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FERTILIZATION OF ALFALFA ON ALKALINE
CALCAREOUS SOILS

BY

W. T. MCGEORGE AND J. F. BREAZEALE

INTRODUCTION

Alfalfa occupies a high position among the hay crops of the
West because it is rich in protein and high in nutrient value. It
is also the keystone of most programs of crop rotation in western
United States and particularly in Arizona. It is a deep- rooted
plant which obtains most of its nitrogen from the atmosphere and
adds humus to the soil from residual material deposited by a rather
expansive root system. In this manner it improves the mechani-
cal condition of the soil. Many farmers have come to look upon
it as a soil builder and therefore have little thought of fertilizing
it other than with an occasional application of barnyard manure.
Except for the nitrogen, which it obtains from the atmosphere,
alfalfa makes a greater draft on the plant food elements in the
soil than many other crops. Evidence of this is shown in fertilizer
experiments conducted in widely scattered sections of the United
States where very profitable returns have been obtained from
phosphate and potash fertilization.

The study of phosphate availability in Arizona soils and of the
comparative efficiency of various fertilizer materials has been a
major project of this experiment station for some years. This
work has shown quite definitely that our soils possess a relatively
good supply of phosphate with a very low degree of availability.
The poor availability is largely due to the high calcium carbonate
content of our soils and to their alkaline reaction. The black
alkali soils usually contain the most water soluble phosphate and
the soils of slight alkalinity, which comprise most of our arable
soils, contain the least. On reclaiming black alkali soils they may
remain high in soluble phosphate because of the fixation of phos-
phate during the process of leaching. In other words, a deficiency
of phosphate does not necessarily characterize all the irrigated
soils of the state by any means.

Realizing that laboratory investigations must be confirmed by
field experiments, our investigations have been transferred, in
part, to the field during the past three years. In this connection
an experiment on alfalfa is of special interest since about 160,000
acres are devoted to this crop in Arizona. The experiment was
located at the University Farm in the Santa Cruz Valley west of
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Tucson. The alfalfa was planted in 1933 and the experiments were
started on the 1934 crop. A chemical examination of the soil
indicated that it was deficient in available phosphate, and prelim-
inary field experiments had given further evidence of phosphate
deficiency.

Some rather intensive studies on potash have shown that Ari-
zona soils are extremely well supplied with potash in a readily
available form, and in view of this potash applications were not
considered in planning the experiment. The plan was to make
this primarily a phosphate experiment.

In planning an experiment, especially under irrigated condi-
tions, there are a number of variable or limiting factors which
must be taken into consideration. Among these are the feeding
power or food requirement of the crop, the kind of fertilizer
material best suited to the soil, the method of application, and the
mechanical condition of the soil.

Food requirement of the crop

The mere fact that a chemical analysis of a soil indicates a phos-
phate deficiency does not mean that all crops planted on such a soil
will respond to phosphate fertilization. This is due to a variation
in the phosphate requirement of different crops and a difference in
the ability of crops to satisfy their phosphate requirement from a
scanty supply. For the same reason the fact that one or more
crops respond to phosphate on any area does not necessarily mean
that all crops can be profitably fertilized on this soil. In other
words, the final proof of phosphate deficiency must be determined
by field experiment.

Influence of mechanical condition

Phosphate availability, at least insofar as its absorption by the
crop is concerned, is often limited by the mechanical condition of
the soil in that growth, development, and practically all root
activities are dependent upon the suitability of the environment
which the soil offers. It stands to reason that a heavy clay soil
which restricts root development, restricts aeration, and in other
ways contributes to an unhealthy environment will impair the effi-
ciency of a fertilizer treatment. This applies to phosphate more
than other plant food materials because soils possess a strong fix-
ing power for phosphate, thus reducing its mobility within the
soil confines. In interpreting the results of a fertilizer experiment,
the conclusions should be largely based on whether the mechani-
cal soil condition was optimum for growth during the experiment.

Phosphate materials

There are a great number of materials, some natural, some pro-
cessed, which are economic sources of phosphate for fertilization
of crops. These materials are usually divided into three classes -
namely, insoluble, available, and soluble. Least interest is mani-
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fested in the insoluble materials, among which are iron phosphate,
aluminum phosphate, raw phosphate rock, apatite, and bone. Most
soils contain more than enough insoluble phosphate to support
immediate plant growth if it were in a form that the plants could
use. Arizona soils contain appreciably large amounts of insoluble
phosphate in the same chemical form in which phosphate exists
in raw phosphate rock and bone. Hence we are not interested in
such forms of fertilizer. The rate of solubility is too low in our
alkaline calcareous soils to be of any value. Insoluble forms of
phosphate are used principally in nonalkaline or highly organic
soils.

By treating raw phosphate rock with sulphuric acid, the chemi-
cal composition of the phosphate is changed in a manner which
increases its availability. The resulting material, known as super-
phosphate, contains about 17 per cent available phosphate mixed
with a large amount of calcium sulphate (gypsum) . The term
"available" should not be confused with the term "soluble" when
referring to phosphate fertilizers. Available, as applied to single
superphosphate, does not mean water soluble in spite of the fact
that this 17 per cent P205 is in a form which the plants can use if
the material is within a certain proximity to the roots. This form
of phosphate, ordinary superphosphate, will give excellent results
on Arizona soils.

With the demand for more concentrated or high- analysis fertil-
izers, soluble forms of phosphate have been developed. These are
ammonium phosphate and treble superphosphate, both of which
are more than 90 per cent soluble in water. Beyond a doubt, these
two forms of phosphate are the most suitable forms for Arizona
soils. Ammonium phosphate should not be confused with am-
moniated phosphate because they are radically different materials.
So far as the phosphate which they contain is concerned there is
little difference between ordinary superphosphate and ammoniat-
ed phosphate. They are closely related products.

Method of application

Along with the progress in development of more efficient fertil-
izer materials there has also been notable progress in methods of
application. As above mentioned, most soils already contain con-
siderable amounts of phosphate which is too insoluble to be of
immediate value to the crop. For this reason when phosphate
fertilizer is added to the soil the purpose is not to enrich the store
of phosphate there but to supply the immediate needs of the crop.
When gypsum or manure is added to a soil the intention is to cor-
rect or improve the condition of the soil as a whole. We there-
fore usually spread such materials throughout the soil. Until the
last few years this was the common method of applying fertilizer.
Lately the trend has been away from broadcast methods toward
band applications or other methods which place the fertilizer in
such a position as to be of greatest immediate value to the crop.
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PLAN OF THE EXPERIMENT

In planning the experiment all these factors were taken under
consideration. As for the food requirements, the soil was known
to be adequately supplied with potash, and so potash was left out
of the experiment entirely. Since alfalfa obtains practically all its
nitrogen from the air it was not necessary to consider nitrogenous
fertilizers very seriously. However, in anticipation of an increase
in growth, ammonium phosphate (11 -48) was selected for the ex-
periment so that nitrogen deficiency would not be a limiting fac-
tor. A water soluble phosphate was selected because we were
reasonably certain that water soluble phosphates are most satis-
factory for Arizona soils.

Regarding the physical condition of the soil it was believed that
the soil selected would not develop any limitations of a mechanical
nature. The soil selected possessed a good physical condition and
took water readily.

Methods of fertilizer application are largely limited by the cul-
tural practice of the particular crop. In view of this we elected
to make the experiment a comparison of application by drill and
application by solution in the irrigation water. The drill applica-
tions were made by use of a grain drill which placed the fertilizer
2 to 3 inches under the surface of the soil. The irrigation water
applications were made by dissolving the fertilizer in a 50 gallon
barrel of water and regulating the flow of this fertilizer solution
into the stream of water at the head of the border.

The experimental area was composed of twenty -two borders of
approximately 1/3 acre each with an irrigation run of 600 feet.
While ammonium phosphate (11 -48) was the only material used
in the experiment it is reasonably certain that treble superphos-
phate, or any other water soluble phosphate, would yield similar
results. The drill applications were made at the rates of 100, 200,
400, and 600 pounds ammonium phosphate per acre and in the
water in amounts to give 5 and 25 parts per million parts of water.
That is, the water contained 5 and 25 parts per million ammonium
phosphate as it went into the border. The experiment was started
in the spring of 1934 and fertilizer applications were made im-
mediately after the first crop of hay had been cut and preceding the
first irrigation which followed this cutting.

1934 SEASON

The following outline gives the dates of irrigation, fertilization,
and harvest:

April 20 First cutting of hay (not fertilized)
April 25 Fertilizer applied
April 25 Irrigated
May 9 Irrigated
May 22 Second cutting of hay
May 28 Irrigated
June 7 Irrigated
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June 27 Third cutting of hay
July 2 Irrigated
July 16 Irrigated
July 25 Fourth cutting of hay
No irrigation during the month of August
August 31 Fifth cutting of hay
September 7 Irrigated
September 21 Irrigated
October 8 Sixth cutting of hay

The weight of hay was determined separately for each border at
each cutting, and at the same time samples of hay were obtained
from each border for chemical analysis. The percentage of nitro-
gen (N) and phosphate (P20,) was determined in the hay. The
harvesting data are given in Table 1. Column 1 shows the har-

TABLE 1.- SHOWING YIELD OF HAY IN POUNDS PER BORDER
OF 1/2 ACRE.*

Treatment
,

r..., c..)

ó
a 5
VÌU
At

;

Ei c.)
B

ó
FTiU

C

4
fr-+c>

D

ÿ b.0

P,..1 .5
to c.)

E

.
ó
H

Check 690 777 '708 420 470 309 3,374
100 lbs. 742 1,142 1,242 772 605 469 4,972
200 lbs. 680 1,200 1,300 820 652 522 5,174
400 lbs. 727 1,260 1,385 975 682 505 5,534
600 lbs. 720 1,200 1,400 1,017 672 412 5,421
5 p.p.m. 702 816 874 566 603 41.1 3,972

25 p.p.m. 605 817 1,082 695 716 481 4,396
2001bs4 1,460 1,400 1,185 642 610 411 4,248

*Average yields -check in triplicate, 5 p.p.m. and 25 p.p.m. in quadrup-
licate, and the rest in duplicate.

tFertilizer applied after first cutting.
These borders received 200 pounds per acre in 1933; response is residual.

vesting data for the crop removed before fertilization, while
columns 2, 3, 4, 5, and 6 show the weight of hay taken off in suc-
cessive cuttings after the application of fertilizer. The last column
shows the total amount of hay harvested from each border, not
including the crop removed before fertilization. At the fourth
cutting root rot began to appear in some of the borders and the
irrigation was stopped entirely during the month of August. This
accounts in large part for the low yields of hay in the last three
cuttings. The two borders given at the bottom of the table are
of special interest as they received an application of 200 pounds
ammonium phosphate per acre in July, 1933. They were carried
along with the experiment without further fertilization in order
to study the residual effect of phosphate. The data show a rather
remarkable residual response to phosphate but favor the drill ap-
plication.
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As already mentioned the per cent of nitrogen (N) and phos-
phate (P205) was determined in the hay from each border at each
cutting. Both total P2O5 and inorganic P205 were determined.
These data are given in tables 2, 3, and 4. While the analyses were
made on hay from each border, the data are presented in sum-
marized form for the sake of clarity and brevity.

TABLE 2. -PER CENT N IN HAY AS INFLUENCED BY FERTILIZA-
TION WITH AMMONIUM PHOSPHATE.

Treatment

TS to

0.,
v oUlv
A

vA

El c.)

B

ïoo
r
C

ya
w
r
D

ÿt
x

ÿ
0env

E Av.

Check 2.66 2.49 2.91 2.78 3.01 2.77
100 lbs. per acre 2.95 2.56 2.62 2.86 2.86 2.77
200 lbs. per acre 3.04 2.50 2.84 2.63 3.18 2.84
400 lbs. per acre 3.20 2.52 2.88 2.76 2.77 2.83
600 lbs. per acre 3.07 2.47 2.80 2.30 2.95 2.72
5 p.p.m. 2.70 2.62 2.70 2.58 2.75 2.67

25 p.p.m. 2.80 2.63 2.90 2.70 2.94 2.80
200 lbs. (1933) 2.54 2.60 2.76 2.80 3.05 2.94
Av. all plots 2.87 2.55 2.80 2.68 2.94

The per cent of nitrogen was materially increased by fertilization
in the first cutting, but apparently all the nitrogen applied was ab-
sorbed by the crop very soon after the fertilizer application. The
chemical analyses of the hay samples taken from the last four
cuttings show very little variation in per cent nitrogen.

The per cent of phosphate in the hay was increased by all fertil-
izer applications, and the increase in the per cent of phosphate
correlates very well with the amount applied in the fertilizer.

TABLE 3. -PER CENT P2O, IN HAY AS INFLUENCED BY
FERTILIZATION.

Treatment
0

5
c°.) -

to
25 5

ÿ
4 vnt o

ÿ
b0
0

w ÿ

nA

. .5

02v E-1 c.) 17IÚ Fí4Ú 02v
A B C D E Av.

Check .317 .327 .398 .386 .441 .374
100 lbs. per acre .482 .433 .447 .427 .468 .451
200 lbs. per acre .561 .453 .497 .451 .512 .495
400 lbs. per acre .600 .498 .541 .561 .471 .534
600 lbs. per acre .580 .497 .542 .479 .531 .526
5 p.p.m. .338 .370 .424 .366 .515 .403

25 p.p.m. .411 .438 .481 .428 .513 .454
200 lbs. (1933) .335 .358 .391 .426 .467 .395
Av. all plots .453 .422 .465 .440 .490
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Furthermore, the greater absorption of phosphate by the fertilized
hay continued throughout the season. Even the borders fertilized
in 1933 showed a notable increased absorption of phosphate by the
crop. This indicates that in spite of the unavailable character of
the phosphate naturally present in this soil, soluble phosphate
fertilizers will remain readily available for at least one year after
application.

TABLE 4. -PER CENT INORGANIC P_O5 IN HAY AS INFLUENCED
BY FERTILIZATION.

Treatment

^I b.0 b.0 ,bA

o ÿ

bA

ti) c..) FU W Ú GIU
A B C D Av.

Check .211 .111 .164 .200 .171
100 lbs. per acre .281 .152 .239 .224 .224
200 lbs. per acre .372 .193 .162 .240 .242
400 lbs. per acre .432 .229 .300 .320 .320
600 lbs. per acre .400 .161 .267 .288 .280
5 p.p.m. .250 .230 .179 .190 .212

25 p.p.m. .185 .152 .218 .228 .196
200 lbs. (1933) .214 .145 .206 .215 .195
Av. all plots .287 .172 .217 .238 .228

Phosphate exists in plants both in organic and inorganic forms
or compounds. The per cent of inorganic phosphate was deter-
mined on four cuttings, and these data are given in Table 4. A
surplus or luxury absorption of P205 by the plant would probably
be better detected by the per cent of inorganic phosphate than by
the per cent of total phosphate. The analyses given in Table 4
show an increase in inorganic phosphate from all fertilizer treat-
ments. The greatest per cent of inorganic phosphate was in the
first cutting of hay after fertilization. There is some indication in
column A that a surplus absorption by the plant has taken place
from the heavier applications, but this is not conclusive because
the plant might have used this phosphate to advantage in seed
production had it been allowed to mature.

A complete summary of the data obtained from the five cuttings
of hay is given in Table 5. In the first column the yield of hay
calculated on a per acre basis is given, and in column 2 the in-
creases from fertilizations are given. These data show that the
largest yield was obtained from the 400 -pound -per -acre application
although there is little difference between this and the 600 -pound
application. Column 3 shows very little difference in the average
per cent of nitrogen. In column 4 the average per cent of phos-
phate (P205) is given and these data show that the greatest ab-
sorption of phosphate was again in the crop cut from the 400- and
600 -pound -per -acre applications. In column 5 the cost of the
fertilizer used in obtaining the increased yield is given, and in
column 6 the net profits per acre are given as calculated from
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columns 2 and 5. These calculations were made on the basis of
$13 per ton which was a fair price for hay in 1934 in Tucson. The
data show that the net profit from the 200 - pound application was
equal to that from the 400 -pound application. In other words, it
appears as though the 200 -pound application is the economic limit
for this soil. The combined data show that application by drill
is far more profitable than by application in the irrigation water,
at least for the first season. In columns 7, 8, 9, and 10 are given the
pounds of nitrogen applied per acre, pounds of nitrogen removed
by the crop per acre, the pounds of phosphate (P205) applied per
acre, and the pounds of phosphate (P205) removed per acre.
These data show that an excess of phosphate was present in all the
plots except those receiving the lowest phosphate application in
the irrigation water. There is evidence here that 200 pounds per
acre should be ample, since a crop of hay removed only about
70 pounds P205 per acre even when amply supplied with phos-
phate. As for the nitrogen, it is clearly evident that most of this
is supplied by the plant iself from the atmosphere but that the
plant will absorb more nitrogen if a supply is at hand in the soil.

In view of the fact that root rot appeared at about the fourth
cutting of hay the yield data and the nitrogen and phosphate con-
tent of the hay, together with other data similar to that given in
Table 5, were calculated for only the first two cuttings after fertil-
ization, and these data are given in Table 6. The data show a much
greater difference in phosphate and nitrogen content of the hay.

le000-

m

ú 14000-

a
ui
m
J 12000-
Z

áx
u.
° 10000-
-4
W

8000 L i-
1

0 100 200
LBS. Pa Or ADDED PER ACRE

Figure 1.- Showing the relation between yield of hay per acre and pounds
phosphate (P205) added per acre.

300
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Charging the cost of fertilizer against only two cuttings of hay,
the highest net profit is shown by the 100- pound- per -acre applica-
tion.

A part of these data is shown graphically in figures 1 and 2.
In Figure 1 the yield of hay is plotted against pounds per acre
P205 added as fertilizer. This curve shows very clearly the greater
efficiency of applications by drill, as the point obtained by the
heavier application in the water (circled x in the chart) is the only
point which does not fall in line with the type of diminishing re-
turn curve usually obtained from fertilizer experiments. As shown
in Figure 2, similar curves are obtained when the pounds of nitro-
gen and phosphate added as fertilizer are plotted against the
pounds of each removed in the crop. Here again the point obtained
from the heavier applications in the water is out of line. The
curves show further evidence that there is little need for using
very much nitrogen in the fertilization of alfalfa.

Nf
m . ¡

200-

100-

- 60
Li

- á

w
-60 °-

W

0
W

-40p

- Ñ
COJ

-20

10 20 30 40 50 60 _

Les. N ADDED PER ACRE
1

50 100 150 200 250 300 350
LBS. P 0, ADDED PER ACRE

Figure 2.- Showing the relation between pounds nitrogen (N) and phos-
phate (P2O5) removed per acre by the crop and pounds nitrogen (N) and

phosphate (P2O,) added as fertilizer.

During the winter months a series of soil samples was taken
from each border representing the first and second foot of soil
separately. These samples were taken by six borings, two each
at each end and in the center of the border. Neubauer tests were
run on each of these soil samples and the available phosphate was
also determined chemically. The chemical determination of
availability was made by passing carbon dioxide through a 1:5
soil -water suspension for fifteen mi: Lutes with occasional shaking.
The whole was then thrown on a f±lded filter and the phosphate
determined in the filtrate by the molybdic blue colorimetric
method. These data are given in Table 7.
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TABLE 7.- POTASSIUM AND PHOSPHATE NEUBAUER VALUES
AND AVAILABLE PHOSPHATE BY CHEMICAL ANALYSIS

IN SOILS FROM FERTILIZER EXPERIMENT.

PO.
value

K
value

P.p.m.
in soil

Check a* 3.7 29.9 7.3
b* 1.5 22.5 2.8

100 a 7.6 22.5 7.8
b 2.5 19.5 2.7

200 a 6.6 33.0 9.5
b 2.6 22.5 2.7

400 a 7.1 28.5 18.2
b 3.0 22.5 2.9

600 a 8.0 31.5 11.0
b 2.0 22.5 5.0

5 a 3.6 29.9 7.1
b 3.6 25.5 5.7

25 a 4.2 31.5 8.1
b 3.7 27.0 5.8

200 a 9.0 27.0 10.2
b 3.8 16.5 2.8

*a, soil 0 -1 foot; b, subsoil 1 -2 feet.

In column 1 the Neubauer phosphate values are given, calculat-
ed to PO4. The Neubauer value is an evaluation of availability in
which the plant itself, instead of chemicals, is the indicator. It
represents the amount of phosphate or potash which one hundred
rye plants will remove from 100 grams of soil in eighteen days of
growth. It is obtained by analyzing the plants after eighteen days'
growth in soil as compared with eighteen days' growth in silica
sand. It is evident that the Neubauer value of the soil has been in-
creased in all borders by fertilization. This increase has taken
place almost entirely in the surface soil. In comparing these
data with the values established by Thornton (5) for American
soils and Neubauer (5) for European soils, 5.3 and 10.7, respec-
tively, the data are of special interest. In every case where the
fertilizer was applied by drill the values for the surface soil are
slightly above the minimum value established by Thornton, be-
low which soils are considered deficient in phosphate. Higher
values are used in Germany because the soils are cropped more
intensively there than in America. These data indicate that the
value established by Thornton is probably applicable to Ari-
zona soils. In column 2 the Neubauer potassium (K) values are
given, and as in all previous work which we have conducted on
Arizona soils, these data show an ample supply of available potas-
sium. The value below which soils are deficient has been placed at
8.3 by Thornton and 19.9 by Neubauer. This soil is therefore much
above the high limit set for intensively cropped German soils.

The chemical determinaticn of availability is given in column
3. These data show that availability as measured chemically has
also been increased by fertilization. It is of interest that phos-
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Plate 1.-Showing the comparative size of alfalfa p lants om fertilized
and unfertilized borders: left, unfertilized; right, 200 pounds ammonium

phosphate (11-48) per acre.

phate penetration has been greater where the phosphate was ap-
plied in the irrigation water and this is confirmed by higher Neu-
bauer values for these subsoils. However, the yield data do not
ind.icate. that the better distribution or penetration of phosphate
into the subsoil has resulted in higher yields of alfalfa.
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.:;;Plate IL-Showing th+é ìeponse. ;to frtili.ton of alfalfa at Univers.. .. . ,Farm, `r right, :200 ou s: ammonium :. h:cs.p.hat '(118 .: ;: per r ; ac;p .,. ,P, p
left, unfertilized.

:
, ,

..:: ::':e second season plots and 3 ere. eontnued as rsidu
plots. fron1 183; pldts Q 8 (ecipdixg ad ?13' re, eo
tinued .as resrdual plots from 193, hil on plots :27;tö. 35 the sáïferi: ';:: '; '::: : :: ; - . ,::t er tretrnent,grren in 134 was ropeated r 13. is.n th.:.. ...reQns. ea ih f ,. , . .: : :..:_:,.ei: vas a. lid:'àfter the .first: euttin .a

Iïrie al,xroeedur
April 16
A,prxl 21
April 1:3
May `13
máy-. 2?
June 6
June 20
June 27
July 11
July 18
July 26
July 30
August 13
September 6
September 15
October 1
NoV'ernber 2

First cutting of hay
Fertilizer applied
Irrigated::::`::':::
Irrigated::téd
Second cutting of hay
Irrigated
Irrigated
Third cutting of hay
Irrigated
Irrigated
Fourth cutting of hay
Irrigated
Irrigated
Fifth cutting of hay
Irrigated
Irrigated
Sixth cutting of hay
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The weight of hay was obtained from each border separately
and these data are given in Table 8. Samples of hay from each
cutting and from each border were taken for chemical analysis and
the nitrogen and phosphate contents are given in tables 9 and 10.

These data are of much greater interest than those obtained
from the 1934 crop. It is of special interest that the borders fer-
tilized in 1933 with 200 pounds per acre ammonium phosphate still
yielded a profit of $17.20 per acre as compared with the checks.
This is further evidence that the soluble phosphate fertilizers are
not locked up in this calcareous soil in an unavailable form but will
continue to show excellent residual value over a reasonable
period. The borders which were fertilized by dissolving the fer-
tilizer in the irrigation water showed a good increase in yield
over the checks. Unfortunately, these borders were badly affected
by root rot which made it impossible to get comparative data on
the 1935 application versus the 1934 residual application.

The borders fertilized by drill at the rates of 100, 200, 400, and
600 pounds per acre yielded data from which it is possible to make
some rather definite recommendations regarding the fertilization
of alfalfa on Arizona soils. All the fertilized plots showed an ex-
cellent profit from fertilization. A value of $12 per ton of hay was
used for these calculations. It is evident from these data that
greater yields were obtained from the 1935 application of fertilizer
than from the borders fertilized in 1934. However, if the 1935
fertilized borders are compared with the 1934 fertilized borders,
by subtracting the cost of the fertilizer applied in 1935 from the

TABLE 9. -PER CENT PHOSPHATE IN HAY FROM PHOSPHATE
FERTILIZER EXPERIMENT.

to
nn

5,y
to

to

:14
to
5,

lm. Fi
a

Treatment N z
ÿ
ú

U

- ° 0
su to

aÿ :-+ +'
cri

o s .>AA v
ca

a) Sÿ H a) .+-i Q ti V
PI ca [W Vl F f.4 Pi w <4 o

Check .54 .45 .45 .44 .39 .47 .46
25 p.p.m. 1935 .56 .49 .57 .52 .49 .50 .52
25 p.p.m. 1934 .52 .51 .44 .45 .44 .52 .48
5 p.p.m. 1935 .50 .48 .48 .52 .43 .51 .49
5 p.p.m. 1934 .48 .46 .46 .38 .40 .46 .44

600 lbs. per acre 1935 .57 .68 .70 .55 .53 .52 .59
600 lbs. per acre 1934 .55 .49 .58 .53 .49 .44 .51
400 lbs. per acre 1935 .58 .63 .50 .67 .57 .46 .57
400 lbs. per acre 1934 .51 .53 .55 .44 .46 .50
200 lbs. per acre 1935 .55 .67 .60 .54 .53 .55 .57
200 lbs. per acre 1934 .52 .45 .42 .47 .41 .44 .45
100 lbs. per acre 1935 .54 .63 .59 .53 .45 .55 .55
100 lbs. per acre 1934 .51 .46 .46 .43 .46 .39 .45
200 lbs. per acre 1933 .54 .41 .47 .47 .49 .46 .47

Average .53 .49 .51 .49 .45 .48
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value of the increased yield of hay, an entirely different picture is
presented. For example, the borders fertilized with 600 pounds
per acre in 1935 showed an increase of $43.40 per acre in the value
of hay harvested, but if we subtract from this the cost of the fer-
tilizer, which is $18, the profit is only $25.40, which is less than
the profit from the 1934 residual application. On the same basis
the profit from the 400 -pound application is $9.20 less than that
from the residual application. Continuing on the same basis the
borders fertilized with 200 pounds per acre showed a $2.10 greater
profit and the 100 pounds per acre application an $11.30 greater
profit from the 1935 fertilization than the 1934 residual response.

It will be remembered that in the 1934 experiment the 200- and
400 -pound applications proved the most economical on the basis of
profit per acre. It is shown that for 1935 the 400 -pound application
is slightly more profitable than the 200 -pound application.

In Table 9 the per cent of phosphate (P205) in the hay is tabu-
lated to compare the effect of 1935 fertilization with the residual
1934 fertilization. These data show that in every case the newly
fertilized hay absorbed the greatest amount of phosphate from the
soil. The hay from the 600 -pound application absorbed the great-
est percentage of phosphate, and that from the 400- and 200 -pound
applications was the next highest. The average figures at the bot-
tom of the table indicate a slight reduction in per cent of phosphate
with advance of the season.

In Table 10 the percentage of nitrogen in the hay is calculated
and presented in the same manner. Here again the freshly fertil-

TABLE 10. -PER CENT NITROGEN IN HAY FROM PHOSPHATE
FERTILIZER EXPERIMENT.

wo
g b.0 wo g

ÿ P1 0+ C) 5 Q
4-0'

5 c.
Treatment N U ro Q C.)

Y
0.) p, ..i N 4 O er 1 D°.

W ro f i V] H W (il V] <4 ú

Check 3.48 2.89 3.24 3.18 2.57 2.73 3.01
25 p.p.m. 1935 3.34 3.01 3.29 3.12 2.60 2.86 3.04
25 p.p.m. 1934 3.40 2.93 3.09 3.10 2.43 2.80 2.96
5 p.p.m. 1935 3.39 2.93 3.15 3.00 2.56 2.77 2.97
5 p.p.m. 1934 3.25 2.90 3.08 3.04 2.43 2.55 2.90

600 lbs. per acre 1935 3.36 3.01 3.47 3.00 2.29 2.83 2.99
600 lbs. per acre 1934 3.38 3.10 3.16 2.84 2.78 2.73 3.00
400 lbs. per acre 1935 3.64 3.34 3.13 3.30 2.82 2.75 3.16
400 lbs. per acre 1934 3.70 3.01 3.13 2.84 2.70 2.74 3.02
200 lbs. per acre 1935 3.14 3.35 3.26 2.86 2.85 2.85 3.05
200 lbs. per acre 1934 3.43 2.80 3.06 2.71 2.47 2.60 2.85
100 lbs. per acre 1935 3.44 3.33 3.36 3.07 2.58 2.71 3.08
100 lbs. per acre 1934 3.40 3.00 2.99 3.00 2.80 3.00 3.03
200 lbs. per acre 1933 3.42 3.07 3.12 3.04 2.70 2.74 3.01

Average 3.40 3.01 3.19 3.03 2.58 2.75
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ized hay shows a higher percentage of nitrogen throughout the
season, although the differences are very slight. However, this
is to be expected in view of the fact that alfalfa obtains most of its
nitrogen from the atmosphere.

18000-

16000-

14000-

12000

FERTILIZED

10000
0

FERTILIZED

1935

100 200
LBS. P.0, ADDED PER ACRE

300

Figure 3.- Showing the relation between yield of hay and pounds per acre
phosphate (P205) added as fertilizer in 1934 (residual effect) and 1935.

These data are shown graphically in figures 3, 4, and 5. Figure
3 shows the comparative yield of hay from the 1935 fertilized
borders and the 1934 fertilized borders plotted against the amount
of phospate (P205) added as fertilizer. These curves show the
excellent residual response from the 400- to 600 -pound applications
and that the greatest increase from the 1935 fertilization, over re-
sidual response, is the 200- and 100 -pound applications.

In Figure 4 the per cent of phosphate in the 1935 fertilized and
(residual) 1934 fertilized hay is plotted against the pounds of
phosphate (P205) added as fertilizer. This curve is very illumin-
ating in that the per cent P205 in the hay from the residual fertil-
izer plots does not show any increased absorption except for the
400- and 600 -pound applications, while where the fertilizer was
applied in 1935, the absorption curve shows the typical immediate
rise from the lowest application of phosphate and the typical dim-
inishing character of the curve.

In Figure 5 the pounds nitrogen (N) and phosphate (P205) re-
moved per acre by the 1934 and 1935 crops are plotted against
pounds N and P205 added per acre in the fertilizer. These curves
illustrate the consistently greater nitrogen content of the 1935
fertilized hay. As for the phosphate, this figure clearly shows the
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Figure 4.- Showing the relation between per cent phosphate (P_O5) in
the hay and pounds phosphate added in 1934 (residual) and 1935.
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increase in phosphate (P205) removed by the hay with increase in
amount added as fertilizer and greater absorption of phosphate by
the 1935 fertilized hay as compared with the absorption from
residual fertilizer.

There is so little variation in the per cent of nitrogen in the hay
that these data are not shown graphically. This further testifies to
the little need for nitrogen fertilization on this crop.

DISCUSSION OF EXPERIMENT

The growing of alfalfa has attained a well deserved popularity
among Arizona farmers and fortunately the soils appear to be well
suited to alfalfa production. There are several reasons for this.
Alfalfa has a high lime requirement. That is, it is a heavy lime
feeder and our soils are well supplied with lime in the form of
calcium carbonate which is readily available to plants like alfalfa
that have deep and vigorous root systems. Another reason why
calcareous soils are favorable to alfalfa production is that the cal -
cium carbonate helps to maintain a favorable soil reaction (pH) .

Haas (2) has shown that best growth of alfalfa is obtained at pH
8.0. Most of our irrigated soils fulfill this requirement, the aver-
age being slightly above pH 8.0.

Alfalfa also requires large amounts of potassium in its nutri-
tion, and again Arizona soils meet this requirement as they are all
very well supplied with available potassium. An average crop of
alfalfa hay will remove about 160 pounds of potash per acre per
year from the soil, and of course where the hay is sold off the farm,
this is lost.

Like all semiarid soils, Arizona soils are low in nitrogen be-
cause the nitrogen content of the soil is usually related to the or-
ganic matter content. In semiarid climates the soils derive little
or no organic matter from the native vegetation. Our fertilizer
experiments, however, indicate that under the existing soil and
climatic conditions, alfalfa can readily exercise its property of util-
izing atmospheric nitrogen. There is apparently little need for any
large amounts of nitrogenous fertilizers for this crop. This obser-
vation is confirmed by experiments conducted in other alfalfa -
growing states.

A brief review of the literature on alfalfa fertilization shows the
following observations. Experiments in Wisconsin (14) have
shown excellent response to both phosphate and potassium. An
experiment at the Morris substation in Minnesota (9) showed pro-
fits only from acid phosphate and manure. At the New Jersey Ex-
periment Station (12) the yield of hay was greatly increased by
liming acid soils, showing the importance of lime and the pH
value of the soil in alfalfa production. In Michigan (8) experi-
ments show profitable returns from both phosphate and potassium
but none from nitrate of soda. They suggest 500 pounds per acre
of a 0 -14 -16 fertilizer of 200 to 300 pounds of acid phosphate per
acre as desirable for alfalfa fertilization. In Connecticut (7) both
phosphate and potassium increased hay yields with the greatest
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response in favor of potassium. Nitrogen was found to be un-
profitable in these experiments and had the additional drawback
of stimulating weed growth. In Montana (10) yields were in-
creased 25 to 38 per cent by phosphate fertilization. The North
Dakota Station (11) reports noteworthy increases in yield of hay
by top dressing alfalfa fields with superphosphate. The New
Mexico Station (13) reports an experiment comparing 90, 135, 180,
and 225 pounds per acre treble superphosphate applied annually
and on alternate years. Best returns were obtained from 135
pounds per acre and annual applications gave heavier yields than
biennial. These results are in close agreement with our experi-
ment and observations.

At the United States field station located at Bard, California (6) ,

near Yuma, in a semiarid climate where soil conditions and crop
rotations are similar to those employed in Arizona, and in which
alfalfa is the real backbone of the rotation program, notable re-
sponse to phosphate fertilization has been obtained. This obser-
vation was made during investigations designed to ascertain the
cause of an alarming reduction in yield of alfalfa hay. Phosphate
fertilization brought these soils back to an extremely profitable
production. The value of the phosphate was manifested in an in-
crease in yield of seed as well as hay. Regarding the amounts of
fertilizer used in these experiments, an application of 250 pounds
superphosphate per acre (equivalent to 95 pounds treble super-
phosphate) gave the greatest gain for the money invested in fer-
tilizer. This is slightly less than the most profitable amounts in-
dicated by our experiments as well as experiments conducted in
other sections of the United States

In Utah (4) fertilizer experiments, scattered widely over the
state on many soils which are similar to Arizona soils, have
yielded some valuable information on the fertilizer requirement
of alfalfa. In forty -four tests with ammonium sulphate no in-
creases in yield were obtained. In forty -two tests with potash, as
potassium chloride, none gave response. In eighty -four tests with
treble superphosphate, forty -eight gave profitable response and
thirty -six gave none. In many experiments with manure profit-
able response was obtained on all phosphate deficient soils, indi-
cating the value of manure as a phosphate fertilizer on alkaline
calcareous soils and as an agent for increasing the availability of
phosphate which exists naturally in the soil.

The effect of fertilization on the nutritional value of alfalfa
hay is often just as important as the yield. Our investigations
showed that phosphate fertilizer adds to the value of the hay
by appreciably increasing the phosphate content together with
a small increase in nitrogen and therefore protein. This is in
agreement with experiments conducted in other states, and some
experiments conducted at Utah and Montana are introduced at
this point as an illustration. The Utah experiments (3) are of
special interest because many of them were conducted on alka-
line calcareous soils high in phosphate of low availability, similar
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to ours. These soils give a phopshate response when fertilized
with manure, which is also in agreement with our observations.
An experiment in Utah where 15 tons of manure per acre were
added gave a 50 to 70 per cent increase in yield of hay, accom-
panied by a 60 per cent increase in the phosphate content of the
hay the first year. The hay from this experiment contained a
higher phosphate percentage than Arizona hay, as it varied from
.5 to .7 per cent in the hay from the unfertilized plots and .8 to 1.2
per cent in the hay from the fertilized plots. It is entirely probable
that this is due to the fact that only two or three cuttings of hay
were obtained while in Arizona five or six are made. In another
case where 1,000 pounds of treble superphosphate were added per
acre in 1928, the yield of hay was still 82 per cent greater and the
phosphate content of the hay still 40 per cent higher than the
checks five years after the fertilizer was applied. This observation
is in agreement with the excellent residual response which we
have noted in our experiment and confirms our belief that, in spite
of the fact that the phosphate existing in our soils is of low avail-
ability, when phosphate is fixed from the soluble phosphate fer-
tilizer, it remains available for an indefinite period.

In experiments conducted in Montana (1) the phosphate (P205)
content of the hay was increased from .492 to .580 per cent, an
increase of 17.9 per cent (average of sixteen experiments located
in different sections of the state) . Treble superphosphate was
used in these experiments at the rates of 100 and 150 pounds per
acre. The per cent of phosphate in the hay varied from .351 to
.840 per cent in the fertilized hay and from .265 to .848 per cent
in the unfertilized hay. These maximum percentages are more
or less in agreement with ours but the minimum values reach
lower limits. Only one to three cuttings of hay per season were
taken from these fields. It is of interest to state that the hay cut
from one of the experiments which contained .304 to .365 per cent
of phosphate (P205) was too low in phosphate to supply the re-
quirement for cattle, and it was necessary to supplement this hay
with ' mineral phosphate. Phosphate fertilization increased the
P205 from .453 to .583 per cent, and this increase was sufficient to
make supplementary mineral phosphate additions to the hay un-
necessary.

It is evident from this brief review of the fertilizer experiments
conducted by experiment stations in several of the alfalfa -grow-
ing states that profitable response to fertilization is quite common,
especially in the West. Deficiencies existing in the soil are either
potassium or phosphate and rarely nitrogen. Since practically
all Arizona soils located in the irrigated districts are alkaline cal-
careous types, and such types are noted for their low phosphate
availability, it is probable that many of them, like the soil located
at the University Farm in Tucson, can be profitably fertilized with
soluble phosphates.
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CONCLUSIONS

Alfalfa requires little or no nitrogen fertilization but shows a
profitable response to phosphate and potassium where these
elements are deficient in the soil.

It is not believed that alfalfa will require any potassium fer-
tilization on the irrigated lands of Arizona for some years to
come.

There are many areas in this state on which phosphate fertiliza-
tion will yield profitable returns in hay production. The same
will probably apply to seed production although we have no ex-
perimental data on this.

Where a phosphate deficiency is suspected, experimental appli-
cation of 200 pounds per acre of either ammonium phosphate
(11 -48) or treble superphosphate will quickly demonstrate
whether phosphate fertilization is profitable.

The experiment conducted at the University Farm in Tucson
suggests that where phosphate deficiency exists in alfalfa fields,
an initial application of 200 pounds per acre of ammonium phos-
phate (11 -48) or treble superphosphate followed by an annual
application thereafter of 100 or 200 pounds per acre would be an
excellent program to follow.

The fertilizer can be more profitably applied by drill than by
dissolving in the irrigation water.

Alfalfa hay fertilized with phosphate will possess an increased
nutrient value.

A limiting factor in the productivity of any crop on irrigated
land and especially its response to fertilization is the mechanical
condition of the soil and this factor should be considered seriously
by anyone evaluating the results of a fertilizer experiment. If
the soil is in a poor physical condition, a condition referred to as
puddled, growth may be restricted to such an extent as to com-
pletely destroy the effect of phosphate fertilizer even on a phos-
phate deficient soil. In other words, all other limiting factors
must be corrected in a phosphate deficient soil if one expects to
profit by fertilization.
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