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FOREWORD

Authors. This bulletin was written by W. T. McGeorge, Ag-
riculutral Chemist. The experiments located on privately -owned
ranches were conducted by John Gray, L. L. Brimhall and W. T.
McGeorge in cooperation with the County Agricultural Agents,
A. R. Face, K. K. Henness, G. E. Blackledge, S. L. Owens, C. G.
Page and J. L. Sears. For the experiments conducted on the
University Experiment Farms credit is due R L. Matlock, H. P.
Cords, W. I. Thomas and L. C. Chapman.

This bulletin presents a number of representative fertilizer
tests which have been selected from many that have been made
in several counties in the state. The purpose of these tests was
to gain information on which to base fertilizer recommendations
to farmers. With readability in mind a discussion of results of the
tests and recommendations are given in the first part of the
bulletin and experimental data are given in an appendix.



FERTILIZATION OF FIELD CROPS
IN ARIZONA

During the last fifteen years Arizona farmers have shown an
increasing awareness of soil fertility problems. Fertilizer sales
have increased from 7,000 tons in 1938 to 109,234 tons in 1952. A
large percentage of this increase is due to a greater use of fer-
tilizer on field crops. Field experiments had indicated an increas-
ing economic response to the use of fertilizers. To meet the need
for further information on the fertilization of field crops a pro-
ject was established in 1947 for the purpose of conducting fer-
tilizer tests on farms in all sections of the State and on the Ex-
periment Station Farms. This bulletin is a report on these tests.
Some experiments made previous to the establishment of this
project are included to make the report more complete.

WHY FERTILIZE?
All crops which are sold from the land remove a part of the

natural plant food or a part of that which may have been added
as fertilizer. Soils are of mineral and organic origin and therefore
contain a supply of most of the nutrient elements needed for the
growth of crops. Nature has supplied these nutrients from a
great variety of rocks and forms of organic matter so its exists
in numerous chemical combinations and degrees of availability.
It is only when the natural supply of available nutrients is de-
ficient that commercial fertilizers are needed. As shown by the
analyses of soil samples, taken from many parts of the State,
Arizona soils contain an average of 1,600 to 3,000 pounds total
nitrogen, 3,500 to 7,000 pounds total phosphorus, and 66,000 pounds
total potassium per acre -foot of soil. These analyses show a good
natural supply of phosphorus and potassium. The latter is in a
readily available form -at least a good part of it. The quantity
of available phosphorus is variable and is frequently deficient.
Of the three major plant food elements nitrogen is most fre-
quently deficient. Briefly the analyses of Arizona soils indicate
that farmers should expect a nitrogen response from fertilization
most frequently, a phosphorous response less frequently, and a
potassium response rarely.

NUTRIENT REQUIREMENT OF SOME FIELD CROPS
The quantity of plant food used by field crops is illustrated

by the data in Table 1. These data were published by the American
Potash Institute (7) . Information of this kind is often useful as
a guide in fertilizer practice.

Higher or lower yields than those given will remove nutrients
roughly in proportion to the variation in yield. These data show,
from the quantity removed, nitrogen and potassium are the most
important from a fertilizer standpoint. The most significant part
of the data is the quantity of nutrients returned to the soil as

3
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TABLE 1.- NUTRIENT CONTENT OF FIELD CROPS

N P,05 KO
Crop Yield per acre Part of Crop lb. lb. lb.

Cotton 500 lb. lint
1,000 lb. seed 38 18 14
1,500 lb. burrs, leaves, stalks 27 7 36

Total 65 25 50
Corn 60 bu. grain 57 23 15

2 tons stover 38 12 55
Total 95 35 70

Wheat 30 bu. grain 35 16 9
1.25 tons straw 15 4 21

Total 50 20 30
Oats 50 bu. grain 35 15 10

1.25 tons straw 15 5 35
Total 50 20 45

Barley 40 bu. grain 35 15 10
1 ton straw 15 5 30

Total 50 20 40
Alfalfa 3 tons all 140 35 135
Sorghum 1,500 lb. grain 23 6 8

straw, leaves, and stalks. This emphasizes the importance of
conserving crop residues.

PLANT FOOD BALANCE, ARIZONA SOILS
Under continuous cropping, there is a gradual removal of

plant nutrients from the soil and obviously these must be re-
placed in order to maintain fertility. It is of interest to examine
the plant food balance with reference to field crops -that is
the quantity of nitrogen (N) , phosphoric acid (P205) , and potash
(K20) being sold from the land in Arizona compared to that

being replaced, as commercial fertilizer.
The Arizona acreage of field crops for 1952 (1) is given in

Table 2, together with crop yields- cotton in bales and alfalfa
and the grains in tons. The quantity of nitrogen (N), phosphoric
acid (P205.), and potash (K20). sold from the land in grain, hay,
and ^ottonseed is shown in columns 4, 5, and 6. For the seven
field crops there were aproximately 36,768 tons of nitrogen,
14,396 tons of phosphoric acid, and 21,718 tons of potash sold from
the land. This is equivalent to 111,419 tons of ammonium nitrate,
33,480 tons of 43 per cent treble superphosphate, and 42,584 tons
of potassium sulfate. Of the 36,768 tons of nitrogen, 13,370 tons
were sold as alfalfa hay and may be deducted from the total be-
cause alfalfa takes its nitrogen from the air and should not need
nitrogen fertilization.

As shown in Figure 1 the increase in use of fertilizer in
Arizona has kept apace with the increase in acreage. This figure
shows the cultivated acreage in the State, 1941 to 1952 inclusive
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Figure 1.- Acreage of cotton, barley, wheat and sorghum under cultiva-
tion and tonnage of fertilizer sold in Arizona 1941 to 1952 inclusive.

and the tonnage of fertilizer sold annually in the state during
this same period. The per acre application for 1952, on the basis
of 1,300,000 cares is 168 pounds. In 1938, on the basis of 653,000
acres of land and 7,000 tons of fertilizer, the use of fertilzer, on a
per acre basis, was 14 pounds. A major part of the present ton-
nage is used on cotton as indicated by the volume of early sum-
mer sales shown in Figure 2. This figure, gives the quantity of
fertilizer sold each month during 1952.

It is not possible to calculate a close balance between the
nitrogen (N), phosphoric acid (P205), and potash (K20) sold
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TABLE 2.- NITROGEN (N), PHOSPHORIC ACID (PO_), AND POTASH
(K20) SOLD FROM THE LAND, IN ARIZONA, IN 1952

Crop Acres* Yieldt Nitrogen Phos acid Potash
Tons Nutrient Sold

from the land

Alfalfa 191,000 573,000 13,370 3,342 13,392
Cotton, upland 616,000 965,000
Cotton, Amer. Egyp. 48,000 45,000 19,190 9,090 7,070
Barley 109,000 141,000 2,664 1,227 846
Corn 35,000 11,750 164 73 42
Wheat 23,000 17,950 377 176 95
Sorghum, grain 50,000 45,700 714 375 . 201
Oats 23,000 15,088 289 113 72

Total 1,072,000 36,768 14,396 21,718
Total all crops 1,300,000

* Alfalfa does not include hay pastured and sorghum acreage includes
only the crop grown for grain.

j- Cotton in bales, alfalfa and grain in tons.
from the land in field crops in 1952 and that returned as com-
mercial fertilizer. The following figures are therefore approxi-
mate.

Sold off in Returned as ferti-
field crops lizer, all crops

tons tons
Nitrogen (N) 36,768 27,210
Phosphoric acid (P205) 14,396 11,383
Potash (K20) 21,718 100

The total tonnage of nurtients returned to the soil is for all crops
because there is no available information on distribution of fer-
tilizer to the different crops. Also there is no way to estimate the
hay pastured or sorghum used for silage. The most significant
data in the above balance is the rate at which potash is being
removed from Arizona soils and returned as fertilizer. Phosphoric
acid and nitrogen are being removed in greater amount than they
are being replaced.

WHAT FERTILIZERS DO FIELD CROPS NEED?
The major plant food elements needed for growth of field

crops are nitrogen (N), phosphorus (P), potassium (K), mag-
nesium (Mg), calcium (Ca), and sulfur (S). The minor elements
needed are iron, manganese, zinc, copper, boron, and some others.
For the fertilization of field crops on Arizona soils, nitrogen and
phosphorus are most often needed.

The following nitrogen and phosphate fertilizers are satis-
factory for Arizona crops and soils.

NITROGEN
Nitrogen is obtainable in three forms; nitrate, ammonia, and

organic. Sodium nitrate and calcium nitrate supply nitrogen as
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Figure 2.- Fertilizer sales by months 1952.

nitrate. Anhydrous ammonia, ammonium sulfate, and ammonium
phosphate supply nitrogen in the ammonia form. Ammonium
nitrate and some of the nitrogen liquors supply nitrogen in two
forms- nitrate and ammonia. Cyanamid and urea supply nitro-
gen in the organic from. All of these forms of nitrogen are suit-
able for the fertilization of field crops in Arizona.

PHOSPHORUS

Phosphorus is obtainable in the form of the ammonium phos-
phates, which vary in percentage of nitrogen (N) and phosphoric
acid (P205), for example 11 -48, 13 -39, and 16 -20. The last two
contain some nitrogen as ammonium sulfate. Phosphorus is also
obtainable as single superphosphate and treble superphosphate.
The principal difference between these two phosphate fertilizers
is that the single contains 50 per cent gypsum while the treble
contains no gypsum. The single superphosphate contains 18 to 20
per cent phosphoric acid (P.,O,) and the treble 42 to 47 per cent.
Liquid phosphoric acid contains 53 per cent P2O,. All of these
phosphate fertilizers are suitable for the fertilization of field
crops. Mineral phosphate rock and bone do not give a profitable
yield response on highly calcareous soils such as we have in
Arizona.
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MIXED FERTILIZERS
Mixed fertilizers supply two or more plant food elements

and are, often, formulated to meet the needs of specific crops. In
mixed fertilizers a wide variation in the nitrogen, phosphoric
acid, and potash ratio is possible. This is not always obtainable
in so- called "simples." In mixed fertilizers is is also possible to
adjust the acidity or alkalinity of the fertilizer. For example, for
acid soils limestone is used to make fertilizers alkaline. In Ari-
zone acidic fertilizers are desirable for calcareous soils. Fertili-
zers are acidulated by adding sulfur and manure, or other forms
of organic matter to the mix.

MANURE
The value of manure as a fertilizer is universally recognized.

It is not classed as a commercial fertilizer because of its low
nitrogen, phosphorus, and potassium content. Heavy applications
should be used where a plant food deficiency exists in the soil.
In addition to the plant food, manure also supplies organic mat-
ter which is deficient in Arizona soils. During the decomposition
of manure in the soil, an appreciable portion of the reserve plant
food in the soil is converted into more available forms.

FACTORS WHICH AFFECT FERTILIZER RESPONSE
SOIL TEMPERATURE

Several of the grains are planted in the late fall or early
winter, the period during which soils reach their lowest tempera-
ture. Since nitrogen transformations are affected by soil temper-
ature the question naturally arises as to the best form of nitrogen
to use in the fertilization of winter grain- nitrate, ammonia, or
organic. Experiments have shown that all three forms give profi-
table response as winter fertilizer. That is, there is little or no
difference in effectiveness of these three forms of nitrogen. Ex-
periments are given in Tables 4 and 5 of the appendix.

IRRIGATION
A plentiful supply of water is the greatest growth promot-

ing factor in semi -arid soils. Conversely, when water is scarce
it becomes the greatest growth limiting factor. It is extremely
important that ample water be applied at the proper periods
during the growth of a crop in order to get the maximum res-
ponse to fertilizer. If the crop is insufficiently or improperly irri-
gated, fertilizer may fail to show any profit.

METHOD OF APPLICATION
When soil is deficient in phosphoric acid, fertilizer may be

applied to build up the reserve in the soil or it may be applied
to supply the needs of a single crop.

All forms of nitrogen fertilizer ultimately change to nitrate
in the soil. Nitrate is leachable; that is, it is not fixed in the soil,
and therefore it is not advisable to try to build up a nitrogen
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reserve beyond the immediate needs of the crop being grown.
Phosphate is fixed by the soil and is not leachable. Thus it is
possible to build up a reserve which will last through several
years by making heavy single applications of phosphate fertil-
izer.

Fertilizer may be applied to grain crops in several different
ways, namely, broadcast, either dry or in the irrigation water,
drilled in with the seed, or as a top dressing. If nitrogen fertilizer
only is used, the method of application is less important since
nitrate nitrogen is mobile and distributes itself well throughout
the root zone. The method of application is more important for
phosphate fertilizer. Phosphate is rapidly fixed and has a low
mobility in the soil. Drilling phosphate with the seed, or discing
a broadcast application into the soil are probably the most effec-
tive methods of application for small grains as this places the
fertilizer where it can be most efficiently used by the crop.

FIELD EXPERIMENTS
A large number of tests have been made on the Experiment

Station Farms, by the Agronomy Department, and on farms in
most of the counties of the state by the Agricultural Chemistry
and Soils Department in cooperation with the Agriculutral Ex-
tension Service. Space will not permit the publication of all these
tests but a selected number of typical experiments are presented
in the appendix.

WHEAT - BARLEY - OATS
These three grain crops are quite similar in their nutrient

requirements and also in their response to fertilizer.
Nature of fertilizer response. Beginning with the first

recorded small grain fertilizer experiment, in 1920, (2) and con-
tinuing to the present, nitrogen fertilizers have given the most
profitable return in yield. Even on soils deficient in both nitrogen
and phosphate the profit from nitrogen has been significant but
an additional increase in yield is often obtained when both nitro-
gen and phosphate are applied. Phosphate alone under the same
conditions has rarely given a profitable increase. The experi-
mental data given in the appendix show that a good supply of
available nitrogen must be present to get a profitable return
from phosphate fertilizer.

Time of application. Experiments have shown that the best
time to fertilize small grains is at the time of planting. Experi-
mental data on this are given in the appendix.

Tillering. One important effect of fertilizer, on small grains,
is that on tillering or stooling. Phosphate- nitrogen combinations
have been shown to increase tillering.

Following legumes. In the cropping of irrigated land, alfalfa
in the rotation or a legume grown for green manure show a fav-
orable effect on the yield of grain. Less fertilizer is needed when
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grain follows alfalfa or a green manure crop. Experimental data
on this may be found in the 54th, 55th, and 56th Annual Reports
of the Experiment Station.

Following sorghum. Grain crops which follow sorghum in
the rotation usually produce poor yields and these are often ac-
companied by evidence of disturbed nutrition. A number of ex-
periments have been conducted to determine the influence of
fertilizer on this "after sorghum" effect. Data for several of these
are given in Tables 2, 3 and 4 in the appendix. They show that a
nitrogen deficiency is in great part responsible for the poor yields
of grain following sorghum.

The value of nitrogen fertilizer in correcting the "after sor-
ghum" effect is illustrated by an experiment conducted over a
two -year period on the Hollis Gray Ranch in the Salt River
Valley. For the first year the average yield of wheat was 866
pounds of grain per acre from unfertilized plots where sorghum
stubble had been left on the field. On the plots which were fer-
tilized with 75 or 100 pounds nitrogen per acre the yield was 1,825
pounds. For the plots in which there was no sorghum stubble and
to which no nitrogen fertilizer was applied, the yield was greater
than the unfertilized plots with the sorghum stubble.

For the second year, when wheat was again planted after a
summer crop of sorghum, the response to nitrogen was even more
significant than the first year. The yield of wheat from the unfer-
tilized plots was only 502 pounds of grain per acre and the yield
from the nitrogen fertilized plots was 2,625 pounds. Data on these
expreiments are given in the appendix, Tables 3 and 4.

Barley experiments. The fertility of the soil as represented
by the supply of available plant food is only one of many growth
factors which contribute to the productive capacity of the soil.
The barley fertilizer experiments conducted in 1950 are a good
illustration of this. The experimental plots were located on five
different ranches in several locations of the State and even though
the same amount of fertilizer was applied in all tests the grain
yields varied by as much as 3,000 pounds of grain per acre. This
is illustrated by Figure 3.

We often hear farmers state that theirs is a good cotton soil,
a good alfalfa soil, that the land has been "over- flaxed," that cot-
ton has been grown too long, and other similar statements.

Soils are endowed with different capacities to produce. If fer-
tility is the only factor lacking, then maximum yields can be ob-
tained by the simple process of fertilization. Fertility refers to
the supply of nutrients in the soil, sufficienly available to be
utilized by the crop under favorable conditions. Productivity, or
the productive capacity of the soil, refers to the ability of the
soil to produce crops. Factors contributing to productive capacity
are texture, structure, slope, moisture relations, and related soil
characteristics.
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Figure 3,- Comparative barley grain yields from fertilizer experiments on
five ranches using the same amount of nutrients in each, 1950.

The 1950 and 1951 fertilizer experiments, illustrated by Fig-
ures 3 and 4, show that we need to learn more about all the com-
bined factors which make for productivity if we are to get higher
yields from fertilizers on all our Arizona soils.

The yield data from the five fertililzer experiments for 1950
and 1951 are shown graphically in Figures 3 and 4 to better illus-
trate the wide difference in fertility of these different soils. The
differences are extremely significant for 1950. All the soils show-
ed a low nitrate content at the start of the experiment and three
of them were low in available phosphate. Since all of them re-
ceived the same amount of nitrogen and phosphate fertilizer the
results are comparable on a fertility basis. Available potash was
high in all these soils and should not have been a limiting factor.
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Figure 4.- Comparative barley grain yields from five uniform fertilizer
tests 1951. One hundred pounds P,05 per acre applied to all plots. Nitrogen
varied from 0 to 200 pounds nitrogen per acre.

The soluble salts in these soils were determined and are as
follows:

Haggard Ranch
Fearn Ranch
Lacey Ranch
Wells Ranch
Skinner Ranch

1435p.p.m.
455p.p.m.
450p.p.m.
400p.p.m.

1210p.p.m.
It is evident that salinity was not a contributing factor.

For the four soils from the Wells, Lacey, Fearn, and Haggard
ranches there was no great variation in yields for the N, (100 lb,
ammonium nitrate) application of fertilizer. There is a difference
of 2,000 pounds per acre of grain in the yields obtained from the
heaviest fertilizer application. When the Skinner ranch is in-
cluded in this comparison the difference is even greater, namely
3,300 pounds grain. These experiments indicate the presence of
growth limiting factors other than fertility in the productive
capacity of at least two of these soils.

It is clearly evident from these five fertilizer experiments
that more chemical and physical tests on the soil are needed in
order to interpret the results. Plant tissue analyses offer one ap-
proach. Information on the irrigation program, cropping history,
and the cultural program should be useful. Definitely plant food
is not the answer even though it is a major growth limiting factor
when there is a deficiency. The importance of the physical pro-
perties of the soil, as measured by texture and structure, has
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been too little appreciated. Soil structure influences uptake of
both water and nutrients. Soils with poor structure restrict air
movement in the soil -soil breathing -and without sufficient air
root respiration is below normal. When root growth is restricted,
the number of soil particles with which the feeder roots make
contact is reduced and therefore uptake of mineral plant food is
reduced even when the supply in the soil is adequate.

Amount of fertilizer to apply. In the fertilizer experiments
conducted with small grain crops the amount of fertilizer applied
has covered a wide range and has included simples, singly and in
combination, and commercial mixed fertilizers. The phosphate
applications varied between 20 and 150 pounds P,OF per acre and
the nitrogen applications varied between 30 and 200 pounds nitro-
gen per acre. There was some evidence that the heavier applica-
tions of phosphate reduced the yields below nitrogen alone and
below light phosphate applications with nitrogen. It is possible
that the method of application may be important in relation to
this negative phosphate response.

In 1950 the experiments were designed to determine the best
combinations of nitrogen and phosphate as well as the amount
to apply. These experiments are illustrated by Figure 3 showing
the difference in yield of grain on five ranches. The experiment
at Laveen showed a phosphate response equivalent to the nitro-
gen response. Since the highest yield in this experiment was only
2,000 pounds of grain per acre, it is evident that some unknown
factor interfered with a full utilization of nitrogen.

In 1951 all of the fertilizer experiments were again conducted
on a uniform plan. All the plots in all the experiments were given
a uniform application of phosphate at the rate of 100 lb. P20,, per
acre. The experiments were designed to determine the maximum
limit for nitrogen application. Nitrogen was applied at rates of
0, 50, 100, 150, and 200 pounds per acre. Ammonium nitrate was
used as the source of nitrogen in all the experiments. The grain
yields were calculated on the basis of net gain over the cost of
the fertilizer. There were five experiments on five different
ranches and, like the 1950 tests, the results were variable. On two
ranches the greatest net profit was from 200 pounds of nitrogen,
on one ranch it was from 100 pounds of nitrogen, and on another
the greatest net profit was from 50 pounds of nitrogen (see Tables
10 and 11). On the two latter ranches the 200 -pound nitrogen
application caused the grain to lodge badly, showing that too
much nitrogen had been applied.

The field experiments to date indicate that the fertilizer re-
quirement for a particular crop in different parts of the State
is not uniform. The amount to apply depends upon cropping his-
tory, residual fertility from previous fertilizer applications, soil
texture, soil structure, irrigation practice, and possibly other fac-
tors. In future experiments, soil analyses and plant tissue tests
will be made to determine if such tests can be employed to esti-
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mate, more closely, the profitable amount of fertilizer to apply
and to learn the soil characteristics which govern productive
capacity.

FLAX
Beginning in 1939 and continuing over a period of three years

fertilizer tests were made on flax at the Mesa Experiment Station
farm. These experiments showed a response to both ammonium
sulfate and 16 -20 ammonium phosphate. They are reported in
the Experiment Station Annual Reports for 1941, 1942, and 1943
and indicated a nitrogen but no phosphate response. This is fur-
ther shown by an experiment given in the Annual Report for
1946. In this experiment, 300 pounds of ammonium sulfate was
compared with 300 pounds of 16 -20 ammonium phosphate. The
300 pounds ammonium sulfate supplied 60 pounds of nitrogen and
300 pounds 16 -20 ammonium phosphate supplied 48 pounds of
nitrogen. Both gave the same yield increase indicating that the
response was entirely to nitrogen.

In 1948 an experiment was conducted at the Yuma Valley
Experiment Station Farm which compared different amounts of
nitrogen and phosphate alone and in combination. For this soil
there was a definite phosphate response in addition to a nitrogen
response. The unfertilized plots yielded 28.5 bushels per acre
while the fertilized plots yielded 38 to 40 bushels. The plots fer-
tilized with the nitrogen -phosphate combination gave the highest
yields.

Fertilizer experiments have shown that time of application is
important in flax fertilization. Several experiments have been
conducted to study this and information on one of these is given
in the 58th Annual Report of the Experiment Station. Applica-
tion of fertilizer in the early stage of growth is advisable.

SORGHUM
Sorghum is similar to corn in its response to fertilizer. In the

Midwest essentially the same fertilizer program is followed for
both crops.

In the fertilizer experiments on sorghum in Arizona, this
crop has shown a profitable response to nitrogen in practically all
the tests -in yield of both grain and silage. Where the available
phosphate was deficient in the soil an additional response was
obtained from a nitrogen -phosphate combination. Three methods
of application have been tried, namely broadcast, banded under
the seed, and side -dressed. Side- dressing appears to be the most
effective. When sorghum follows grain, and the grain stubble is
left in the field, nitrogen fertilization is a "must."

Sorghum is planted about July 1 and often follows a grain
crop. One experiment was conducted to determine the effect of
wheat straw and stubble on yield of grain sorghum. This ex-
periment covered an area of 36 acres -18 borders. Some of these
borders had a heavy wheat straw residue and some a light straw
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Figure 5. -Yield of sorghum grain as influenced by wheat crop residue
left on the land and response to nitrogen fertilizer, Hollis Gray Ranch.

residue. Since this field had been used for a wheat fertilizer test
the vegetative growth was much heavier on the nitrogen- fertil-
ized plots. Figure 5 shows the grain yields from this experiment
-check (unfertilized) , and light and heavy straw plots which
were fertilized with nitrogen. In the plots where nitrogen was
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applied as a side dressing there were many yellow plants, indicat-
ing nitrogen deficiency. These plants greened up within ten days
after the nitrogen side -dressing was applied. This experiment
shows the importance of nitrogen fertilizer for sorghum when
grain straw and stubble are left in the field. The condition is
similar to that existing when sorghum stubble is left in a field
planted to grain.

ALFALFA

At the present time alfalfa ranks second in acreage of field
crops in Arizona. In addition to its value as a hay and seed crop
it contributes much to the productive capacity of the soil for
other crops which follow it in the rotation. Being a legume it
obtains most, if not all, of its nitrogen from the air of which a
part is left in the soil with the crop residue. It is a heavy feeder
on potassium and phosphorus. This is in part because of the num-
ber of cuttings it is possible to harvest under Arizona climatic
conditions -a long summer season and mild winter.

In general, phosphates are the only fertilizer used in alfalfa
fertilization. There are some who believe that potash and nitro-
gen should be used on some soils but such has not been shown
by our fertilizer experiments. Light nitrogen applications have
been recommended for new plantings on the assumption that
some nitrogen is needed to start the seedlings and nourish them
prior to nodulation.

The value of phosphate is illustrated by an experiment
made on Gila loam soil in the Santa Cruz Valley near Tucson
(5). This experiment was conducted on land with an old stand
of alfalfa and the phosphate was applied with a grain drill after
the first cutting of hay in April. The response to phosphate was
rapid. Ammonium phosphate (11-48) was used as a source of
phosphate and applied at the rates of 50, 100, 200, and 300 pounds
P20ó per acre. Six cuttings of hay were harvested from these
plots in 1934 and the same number in 1935. No additional phos-
phate was applied the second year in order to study residual
response. For the first year the 100 -pound rate gave the most
profitable yield over the cost of the fertilizer. The 200 -pound
application gave the highest yield but the net profit was less be-
cause of the cost of the fertilizer. The yields on all of the plots
showed a residual phosphate response during the second year.

After two years in alfalfa this land was planted to sorghum,
and the sorghum followed with barley. Both these crops made
better growth on the phosphate plots. This experiment shows that
in phosphate- deficient soils phosphate fertilizer can be applied
in heavy single applications as well as light annual applications.
In this case the phosphate response was evident in the fourth
crop which followed the original application of 200 and 300 pounds
P20, per acre.
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Fertilizer tests have been made with alfalfa on a number of
ranches during the past five years. These tests have shown sev-
eral cases in which there was no increase in yield of hay from
phosphate fertilization.

A test which compared superphosphate, with 11 -48 ammon-
ium phosphate, did not show any increase in yield of hay from
nitrogen.

Several tests have been made in which potash fertilizer was
applied to alfalfa. There was no increase in yield of hay.

While there is no evidence of a profitable increase in yield
of hay from nitrogen or potash, these experiments should be ex-
tended to all sections of the state in order to get a complete
picture of this phase of alfalfa fertilization.

In several experiments deep applications of phosphate and
potash were compared with broadcast applications. The purpose
of these tests was to examine the effect of low moisture content
of the surface soil during the summer months. During the hot
summer months the soil, if not well shaded, dries and crusts on
the surface. This type of soil condition seriously interferes with
normal uptake of nutrients by the feeder roots in the surface
layer. The hay yields did not show any significant difference be-
tween the deep application and the surface application of either
phosphate or potash.

Alfalfa on the sandy soil of the Yuma Mesa requires a fer-
tilizer program somewhat different from that in other areas in
the state. Fertilizer experiments were started on this land in 193$
before the area came into full production. The response to phos-
phate was highly significant from the beginning. Data on this are
given in Table 19 in the appendix. The substantial need for
phosphate fertilizer on the Yuma mesa soil has been confirmed
by additional experiments which were conducted by the Yuma
Mesa Soil and Crop Laboratory, U.S. Department of Agriculture
(4). The soil on the mesa has a very low water holding capacity.
The amount and frequency of irrigation on the Yuma mesa is
a great factor in getting the maximum return from fertilizer.
Moisture stress is known to reduce fertilizer efficiency.

SUMMARY AND RECOMMENDATIONS
WHEAT, BARLEY, AND OATS

The quantity of fertilizer to apply to these three small grain
crops is 50 to 100 pounds nitrogen and 40 to 75 pounds phosphoric
acid (PZO.) per acre. A soil analyses can be useful in estimating
the amount to apply. The fertilizer can be supplied as a commer-
cial mixture or separately as nitrogen and phosphate simples.
It should be applied at planting time or shortly preceding this.

The most frequent response and most profitable return is
from nitrogen. Phosphate fertilizers rarely return a profit if nitro-
gen is deficient in the soil. Nitrogen, however, will give a profit-
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able response in many cases where phosphate is deficient. Appar-
ently nitrate stimulates root growth and thereby improves the
feeding power of the plant.

When available phosphate is deficient in the soil a fertilizer
containing both nitrogen and phosphate will produce a higher
yield than nitrogen or phosphate singly.

If the grain is pastured an application of nitrogen should
be made when the animals are removed from the field.

All except two experiments showed a nitrogen response.
Only one test showed a profit from phosphate when no nitrogen
was applied with it.

The amount of fertilizer to use on small grains depends to
a great extent on the place of the grain crop in the rotation. Less
nitrogen is needed following alfalfa but the nitrogen application
should be increased for grain following sorghum.

The nutrient requirement for oats is about the same as for
barley and wheat. On the Yuma mesa this crop gave a very pro-
fitable return from both nitrogen and phosphate. On the better
soils of the state the tests have been less profitable. A growth
response is usually obtained during the cool weather. The crop
makes a quick "pick up" when warm weather arrives and at har-
vest there is often little difference between the fertilized and
unfertilized grain.

FLAX
A fertilizer which supplies 75 pounds of nitrogen and 60

pounds phosphoric acid (P205) should be satisfactory for this
crop. There is evidence that flax gives more frequent response to
phosphate than other grains.

SORGHUM
A fertilizer which supplies 50 to 150 pounds nitrogen and 30

to 50 pounds phosphoric acid (P205) per acre is recommended
for this crop. When sorghum follows a small grain crop, and the
crop residue is disced into the soil, a larger amount of nitrogen
may be needed.

The results of the fertilizer experiments with sorghum were
quite similar to those obtained with the other grain crops. The
greatest response is to nitrogen with an additional increase in
grain yield when phosphate is applied with the nitrogen.

ALFALFA
A fertilizer program for alfalfa should be 90 to 140 pounds

phosphoric acid (P205) per acre for the first year followed by
annual applications of 50 pounds per acre.

Phosphate is the principal, if not the only, fertilizer needed
for alfalfa in Arizona.

Phosphate fertilizers will increase the number of nodules on
the roots and thus should increase nitrogen utilization.
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Experiments on placement of phosphate have shown no dif-
ference in yield of hay between deep applications and surface
applications. Surface applications will be carried to a depth of
about three inches by the irrigation water.

Alfalfa takes its nitrogen from the air. If a nitrogen fertilizer
is applied to this crop it may use some of this nitrogen but ex-
periments have not shown that this nitrogen increases the hay
yield over the no nitrogen plots in which all the nitrogen was
taken from the air.

COTTON

Cotton fertilizer expermients have been conducted in all the
cotton growing areas of the state. Many of these have already
been reported (3) and results on many other experiments have
been presented in circular (6) and in mimeograph form by the
Agricultural Extension Service. A fertilizer which supplies 50 to
125 pounds nitrogen and 50 pounds P2O5 should meet the re-
quirements of this crop. In some cases a split application of nitro-
gen is advisable depending on the type of soil and length of
growing season.
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APPENDIX
Yield data from a representative number of fertilizer ex-

periments are presented as an appendix.
WHEAT

Manure - nitrogen - phosphate. One of the first experiments
conducted with wheat is recorded in Experiment Station Bulletin
126. It is presented here to show that even at this early date the
major fertilizer response was to nitrogen. The experiment ex-
tended over a period of 6 years and compared manure, single
superphosphate, and single superphosphate plus nitrogen. The
grain yields are given in Table 1 and represent the average an-
nual grain yield in pounds per acre.

TABLE 1.- FERTILIZER EXPERIMENT WITH WHEAT, MESA
EXPERIMENT STATION FARM, POUNDS GRAIN

PER ACRE, AVERAGE OF SIX YEARS.
Fertilizer* lb. grain

per acre

Check, no fertilizer 1719
Mixed fertilizert 2282
Superphosphate, 200 lb. per acre 1712
Manure, 5 tons per care 2007
Check, no fertilizer 1730

* 86 pounds per acre single superphosphate and 236 pounds per acre
sodium nitrate.

1- The fertilizer applications were repeated each year.
Samples of grain from this experiment were analyzed and

showed a higher protein content for the grain from plots which
had been fertilized with nitrogen.

Wheat following sorghum. An experiment on the effect of
sorghum stubble on growth of wheat is given in the 58th Annual
Report of the Experiment Station (1947). The sorghum was
harvested for grain and the entire residue disced into the soil.
There were five different sorghum varieties and each plot was
divided so that one half was left unfertilized. The grain yields
from this experiment are given in Table 2.

TABLE 2. -WHEAT YIELDS FOLLOWING SORGHUM. POUNDS
GRAIN PER ACRE, FERTILIZED AND UNFERTILIZED

Sorghum variety
Fertilization

none 50 lb. N
per acre

Check* 1,120 1,893
Martin 886 1,446
Caprock 842 1,234
DD 38 898 1,233
Early hegari 780 1,157
Hegari 626 1,136

* The check was fallowed during the period previous to the planting
of wheat.
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A comparison of the yields from the check plot and the plots on
which sorghum had been grown clearly show the effect of the
crop residue on grain yields. The yields obtained with nitrogen
fertilization show the value of nitrogen in over -coming the "after
sorghum" effect.

Hollis Gray Ranch. This experiment compared sorghum
stubble left on the field, sorghum stubble burned on the field, and
applications of 75 and 100 pounds of nitrogen per acre. The land
had been in truck crops for ten years previous to the sorghum
crop and was high in available phosphate. The sorghum was
harvested for grain in late November. In each fourth border the
stubble was burned. Nitrogen was applied as uramon on January
3 and wheat planted on January 8. Uramon was selected as the
source of nitrogen in order to obtain information on its value as
a winter fertilizer. There were 32 acres in this experiment and
each plot was 2 acres. The yields of grain are given in Table 3.

TABLE 3. -YIELD OF GRAIN IN POUNDS PER ACRE. WHEAT
FOLLOWING SORGHUM, HOLLIS GRAY RANCH.

lb. wheat
per acre

Avge. four unfertilized plots, stubble burned 930
Avge. seven unfertilized plots, stubble not burned 860
Avge. nitrogen fertilized plots, stubble not burned 1,820

This land was planted to sorghum again in 1949 and the
wheat experiment repeated. Four forms of nitrogen fertilizer
were used and they were applied on December 30 -31. The wheat
was planted on January 8. The calcium nitrate, ammonium ni-
trate, and uramon were applied broadcast and the ammonia gas
was applied by injection. The wheat yields from this experiment
are given in Table 4.

TABLE 4. -GRAIN YIELDS FROM SECOND YEAR OF FERTILIZER
TEST AT HOLLIS GREY RANCH, WHEAT FOLLOWING SORGHUM

Fertilizer Lb. grain per acre

Ammonia gas, 87 lb. N per acre 2,700
Uramon, 74 lb. N per acre 2,380
Calcium nitrate, 76 lb. N per acre 2,600
Ammonium nitrate, 84 lb. N per acre 2,820
Checks, no fertilizer 502

BARLEY
Time of fertilizer application. This experiment was conduct-

ed at the Mesa Experiment Station Farm and reported in the
58th Annual Report of the Experiment Station (1947). The grain
yield data are given in Table 5. The comparisons are between ap-
plication of all the fertilizer at planting, one -half at planting and
one -half at heading, and all at heading.
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TABLE 5.- EFFECT OF TIME OF APPLICATION ON BARLEY YIELDS
Grain Yields in Lb. Per Acre

Fertilizer
One -half

Lb. N All at at planting All at
per acre planting One -half heading

at heading

Ammonia gas 33 3,981 3,937 3,113
Liq. ammon. nit. 40 3,713 3,454 3,388
Dry ammon. nit. 40 3,974
Ammon. Suf. 40 3,723
Check, no fert. 3,111

This experiment shows that single applications at planting
are advisable.

New forms of nitrogen. This test was designed to study some
new forms of nitrogen which were supplied by the American
Cyanamid Company. One experiment was located on the Gila
Project Farm and another on the Mesa Experiment Station Farm.
There were 36 plots, 4 ft. x 10 ft., in a Latin Square design. The
fertilizer was broadcast by hand. The crop was Aravat barley.
Applications of fertilizer were at the rate of 50 pounds nitrogen
per acre.

TABLE 6.- COMPARISON OF DIFFERENT FORMS OF NITROGEN

Fertilizer
Yield of Barley
pounds per acre

Mesa Gila Project

Percentage increase
from fertilizer

Mesa Gila Project

Check, not fertilized 1,664 2,247
Dicyanodiamid 1,715 3.06
Guanylurea sulfate 1,789 7.51
Guanidine nitrate 2,126 27.76
N -20 2,173 2,426 30.59 7.97
Ammonium sulfate 2,206 3,118 32.57 28.76
N -40 2,234 2,714 40.26 52.43
Cyanamid 2,417 3,425 45.25 52.43
Thiourea 2,700 3,649 62.26 62.39

Highly significant increases are shown for six out of the
eight materials on the Mesa Experiment Station Farm, and four
of the five materials on the Gila Project Farm. Thiourea, which
contains some sulfur in combination with nitrogen, gave the
greatest increase for both soils.

Barley following sorghum. This experiment was conducted
on the Homer Kryger ranch in Yuma County. The sorghum
was harvested in early November. With the exception of the
control plots, all received a uniform application of 200 pounds
treble superphosphate per acre. The grain yields are given in
Table 7 as bushels per acre. The difference between the yields
obtained from 61, 94, 115, and 183 pounds nitrogen per acre from
ammonium nitrate indicates that the increase in this experiment
was largely a nitrogen response.
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Nitrogen and phosphate. An experiment conducted on the
A. C. Pine ranch in the Salt River Valley. The experiment was
TABLE 7. -GRAIN YIELDS FROM THE KRYGER RANCH, BARLEY

EXPERIMENT - BARLEY FOLLOWING SORGHUM
Fertilizer Yield

bu. per acre
200 lb. treble super.; 94 lb. N. ammonium nitrate
200 lb. treble super.; 115 lb. N. ammonium nitrate
200 lb. treble super.; 106 lb. N. ammonium sulfate
200 lb. treble super.; 91 lb. N. uramon
200 lb. treble super.; 96 lb. N. calcium nitrate
200 lb. treble super.; 183 lb. N. ammonium nitrate
200 lb. treble super.; 98 lb. N. cyanamid
200 lb. treble super.; 61 lb. N. ammonium nitrate
Check, no fertilizer

77.4
79.8
81.4
72.2
75.4
78.4
74.3
54.4
14.8

one in which 10 ft. x 10 ft. plots were used. The checks were
replicated nine times and each fertilizer treatment was replicat-
ed three times. The comparison was between nitrogen alone,
phosphate alone, and combinations of the two. The grain yields
are given in pounds per plot in Table 8.

TABLE 8.- COMPARISON OF BARLEY YIELDS OBTAINED FROM
NITROGEN AND PHOSPHATE FERTILIZATION

Fertilizer Lb. grain
per plot

Check, no fertilizer 7.40
100 lb. treble super. per acre 7.95
300 lb. treble super. per acre 7.83
100 lb. ammonium nitrate per acre 9.44
300 lb. ammonium nitrate per acre 10.51
100 lb. amm. nit.; 300 lb. treble super. per acre 10.46
300 lb. amm. nit.; 100 lb. treble super. per acre 13.04

This experiment is typical of many that have been conducted
with small grains in which the major response is to nitrogen,
little or no response to phosphate, and the best yields from the
combination of nitrogen and phosphate.

Cyanamid and ammonium sulfate. The purpose of this ex-
periment was. to compare cyanamid and ammonium sulfate, as
sources of nitrogen, at rates of 40, 60, and 80 pounds nitrogen
per acre and treble superphosphate at rates of 86, 130, and 172
pounds of P0O5 per acre. All applications were broadcast and
disced into the soil ahead of planting. The grain yields from this
experiment are given in Table 9.

In this experiment the ammonium sulfate showed the best
vegetative growth throughout. Phosphate, of itself, failed to give
any response. It is evident from this experiment that cyanamid
applied just ahead of planting is not advisable as a source of
nitrogen.
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1950 experiments. For several of the barley experiments
conducted in 1950 an experimental design, as shown in Figure 6,

TABLE 9.- COMPARISON BETWEEN CYANAMID, AMMONIUM
SULFATE AND TREBLE SUPERPHOSPHATE

Fertilizer Lb. grain per acre

Check plots, no fertilizer 5,912
Cyanamid, 40 lb. N per acre 6,580
Cyanamid, 60 lb. N per acre 5,720
Cyanamid, 80 lb. N per acre 5,530
Ammonium sulfate, 40 lb. N per acre 7,400
Ammonium sulfate, 60 lb. N per acre 6,890
Ammonium sulfate, 80 lb. N per acre 7,510
Treble superphosphate, 40 lb. P,O; per acre 5,600
Treble superphosphate, 60 lb. P,O; per acre 5,720
Treble superphosphate, 80 lb. P.,O; per acre 5,210

was used. The fertilizer applications represented by numbers and
letters were as follows:

N, - 100 lb. ammonium nitrate per acre
N2 - 300 lb. ammonium nitrate per acre
P2 - 150 lb. treble superphosphate per acre

P1N2 - 50 lb. treble superphosphate; 300 lb. ammonium nitrate
P2N1 - 150 lb. treble superphosphate; 100 lb. ammonium nitrate
P2N2 - 150 lb. treble superphosphate; 300 lb. ammonium nitrate
Check, no fertilizer

The grain yields from these experiments are given in Table
10. The identity of the ranch and location are also given in the
table.

After deducting the cost of the fertilizer it was found that
the treatments which gave the best profit were as follows:

Haggard ranch N2P1 $14.01 per acre
Fearn ranch N2P1 $19.96 per acre
Wells ranch N2P2 $33.84 per acre
Lacy ranch N2P_ $16.56 per acre
Skinner ranch - no profit above cost of fertilizer
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Figure 6.- Experimental design used for fertilizer experiments in 1950
and 1951.
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TABLE 10.- RESULTS OBTAINED FROM BARLEY FERTILIZER
EXPERIMENTS 1950, LB. GRAIN PER ACRE

Fertilizer
Fearn Wells

Casa Grande Casa Grande
Lacy

Coolidge
Skinner
Safford

Haggard
Laveen

N2P1 2930 3720 3560 5050 2085
N2P2 2900 4090 3700 5300 1955N2 2810 3610 3310 5000
N1P2 2420 2510 2890
N1 2220 2560 2610
P2 1010 1340 1930 2000Check 1040 1250 1850 4280 795

1951 barley experiments, rates of nitrogen. Five fertilizer
experiments were completed in 1951. For the fertilizer experi-
ments conducted with barley this season a uniform application
of superphosphate, 100 pounds P205 per acre as a base fertilizer,
was applied to all plots. Nitrogen applications were made at the
rates of 0, 50, 100, 150 and 200 pounds N per acre. The plots werereplicated and randomized as in the 1950 experiments and the
fertilizer again broadcast by hand. Treble superphosphate wasused as the source fo P2OF and ammonium nitrate as the sourceof N. Each plot was harvested by hand. The grain yields obtained
from these experiments are given in Table 11.

TABLE 11.- RESULTS OBTAINED FROM BARLEY FERTILIZER
EXPERIMENTS 1951, LB. GRAIN PER ACRE

Fertilizer applied
Lb. per acre
N P2O5

McDonald
Toltec

Jones
Eloy

Carpenter
Eden

Stump
Buckeye

Boswell
Marinette

0 100 1125 1380 2400 3430 2960
50 100 3010 1235 2850 4060 4610

100 100 3560 3960 2670 4500 4575
150 100 3700 3700 2395 4575 4240
200 100 4130 4700. 2090 4110 4030

After deducting the cost of the fertilizer it was found that the
treatments which gave the best profit were as follows:

McDonald ranch 200 lb. N $57.00 per acre
Jones ranch 200 lb. N $68.00 per acre
Carpenter ranch not profitable
Stump ranch 100 lb. N $15.50 per acre
Boswell ranch 50 lb. N $39.50 per acre

In all cases there was a nitrogen response with a wide vari-
ation in the profit over the cost of the fertilizer. The experiment
at the Carpenter ranch suffered from a shortage of water and
hence there was no response to fertilizer. The early season color
showed a definite benefit from ntirogen. On the Stump and
Boswell ranches the barley lodged badly on all the plots which
received 150 and 200 pounds of nitrogen.
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OATS
Several fertilizer experiments have been conducted with oats

but the yield data are not conclusive. In one experiment located
on the Brown ranch near Litchfield, the yield increase was not
sufficient to pay for the cost of the fertilizer. At the Pace ranch,
near Chandler, there was a small profit from the fertilizer but
it was not significant. On the sandy soil of the Yuma Mesa yield
was increased by both nitrogen and phosphate.

FLAX
A number of experiments have been conducted with flax on

the Experiment Station Farms and are reported in the annual
reports of the Experiment Station.

51st Annual Report 1940. In this experiment a comparison
was made between 16 -20 ammonium phosphate, and calcium
nitrate. The fertilizer was applied just ahead of planting. Best
response was obtained from 16 -20 at the rate of 200 pounds per
acre.

53rd Annual Report 1942. An experiment is reported for
1941 -43 for which increased yields were obtained with both am-
monium sulfate and ammonium phosphate.

57th Annual Report 1946. In this experiment the application
of 300 pounds per acre of ammonium sulfate and 16 -20 ammonium
phosphate ahead of planting gave an increase of 5 bushels over
the unfertilized plots for both three -row and two -row spacings.
The data from this experiment are given in Table 12.

TABLE 12. -FLAX YIELDS FROM AMMONIUM SULFATE AND
AMMONIUM PHOSPHATE, MESA EXPERIMENT STATION FARM

Spacing Fertilizer Yield bu.
per acre

3 rows per bed Ammonium sulfate, 300 lb. per acre 21.6
3 rows per bed Ammo. phos., 16 -20, 300 lb. per acre 21.6
3 rows per bed Check, no fertilizer 16.4
2 rows per bed Ammonium sulfate, 300 lb. per acre 16.4
2 rows per bed Ammo. phos., 16 -20, 300 lb. per acre 16.4
2 rows per bed Check, no fertilizer 11.3

58th Annual Report 1947. A fertilizer test at the Mesa Ex-
periment Station Farm in 1947 showed that the highest yields
were from 100 pounds nitrogen per acre. The increase over the
unfertilized flax was 60 per cent. There was no response to phos-
phate in this experiment. The experiment was repeated in 1948
and again 100 pounds nitrogen gave the best yield increase.

60th Annual Report 1949. This fertilizer experiment was
conducted on the Yuma Experiment Station Farm. It compared
different amounts of nitrogen and phosphate alone and in com-
bination. The unfertilized plots averaged 28.5 bushels per acre
and some of the fertilized plots yielded 38 to 40 bushels per acre.
The poorest yields were from plots which received no phosphate.
The highest yields were from the plots receiving 75 -100 pounds
phosphoric acid (P205) and 25 -100 pounds nitrogen.
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SORGHUM
A number of fertilizer experiments have been conducted

with sorghum, on the Experiment Station Farms, by the staff
of the Agronomy Department. The data from these experiments
are reported in several of the Experiment Station Annual Re-
ports. Some of the typical tests are presented here.

58th Annual Report 1947. In this experiment comparisons
were made of ammonium nitrate, liquid phosphoric acid, treble
superphosphate, and nitrogen and phosphoric acid combined in
the form of ammonium phosphate. All fertilizers were applied
broadcast ahead of planting. The grain yields from this experi-
ment are given in Table 13.

TABLE 13. -GRAIN SORGHUM AS INFLUENCED BY NITROGEN AND
PHOSPHATE, MESA EXPERIMENT STATION FARM

Fertilizer treatments Lb. grain
per acre

450 lb. 16 -20 ammonium phosphate (64N and 80 P205) 5,287
150 lb. ammonium nitrate (49.5 N) 4,925
Check, no fertilizer 4,346
300 lb. liquid phosphoric acid (159 P205) 4,220
150 lb. liquid phosphoric acid (80 P905) 4,216
400 lb. treble superphosphate (172 P9O,) 4,128
200 lb. treble superphosphate (86 P905) 3,845

For this soil there was no response to phosphate fertilizers
when applied without nitrogen. The highest yield is for 16 -20
ammonium phosphate.

This experiment was repeated the following season and
again there was no yield increase from phosphate except when
applied with nitrogen. On the basis of cost of fertilizer the profit
from nitrogen alone was greater than from nitrogen plus phos-
phate.

60th Annual Report 1949. This experiment was designed to
test the effect of deep placement of phosphate on sorghum. Table
14 shows the fertilizers used, the depth of placement, and yield
of grain.

TABLE 14.- COMPARISON OF SIDE DRESS AND DEEP APPLICATION
OF PHOSPHATE, GRAIN SORGHUM

Fertilizer Lb. grain per acre
Hegari Early Hegari

300 lb. treble super (130 P9O;), 8 inch depth 2,514 3,139
Check, no fertilizer 2,542 2,931
150 lb. calcium nitrate (23 lb. N) side dress 3,478 4,236
150 lb. ammonium nitrate (50 lb. N) side dress 4,167 4,403
300 lb. treble super., 14 inch depth and 150

lb. ammonium nitrate 4,362 4,750
150 lb. ammonium nitrate, 300 lb. treble super.,

side dress 4,736 4,944
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Several other experiments were conducted with sorghum at
the Mesa Experiment Station Farm in 1948. In these the major
increase in yield was from nitrogen and little or no response to
phosphate. Applications of about 100 pounds of nitrogen per acre
appeared to be most profitable.

In 1949 a fertilizer experiment was conducted at the Safford
Experiment Station Farm and the treatments and yields are
given in Table 15.

TABLE 15.- SORGHUM GRAIN YIELDS FROM FERTILIZER
EXPERIMENT AT SAFFORD EXPERIMENT STATION FARM

Fertilizer applications Lb. grain
per acre

150 lb. ammonium nitrate (50 lb. N), 200 lb. treble
super. (86 lb. P205) 5,975

300 lb. 16 -20 ammonium phosphate (40 lb. N, 60 lb. P20r,) 5,854
300 lb. ammonium nitrate (100 lb. N) 5,494
225 lb. ammonium nitrate (75 lb. N) 5,399
300 lb. treble super (130 lb. P20.,) 5,373
300 lb. calcium nitrate (47 lb. N) 5,348
150 lb. ammonium nitrate (50 lb. N) 5,245
Check, no fertilizer 5,184

Hollis Gray ranch, 1949. This experiment is a part of a
wheat -sorghum rotation. Wheat was grown in this field in 1948-
49 and the wheat straw disced into the soil before planting the
sorghum. The straw was heavier on the plots where the wheat
had been fertilized and in Table 16 the sorghum yields from the
heavier straw plots are given separately from the light straw
plots. Phosphate was omitted from this test because of the high
available phosphate value obtained from the soil analysis. The
fertilizer comparison was between uramon, calcium nitrate, am-
monium nitrate, and anhydrous ammonia. The dry fertilizers were
added at the rate of 75 pounds nitrogen per acre as a side dress.
The anhydrous ammonia was added in split applications-one-
half as pre -plant and the other half when the crop was about 1
TABLE 16.- EFFECT OF LIGHT AND HEAVY WHEAT STRAW RESI-
DUE ON SORGHUM GRAIN YIELD AND RESPONSE TO NITROGEN

Fertilizer Lb. grain
per acre

Check, no fertilizer 2,626
Anyhydrous ammonia, 80 lb. N, split application, light straw 3,940
Anhydrous ammonia, 80 lb. N, split application, heavy straw 3,540
Uramon, 75 lb. N, light straw 4,180
Uramon, 75 lb. N, heavy straw 4,170
Calcium nitrate, 75 lb. N, light straw 4,570
Calcium nitrate, 75 lb. N, heavy straw 4,195
Ammonium nitrate, 75 lb. N, light straw 4,700
Ammonium nitrate, 75 lb. N, heavy straw 4,155



FERTILIZATION OF FIELD CROPS 29

foot tall. Both of these were applied in the irrigation water.
There were many plants showing nitrogen deficiency at the timethe side dressings were made. This was more prevalent in theplots which had the heaviest wheat straw. The field "greened up"
within ten days after the application of the nitrogen. The grain
yields and fertilizer applications are given in Table 16.

Teeter and Kimzey ranches. Fertilizer experiments wereconducted on the Teeter and Kimzey ranches in the Salt River
Valley in 1950. The treatments and yields are given in Table 17.
TABLE 17.- COMPARISON OF MIXED FERTILIZER, URAMON, AND

SUPERPHOSPHATE, SORGHUM
Fertilizer Lb. grain per acre

290 lb. 24 -6 -0 mix, per acre, (69 lb. N, 171b. P205)
280 lb. 25 -10 -0 mix, per acre, (70 lb. N, 28 lb. P205)
350 lb. 20 -10 -0 mix, per acre, (70 lb. N, 35 lb. P2O;)
700 lb. 10 -10 -0 mix, per acre, (70 lb. N, 70 lb. P205)
170 lb. uramon per acre (70 lb. N)
152 lb. treble superphosphate per acre (65 lb. P20;)
Check, no fertilizer

Kimzey Teeter

4,125 5,640
4,180 4,730
4,230 5,130
4,380 5,000
4,420 4,910
2,280 4,250
2,680 4,380

In neither case was there a profitable phosphate response.
The increase from nitrogen was greater on the Kimzey soil which
has a lower fertility.

ALFALFA
Experiment Station Farm, Tucson. This experiment (5) was

conducted on an old stand of alfalfa. The fertilizer was applied
with a grain drill immediately following the first cutting of hayin April. The experiment extended over two seasons and no fer-
tilizer was applied the second year. The yields in tons dry hay
per acre are given in Table 18.

TABLE 18.- FERTILIZER EXPERIMENT, ALFALFA, TUCSON
EXPERIMENT STATION FARM

Fertilizer Tons hay per acre
1934 1935

Check, no fertilizer 5.06 5.09100 lb. 11 -48 ammonium phosphate per acre 7.45 6.66
200 lb. 11 -48 ammonium phosphate per acre 7.76 6.76
400 lb. 11 -48 ammonium phosphate per acre 8.31 8.74
600 lb. 11 -48 ammonium phosphate per acre 8.13 8.47

Gila Project Farm, Yuma Mesa. When the Yuma mesa land
was put under irrigation a number of phosphate fertilizer testswere made. The first of these is recorded in the Experiment
Station Annual Report for 1940. This experiment compared dif-ferent amounts of treble superphosphate. At the time the alfalfa
was planted, in December, 1938, an application of 100 pounds per
acre treble superphosphate was made to the land and this was
followed with 50 pounds per acre of 11 -48 ammonium phsophate
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in the irrigation water in February, 1939. A fertilizer test was
installed on this land in 1940. The test compared land which had
never received phosphate, land which had been fertilized in 1938
and 1939 as mentioned above, and land which received 100, 200,
and 300 pounds per acre treble superphosphate in 1940 in addi-
tion to the phosphate applied in 1938 and 1939. The growth differ-
ences were most evident in the second cutting and the yields ob-
tained from this second cutting are given in Table 19.

TABLE 19.- ALFALFA HAY YIELD FOR SECOND CUTTING,
GILA PROJECT FARM, 1940

Fertilizer
No fertilizer at any time

Lb. hay per acre
286

No fertilizer applied in 1940, residual from 1938 -39 1,512
100 lb. treble superphosphate in 1940, per acre 2,351
200 lb. treble superphosphate in 1940, per acre 2,934
300 lb. treble superphosphate in 1940, pre acre 3,226

The average annual yields of hay from this experiment, over a
three -year period, in which the fertilizer applications were also
repeated annually were as follows:

None 0.83 tons per acre
100 lb. per acre treble superphosphate 5.18 tons per acre
200 lb. per acre treble superphosphate 6.14 tons per acre
300 lb. per acre treble superphosphate 6.87 tons per acre

The substantial need for phosphate fertilizer on the Yuma mesa
has been confirmed by experiments conducted by the staff of the
Plant Industry Station (4) .

Mesa Experiment Station Farm (60th Annual Report). This
experiment extended over a period of three years. All the fertil-
izer was applied the first year in order to study residual response.
The fertilizer treatments and hay yields are given in Table 20.

TABLE 20.- EXPERIMENT SHOWING RESIDUAL RESPONSE TO
PHOSPHATE, MESA EXPERIMENT STATION FARM, TONS PER ACRE

Fertilizer
Lb. per acre

Three
Cuttings

1946

Five
Cuttings

1947

Five
Cuttings

1948

Total
Three
Years

330 lb. P205, liquid phos. acid 4.39 9.55 9.38 23.32
86 lb. P205, treble super. 4.35 8.68 8.05 21.08

258 lb. P205, treble super. 4.70 8.64 8.56 21.90
86 lb. P205, treble super.

plus 10 tons manure 4.28 8.83 8.50 21.61
92 lb.P205, liquid phos. acid 4.13 8.30 7.82 20.25
10 tons manure 3.83 8.08 7.74 19.65

Check, no fertilizer 17.92

Goodyear Farms, Litchfield. This experiment was a study
of residual response to phosphate. The fertilizer was applied in
1946 and the yield data are for 1948. The experiment covered 36
acres. The fertilized borders were replicated three times and
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there were six unfertilized borders. The yields of hay for this
experiment are given in Table 21.

TABLE 21.- YIELDS OF HAY OBTAINED FROM A STUDY OF
RESIDUAL PHOSPHATE RESPONSE AT GOODYEAR FARMS

Fertilizer Bales per acre
Check, no fertilizer 61.1100 lb. treble super. per acre (43 lb. P205) 68.2200 lb. treble super. per acre (86 lb. P,O,) 75.0300 lb. treble super. per acre (129 lb. P205) 72.8200 lb. 1 -10 -0 corn. mix per acre (20 lb. PO,, 20 lb. N) 61.2
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