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FERTILIZER HANDBOOK FOR
ARIZONA FARMERS
BY W. T. MCGEORGE

FOREWORD

Many farmers are not familiar with the terms used in the ferti-

lizer trade nor with the properties of the chemicals which are
used in the manufacture of simple and mixed fertilizers. This

bulletin is intended as a manual or handbook to acquaint Arizona

farmers with terms, materials, and the fertilizer situation in
general as it concerns Arizona.
At one time the manufacture of fertilizer and its use on the

farm were very simple operations because most of the early ferti-

lizer materials were waste products of industry and the farm.
Now both operations are quite technical because commercial

fertilizers are largely compounded from minerals and chemicals.
The fertilizer manufacturer should know the properties of these
minerals and chemicals in order to mix them properly. The
farmer should know something about the effect of these materials, singly and in mixtures, on his crops and soil.
FERTILIZER INGREDIENTS
NITROGEN

There is evidence that the poor growth of crops is most often
due to a deficiency of nitrogen. Therefore nitrogen is classed as
the most important ingredient in commercial fertilizer and it is
also the most costly.
Virgin soils all contain a natural supply of nitrogen when they
are put under cultivation. This supply is built up from the debris
deposited by the plant cover or natural growth present on the
land during the years the soil was in process of formation. The
amount of nitrogen present in a virgin soil depends upon the
density of the plant cover. In semiarid lands such as we have in
the irrigated valleys of Arizona the plant cover has been meagre
and the small amount of debris deposited on the soil was probably dried up and blown away. The supply of nitrogen in our
semiarid lands is therefore very low as compared with other
sections of the United States. Arizona soils contain on an average,
0.04 per cent nitrogen (N) which is equivalent to 1,600 pounds
per acre -foot of soil. The nitrogen content of the soils of the
United States, as a whole, varies from 0.01 to 1.0 per cent with
most of the low nitrogen soils being located in the semiarid west.
When there is immediate need of nitrogen, for crop growth,
commercial fertilizers should be employed. However there are
several natural sources of nitrogen which Arizona farmers can
draw upon to supplement that which they apply in the form of
commercial fertilizer. First, bacteria and other forms of microorganisms, which are present in the soil, are continuously taking
3
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PLATE I.- Sparse native vegetation on semiarid land is the reason for the
low nitrogen reserve.

nitrogen out of the air and depositing it in the soil. The activities
of these organisms can be encouraged by proper cultural practice; that is, by good soil aeration and a good supply of organic
matter. Second, many of our irrigation waters, largely the pump
waters, contain appreciable amounts of nitrate nitrogen. If a
water contains 10 parts per million nitrate this is equivalent to 27
pounds per acre -foot of water, and 27 pounds of nitrate is equivalent to 169 pounds of nitrate of soda fertilizer. Thus a little nitrate
in the water adds up to something worth while when four acre feet of water are used annually. Third, leguminous crops can be
grown and turned under to add nitrogen to the soil. Finally,
manures and organic farm wastes can be conserved by composting or plowing directly into the soil.
Nitrogen is needed by crops principally for vegetative growth
although it also stimulates root growth. If the supply in the soil
is deficient the crop will be stunted, slow growing, and the leaves
will have a pale green or yellowish green color. With some crops
there is danger of adding too much nitrogen or adding it at the
wrong time. For example, an excess causes lodging in small
grains, and in grapefruit causes development of large fruit with
thick skin and hollow center. Crops in which vegetative growth
is essential, such as the vegetables, require heavy nitrogen fertilization.

Every form of nitrogen fertilizer should be used in accordance
with its own particular properties- solubility, availability, alkalinity, acidity, resistance to leaching in the soil, chemical and
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physical reactions with the soil minerals and even their physiological effects upon the plants themselves. A list of nitrogenous
fertilizers, used in Arizona, is given in Table 1. The first column
gives the name of the material; the second column gives the per
cent of ammonia nitrogen in each; the third column gives the
percentage of nitrate nitrogen; and the fourth column the percentage of organic nitrogen.
TABLE 1.- NITROGENOUS FERTILIZERS USED IN ARIZONA
Ammonia
nitrogen
(per cent)

Nitrate of soda
Calcium nitrate
Ammonium nitrate
Liquid ammonia
Ammonium sulphate
Ammonium phosphate (16 -20)
Ammonium phosphate (11 -48)
Cyanamid
Uramon

16.5
82.0
21.0
16.0
11.0

Nitrate
nitrogen
(per cent)

Organic
nitrogen
(per cent)

16.0
15.5
16.5

22.0
42.0

It will be noted in Table 1 that there are three major forms of

nitrogen sold in Arizona -the nitrate, ammonia, and organic

forms, all of which are completely soluble in water or nearly so.
All those given in the list are excellently suited to Arizona soils
and crops; however they all have different chemical properties
and there are cases where one kind of nitrogen may be preferable
to another.
NITRATES

The nitrates are all very soluble in water and move about in
the soil moisture or the soil solution after they have been added
to the soil as fertilizer. This is an advantage in that this form of
nitrogen can move to the roots. In another way it may be a disadvantage because if more nitrate is added to the soil than the
crop can use at one time, or within a reasonable time after application, it may be lost in the irrigation water if enough water is
applied to leach it down below the feeding range of the roots.
Most crops prefer their nitrogen in the form of nitrate for in this
form it is immediately available to pass through the root membrane into the plant. For a quick response to nitrogen, nitrates
are usually employed.
Sodium nitrate. -There are two kinds of sodium nitrate, the
manufactured and the natural product which is mined in Chile.

There is no difference between the two, chemically, but the
natural product does contain some desirable impurities in very

small amounts. Both contain 16 per cent nitrogen. In the irrigation waters used in Arizona the dissolved salts are often largely
sodium salts, and sodium salts have undesirable effects on the soil
if present in excessive amounts. Since sodium nitrate is a sodium
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salt we hear some objections voiced against its use on irrigated
lands. It is largely a matter of knowing the properties of sodium
nitrate and using it properly -a fact which is true for most of the
chemicals used in commercial fertilizers. Sodium nitrate should
be applied in light single applications. If a heavy application is
made, in one dose, gypsum should be applied with it to offset
any undesirable effect the sodium might have on the soil. Gypsum

is a standard corrective for the chemical reactions between

sodium salts and the soil minerals and is extensively employed
on irrigated lands for this purpose.
Calcium nitrate. -Calcium nitrate is a manufactured chemical
but is not manufactured in the United States. Most of it comes
from Norway. Chemically it is well suited for use on our irrigated lands because it is a calcium salt, and calcium salts react
favorably with alkali soils. It contains 15.5 per cent nitrogen and
is an excellent fertilizer for Arizona soils. One undesirable property about calcium nitrate is that it absorbs water very readily
if it is exposed to the air and thus may cake badly. This trouble is

less often observed in Arizona because of the aridity of the
climate.

Amonium nitrate. -This is an ideal form of nitrogen for Ari-

zona soils. It contains equal parts of the nitrate and ammonia
forms. Therefore part of the nitrogen is immediately available

and the rest becomes available after the ammonia has changed
to nitrate in the soil. Ammonium nitrate has the same undesirable property as calcium nitrate in that it absorbs water very
readily from the air. Before the war this property was largely
the reason why it was used so little in the fertilizer industry.
During the war expansion in nitrate production was largely in
the manufacture of ammonium nitrate for munitions, so, in order
to keep these plants in operation, a search was made for some
method of reducing the property of the salt to absorb water. This
was accomplished and now ammonium nitrate is one of the major
nitrogen fertilizers. In treating the salt to reduce its water absorbing property the nitrogen content is slightly reduced. The
pure salt contains 34 per cent nitrogen while the commercial form
contains 32 to 33 per cent nitrogen. One brand is called "nitraprils" and another "Herpoco Fertilizer Compound."
AMMONIA SALTS

All the ammonia salts used in fertilizers are soluble in water
but the ammonia fraction of the salt is absorbed by the soil soon
after the salt dissolves in the soil moisture. Therefore there is no
danger of losing ammonia nitrogen when a soil is overirrigated.
Some crops can use ammonia directly as plant food but in most
cases it has to be changed to nitrate before the plant can use it.
This is a change which takes place readily in all soils. Ammonia
does not move in the soil solution like nitrate but of course does
move after it changes to nitrate.
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Ammonium nitrate. -This material was described under the
preceding section on nitrates.
Liquid ammonia. -This is a gas which can be compressed to a
liquid and is available in high -pressure cylinders. On releasing

the pressure by means of a valve attached to the cylinder the
liquid is converted into ammonia gas at atmospheric pressure.
This gas is released into a moving stream of irrigation water

which carries it into the field. The flow of gas must be carefully
regulated in order not to exceed the absorbing capacity of the
water. Equipment has recently been developed by which the
gas can be released directly into the soil behind a plow or similar
equipment. In some cases immediate crop response to side dress-

ings of liquid ammonia has been noted but theoretically the

ammonia will not be available for most crops until it has changed
to nitrate.

Ammonium sulphate. -This is one of the oldest forms of
nitrogen used in the fertilizer industry and is obtained as a

by- product in the manufacture of coke. The ammonia is distilled

off during the coking process and is recovered as ammonium
sulphate by absorption in sulphuric acid. It is known as a residually acid fertilizer for it forms both sulphuric and nitric acids
when it changes to nitrate in the soil. Being an acid fertilizer it
is a desirable form of nitrogen for Arizona soils.
Ammonium phosphates. -There are several different ammonium phosphates, two of which are used extensively in Arizona
and both are excellently suited because of the wide range of soils
and crops on which they can be profitably used. One is the 16 -20
grade which contains 16 per cent nitrogen (N) and 20 per cent
phosphoric acid (R)05). The other is the 11 -48 grade and contains
11 per cent nitrogen (N) and 48 per cent phosphoric acid (P205) .
The former is sometimes called ammonium sulphate phosphate.
They are sold under the trade name "Conophos" and at one time
were available under the trade name "Ammophos." In view of
the fact that these materials contain both nitrogen and phosphate

they find wide use in the fertilization of Arizona soils which
rarely need potash.
ORGANIC NITROGEN

Organic forms of nitrogen at one time represented most of the
nitrogen used in fertilizers. Among these organic materials were
blood, tankage, cottonseed meal, and other meals, and numerous
organic waste materials. With developments in the manufacture
of commercial stock feeds many of these materials have been
diverted to this industry and so the fertilizer industry has had to
turn to chemicals. While a small amount of blood and tankage
is still used in commercial fertilizer the two synthetic organics,
cyanamid and urea, are now the major forms. Of the three forms
of nitrogen, organics are the slowest in availability and are therefore useful when a delayed nitrogen response is desired.

8
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PLATE II.- Response of alfalfa to fertilization. Right, 200 lb. 11 -48 am-.
monium phosphate per acre; left, unfertilized.

Cyanamid. -This is a trade name for calcium cyanamid and is
classed as an organic even though it is somewhat unlike, in properties, the materials we usually think of as organic. It contains
20 to 22 per cent nitrogen, some free lime, and free carbon which

are left in the material after the manufacturing process is

completed. It is manufactured by a process in which nitrogen is
absorbed by calcium carbide. It is sometimes called lime nitrogen

because of the free lime present in it. It should not be applied
directly to young seedlings or too early during the growth of the
crop. If applied to the soil before planting, a few weeks should
be allowed for it to break down into simpler chemical compounds.
On the whole it has a wide application for Arizona soils and crops.

It is especially useful for addition to the soil when cover crops
or crop residues are turned under as, like other forms of nitrogen,
it aids in the breakdown of organic matter. Its nitrogen is not
immediately available for it must be changed to ammonia and
nitrate forms in the soil before the plant can use it.
Uramon. -This is a trade name for a form of urea prepared
especially for the fertilizer trade. It contains 42 per cent nitrogen,
is soluble in water, and well suited to irrigated agriculture. Being
an organic form of nitrogen, like cyanamid, it must be changed
to ammonia and nitrate forms in the soil before the crop can use
it. Like calcium nitrate and ammonium nitrate, urea absorbs
moisture very readily when exposed to the air and therefore
must be treated in order to eliminate this property. This is
accomplished by coating urea with cocoa -shell dust, rock phosphate dust, or fine siliceous earth. When so treated it is given
a trade name which in this case is "Uramon."
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PHOSPHATE

The function of phosphate in plant nutrition is largely in the
production of seed and as a root stimulant. Field crops that are
deficient in phosphate are usually stunted in growth and have a
poor root system. In small grains a phosphate deficiency is
evidenced by lack of stooling. There are only four major phos-

phates sold in Arizona and all are very available forms for

Arizona soils and crops. These are liquid phosphoric acid, single

superphosphate, treble superphosphate, and ammonium phosphate. Bone meal and raw phosphate rock, the natural form of

phosphate, are of no value for Arizona soils and their use as fertilizer is not recommended. Availability rather than solubility is the

important property desired in phosphate fertilizer, for all the

soluble forms are fixed in the soil as soon as they come in contact
with it. This fixed phosphate is relatively insoluble in water but
can be brought into solution when the roots come in contact with
it. All the above four forms of phosphate are suitable for Arizona
soils and crops, and if the farmer has to make a choice he should
be governed largely by the price per unit or pound of phosphoric
acid (P20-) and not by the price per ton of fertilizer.
Arizona soils contain an average of 0.2 to 0.4 per cent phosphoric
acid (P.,O:,) which is equivalent to 8,000 to 16,000 pounds per acre -

foot of soil. Many of the most fertile soils of the United States
do not contain more than 3,000 pounds phosphoric acid (P205)
Phosphate is present in Arizona soils in a form which is not
readily available for many crops because of the alkalinity of the
soil and the presence of large amounts of caliche (calcium carbonate) . It can be made available by heavy applications of
manure or by the use of heavy applications of acidulating agents
.

PLATE III. -Response of barley to 11 -48 ammonium phosphate. Left, not
fertilized; right, fertilized. The i1 -48 was applied to alfalfa on this ground
two years previous to planting the barley, at the rate of 600 pounds per
acre. It represents a residual fertilizer response.

10
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PLATE IV.- Lettuce and other truck crops give notable response to nitrogen -

phosphate combination. Left, fertilized; right, not fertilized.

to the soil. On the whole it is cheaper to buy phosphate fertilizer than to try to make the natural phosphate reserve available
in the soil.
Single superphosphate. -This material contains 18 to 22 per
cent phosphoric acid (P2O5) and is the principal form of phosphate fertilizer used in the United States. It is made rather simply
by mixing equal weights of sulphuric acid and mineral phosphate

rock (also known as raw rock) and allowing the mixture to

"cure" until the reaction is complete. Some of the calcium in
the rock combines with sulphuric acid to form gypsum while
the rest of the acid goes into the rock to form an acid calcium
phosphate with a great increase in availability of phosphate over
the original. Single superphosphate is really a mixture of gypsum
and calcium phosphate. On account of high freight costs per unit
of phosphate in this low- analysis material, single superphosphate
has a high cost per unit of phosphoric acid (P205) in Arizona.

Treble superphosphate. -This material is called treble superphosphate because it contains two and one half to three times
as much phosphoric acid (P2O5) as the single superphosphate.
For the manufacture of treble superphosphate, phosphoric acid
is used instead of sulphuric acid as in the single. The treble super-

phosphate contains no gypsum. Its phosphoric acid content
varies from 40 to 50 per cent P205.
Liquid phosphoric acid. -In the fertilizer trade the term phosphoric acid refers to P205 regardless of what form of phosphate is
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present in the fertilizer. In other words it is simply a term which
the trade has found convenient to use. The liquid phosphoric
acid which has come into use recently is a true phosphoric acid,

in crude form of purity, and can be. manufactured by several
different processes. Due to its liquid form it is extensively used
in irrigated agriculture because of the ease with which it can be
applied to the land in irrigation water. It contains 53 per cent
phosphoric acid (P20,). One should keep in mind, when using
any liquid fertilizer in the irrigation water, that its distribution
will not be uniform over the field unless the water is applied
uniformly and the addition of fertilizer to the water is accurately

gauged.
Ammonium phosphates. -The two ammonium phosphates, 16 -20
and 11 -48 grades, were described in the section on nitrogen. Both

are excellent phosphate fertilizers for Arizona soils because the
phosphate is water -soluble and available under our soil conditions. They are also useful because they contain both nitrogen
and phosphate in proportions which are suitable for many of our
major crops.
Phosphate rock and bonemeal. -These materials are sometimes
sold in Arizona but are not recommended for the type of soils we
have in this state. Their principal use is on acid soils and therefore would be suitable for some of the soils in the northern part of
the state. They have little value on alkaline -calcareous soils
such as we have in the irrigated valleys.
POTASH

Most soils in semiarid lands, where white alkali is abundant,

contain relatively large amounts of potash salts, for these salts are
themselves white alkali salts. Arizona soils contain, on an average,

2 per cent potash (K20) which is equivalent to 80,000 pounds
per acre -foot of soil. In view of this abundant supply, much of
which is in an available form, there is very little potash fertilizer
used in Arizona. The average potash (K20) in surface soils of
the United States is about 0.15 per cent in sands and 4.0 per cent
in clay soils. In spite of the large amount of potash in Arizona
soils it is possible that some crops, especially the heavy potash
feeders might give some response to potash fertilization. Among
the crops grown in Arizona which are heavy potash feeders
alfalfa, potatoes, and celery should be mentioned. The problem
of potash fertilization for Arizona soils appears to be one of

watching the situation in order to determine just when the

natural supply of available potash is reduced to the point where
it cannot meet the demand of our cropping program.
Potassium is needed in large quantities by most all crops and
in the plant it is usually present in greatest amount in the actively
growing tissues such as the leaves. Potassium is the element, but
in fertilizer the term potash (K20) is universally employed. The
fertilizer control law requires that all potash salts, used as fertilizer, must be in water -soluble form. Only two potash salts are

12
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sold in Arizona, namely, the muriate (potassium chloride) and
the sulphate of potash. The muriate contains 60 per cent potash
(K20) and the sulphate 51 per cent potash (K20) . Nitrate of
potash is another important potash salt and it is especially useful
where nitrate and potash are needed in the same salt. There is

no doubt that in the future, when a greater need for potash

develops in the state, this potash salt will be a popular one. It
contains 46 per cent potash (K20) and 13.9 per cent nitrogen as
nitrate.
MISCELLANEOUS MINERAL PLANT FOODS

In addition to the three major plant foods sold in commercial
fertilizer, nitrogen, potash, and phosphate, there are a number of

other major mineral plant foods which are essential for plant
growth but are usually present in ample amounts in the soil or

as impurities in commercial fertilizer. Three of these are calcium,
magnesium, and sulphur. There are no known deficiencies of any
of these three in Arizona soils. Calcium and magnesium defi-

ciencies often occur in acid soils -hence the practice of liming
acid soils with limestone or with dolomitic limestone if both
calcium and magnesium are deficient in the soil. Arizona soils
contain relatively large amounts of calcium and magnesium in
forms which are readily taken up by plants. Sulphur is continuously being added to our soils in the form of sulphate salts in
the irrigation water, and this is the form in which plants take
up their sulphur. Sulphur and gypsum are extensively used on
Arizona soils as correctives but not for the purpose of supplying
either calcium or sulphur as plant food.
MINOR (MICRO- NUTRIENT) ELEMENTS

There are a number of mineral plant food elements which are
highly essential for normal plant growth but are only needed in
very small amounts. Among these are iron, manganese, copper,
zinc, cobalt, and boron. In many sections of the United States
one or more of these elements are deficient and are therefore
mixed in commercial fertilizers. There are no known deficiencies
of any of these elements in Arizona soils but some crops do show
the characteristic leaf troubles, loss of chlorophyll, the green
coloring matter in the leaf, which are recognized as indicators of
iron, manganese, and zinc deficiencies. It is not possible at this
time to make any definite statements regarding the need for the
salts of any of these elements in fertilizers for Arizona soils. The
evidence to date indicates that crops growing on our alkaline calcareous soils need more of these elements than crops growing
on noncalcareous soils. This is because they are not able to use
these elements as efficiently when growing in alkaline soils. If
any of the salts of these elements are used either directly or in
commercial fertilizer they should be mixed with an acidulating
agent, such as a manure sulphur mixture, before adding them to
the soil.
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MIXED FERTILIZERS

The nitrogen, potash, and phosphate salts just described in the
preceding pages are called "simples" in the fertilizer trade because
they are all simple chemical salts. They have special uses' such as

where extra nitrogen is needed on crops as a side dressing or
where extra phosphate is needed to build up the phosphate
reserve in a phosphate- deficient soil. Also there are many cases
where only one single plant food element is needed to supply the
soil deficiency or the crop requirement. However, in many cases,
a complete or balanced fertilizer is desirable for fertilizing crops
and in such cases a mixture of two or more of the "simples" must

be made to supply the crop with its requirements and to make
up the deficiencies in the soil. These fertilizer mixtures are
called mixed fertilizer or fertilizer grades.
Plant food in mixed fertilizer costs more per unit than in the
simples. This is due to the obvious costs of operating a mixing
plant. The greater the number of different grades a manufacturer turns out the greater the mixing cost because frequent
changes in the proportions of ingredients going into the mixes
causes a general slowdown in operations with each change in
formula. In 1941 there were forty different fertilizer grades
offered for sale in Arizona. During the war the War Production

Board forced a reduction to thirteen grades as an economy

measure. After the war a meeting was held with representatives
of the fertilizer industry, the agricultural experiment station, the
agricultural extension service, and the state chemist in attendance. At this meeting the list of fertilizer grades was reduced to
nine on the basis of the fact that there was no demand for the
four other grades on the list. Thus, there are now nine different
fertilizer formulae or grades sold in Arizona which, along with
the simples which are not included in this list of nine, are believed to meet all the present fertilizer requirements of Arizona
farmers.
FERTILIZER GRADES

A fertilizer grade is always designated by numbers. These
numbers represent per cent or pounds of nitrogen (N) , phos-

phoric acid (P205), and potash (K20) per 100 pounds of fertilizer,

and the numbers are always in this order in relation to these

three forms of plant food. For example a 4 -12 -4 grade contains
4 pounds of nitrogen (N) , 12 pounds of phosphoric acid (P205)
and 4 pounds of potash (K20) per 100 pounds of fertilizer.

Another way of expressing fertilizer grades and fertilizer

values is by the unit system. A unit of plant food is 20 pounds
per ton or 1 per cent per ton. For example, the 4 -12 -4 grade
fertilizer contains 4 units of nitrogen, 12 units of phosphoric acid,

and 4 units of potash or 80 pounds of nitrogen, 240 rounds of
phosphoric acid and 80 pounds of potash per ton of fertilizer.
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The nine different grades of fertilizer now being sold in Arizona
are

4 -12 -4
4 -19 -5
6 -10 -4
6 -12 -0
6 -18 -0

-10 -0
-10 -5
-20 -0
14- 6 -0
10
10
10

Of these nine grades, the 10 -10 -0 and the 10 -20 -0 are the most
popular on the basis of volume of sales.
HOW TO BUY FERTILIZER

In purchasing commercial fertilizer one should always keep in
mind that he is buying plant food for his crop. Strictly speaking
he is not buying fertilizer as the term fertilizer is merely used to
describe the mixture which contains the plant food. Take for
example the three major plant food elements in commercial fertilizer, nitrogen, phosphorus, and potassium. Crops cannot use

any of these elements as such. They must be in the form of
chemical salts before they can pass through the root membrane
from the soil into the plant. A commercial fertilizer is a salt or
combination of salts which the manufacturer has compounded to
supply the plant food elements in a form that can pass through
the root membrane into the plant.
As a further example let us take nitrate of soda. This salt
contains sodium, nitrogen, and oxygen in the proportion of 1 part
sodium, 1 part nitrogen, and 3 parts oxygen, and has the chemi-

cal formula NaNO3. The important element in this salt which
the crop needs for food is the nitrogen. The salt contains 16

per cent nitrogen but the farmer has to buy 100 pounds in order to
get 16 pounds of nitrogen in a form that will carry this nitrogen

into the plant. The 16 per cent nitrogen is what determines the
cost of this fertilizer. Similar details could be presented for all
the other materials used as commercial fertilizer. Practically
every nitrogen - phosphate -and potash- bearing material and
all the different grades of commercial mixed fertilizer contain
different amounts of actual plant food. Thus one should pay for

fertilizer on the basis of the analysis and not look upon his

purchase as just so many pounds of fertilizer. If a farmer should
pay the same price per ton for a 4 -8 -4 grade of fertilizer as for
an 8 -16 -8 he would be getting only half as much actual plant food

in the former and would be paying twice as much per unit of
plant food.
It is a simple matter to figure approximate costs per pound of

plant food in fertilizer if one knows the market value of each
plant food element in it. Fortunately these plant food values
do not fluctuate greatly but prices do vary for different forms of

any single element or different individual salts. Nitrogen remains
closely at an average of 13 cents per pound, and phosphoric acid
and potash at 7 cents per pound of P2O5 and K2O respectively. If
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one purchases a ton of 10 -10 -5 mixed fertilizer he can calculate
the approximate plant food value as follows
$26.00
10 per cent per 2,000 lb. nitrogen (200 lb.) @ 13 cents
10 per cent per 2,000 lb. phosphoric acid (200 lb.) @ 7 cents 14.00
7.00
5 per cent per 2,000 lb. potash (100 lb.) @ 7 cents

$47.00

The factory costs, notably the mixing charge, must be added to
get the total cost.
The cost can also be figured on a unit basis. In the fertilizer
trade a unit is 1 per cent per ton or 20 pounds. The average cost
of nitrogen is $2.60 per unit, and for phosphoric acid and potash
it is $1.40 per unit. On this basis then the 10 -10 -5 fertilizer grade
would have a plant food value of
Nitrogen (N), 10 units @ $2.60
Phosphoric acid (P20), 10 units @ $1.40
Potash (K20), 5 units @ $1.40

$26.00
14.00
7.00
$47.00

The preceding calculations are only approximate because the
price of nitrogen in different nitrogenous materials varies from

11 to 18 cents per pound while the price of phosphoric acid

(P205) in different phosphate materials varies from 7 to 11 cents
per pound. In other words, if 18 -cent nitrogen and 11 -cent phos-

phoric acid were used in making a fertilizer mixture, the cost
would be much above the cost of one in which 11 -cent nitrogen
and 7 -cent phosphoric acid were used.
CONCENTRATED FERTILIZER

The present trend in fertilizer manufacture is toward more
concentrated mixtures -that is, fertilizers which contain more
actual plant food per ton. In many states manufacturers are
not permitted to manufacture or sell fertilizer containing less
than 20 per cent actual plant food. It costs just as much to mix
a low -grade fertilizer as a high -grade fertilizer. Likewise it
costs just as much to handle and ship a low -grade fertilizer. Since

it contains less plant food the cost per unit of plant food to the
grower is greater. High analysis fertilizers reduce the cost per
unit of plant food. This is illustrated in Figure 1 which shows the
actual proportions of plant food in a 100 -pound bag of 4 -8 -4 and
8 -16 -8 grades.

The Arizona Fertilizer Control Law does not permit the sale
of mixed fertilizer containing less than 12 per cent total plant
food; nitrogen (N) , phosphoric acid (P205) , and potash (K20).
This 12 per cent minimum is less than in most states because we
make an allowance for the fact that most of our fertilizers do not
contain any potash. Of the fertilizers being sold in the state at
present 18 per cent (a 6 -12 -0 grade) is the lowest in total plant
food content while 30 per cent (a 10 -20 -0 grade) is the highest.
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100 lbs.

100 lbs.

NET WEIGHT

NET WEIGHT

4 - 8 - 4

8 - 16 - 8

itrogen (N)
4
hosphoric acid (P205) 8
Potash (K20)
4

Nitrogen(N)
8
Phosphoric acid(P205)16
Potash (1{20)
8

Figure 1. -The actual weight - pounds of plant food in a 4 -8 -4 grade and
an 8 -16 -8 grade -per 100 -1b. bag of fertilizer.

PARTICLE SIZE

In the purchase of fertilizer the buyer should give attention
to the quality or the condition of the mixture as well as the

guaranteed chemical analysis. The materials used to make up a
mixed fertilizer vary from fine powders to small pellets. Materials
that do not absorb water and cake readily can be used in fine
powder form but others which do tend to cake are usually manufactured in small pellet form to reduce the caking tendency.
Obviously a uniform mixture of powder and pellet is not easily
accomplished.

Even after the materials have been carefully

mixed there is a tendency for the powder to work down to the
bottom of the bag. The uniformity of a fertilizer mixture is
very important in relation to the efficiency after it has been
applied to the crop. The ultimate objective of the fertilizer manufacturer is to turn out a noncaking product in which the various

ingredients are thoroughly mixed. The farmer can often profit
by examining fertilizer on the above basis when it is delivered to
him. Caking and drillability are highly important properties to
consider in purchasing fertilizer.
DRY VERSUS LIQUID FERTILIZER

This question has recently come to the fore in the competition
between dry and liquid fertilizer mixes. This is especially true in
irrigated agriculture where liquid fertilizers can be applied in the
irrigation water somewhat more easily than dry fertilizers.
The introduction of liquid fertilizers to agriculture began with
liquid ammonia about fifteen or twenty years ago. This was
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followed by liquid phosphoric acid, ammonia liquors which are

mixtures of urea and ammonium nitrate, and finally liquid

mixed fertilizer grades. The practice of applying fertilizer in the
irrigation water is an old one and has been in vogue since water -

soluble salts first came into the fertilizer industry in volume.
That is, due to the solubility of these salts they were dissolved
in the irrigation water and spread over the field or in furrows in
the water instead of being broadcast dry. It is only in the last few
years that liquid mixtures have entered the field in volume and
sales have been made on the basis of gallons per acre rather than

pounds per acre. A gallon of water weighs 8 pounds so that a
gallon of liquid fertilizer will weigh about 10 pounds depending
on how much fertilizer the liquid contains.

Chemically there is little or no difference between dry and
liquid fertilizers. All the nitrogen and potash salts used in both
types of fertilizer are soluble in water and all the phosphates are
either soluble in water or available forms. In the case of liquids
the plant foods are already in solution when they are applied to
the land and, except for the nitrates, are fixed or precipitated
when they make contact with the particles of soil. In the dry
mixes all the ingredients are in water -soluble or available forms
and dissolve in the soil moisture when the soil is wet. Like the
ingredients of liquid fertilizers, except for the nitrates, those of
the dry fertilizers are fixed when their solution comes in contact
with soil particles.

Since the same ingredients are used in both liquid and dry
fertilizers there should be no difference, so far as efficiency is
concerned, except that some crops and methods of cropping may
make one method of application more advisable than the other.
So far as cost is concerned there should be no difference in price

between liquid and dry fertilizers which contain the same number
of plant food units and the same chemical ingredients.
Choice between liquid and dry fertilizers should be based on
the cost per pound of nitrogen, phosphoric acid, and potash which
they contain, plus a consideration of the cost of applying it to the
field.

It should also be recognized that any fertilizer, dry or

liquid, when applied in the irrigation water cannot be distributed

uniformly over the field unless great care is exercised in distributing the water and gauging the addition of fertilizer according to rate of water flow in the canal.
DOES YOUR SOIL NEED FERTILIZER?

Naturally everyone would like to know some rapid method of
determining whether his soil needs commercial fertilizer, whether

his crop can be profitably fertilized, and even what grade of
fertilizer to use. Certain chemical tests can be made in the
laboratory to determine the supply of available plant food in
soils. If these analyses are examined in the light of previous
cropping history and other available information about the soil
a useful interpretation of the analyses can be made. However
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the analyses should be considered only as a guide to fertilization
because no method of analysis can accurately imitate the feeding
activity of roots.
Field tests are the most satisfactory tests that can be made to
determine if a soil or crop needs fertilization and the use of small
field tests by farmers should be encouraged. Cultural program
and soil structure vary so much within a group of neighboring

farms that soil analysis may be misleading and also fertilizer
response may be inhibited or encouraged by poor or good cultural practice. For hay and grain fertilizer tests a simple spot
test can be made in a field. Similar small tests can be conducted
on other crops. The grower should consult his county agricultural
agent in planning fertilizer tests.
SOIL CONDITIONS

In irrigated agriculture water and soil conditions are two major
growth limiting factors and they both vitally influence fertilizer
response and the efficiency of a fertilizer application. All growth
limiting factors must be corrected if a crop is to take full advantage of commercial fertilizer. If the irrigation water is
inadequate fertilizer application may give no response even
though there is an actual plant food deficiency in the soil. Likewise if the soil structure is such as to restrict root growth and the
foraging activities of the root system the crop can use the fertilizer only in proportion to the size of the root system.
In a compact soil the roots waste energy fighting for space to
grow and enlarge, energy which could better be used in growth
and production. Roots respire in the same way as animals -an
intake of oxygen and an outgo of carbon dioxide. If the soil

structure is too compact the exhaled carbon dioxide cannot

diffuse away from the roots and so the roots stop growing from
suffocation. Roots are more plentiful and grow faster in light
sandy soils, for this reason, than in heavy soils. In light soils or
even in heavy soils in which the particles have been aggregated
into crumbs, there is more space for roots, air, and water to cir-

culate. A fertilizer application is more efficient under these

conditions. In other words a chain is no stronger than its weakest link and if any other growth limiting factor remains after the
fertilizer requirement of the soil has been satisfied there may be
no response.

METHODS OF APPLYING FERTILIZER

There are many different ways of applying fertilizer to crops
and soils and the best method depends upon the type of soil, the
crop to be fertilized, the nature of the plant food deficiency in
the soil, and possibly other factors. The following is a list of the
important methods now in use.
Broadcasting. -This is probably the oldest method for applying fertilizer and is an excellent one for most cropping programs.
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V.- Special fertilizer attachment on an Allis- Chalmers one -plow
tractor, equipped with International Harvester twin feed fertilizer hoppers.
For side dressing sugar beets and lettuce on irrigated land.
PLATE

To a large extent it is being replaced by banding and placement
methods. In Arizona the broadcast method is especially suited
to the application of superphosphate to build up a phosphate
reserve in the soil. It is also useful in the application of nitrogen
especially when nitrogen is added to break down crop residues
and green manures in the soil. For irrigated crops it is not often
recommended for the application of nitrate nitrogen or for commercial mixes containing nitrate because of the danger of leaching the nitrate down below the root zone before the crop is well
enough advanced to use all the nitrate. However if reasonable
care is taken with the irrigation this loss can be avoided. When
phosphate is broadcast over a field it should be plowed before
planting in order to get the phosphate worked into the plowed
level of soil. Phosphate is not carried down very readily by irrigation water.
Banding.-Machine placement of fertilizer in bands is a popular
and efficient method of applying fertilizer. The band is sometimes placed at time of seeding and may be located on one side
or both sides and at the same level, above, or below the level of
the seed. Sometimes it is placed in a single band below the seed.
The best method of banding varies with different crops because
of the difference in root habits and the plant food requirements
of different crops. The banding method will sometimes retard
germination if the band is placed too close to the seed or if the
soil is too dry. This is also often true for young seedlings as they
may be injured by banding concentrated fertilizers too close to
the plant.
Drilling with seed. -This practice is used with seed which can
tolerate direct contact with chemical fertilizers. It is believed to
give the seedlings a more rapid start in growth.

20
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PLATE VI.-Fertilizer

placement for potatoes. Shows cross section of location of fertilizer and seed potato. A hazardous practice with heavy applications of concentrated fertilizer.
Deep drilling.-In this method the fertilizer is applied in deep
bands in the soil for the purpose of promoting the development
of a deep root system. It is based on the theory that roots will

develop in greater numbers at the depth or zone where the
fertilizer is located.

Plowsole application.

-This method of applying fertilizer is

increasing in popularity for certain kinds of crops. It places the
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PLATE VII.-International
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Harvester Co. fertilizer attachment for wheel

type plow.

fertilizer in bands on the bottom of the furrow behind the plow.
It slows down the plowing but gets two jobs done in one opera-

tion. As in the deep drilling method the object is to promote
deeper root growth. In irrigated agriculture where the surface
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soil drys out quickly and often crusts, the deep application of
fertilizer for summer crops may be advisable. It should place
the plant food where the soil does not dry out so quickly and
therefore gives the roots an opportunity to establish a continuous
feeding contact with moist soil.

Bedding. -This practice is useful for the fertilization of crops
that are grown in beds. The fertilizer may be broadcast before
bedding up and thus the practice gives a bed through which the
fertilizer is thoroughly distributed.
Top dressing. -This method of fertilization is similar to the
broadcasting method. It is useful for fertilizing pastures and
small grains that have been pastured off. The fertilizer is applied
on the surface of the soil, without disturbing the roots, and penetration into the root zone is accomplished by irrigation. The
liquid fertilizers are especially well suited to this type of fertilization. It is most effective in the application of nitrogen because
phosphate and potash are fixed at the point where the fertilizer
comes in contact with the soil and will therefore not penetrate

very deeply from a top dressing.

VIII. - Fertilizer placement for cotton. Cross section showing location of fertilizer bands and seed, 21/2 inches on each side and 2 inches
PLATE

below level of seed.
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IX.- Application of liquid ammonia to irrigation water.

Side dressing. -This is a common method of applying fertilizer
to vegetable crops and cotton in Arizona. The fertilizer is banded
or dressed on a line which is below the plant line in the bed or

hill. On irrigating in the furrow the plant food is carried into
the bed or hill by lateral capillarity.

Irrigation water. -A large part of the fertilizer used in Arizona
is applied in the irrigation water, notably ammonia gas (liquid
ammonia), liquid phosphoric acid, and liquid mixed fertilizer.
As already stated the efficiency of this method depends largely
on how carefully the fertilizer is metered into the water and how
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PLATE X.- Equipment used in applying liquid prosphoric acid fertilizer.

well the water is distributed over the land. Certainly it is a
simple method of applying fertilizer.
THE ARIZONA FERTILIZER CONTROL LAW

In 1937 the Arizona State Legislature passed a bill which regu-

lates the manufacture and sale of commercial fertilizer in the
state. It is similar to the control laws that exist in practically all
the other states of the Union. Briefly it is a law which requires
that a fertilizer contain the percentage of plant food that the tag
or label says it should contain. It also requires that the materials
used in mixing the fertilizer must supply plant food in an available form that crops can readily use. This law assures the farmer
high quality fertilizer if he deals with reliable and well- estab-

lished manufacturers and not with "fly by night" salesmen.
Before a fertilizer can be sold legally in the state it must be
registered with the state chemist. A representative of the state
chemist takes samples from stocks on sale in the state and these
are analysed to check the analyses against the guarantee on the
tag or label.
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FERTILIZER USE IN ARIZONA

Very little commercial fertilizer was used in Arizona prior to
1920 -25. There is no accurate data on the tonnage used in the state
prior to 1938 which is the first year the fertilizer control law was

in effect. Since that time there has been a steady increase in use
of commercial fertilizer on our farms and this is shown in figures
2, 3, and 4.

Figure 2 shows the volume of sales for the different phosphate

fertilizers, Figure 3 the volume of sales for the nitrogen ferti-

lizers, and Figure 4 the sales of mixed fertilizers, simples, and the

total sales in tons. In the year 1940 there were 7,000 tons of

fertilizer sold in Arizona. In 1946 the tonnage was 31,000. This is
an increase of about 440 per cent in six years. The major part of

the fertilizer sold is used in the fall and early winter with sales
beginning in July to meet the demand. The sale of fertilizer by
months is shown in Figure 5 for 1940 and 1946. In this latter year
Arizona farmers spent about $2,000,000 for fertilizer. Obviously
such a large sum should be spent wisely.
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Figure 2.- Tonnage of liquid phosphoric acid, treble superphosphate, single
superphosphate, 16 -20 ammonium phosphate, and 11 -48 ammonium phosphate used in'Arizona from 1938 to 1946, inclusive.

PLANT FOOD BALANCE

Many farmers like to analyse their fertilizer problems as they

would a bank account. That is they look upon the soil as a

reservoir in which, during the process of soil formation, nature
stored up a supply of practically all the mineral plant food needed
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Figure 3.- Tonnage of ammonium sulphate, nitrate of soda, calcium nitrate,
liquid ammonia, ammonium nitrate, and cyanamid used in Arizona from
1938 to 1946, inclusive.

for growth of crops. Obviously, in cropping the soil, the farmer
steadily and continually draws on this natural reserve of plant
food and unless the supply is replaced the soil will ultimately
become exhausted.
An approximation of the plant food balance for Arizona soils
is given in Table 2 and a discussion in the following paragraphs.
In the first column of this table eleven major crops are listed. In
the second column the 1946 acreages are given for these crops.
In columns 3, 4, and 5 the tons of nitrogen (N) , phosphoric acid
(P205) , and potash (K2O) removed by crops and sold off the
land are given.
Nitrogen. -For nitrogen there were 27,993 tons sold off Arizona
farms in 1946. Of this amount 17,726 tons were sold off the land
in beans and alfalfa hay. These two crops are leguminous plants
and supposedly take all their nitrogen out of the air and not from
the soil so it is not considered necessary to use nitrogen fertilizers
on them. Since this tonnage of nitrogen was not taken from the
soil it cannot be included properly in figuring the nitrogen balance. Subtracting this from the total we find that 10,267 tons of
nitrogen were actually sold off the land in 1946. During this same
year 5,703 tons of nitrogen were sold in the state and put back
into the soil. This leaves a difference of 4,564 tons. In other words
our nitrogen balance was 4,564 tons "in the red" in 1946, for this
represents the amount taken out and not returned. Since we do
not know the amount of green manure crops turned into the soil
or the amount of animal manure used as fertilizer the figures are
only approximate but are nevertheless indicative.
Phosphoric acid. -All the phosphate sold off the land is taken
from the mineral reserve in the soil or that applied as fertilizer.
It will be noted in Table 2 that 5,966 tons of phosphoric acid
(P205), equivalent to 13,000 tons of treble superphosphate, were
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Figure 5.- Fertilizer sales in Arizona, by months, for 1940 and 1946, indicating most of sales are for fall and winter crops.

sold off the land in 1946, and 4,599 tons were put back in the form

of fertilizer. Crops remove only about one fifth as much phosphoric acid (P205) as nitrogen (N) because they need much less
for growth. The balance is much more favorable for phosphoric
acid than for nitrogen as only 1,377. tons more was sold off the
land than was put back as fertilizer.
Potash. -All the potash sold off the land in crops is also taken
from the mineral reserve in the soil and any that might be added
as fertilizer. It will be noted from Table 2 that 22,054 tons of
potash, equivalent to 48,500 tons of potash sulphate fertilizer,
were sold off the land in 1946 and only about 50 tons put back as
fertilizer. Arizona soils have a large natural supply of potash
and so there are very few cases where any evidence of crop
response has been obtained from potash fertilization. It is only
natural that we should plan to use up a good part of this reserve
before buying potash fertilizer. The data in Table 2 shows that
most crops are rather heavy potash feeders and that potash is
taken out of the soil in larger amounts than nitrogen if we allow

for the nitrogen taken from the air by alfalfa. So it is just a
question of time until potash fertilizers will be in general use
on Arizona soils.

It should be mentioned that the preceding balance only takes

in crops sold off the land. No consideration is given to the amount

of plant food consumed by stock feeding off pastures and ultimately sold as beef and dairy products.
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TABLE 2.- APPROXIMATE PLANT FOOD BALANCE FOR
ARIZONA SOILS
Nitrogen Phos. acid Potash
Yield$
K2O
P2O2
Acreage
Crop
(N)
(Tons)
(Tons)
(Tons)
(Tons)
14,400
2,820
17,600
Alfalfa
233,000
629,000
Cotton
Cottonseed
Barley
Corn
Sorghum
seed
Wheat
Beans
Vegetables

Flax
Grapefruit
Oranges
Total

145,000
85,000
32,000
68,000
27,000
13,000
100,000
14,000
12,000
7,300
736,900

150,000*
62,000
71,400
12,320
52,500
17,000

3,500
45,000f
10,100
133,000
47,000

Tons put back in soil as fertilizer

2,280
1,340

340
270

170

31

590
368
36

1,070
357
126
3,900
376
450
325

245

252

73
16

75

27,993

1,800
66
175
130
5,9662

5,703

4,599

40
5,200
58
685
350

22,054'
50

*Bales

fCars
*From Bull. 206, Arizona Agriculture 1947
'Nitrogen equivalent to 139,965 tons ammonium sulphate
`Phos. acid equivalent to 13,200 tons treble superphosphate
'Potash equivalent to 48,500 potash sulphate

PLANT FOOD REQUIRED TO GROW CROPS

The data given in Table 2 show the amount of plant food sold
off the land in crops in 1946. What about the amount of plant food

required to produce a crop? It takes more to grow the crop than
is represented by the plant food in that part of the crop which is
sold off the land. Obviously some of the plant food goes into the
production of leaves, stalks, wood, and other growth not sold off
the land. In other words, the amount of plant food that must be
available in the soil for good yields is that required to feed the
whole plant. Figures are given in Table 3 showing the amount

of nitrogen (N), phosphoric acid (P205), and potash (K2O)
which an average crop actually needs for growth. The data are
taken in most part from a pamphlet prepared by the American
Potash Institute and should be of interest to farmers producing
any of the crops listed. The list includes most of the crops grown
in Arizona. It will be noted that the small grains need the least
plant food for good growth, the requirements for cotton are inter-

mediate, while those for truck crops, particularly celery and

potatoes, are the highest. Alfalfa is often classed as a soil- building crop but it is definitely not, on the basis of the potash and
phosphate it takes from the land.
The data in Table 3 are an excellent guide to fertilization if a
soil analysis is figured to pounds per acre -foot and this is considered in conjunction with the data given in this table.
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TABLE 3.- POUNDS NITROGEN (N), PHOSPHATE (P205), and
POTASH (K2O) USED BY SOME ARIZONA CROPS IN
PRODUCING GOOD YIELDS

Crop

Cotton

Yield per acre
1,000 lb. seed

Leaves, stalks
Total

Corn

60 bu. grain
Stover

Wheat

30 bu. grain
Straw

Oats

50 bu.
Straw

Total

Total

40 bu.
Straw

Flax

15 bu. grain
Straw

Total

18

65
57
38

25
23
12

50
15
55

95
35
15

35
16

70
9

4

21

50
35

20
15
5

30
10
35

50
35
15

20

45

Sorghum
Alfalfa
Potatoes

1,500 lb. grain
6 tons
300 bu.

Cabbage
Celery
Lettuce
Grapes

Total
15 tons
350 crates
23,000 plants per acre
4 tons
Leaves, wood

Citrus

600 boxes
Leaves, wood

Tops

Total

Total

7

15

10

5

20

50
30

20

30
8
19

50
23
280
65
60

15
6

70
25
10

125

35

100
80

25

20

Total

14
36

38
27

15

Total
Barley.

Nitrogen Phos. acid Potash
(N) used (P206) used (K20) used
(lb.)
(lb.)
(lb.)

12
3

27
8
270
115
55

65
24

170
100
235
120

6

20

4

15

25
65
25

10
23
7

35
105

90

30

130

75
10
15

25

LAND VALUES BASED ON THE PLANT FOOD IN SOIL

Land values are based largely on the productive capacity of a
soil and not on the reserve of mineral plant food which it contains. Nevertheless it is of interest to point out the value on this
basis.

Nitrogen. - Arizona soils contain, on an average, 0.04 per cent
nitrogen which is equivalent to 1,600 pounds per acre -foot of soil.
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At 13 cents per pound this amount of nitrogen is worth $208.
Phosphoric acid.-Arizona soils contain, on an average, 0.3 per
cent phosphoric acid (P2O5) which is equivalent to 12,000 pounds
per acre -foot of soil. At the rate of 7 cents per pound this amount
is worth $840.

Potash.-Arizona

soils contain, on an average, 2.0 per cent

potash (K20) which is equivalent to 80,000 pounds per acre -foot

of soil. At the rate of 7 cents per pound this potash is worth
$5,600.

Of course all this mineral reserve is not immediately available

and that is the way nature intended it. If it were immediately
available it would soon be exhausted by cultural practice. It
represents a reserve that should be appreciated and conserved.
It is clear that there are tremendous reserves of potash and
phosphate in Arizona soils and even for nitrogen the reserve is
large considering the aridity of the climate. These reserves exist
in many degrees of availability and solubility. In small part it
is present in the soil solution, in greater part in mineral forms
that are available under the feeding methods employed by plant
roots, and in greatest part in mineral forms that still must undergo considerable disintegration before they are available for
plants.

The soil solution is the soil moisture in which mineral salts

are dissolved. These dissolved salts can pass immediately through
the plant root membrane into the plant.

There are two forms of available mineral plant food in soils.
In one form it is adsorbed on the soil particles and is taken up
by the roots by means of exchange. That is, the root secretes

acid which it may exchange for potash, calcium, phosphoric acid,

or other needed elements. In another available form the plant

food is actually brought into solution by the carbonic acid which

roots secrete. This is illustrated by Figure 6 in which the CO2
zone represents the zone in which the root is in intimate contact
with soil and able to bring part of the soil mineral into solution.
This figure can also be used to illustrate how compact soils reduce
root growth. In such soils the carbonic acid cannot diffuse away
from the root and the roots suffocate in this CO2 zone.
The major part of the mineral reserve in soils is not readily
soluble in the soil solution nor is it readily attacked by the weak
carbonic acid which the roots secrete. In order for this part of
the reserve to be made available it must be accessible to sun-

light, air, and bacterial life. These forces of nature are only
accessible to a thin layer of top soil. This is the reason why a
well- aerated top soil is so important and why it should be protected from erosion loss.

MANURE

A handbook on fertilizer for Arizona soils is not complete
without information on animal manures. Because of the low
plant food content of manure as compared to modern commercial
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-SOIL
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Figure 6. -How roots feed in soil. The CO2 zone is acid and is thus able to
dissolve minerals which then pass through the root membrane. In heavy or

poorly aerated soils root respiration becomes inactive and thus there is
little or no CO2 zone.

fertilizer it is no longer classed as a fertilizer but as a soil corrective. That is, it benefits soil in so many other ways besides its
plant food content that its corrective value for soils is considered
its major value. It is of very great value for Arizona soils because
it is an active form of organic matter and where it can be obtained
in large quantity its plant food value is also important.

Farm manures are composed of liquid and solid portions in
which it is estimated about one half the fertilizer value is in the
liquid portion. The amount of nitrogen, phosphoric acid, and
potash in manure depends upon the kind of animal, the age, the
nature of the feed, and most of all on the handling or storage of
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the manure preceding its application to the soil. It is conservatively estimated that one half the value of manure produced on
the farms of the United States never reaches the field because
of losses occurring from careless handling. Usually these losses
are due to loss of nitrogen into the air as ammonia, and from
soluble plant food leached out by rain.
The following Table 4 gives the average fertilizer value of
animal manures on a percentage basis.
TABLE 4.- FERTILIZER VALUE OF ANIMAL MANURES
Manure

Water
(Per cent)

Nitrogen (N)
(Per cent)

Phos. acid
(P202)

(Per cent)

Potash
(K20)

(Per cent)

Wet basis
Horse
Cattle
Sheep
Swine

Poultry

78
86
68
87
57

0.69
0.59
0.94
0.49
1.08

0.25
0.15
0.35
0.35
0.40

0.55
0.45
1.00
0.45
0.50

1.14
1.07
1.09
2.70
0.93

2.50
3.21
3.12
3.08
1.16

Dry basis
Horse
Cattle
Sheep
Swine

Poultry

3.14
4.22
2.94
3.78
2.51

Pounds per 10 -ton application wet manure
Horse
Cattle
Sheep
Swine

Poultry

138
118
188
98
216

50
30
70
70
80

110
90

200
80
100

The values given in Table 4 are for manure which contains no

litter or bedding and has lost none of its fertilizer value from
decomposition or rain. It is clear that the final fertilizer value of
manure depends a great deal on how much of the liquid portion

is recovered. This can be accomplished best by using super-

phosphate freely around the barn, on the stable floor, and also in
the compost. It acts as a disinfectant, retards fermentation, combines with ammonia which would otherwise pass off into the air
and be lost, and builds up the phosphate content of the manure
to make it a better balanced fertilizer.
In a pamphlet published by the National Fertilizer Association,
Engle and Smalley recommend the use of superphosphate freely

around the stable and feeding pens at the rate of 11/z pounds
daily per cow, steer, or horse; 1/3 pound daily per hog or sheep;
and one pound daily spread on the dropping board, after each

cleaning, for fowls. If not used in the stable they recommend that
superphosphate should be scattered over each spreader load of
manure before hauling it to the field, at the rate of 50 to 75 pounds
per load.

PLATE XI.- Superphosphate applied on the walk is brushed into the gutter
before cleaning the stable.

GREEN MANURE CROPS

'Plowing green manure crops and crop residues into the soil is
not strictly a fertilizing operation but it does contribute to soil
fertility. It adds organic matter to the soil and organic matter,
during its decomposition, increases the availability of the mineral

reserve of plant food in the soil. It also tends to promote a
granular soil structure which in turn improves aeration and

water movement in the soil. This condition makes the foraging
activities of the roots much easier. The greater range over which
a root system can forage the more efficiently roots can use plant
food from a fertilizer application.
SUMMARY

The mineral matter in a plant is a relatively small part of the
plant as a whole. One would think from the tremendous reserve
of minerals in the soil that commercial fertilizers should not be
needed. For example, alfalfa hay is composed of 75 per cent
water, about 22.5 per cent organic matter such as protein, carbohydrates, and fiber, and only 2.5 per cent mineral matter. Many
virgin soils can supply enough mineral plant food but there comes
a time in all soils when both yield and quality of crops can be
obtained only by supplementing the natural supply in the soil
with commercial fertilizer.
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the case of cattle and horses use 1 to
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11/2

lb. of super-

phosphate per animal per day.

PLATE XIII.

tation.

Superphosphate acts as a disinfectant and retards fermen-
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PLATE XIV. -For

chickens use 1 lb superphosphate daily on a clean

dropping board for each 100 birds.

Commercial fertilizers helped Arizona farmers in greater food

production during the war years Many farmers who had not
previously used fertilizers learned to appreciate their value during these years of stress. Now they will want to know whether
continued use will be profitable if the price of farm products
recedes to prewar levels.
Plant growth is supported by only a thin layer of top soil that is, most of the fertility is in this layer. In order for the
mineral plant food reserve to become available in the soil it
must be accessible to aeration and sunlight and be densely populated with bacterial life. At best these agencies work rather
slowly. It is said that it takes nature 500 to 1,000 years to create

an inch of good topsoil but it takes man only a few years to

exhaust it -too often by erosion, but frequently by overcropping.
Data are submitted in this bulletin showing the vast reserves of
phosphate and potash in Arizona soils. The greatest factor which

retards conversion of the plant food reserve is the scarcity of
organic matter, for organic matter is instrumental in the conver-

sion of unavailable to available plant food in soils. Yet the burning of crop residues on the land, in Arizona, is a common sight.
We usually do not consider that the subsoil makes any more
than a minor contribution to the fertility factor in crop production. This is because the subsoil is not accessible to the sun, the
air, the bacterial life -the forces of nature which create fertility
in the top soil. Evidence of this is often noted in fields where too
much top soil has been cut off in leveling the land.
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