of the soil.
4. Depth of application.
5. Temperature.

Selecting a Fertilizer
Nitrogen fertilizers should be selected

to fulfill a particular situation. Differ-
ences in the yield of crops have been
shown experimentally as a result of differ-
ences among sources of nitrogen.

Most of the observed differences among
the various sources of nitrogen under
field conditions can be summarized as
follows:

1. Loss of leaching from the soil.
2. Movement or mobility or immo-

bility of source.

3 Effect of soil reaction (pH) on
availability.

4. Residual effect of accompanying
elements or material not related to
soil reaction (pH).

5. Carbon-nitrogen ratio of natural
organic sources.

6. Content of secondary and micro-
nutrients.

7. Form of nitrogen required by the
specific plant species.

There are real differences also between
sources with respect to the price per
increment of nitrogen and to the conven-
ience of handling and application. Manu-
facturers now also are making different
forms of nitrogen with specific differences
in solubility or availability *'built into"
the product.

One of the most important factors in
selecting a certain nitrogen fertilizer is
the farmer. The choice of selection will
depend largely upon:

1. The manner the farm is to be man-
aged.

2. The physical layout of the farm.
3. The equipment available for appli-

cation.

Soil Nitrogen Evaluation
Diagnosis of the nitrogen needs of a

crop has been under study for many years
and many techniques have been developed
and refined.

Some of the techniques commonly
employed are:

1. Observation of nutrient-deficiency
symptoms of plants.

2. Analysis of the whole or a specific
tissue of plants growing on the
soil.

3. Biological tests in which the
growth of either higher plants or
certain microorganisms is used as a
measure of fertility level.

4. Chemical soil tests.

All of these tests have some limita-
tions. Experience of the diagnostician is
extremely important. The interpretation
of the test depends upon a knowledge of
the area, the limitations of the procedure,
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environmental factors, physical condition
of the soil, disease and insect conditions
at the time of sampling. Soil tests are
constantly confronted with the problem
of a representative sample.

Chemical soil tests have been more
universally popular since they can reduce
the guesswork in nitrogen needs and cor-
rect the seriously deficient soil before the
crop is planted.

II. PHOSPHORUS
Introduction

The quantity of native phosphorus
contained in calcareous Arizona soils is
adequate to supply crops for many cen-
turies under the present cropping system,
if it all were available to plants. The fact
that some of these soils require additions
of fertilizer phosphorus to prevent defi-
ciency of this element in certain crops,
emphasizes the strong forces involved in
the chemical binding of phosphorus by
the soil constituents. Not only is the
amount of water-soluble phosphorus in
calcareous soils very low, but the rate at
which it becomes soluble is extremely
slow.

Phosphorus behavior in soils has pro-
vided some of the most puzzling and
knotty problems in soil science. The de-
fiance of these problems to quick solu-

tion also makes them most interesting.
The literature on phosphorus, though
\oluminous, is constituted of an enor-
mous number of observations which still
resist attempts to be fully systematized
or rationalized. Only in a few instances
has there been a real break-through in
the chemistry of soil phosphorus.

On the other hand, the chemist knows
the nature of phosphorus fertilizers now
being produced on a commercial scale.
Thus, new fertilizers are rarely new to
the chemist since they are composed of
known chemical compounds with which
he works. What happens to the individ-
ual constituents of fertilizers after they
enter the soil is the part that puzzles the
scientist, although certain reactions are
quite well established.

Phosphorus in Soil
Nature of
Native Soil Phosphorus

Soil phosphorous is combined primarily
with calcium, iron, aluminum, organic
matter, and kaolin clay. The native soil
phosphates in Arizona are dominated by
calcium phosphate compounds of mineral
rather than molecular species.

Undoubtedly, iron and aluminum phos-
phate complexes, as well as kaolinite-
fixed phosphorus, exist in desert soils in
small amounts. That these forms are in
the minority is fortunate since they are
more difficultly available to plants than
most of the calcium phosphates.

There is little evidence that the calcium
phosphates are dominated by the highly
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water alone in calcareous soils are used to
help characterize phosphate available to
plants.

Fate of
Applied Phosphates

Fixation: Until recently it was believed
that phosphate fertilizers reacted with the
calcium of calcareous soils and became
fixed in a very slowly soluble form. In
1948-49 this belief was seriously ques-
tioned as a result of certain basic studies
undertaken in the laboratories at the Uni-
versity of Arizona. In a paper appearing
in Soil Science, Fuller and McGeorge
state:

"Not all the phosphorus added to cal-
careous Arizona soils is readily fixed in a
wholly insoluble form. Single extractions
with water or CO2-water lead one to be-
lieve that a rather large amount of phos-
phorus added to calcareous soils is fixed
or absorbed by the soil. Data obtained by
extracting the soil with successive por-
tions of water show, however, that only a
small amount of added soluble phos-
phorus is fixed in a relatively insoluble
form. Only this small amount appears to
have the characteristics of carbonato-
apatite. The finding that added phospho-
rus is released in considerable quantities
even after many extractions and that a
large amount is recovered in this manner,
supports field observations that the effects
of phosphorus fertilizers added to irri-
gated Arizona soils may influence crop
production for many years after applica-
tion."

Movement'. Another important factor
in the availability of phosphorus to plants
concerns its movement. Arizona research,
where radioactive phosphorus-3 2 was em-
ployed in solid and liquid forms, demon-
strated that less than 10 percent of the
solid phosphate placed in a band moved
1 inch. Liquid phosphoric acid applied to
the surface of a fine sandy loam moved
less than 4 inches deep. It is well estab-

lished, by these and other studies, that
soluble inorganic phosphorus does not
move appreciably in calcareous soils.

The fact that fertilizer phosphates
move but little makes it all the more
important to place the fertilizer within
the active root zone. Lack of understand-
ing of phosphorus movement and appro-
priate placement within the root zone
often has led to confounding and con-
tradictory results.

Until the recent publications by Han-
napel and Fuller at the University of
Arizona, little attention had been given
to the movement of phosphorus ini the
organic form. Their research clearly estab-
lishes the principle that phosphorus
moves in soils almost inclusively in
organic combination ^ though of course
the total amount moved is still small com-
pared with nitrogen. Soil microorganisms
were found to be the major factor con-
trolling phosphorus redistribution in soil.

Removal by Crops: By using radio-
active phosphorus (P-32) and radio-
isotope techniques, it was discovered that
virtually all the phosphorus of a fer-
tilizer added to alfalfa grown under the
usual field conditions may be recovered
in the hay in as short a period as four
years. Cotton, barley, sugar beets, and
such vegetable crops as cantaloup, lettuce,
onions, and tomatoes were found to ab-
sorb up to 50 percent of their phosphorus
from tagged (P-32) phosphate fertilizer
the first year it was applied.

Residual Effects: It has been shown
also that the residual effects of phospho-
rus on calcareous soils last a considerable
length of time. Residual effects, where
large amounts of phosphate fertilizer
were added, were found to persist as
long as 13 years in Gila silt loam in
Arizona.

Experimental evidence shows that the
soluble phosphorus from fertilizers reacts
with the exchangeable calcium ions, solu-
ble calcium salts and calcium carbonate of
soils to form slightly soluble phosphates.
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Phosphorus first is absorbed In mono-
molecular layers on soil particles, pre-
dominantly as dicalciurn phosphate. This
surface phosphorus, though of limited
water-solubility, is available to plants.
After surface sites are satisfied, phosphate
forms salts with calcium and the dical-
cium phosphate layer thickens.

However, dicalcium phosphate is un-

stable in the presence of excess calcium
ions and changes slowly into hydroxyapa-
tite of similar phosphates. If fertilizer
phosphorus is converted to insoluble apa-
titic phosphate in the soil, it progresses so
slowly that the change cannot be detected
readily by short-term experiments. This
explanation is somewhat oversimplified
for the sake of clarity.

Phosphorus and the Plant
Essential Function

Phosphorus is an essential constituent
of all living cells. It is primarily involved
in the conservation and transfer of energy
in the metabolic reactions of living cells.
Thus all cells of the plant are concerned
with phosphorus. Its distribution through-
out the plant is governed by physiological
need. It is mobile and does not remain
fixed where it is originally deposited, such
as are calcium, iron, and certain other
inorganic nutrients.

There occurs a redistribution when the
external source becomes limiting and the
phosphorus is withdrawn from the older,
less metabolically active cells to the
younger, more active cells. Furthermore,
when the supply available to the plant is
limited, the phosphorus is withdrawn
from the leaves and transported into the
fruit.

Effects on Growth
And Development

Deficiency symptoms of phosphorus are
not specific. If phosphorus is limiting,
however, the following conditions are
observed:

1. Root and shoot growth is greatly
reduced.

2. Shoot growth is upright and
spindly.

3. Premature defoliation occurs begin-
ning with older leaves.

4. Lateral shoots are limited and lat-
eral buds may die or remain dor-
mant.

5. Blossoming is reduced.
6. Opening of leaf and blossom buds

are delayed in the spring.
7. Foliage may become purple or spot-

ted with bluish-green blotches with
purple or brown centers. Margins
of leaves may turn brown. The
purple modification of the antho-
cyanin color is not caused solely by
phosphorus deficiency.

Forms Utilized by Plants
Most authorities agree that phosphorus

is absorbed by plants chiefly as the ortho-
phosphate ion. Plants have a capacity to
absorb and keep great quantities of phos-
phorus in their tissues in excess of their
needs. The cells contain both inorganic
and organic forms. Phosphorus in the
inorganic form appears as a phosphate
radical and is not reduced in the plant as
is nitrogen and potassium.

Certain simple forms of organically
bound phosphorus appear to be utilized
by plants. Most of the evidence, however,
points to the unavailability of organically
bound phosphorus found in soils and the
dependence on biological minerali2ation
or simplification of organic phosphorus
to inorganic forms before it is absorbed
by the plant.
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The Plant as a Factor in
Phosphorus Availability

Kind of Crop: Different crops or plant
species have different ability to absorb
soil or fertilizer phosphorus. For example,
cotton rarely responds in terms of lint
yield per acre to phosphate applications;
whereas, alfalfa often requires some ad-
ditional phosphorus during its period of
growth. Barley and wheat respond infre-
quently but vegetable crops respond fre-
quently. Citrus responds more often when
it is just getting started; whereas, mature
trees rarely show phosphorus response.

There are numerous examples of dif-
ferences among crops with respect to
phosphorus utilization. This leads to the
postulation that chemical laboratory tests
for available soil phosphorus necessarily
must be related to the crop to be grown
before recommendations can have prac-
tical application.

Several explanations have been sug-
gested for differences in capacity of plants
to absorb phosphorus:

1. Crops having shallow or limited
root systems often respond more to phos-
phate fertilization than do those with
extensive root systems. Plant roots release
carbon dioxide (CO1,) to the soil solu-

tion. Carbon dioxide lowers the pH and
increases the solubility of calcium phos-
phate. Roots having high exchange capac-
ity give off more CO3 than those of low
exchange capacity.

2. Plants vary in their capacity to take
up cations such as calcium, magnesium,
etc., from the soil solution. Lowering of
the calcium content of the soil solution
increases the phosphorus solubility. Thus,
crops that have a high capacity to absorb
calcium on its root surfaces would absorb
mote phosphorus from the soil solution.

Stage of Plant Growth: There is a
relatively great need for phosphorus in
the early stages of plant growth. The root
system is small during the early stages of
growth; thus, its feeding area is limited
and a greater concentration of phosphorus
per root volume is needed. Young plants
also demand more phosphoirus than moire
mature plants. It has been stated that
plants usually have obtained 50 percent
of their phosphorus when only 20 percent
of their growth has taken place.

Season of Growth: Fast growing crops
maturing during the warm summer and
fall months often have been found to
respond more to phosphate applications
than the same crop growing slower dur-
ing the cooler months.

Phosphate Fertilization
Factors
Influencing Availability

Water Solubility: Water solubility of
phosphate fertilizers has been considered
an important factor in their availability to
plants. It has been observed generally
that the greater the water solubility, the
greater the uptake of phosphorus by
plants.

This has guided the fertilizer industry
to develop new fertilizers with greater
water-soluble phosphorus content. Recent

research, however, indicates that uptake
of phosphorus by plants is not always
proportional to water solubility or avail-
ability as determined by official methods.

For example, our studies in Arizona
soils indicate that the uptake of phospho-
rus from certain nitricphosphates was not
reduced appreciably until the water solu-
bility fell below about 10 percent by the
official method. There is little evidence
that uptake of phosphorus by plants in
calcareous soils is measurably different
from a fertilizer having 100 percent
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water-soluble phosphorus as compared
with one of 50 percent water-soluble
phosphorus even when applied at the
lower rate recommended for crops.

The reason) for the apparent contradic-
tion regarding water solubility and avail-
ability to plants is explained in part by
Fuller and co-workers. The availability to
plants of fertilizer phosphorus is depend-
ent, in large part, on the ability of a
fertilizer-treated soil to renew phosphorus
in the soil solution as a result of with-
drawal by plant roots. This is a function
of both the fertilizer and the soil.

The supply of phosphorus to the soil
solution is both an intensity and capacity
factor. The phosphorus content of any
one soil extract is a measure of the inten-
sity factor and the changes in the intensity
factor with successive withdrawals is a
measure of the capacity factor. Since
plants do not require all of their phos-
phorus at one time but continue to absorb
it throughout the growing period, the
effectiveness of a fertilizer may be evalu-
ated on the ability to renew phosphorus
in the soil solution.

At a given time only small increments
of phosphorus are required to replenish
the soil solution. Phosphorus will not be
a limiting factor in crop production, pro-
vided renewal of available phosphorus is
at a level equivalent to or greater than
the rate of withdrawal required by the
plant.

'Particle Size: Only a very short time
ago it was believed by many that pelletiz-
ing phosphates in soil provided a method
of reducing fixation of phosphorus in
forms unavailable to plants. The belief
was based on the hypothesis that, since
fine particles have a greater surface area
than large particles, fine particles have a
greater opportunity to become intimately
associated with soil-fixing constituents
than larger ones. Reversion to unavail-
able forms, thus, was expected to be
greater with fine particles.

Although this may be true for acid

soils, the use of radioactive-phosphate
fertilizers on calcareous soils has provided
substantial data indicating that the finer
the particle the greater the amount of
phosphorus taken up by plants from the
fertilizer. This effect is more apparent the
less soluble the fertilizer material is. Field
data substantiating this discovery were
first reported in Arizona as a result of the
use of tracer techniques and radiophos-
phorus fertilizers.

Although the original hypothesis re-
garding particle size still has merit, the
factor not fully recognized was that sur-
face area of the feeding roots also must
be considered in the uptake of phospho-
rus. The surface contact area of fertilizer
particles exposed to roots for absorption
apparently is more important in uptake in
many of our calcareous soils than the in-
creased fixation due to* the greater area
exposed by finer particles for this chemi-
cal action.

Placement: "Water solubility is much
more important in uptake when fertilizers
are banded than when mixed in the soil.
Usually phosphorus absorbed by plants
from banded fertilizers is directly pro-
portional to the water solubility of the
fertilizer. When phosphate fertilizers are
mixed with calcareous soil to allow for
more root contact, differences in water
solubility are not always apparent except
at low levels of solubility. Data are avail-
able showing that absorption by plants
may be as great or greater from dicalcium
phosphates when well mixed into the root
zone than from water-soluble forms.

Associated Salts: Certain nitrate fer-
tilizers have been found to enhance the
availability of phosphate fertilizers to
plants when placed together in soils.

The retention, solubility, and availabil-
ity to plants of soil phosphates also are
influenced by neutral salts. Most of the
salt effects on phosphorus solubility in
alkaline and calcareous soils can be ex-
plained on the basis of solubility product
principles.
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The effect of sulfate salts oa phospho-
rus solubility is the same as the nitrate or
the chloride salts when the ionic strength
of the medium includes only ionic con-
centrations, and the activity coefficient of
Ca applies only to the ionized portion of
the CaSO4 and any other Ca ions in the
soil. Variations in Ca, pH, and ionic
strengths account for the observed
changes in phosphorus solubility as influ-
enced by various salts on dicalcium phos-
phate, hydroxyapatite, and calcareous
soils.

Salts may affect phosphorus solubility
by:

1. The cation or anion may enter into
a specific reaction with the soil or fertil-
izer phosphorus to change the compound
solubility or change the pH.

2. The added salt may hydrolize or
nitrify and change the pH.

3. The properties of the salt solution
may differ at high salt concentrations as
compared with dilute salt solutions.

Rate of Application: There is little
question regarding the direct relationship
between uptake of phosphorus by plants
and rate of application. Uptake is propor-
tional to rate of application, provided the
phosphate is placed in the feeding zone
of roots.

Soil Moisture: Adequate soil moisture
enhances rate of phosphorus uptake by
plaints. Too frequent irrigations, however,
in fine-textured soils decrease oxygen for
nutrient and water uptake.

Part of the beneficial effect of frequent
irrigations may be a cooling effect on soils
in hot climates. Drying causes phosphate
crystals to grow in size. Small crystals are
less stable than large crystals; by growing,
the crystals become less soluble. In this
manner, then, drying causes a decrease in
solubility of phosphates m soils.

Texture: Soil texture influences the
phosphorus availability in calcareous soils
in two ways. Availability firstly is directly
related to the amount of surface area of
the soil particles exposed for adsorption,

and secondly to the percentage phospho-
rus saturation of these surfaces.

Thus, in order to bring two soils of
different clay content to the same value of
phosphorus available to plants, the soil
having the highest clay content must have
greater amount of fertilizer phosphorus
added, other factors being equal. The
percentage recovery of fertilizer phospho-
rus by plants decreases as the clay content
increases.

Source
As mentioned previously, new fertil-

izers are seldom new from the chemist's
viewpoint since they generally are com-
posed of known compounds. New fer-
tilizers, therefore, must have some other
advantage to justify development to mar-
ket status. Certain qualities such as (1)
lower cost of production, (2) easier han-
dling, (3) more effective in supplying
soil and crop requirements, will raise new
fertilizers to this status.

Certain advantages also may be devel-
oped in new fertilizers relating to geo-
graphic location, soil type, climate, crops,
and soil and water management practice.

Characteristics of
Phosphorus-Bearing
Fertilizers

Commercial phosphate fertilizers may
be listed in four groups based on charac-
teristics affecting method of general use
on alkaline or calcareous soils under field
conditions. The following classification
based primarily on water solubility is
suggested.

Group I — Characterized by high de-
gree of water solubility. Ammoni-
um phosphates and phosphoric
acid are examples of this group.

Group II — Partially water soluble or
may undergo a chemical reaction
that converts them to a water-
soluble form. Example: Calcium
metaphosphate.
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Group III — Less water solubility than
Group II. Very slowly soluble in
sod solution- Solvent action of
roots makes these available to
plants. Dominantly dicalcium
phosphate.

Group IV — Very insoluble in water.
It exists in an apatite-like form.

The availability of the phosphorus to
plants is greatest from group I and least
from group IV.

For crop yields, however, results indi-
cate that fertilizers in the first three
groups are comparable under most condi-
tions, especially if small particle size,
thorough mixing in the soil, and favor-
able moisture conditions are provided.
Residual effects also are similar.

Water solubility of phosphatic fertiliz-
ers in calcareous soils is not a satisfactory
single criterion of available phosphorus.
Plants can feed successfully for phos-
phorus on both water-soluble and dical-
cium phosphates.

An important difference between water-
soluble phosphates (Group I) and those
with limited solubility (Groups II and
III) appears to be in the extent of surface
exposed to the solvent action of roots.

Application
To be utilized, phosphorus must be in

a siutable chemical form and must be
where it is positionally accessible to plant
roots. Method of application and position
of the fertilizer are important in relation
to:

1. Type and development of root sys-
tem.

2. Product of fertilizer reaction with
the soil.

3. Particle size.
Although phosphorus movement is

limited in most soils, water-soluble fer-
tilizers may move to a limited extent
either in solution or as discrete particles.
Fertilizers with little water solubility
must depend only on particle movement.

Since movement in this manner is very
limited, it is necessary to distribute fine
particles in the feeding zone where roots
may maintain contact with a large phos-
phate surface.

Thus, in materials such as dicalcium
phosphate, more accessibility to plants
may result from fine particles appropri-
ately distributed than from granules.
This also is true for Ca-metaphosphate
immediately after application and to a
lesser extent for rhenania or silicophos-
phates. Their availability increases with
time.

Broadcasting and plowing under or
incorporating them thoroughly, leaves
phosphorus more available to the plant
than either applying in bands or broad-
casting on the surface. This is especially
true when moisture is inadequate near
the soil surface either for the desired
chemical reactions or for root growth.

Phosphate fertilizer applied in bands
in the immediate root zone results in early
uptake of phosphorus by the plant. Im-
proved efficiency from the broadcast ap-
plication is attributed to greater contact
between fertilizer and feeder roots of the
plant.

Adequate moisture for development of
feeder roots near the soil surface must be
maintained for efficient utilization of
broadcast phosphate. This usually can be
done more satisfactorily in cool than in
hot climates.

It cannot be stated categorically that
banding, broadcasting, or incorporating
fertilizer is the best method of applica-
tion. Superiority of a given method de-
pends on factors such as type and age of
crop, moisture supply, soil fertility, time
of application, and phosphorus fixation
by the soil.

Selecting a Fertilizer
For a Particular Situation
Fertilizers may be appraised on the fol-
lowing basis:

1. Character.
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2. Effectiveness.

3. Cost.

Several aspects of value may be con-
tained in each of the fertilizer appraisals.

Character of a Fertilizer: The character
of a fertilizer may be defined as the com-
bined effects of chemical and physical
properties such as concentration, reactiv-
ity of the major elements, and ease of
handling. The tendency of a fertilizer to
dissolve in water and become available to
plants is considered to be the meaning of
reactivity as used in this definition. High
analysis benefits of a fertilizer also are
included as a part of the character of a
fertilizer.

Effectiveness of a Fertilizer: Effective-
ness as used here is measured in terms of
crop response to its use. Effectiveness de-

pends upon many factors other than those
inherent in the fertilizer itself. Environ-
mental factors, crop, soil types, climate,
and water relationships in the soil all are
related to effectiveness.

Effectiveness also is influenced by cul-
tural practices, such as kind of crop, crop
rotation, time of application, placement,
particle size, and kind and amount of
fertilizer. Thus, effectiveness depends
upon character of a fertilizer and where
and how it is used.

Cost of a Fertilizer: The farmer or
consumer probably is more concerned
with the cost of a fertilizer than with
other factors. In this respect intelligent
growers are interested in quantity of
available plant food per dollar cost rather
than how much weight he can buy per
dollar.

m. POTASSIUM
Introduction

Our present concepts regarding potas-
sium have their origin, almost wholly, in
the research by McGeorge as reported in
1933 in an Arizona Agricultural Experi-
ment Station Bulletin, entitled "Potas-
sium in Calcareous Soils." From the time
of the publishing of this bulletin until
about 1956, virtually no research was
conducted in the field of potassium
fertilization.

A renewal of interest began in about
1956 when an evaluation of the availa-
bility of potassium in different Arizona
soils was initiated on a controlled-field
experimental basis where both nitrogen
and phosphorus were applied adequately.
About this same time a greenhouse study,
involving a large number of key soil
types collected throughout Arizona, re-
vealed that certain sandy soils in central

and northern Arizona were low m avail-
able potassium.

Potassium Status
In Arizona Soils

The lack of more extensive research on
potassium is understandable when one
considers the limited evidence of a defi-
ciency of potassium as a plant nutrient in
crop production and quality in Arizona
soils. Attention also has been diverted
away from potassium because of pressing
demands for experimentation on nitro^
gen, phosphorus, and for certain trace
elements such as iron and zinc.

Nitrogen still remains the most defi-
cient plant nutrient fo<r maximum crop
production in the arid and semi-arid soils
of the Southwest. Phosphorus, although
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abundant, is poorly available in many
soils and probably ranks as the second
most deficient nutrient. Iron is poorly
available to certain crops and is particu-
larly deficient for plants in home gar-
dens. Zinc deficiencies appear serious in
a few citrus and pecan groves and in
certain tree fruits.

McGeorge used both the conventional
chemical tests as well as the Neubauer
plant test in his search for evidence of
soils showing deficiencies of available
potassium for crops. He concluded that:
"The Neubauer test reveals a high avail-
ability of potassium in our calcareous
soils and thereby confirms the conclusion
reached in the chemical studies."

Dr. Hilgard, who is noted for his keen
insight in soil science, is accredited for
this statement over 60 years ago: "One
of the most practical conclusions flowing
from the comparison of potassium in
humid and arid soils is that while in the
former potash is usually among the first
substances to be supplied by fertilization,
in the arid regions it will come last."

McGeorge summarized his research
with these significant statements:

1. * 'Arizona soils contain high re-
serves of potassium."

2. "There is a wide variation in the
amount of replaceable or less firmly

held potassium, but even in poorest
soils there is no evidence of an
immediate need for potassium."

It is little wonder that the soil scientist
since has neglected potassium in favor of
studies on other nutrients of more imme-
diate importance for crop production.

Need for
Potassium Fertilization

Since the early fifties, various investi-
gators from California have shown yield
response of potatoes to potash applica-
tions on some soils in Kern and Madera
Counties. Some of these soils are cal-
careous. These results have served to re-
open the question of potassium fertiliza-
tion in calcareous soils.

It was found, furthermore, that soils
intensively cropped to heavy feeders on
potassium became deficient in this ele-
ment Applications of potash fertilizer in
unusually large amounts are often re-
quired to correct this deficiency for cer-
taim crops. Soil scientists in Arizona are
aware of the findings in neighboring
states and are alert to the possibility of
potassium deficiencies appearing in soils
continuously cropped to heavy users of
potassium but as yet have little evidence
of response to potash applications.

Potassium in Soil
Forms

Total: Calcareous soils of the irrigated
valleys of Arizona contain between 1.4
to 3.0 percent total potassium. This rep-
resents 56 to 120 thousand pounds of
potassium on a basis of 4 million pounds
of soil per acre foot.

Water-Soluble: The water-soluble po-
tassium in these same soils ranges be-
tween 30 to 1000 pounds of potassium
per acre foot. The amount of water-
soluble potassium in most soils, how-

ever, usually is notoriously small. These
data also indicate that our calcareous soils
are well supplied with potassium, but
that only a small fraction is water soluble.

Exchangeable: McGeorge found that
there was a considerable amount of ex-
changeable potassium in the many soils
he studied throughout the irrigated areas
of the state. A range of 680 to 6,920
pounds potassium per acre foot was re-
ported. This fraction is considered to be
readily available to plants. Judging from
these data, the calcareous irrigated soils
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appear to be well supplied with available
potassium.

The potassium held by the soil clay
and colloid may either be classed as
* 'exchangeable" or "fixed" depending on
the ease by which it is held against re-
placement by other cations. Exchangeable
potassium is considered to be readily
replaced by cations and thus available to
plants.

Fixed; "Fixed" potassium on the other
hand is not considered to be available to
plants immediately. "Fixed" potassium,
however, is not completely unavailable
but, in time, a certain amount may be-
come available to plants.

Fixed potassium is defined as being an
integral constituent of the crystal struc-
ture of primary and secondary soil min-
erals. The rate with which the reactions
take place necessary to release the potas-
sium from these minerals will vary with:

1. The amount of potassium in each
form.

2. The type of minerals.
3. The concentration of certain other

cations in the soil.

Movement
Potassium, like sodium, forms soluble

salts that leach readily from the soil.
Thus where soils are leached, as in
humid climates, potassium is often defi-
cient for plant growth. In arid and semi-
arid climates where soils are not leached,
potassium is usually abundant.

The chemical bonding of potassium to
clay minerals is quite strong. Potassium
held in this position resists movement by
water just as ammonia is held somewhat
immobile to water movement. That fixed
in the lattice structures of certain clays
also moves to a limited extent in soil.

Soils containing excess potassium as in
"potassic" soils, however, can be readily
reclaimed by leaching in the presence of
soluble calcium. Potassium movement in

soils is more extensive than phosphorus
and less extensive than nitrate.

Excess
Certain saline and alkaline soils in

Arizona have been found to have rather
large quantities of soluble and exchange-
able potassium. Some of these soils re-
quire reclamation treatment to leach the
excess potassium below the crop root
zome. The physical condition is adversely
affected and water penetration rate is
slow in potassic soils, somewhat similar
to that of sodic salts.

Fortunately, potassic soils are not ex-
tensive in the irrigated areas of Arizona.
Their presence, however, serves to em-
phasize the general abundance of potas-
sium in our arid land soils.

Behavior
McGeorge reviews some observations

he made regarding a comparison between
the behavior of potassium in calcareous
(neutral to alkaline) and noncalcareous
(slightly acid) soils as follows:

" 1 . Replaceable potassium in equiv-
alent amounts is more available in alka-
line calcareous soils than in neutral or
acid noncalcareous soils.

"2. There is evidence that water-
solubility of potassium in calcareous soils
is lower than noncalcareous soils, except
in soil containing a large excess of
hydroxyl-ions.

"3. Solubility of potassium is greatly
increased by carbonic acid in calcareous
soils but in noncalcareous soils there is
much less effect, and in many cases no
increase in solubility at all.

tl4. This latter observation explains
the greater availability in calcareous soils;
namely, that the absorbed potassium in
such soils responds more readily to the
solvent action of carbonic acid given off
by roots.
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Potassium as a Plant Nutrient
Essential Function

Potassium is an essential element for
cell growth It is one of the many ele-
ments considered essential for higjier
plant life. Although the specific physio-
logical role is not clear, potassium dem-
onstrates certain effects on plants It is
believed to play an important part in the
following plant processes.

1. Carbon dioxide assimilation, there-
by association with the synthesis and
translocation of carbohydrates such as
simple sugars and starches.

2 Cell-wall formation, thereby aid-
ing in stiffness of stems and turgor of
cells. On the other hand, if nitrate re-
serves are excessive, plant cell walls may
be thin and plants may have weak stems
despite high levels of potassium.

3. Contributes to the absorption of
phosphate and nitrate under certain con-
ditions.

4. Contributes to the resistance of
diseases. The effect may be a result of
plant vigor and resulting ability of the
plant to resist the attack of pathogenic
organism.

Effects on Growth
And Development

Adequate Supply: Potassium moves
readily throughout the plant It is prom-
inently present in the meristematic and
other actively growing tissues.

Although potassium may appear as
simple salts of organic acids, it is not
known that potassium enters into any
organic combination in the plant. It
moves freely from mature to meriste-
matic tissues when there is a deficiency.
Potassium may also move to developing
fruits under these same circumstances,
with subsequent death of vegetative
growing parts.

Like phosphorus, plants accumulate an
excess of potassium in their cell sap when
the available supply in the soil is ade-
quate.

Deficient Supply: Deficiency symptoms
of plants for potassium are quite distinct,
being characterized by the following gen-
eral signs:

1. Plants grow slowly.

2. Margin of leaves show "browning"
or "scorching," starting first on
older leaves.

3. Stalks are weak.

4. Seed and fruit are small and shriv-
eled.

5. Clovers and alfalfa show charac-
teristic white spots near leaf mar-
gin.

Factors
Which Influence Uptake

Crops differ in their over-all require-
ment for potassium as well as their ability
to absorb it from the soil. Potassium re-
quirement of a crop may be more critical
at one physiological growth stage than
another.

For example, potatoes may show no
potassium deficiency during the early
stages of growth; whereas during later
stages deficiency may become critical.
This critical stage, however, is not neces-
sarily the same for all crops.

The uptake of potassium by plants is
markedly affected by other cottons. The
specific factors of other cations as they
affect potassium absorption are:

1. Kind of cation.

2. Concentration of single cation in
relation to potassium concentration.

3. Kind and concentration of multiple
other cations available to the plant.

Calcium, magnesium, and sodium have
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been shown to influence the absorption of
potassium by plants. Calcium and mag-
nesium, when in a high ratio to potas-
sium, depress potassium absorption.

The extent of the interaction between
sodium and potassium is variable because
of the different abilities of plants to ab-
sorb sodium. With plants that absorb

sodium readily, sodium may seriously
limit potassium absorption in soils con-
taining an abundance of this element It
has been found that the higher the con-
centration of a particular cation in rela-
tion to the concentration of potassium,
the greater is the depression in the up-
take of the latter by plants

Potassium Fertilization
Source

Potash fertilizer appears on the market
as water soluble salts such as:

K2O K
Potassium chloride

(muriate of
potash) 60-62% 50%

Potassium magne-
sium sulfate 22% 18%

Potassium sulfate 50% 42%
Potassium nitrate 45% 37%

Natural organics (castor pomace, ani-
mal manures) are also available for
fertilizing purposes.

All of these materials have good phys-
ical properties and can be applied with
ease.

Potassium is most commonly added to
Arizona soils in mixed fertilizers; i.e., in
combination with nitrogen and phospho-
rus. Such combinations of N-P2O5-K2O
as 10-20-5, 15-8-4, 10-10-10, 6-10-4, and
16-16-8 are used.

Application
Potassium fertilizer has been included

in a number of field experiments with
crops such as cotton, grain sorghum,
small grain, and forage crops during the
past 7 years. Certain vegetable crops,
potatoes, melons, corn, lettuce, and toma-
toes grown under controlled field experi-

mental conditions also have received
potash fertilizer treatments.

Examples of results of the field crop
experiments may be found in the Arizona
Annual Report on Sod Fertility and Fer-
tilizer Research.

Data from these investigations provide
little evidence to support a recommenda-
tion for use of potassium fertilizers on
the soils involved.

Turner and Stanersen of the University
of Arizona recently reported that exces-
sive applications of nitrate-nitrogen to
lettuce under field conditions appeared to
induce potassium "deficiency." These ex-
periments were conducted in soils of the
Sulfur Springs Valley

Bessy and Turner of Arizona, experi-
menting with the effect of potash on
potato quality in the Queen Creek and
Mesa areas, found no significant relation-
ship between potash fertilization and
1'feathering" or skin slippage.

In an extensive greenhouse study,
Smith and Baldar provide evidence that
response and potasstum-uptake by sun-
flowers (an indicator plant sensitive to
potassium availability) from applications
of potassium could be detected in some
of the 200 soils sampled throughout
Arizona

Nineteen of the most responsive sur-
face soils were re-examined for response
to potassium application in the presence
of nitrogen and phosphorus. There ap-
peared to be a significant increase in dry
weight of sunflowers grown in many of
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these soils receiving a complete treatment
of NPK as compared with those receiving
no fertilizer or only the NP fertilizer.
For the most part, dry weight differences
between plants grown on NP and NPK
treated soil was slight compared with
differences between no fertilizer and NP.

Although this study furnishes some
good evidence of plant responses to
potash fertilizer, sunflowers require a
considerably higher level of ' 'available"
potassium than do most crops grown in
Arizona. The question arises regarding
the type of indicator plant to use for de-
termining available plant nutrient m a
soil In any screening process it is justi-
fiable to use a crop that is most likely to
give growth response to addition of the
element in question. In this way a large
number of soils can be screened and re-
duced to a small number for convenience
of further testing using the crop or crops
to be grown under the usual field con-
dition.

Situations Where
Potassium Will
Most Likely Be Needed

Potassium, in a form available to
plants, appears to be sufficiently abundant
in the irrigated soils of the arid and
semi-arid Southwest as not to be a factor
limiting the present level of crop pro-
duction.

Numerous field tests recently have
failed to reveal any significant increase
in yield or quality of field crops as a
result of addition of potassium fertilizer

to these soils. This general condition also
has been found for vegetable crops. Even
the calcareous sand soils, such as Super-
stition sand in Yuma County, appear to
be well supplied with available potas-
sium.

On the other hand, there is some evi-
dence that potassium may be sufficiently
low in certain noncalcareous sandy soils
of low cation exchange capacity to be a
factor in crop production. Such soils
should receive potassium fertilizer in
test strips to ascertain the need for this
nutrient. Soil and tissue testing also can
be useful in identifying soils thought to
be deficient in potassium.

The amount of exchangeable potas-
sium may be used as a guide for predict-
ing the response of crops to potash fer-
tilization. Potatoes, for example, were
shown in some California soils to respond
to potassium if the exchangeable potas-
sium was less than 100 ppm. Response
may be expected between 100 to 150
ppm; whereas between 150 and 200 ppm,
response was unlikely. Above 200 ppm
no response was found.

Home gardeners who use an abundance
of organic materials such as composts,
manure, sludge, grass clippings, and other
plant residues probably will not need to
apply potassium fertilizers to their soils
Occupants of homes built on areas where
the topsoil (surface foot at least) has
been removed by excavation should have
their soil tested for available potassium
before landscaping is undertaken. This is
suggested since there is evidence of a
rapid decrease in available potassium with
progressive soil depth.
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