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SULFUR AS A FERTILIZER FOR ALFALFA IN
SOUTHERN OREGON*

It has been known for many years that sulfur is one of the elements
absolutely necessary for plant growth. Chemists have found, by care-
fully conducted experiments, that no plant can be grown to maturIty
without this element and that it is present in the ash of all plants. Theamount found in the ash of most plants, however, is comparatively smalland in many cases extremely small. This amount, in fact, is usually so
little when compared with even the limited amount present in the soil,
and the sulfur brought down in rains, that it was formerly considered
unnecessary to supply additional am.ounts in the form of fertilizers.

During recent years chemists have found that the ash contains onlya part of the sulfur originally in the plant, and thgt a large portion is
lost when the plant is burned. As early as 1902 Fraps (1), of the North
Carolina Experiment Station, found that oats, cowpeas, corn, and peanuts
contained far more sulfur than could be recovered ir the ash of these
plants. More recently Hart and Peterson (2) of Wisconsin, Shedd (3) of
Kentucky, Ames and Boltz (4) of Ohio, and others have made many sulfur
determinations and in all cases have found considerably more sulfur in
the plant than in its ash. These analyses show that the legumes, such as
alfalfa, clover, and beans, and the members of the cabbage family, cab-
bage, kale, and turnips, are particularly rich in sulfur.

For many years gypsum has been used as a fertilizer for clover, and
in many soils it produced marked increases in yield, at least for a num-
ber of years. It often has been noted, however, that after using gypsum
for many years further applications of this material produced no increases
in yield. Since the effect of the gypsum appeared to be temporary, and
as it contained no nitrogen, phosphorus, or potassium, it was regarded by
many as simply a plant or soil stimulant, and not a plant food or fertilizer.
For this reason it was often condemned, and in many regions its use
was discontinued. That the earlier conclusions regarding its effect upon
the plants and soil were wrong has been proved by recent experimental
work.

During recent years fertilizer experiments with sulfur have been
conducted in various parts of the United States. In some instances large
increases in yield have been obtained, while in others no effect on thecrop was observed. It should be expected that sulfur will not produce
increases in yield on all soils as this would be true of any fertilizer.
That sulfur is often the limiting factor in crop production in Southern
Oregon is shown by the results obtained during the last seven years
from the experiments conducted by the Southern Oregon Branch Experi-ment Station.

PRELIMINARY EXPERIMENTAL WORK

The earlier fertilizer work with alfalfa in Southern Oregon was con-
ducted on various farms in cooperation with farmers. Owing to the
location of these fields, and to the many duties incident to the starting

'fhe work herein reported was inaugurated and the field experiments supervisedby the senior author. The chemical phases of the work were under the direction efMr. H. V. Tartar. Mr. A. C. McCormick of the Southern Oregon Branch Station rend-
ei-ed very valuable assistance in conducting the field experiments. Messrs. R. H. Rob-ilson, H. G. Miller, and B. F. Beard assisted in making the chemical analyses.

The reference figures refer to bibliography given at the end of this bulletin.
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of the work at the new Experiment Station it unfortunately was impossi-
ble to supervise the harvesting of the crops of those cooperative experi-
m.ents. in several cases, therefore, no weights of yields were obtained;
and in such cases the yields were simply estimated and comparative totes
made. These earlier experiments were thus of a temporary nature and
not very satisfactory.

The results of these simple experiments, however, were so striking
and so consistent that they indicated the importance of sulfur as a fer-
tilizer, emphasized the need of further experimental work, and gave rise
to the later extensive experiments.

First Experiment
In the spring of 1912 a fertilizer experiment was started on R. W.

Elden's ranch near Tolo, Oregon. The soil there has been designated by
the Bureau of Soils as Medford Fine Sandy Loam. It is a deep soil,
principally of granitic origin, and has the following composition: *

The analysis shows that this soil contains an abundance of potas-
sium, calcium, and magnesium. It is poor in phosphorus, and the subsoil
is very low in nitrogen and sulfur.

At the beginning of the experiment the field had been in alfalfa for
several years, contained a good stand, the roots were well supplied with
nodules, and it was producing moderate yields. The field was not irri-
gated either before or during the experiment.

There were seven check plots, and these alternated with the fer-
tilized plots. The weights of hay from the fertilized plots 'do not repre-
sent the effect of the fertilizers on the alfalfa as effectively as did the
appearance of the plots. While all the plots which received super-
phosphate and gypsum yielded more than any of the others the difference
in the appearance of the plots was far more remarkable. The super-
phosphate and the gypsum plots produced a much denser stand of alfalfa,
which was conspicuously darker green in color, and contained a smaller
percentage of weeds. The other fertilized plots did not differ in appear-
ance from the check plots, the alfalfa possessing a pale green color, and

*All the soil analyses given in this hulletin have been taken from the bulletin The
Soils of Jackson County, by Tartar and Reinser (Ore. Exp. Sta. Bul. No. 164).

TABLE I. FERTILiZER USED AND YIELDS, A[EDFOR1) FINE SANDY LOAM
Plots one-tenth acre in size. Fertilizer applied April ii, 1912

Plot Application 1ield first cutting

I
lbs. lbs.

ii Dried blood 50 370
21 Supecphosphate 50 400
3 Muriste of potash 25 330
4 Dried blood 50 470

Superphosphate 50
5 Dried blood 50 390

Muriate of potash 25
6 Superphosphate 100 418

Muriate of potash 25
7 Dried blood 25 452

Superphosphate 50
Muriate of potash 25

8 Gypsum 40 414
0 Checks 352

Potassium Nitrogen Calcium Magnesium Phosphorus Sulfur Organic Matter

% e/ % %

Surface 1.62 .107 2.33 1.25 .052 .032 3.48

Subsoil 1.43 .026 1.83 103 .062 .016 256
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containing a very high percentage of needle grass (Bromus). The dried
blood had no effect on the alfalfa but improved the growth of the needle
grass, and this is responsible for the increased yield of this plot overthe check plots and the potash plot. It is interesting to note that the
plot which received potash produced less than the check plots.

The lesson learned from this experiment was that superphosphate
and gypsum increased the yields, and had a favorable effect on the colorof the plant. The field was ploughed and planted to wheat in the fall
of 1912, hence the experiment was discontinued at that time.

Second Experiment
The increases in yield obtained from superphosphate during 1912

were attributed, at that time, to the phosphorus. Therefore tests were
made in 1913 to d.etermine whether the cheaper "ground rock phosphate"would give similar results. These tests were made near Talent, Oregon,
one on J. H. Fuller's ranch, on Tolo Loam Soil, and one on Graves and
McPhail's ranch on Agate Gravelly Loam Soil. The land in both cases
had been in alfalfa for many years, hence contained a good supply of
humus. The experiment included three plots on each ranch, each plot
one-tenth acre in size. One plot received 30 pounds of superphosphate,

Fig. 1. Comparative yields of alfalfa from plots of equal size. Begiosing on theleft 1. Hay from unfertilized plot. 2. From plot fertilized with gypsum. 3. Fromplot fertilized with monocalcic phosphate. 4. From plot fertilized with superphosphate.

one 30 pounds of rock phosphate, and one was an untreated check plot.
The rock phosphate had no effect whatever on the yield or on thecolor of the plants. The superphosphate on both soil types produced an

increase in yield of fully 100 percent over the check and rock phosphate
plots. The stand of alfalfa on the superphosphate plots was much thicker
and freer from weeds, and the plants possessed a much darker green
color than on the other plots.

These plots received no further applications, but in 1914 the effect
of the superphosphate was just as apparent as during the first year of
the experiment. It was thought that possibly the rock phosphate would
be more available and therefore more effective the second year after
applying it, but the plots which received this material showed no im-
provement during 1914.

On an adjacent ranch, consisting of Tolo Loam soil, the owner in
1913 fertilized a portion of his field with gypsum and it produced an
enormous increase in yield over the unfertilized portion.

The fact that the rock phosphate, which contained 13 percent phos-
phorus, had no effect whatever on the alfalfa, and that gypsum which con-
tained no phosphorus produced similar effects to superphosphate, indicated
that the increase in the yield and the rich green color produced by the
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superphosphate probably werd not due to the phosphorus which it sup-
plied. That gypsum and superphosphates should produce similar results
was quite surprising. Both gypsum and superphosphate contain calcium
and sulfur. That the calcium was not responsible for the increased yields
was certain, as these soils contain an abundance of this element, and
applications of lime had never increased the yield on these soils. The
results indicated that possibly the increased yields produced by the
superphosphate and the gypsum were due to the sulfur which they
contain.

This possibility was strengthened by observations often made on the
effect of lime-sulfur sprays on the leguminous cover crops in this valley.
Many instances have been noted where alfalfa, red clover, vetch, and
Canada field peas growing in orchards sprayed with lime sulfur made
a far better growth and possessed a darker color under the trees and
wherever the spray had drifted than between the rows.

EXPERIMENT WITH SULFUR

In the spring of 1914 an experiment was started to determine whether
or not the sulfur in the gypsum and the superphosphate was responsible
for the increased yield. () This experiment was also conducted on the
Tolo Loam on J. H. Fuller's ranch. The alfalfa at that time was fourteen
years old. Originally this field had produced excellent crops, but for
three or four years previous to the beginning of the experiment the yields
were unsatisfactory.

The superphosphate, flowers of sulfur, and iron sulfate gave identi-
cal results. Each of these plots produced fully twice as much as the
check plots; the stand was thicker, much freer from. weeds, and the
plants were larger and possessed a much darker green color. The rock
phosphate had no effect whatever either on the yield or on the color,
and no difference of any kind could be noted between this plot and the
check plots. These plots produced a fair yield, contained a large amount
of needle grass, and the alfalfa had a yellowish green color, indicating a
starved condition.

None of the plots received further applications but the effect of the
fertilizers applied in 1914 was very evident even during 1915.

The results of this experiment showed very plainly that it was the
sulfur and not the phosphorus in the superphosphate that produced the
increased yields and the richer color of the alfalfa. It is assumed, of
course, that the sulfur in the flowers of sulfur changed to a sulfate
before it was utilized by the plants.

TABLE II. SHOWING FERTILIZERS APPLIED ON TOLO LOAM
Plots 2x13 rods. Applied March 2, 1914.

Plot. Applir t o

lbs.
1
2

Superphosphate
check

Ct)

8
4 cheek

Flowers of sulphur I
50

0
6

Rock phosphate
check

f
50

7 Iron sulphate 50
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VALUE AND EFFECT OF SULFUR FERTILIZERS

In the springs of 1915 and [916 some new and permanent experi-
ments were started to determine the following points:

The value of sulfur fertilizers on various types of soil.
The value of the various sulfates as fertilizers for alfalfa.
Do the sulfate fertilizers benefit the a]falfa plant directly as a
plant food, or indirectly by the liberation of other plant foods
already in the soil, such as potassium, phosphorus, calcium, or
by increasing the available nitrogen supply?

These experiments were conducted on various soil types and in vari-
ous localities in the Rogue River Valley.

Experiment on Antelope Clay Adobe Soil

The experiment on the Antelope Clay Adobe soil was conducted on
Mrs. K. Bernst's ranch, about six miles northeast of Medford, Oregon.
Since very extensive experiments were conducted on this soil, and
valuable results obtained, a complete description of this soil will be given.

The soil is a very heavy, black adobe soil of a very sticky nature.
It is deep and well drained. The following table gives the physical
composition: -

Fine Coarse Medium Fine Very fine Silt Claygravel sand sand sand sand
% %1.5 6.1 5.5 10.3 5.8 31.6 39.1

As is indicated by the very high percentage of clay and silt this soil
has a high water-holding capacity and retains moisture remarkably well.
However, owing to the long dry season, it becomes dry and hard and
checks badly during the latter part of the summer. This field has never
been irrigated. An analysis of this soil showed the following chemical
composition, expressed in percentages:

Organic
Potisaainm Nitrogen Calcium Magnesium Phosphorus Sulfur Limestone Matter

It is evident that this soil is well supplied with potassium, calcium,
magnesium, organic matter, and limestone. It is low in phosphorus and
very low in sulfur. It shows no indications of acidity or alkalinity.

The alfalfa was planted in this field in the spring of 1913, and the
first season was ideal for young alfalfa, as the rainfall during the spring
months was normal and during June and July was far above normal.
Thus a fine uniform stand was obtained.

Unfortunately it is impossible to determine whether the alfalfa seed
planted in this field was inoculated, as the man who planted it died
before the fertilizer experiment was started. Most of the soils of this
valley are naturally so well supplied with the alfalfa nodule bacteria
that inoculation of the seed is not necessary. All of the alfalfa roots
examined in this field have some nodules, but they are not numerous.

The alfalfa made a fair growth the first season, hut an unsatisfactory
growth during 1914. During the two seasons the plants did not possess
the deep green color characteristic under favorable conditions. During
1914 especially the plants possessed a pale yellowish color which indi-
cated at once that something was lacking. When the fertilizer experi-
ment was started in the spring of 1915 there was still a thick and uni-
form stand over the entire field.

The following table shows the plan and the results of the firstexperiment started in this field.

Surface 1.32 .117 2.32 1.15 .064 020 0.11 735Subsoil 0.62 .074 266 .72 .066 .017 1.29 6.25
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TABLE III. FERTILIZER APPLIED AND yIELDS, ANTELOPE CLAY ADOBE SOIL

Plots 2x8 rods. Fertilizer applied March 9, 1915, and the same
application repeated March 30, 1917.

Fertilizing Yield in pounds
constituents 191 5 191611 917Jl918lTOtal

lbs. lbs.! I I
I

1 I Check I

I

299 96! 76 38 509
2 Gypsum 59 5

I
Sulfur 10.011088 984! 608 214 2894

3 Monocslcic phosphate 41.0
I

Phosphorus 9.6 318 142! 94 52! 606
4 Superphosphate 82.3 I

Phosphorus 7.4 1092 964 600 216! 2872
I

Sulfur 10.0
S Check 216 671 66 70 419
6 I Sulfur 10 Sulfur 10

!

528 10541 740 230 2552
7 Sulfur 30

I
Sulfur 30 11002 1076! 756 206 3040

S Iron iulfate 84
I

Sulfur 10 1122 1156! 896 272I 3446

The low yields during 1917 are due to the dry season. The very low
yields during 1918 are due to the cold Spring and the exceptionally dry
season.

In this experiment an equivalent amount of sulfur was applied to
plots 2, 4, 6, and 8, or at the rate of 100 pounds an acre in each case.
Plot 7 received three times as much sulfur as the other plots. Plot 3
received no sulfur but 2.2 pounds more phosphorus than plot 4.

In this experiment the plots which received the various sulfur fer-
tilizers produced enormous increases in yield, amounting to more than
1000 percent in some of the plots during come seasons. While there is
considerable variation in the yields of the various plots which received
the same amount of sulfur, in general the results agree. These weights
do not express the total difference in yields of actual alfalfa produced
by the fertilized and unfertilized plots. The hay from the fertilized plots
contained practically no weeds, while that from the check plots and
from the monocalcic phosphate plot always contained a high percentage
of weeds in the first cutting. For example, in 1915, samples were taken
from the various plots in the first cutting and the weeds separated by
hand from the alfalfa. By actual weight the hay from the check plots
and the monocalcic phosphate plot contained 61 percent of weeds, while
the plots fertilized with sulfur were almost entirely free from weeds.

It will he noted that the plot which received 10 pounds of flowers
of sulfur produced only about one half as much alfalfa the first season
as the plots which received the sulfur in a more available form. This is
due to the fact that the sulfur in the flowers of sulfur must change to a
sulfate before the plant can use it. This requires considerable time, and
a large percentage of the sulfur did not change to a sulfate the first
season, and hence was not available to the plant. It will be noted that
the plot which received thirty pounds of flowers of sulfur produced
practically twice as much the first year as the plot which received only
ten pounds; and that this plot also produced nearly as much alfalfa as
the plots which received sulfur in the more readily available forms of
gypsum and superphosphate. Judging from these results it appears as
though less than one-third of the sulfur in the flowers of sulfur became
available the first season, and that this amount on this soil was not
sufficient for maximum production where the flowers of sulfur was
applied at the rate of 100 pounds an acre. It will be notec that after
the first season the plot which received only ten pounds of flowers of
sulfur in 1915 produced a greater yield than either the gypsum plot or
the superphosphate plot, and only slightly less than the plot which
received 30 pounds of flowers of sulfur.

It is interesting to note that the iron-sulfate plot has produced the
highest yields during each of the four seasons. This is probably due to



the fact that the iron sulfate is more soluble than any of the other ma-
terials applied. This woifld certainly affect the results the first season,
and possibly also the following season. We cannot attribute any value
to the iron in the iron sulfate as this soil contains enormous quantitiesof this element.

The gypsum has produced just as good results as the superphosphate
on this soil when applied in amounts supplying equal quantities of sulfur.
This would indicate that up to the present time this soil has not been
in need of phosphorus for alfalfa where sufficient quantities of sulfur
have been applied. How long this will continue to be the case can be
determined only by continuing the experiment. It is certain, judging
from the analysis of this soil, that the phosphorus content is not high
and that it is slowly but constantly being removed by the alfalfa, and
that eventually applications of phosphorus as well as sulphur will have
to be made to this soil.

It is important to note that where monocalcic phosphate was added
to the soil without any sulfur an increase in yield over the check plots

Fig. 2. l'lot on left fertilized with flowers of sulfur at the rate of 100 pounds peracri, producing a. very heavy yield and dark green color. Plot, on right not fertilizedshowing very poor yield and light, yellowish color. Antelope Clay Adobe soil.

was obtained. This increase, however, is smaji when compared with
the increase produced by either the gypsum or the flowers of sulfur.
The increase produced by the monocalcic phosphate does not appear to
be in harmony with the comparative results obtained from gypsum and
superphosphate, where the phosphorus apparently had no effect. The
increase in yield of the plot receiving monocalcic phosphate was chieflyin the first crop. The check plots and the monocalcic phosphate plot
produced such a thin growth of alfalfa that wild oats and weeds consti-
tuted more than half of the weight of the hay in the first cutting. The
increased yield of the monocalcic phosphate plot over the check plots was
chiefly due to the increased growth of weeds on this plot. However,
there was an increase during some seasons in the second and third
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crops when there were no weeds on any of the plots. One explanation
may be offered for this. It is possible that 'oiere there is such a defi-
ciency of sulfates as in this soil and where there is only a moderate
amount of phosphorus present, an application of a very available form
of phosphorus without any sulfate may be slightly beneficial. The
increased yield due to the phosphorus, however, has never been sufficient
to pay for the fertilizer.

The monocalcic phosphate had no effect on the color of the alfalfa,
as the plants on this plot had the same starved, yellowish appearance as
those on the check plots.

In another experiment on this same field started in the spring of
1916 the monocalcic phosphate plot actually produced less than the near-
est check plot. Hence, up to the present time the phosphorus added to
these plots has proved of little or no value. While the total phosphorus
content of this soil is not high, a large percentage of it is probably in an
available condition owing to the large amount of limo present.

Not only was the yield greatly increased where sulfates were applied
but the effect on the color of the plants was equally marked. The alfalfa
on these plots possessed a rich, dark-green color, fully equal to the best
alfalfa grown on the most famous alfalfa fields in the valley. The alfalfa
on the check and monocalcic phosphate plots had a sickly, pale yellowish
color which indicated at once that something was lacking This differ-
ence in color is clearly shown in the illustrations.

The excellent results obtained from flowers of sulfur in these experi-
ments is probably due in great measure to the large amount of lime,
magnesium, and potassium in these soils. With such large amount of
basic materials present the flowgrs of sulfur may be readily converted
into available sulfates. It is highly probable that when flowers of sulfur
is added to this soil the sulfur is oxidized and then combined with the
large store of calcium, forming gypsum. Part of it probably com-
bines with potassium, magnesium, and iron and forms sulfates with
these basic elements.

Effect of VariGus Elements With and Without Sulfur

The results obtained in 1915 proved conclusively that the beneficial
results obtained from superphosphate on alfalfa in this valley were not
due to the phosphorus which this fertilizer supplied; and tuTther that
the beneficial results obtained from gypsum and flowers of sulfur were
not due to a liberation of phosphorus in the soil. It still remained to be
determined whether these beneficial results were due td a liberation of
potassium or other elements in the soil. To determine this a second
experiment was started on Antelope Clay Adobe soil, arid on another
part of the Bernst field in which the previous experiment was conducted.
The plan of the experiment is shown in the following table
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TABLE IV. FERTILIZER APPLIED AND YIELDS, ANTELOPE CLAY ADOBE SOIL

The soils of plots 1 and 2 proved to be somewhat shallower than on
the other plots and this is responsible for the Comparatively low yields
on these plots. It would therefore be better to leave these two plots
out of consideration entirely in studying the results.

'The results obtained from the experiment are in harmony with those
obtained in the experiment started on this soil in 1915. All of the plots
which received sulfur fertilizers produced enormous iqcreases in yield.
On most of the plots these increases amounted to several hundred
percent.

In this experiment, just as in the others, the more available sulfates
gave much better results the first year than the flowers of su.lfur. For
example, the gypsum plot produced nearly three times as much the first
season as the plot which received an equal amount of sulfur in the form
of flow ers of sulfur.

The plot which received 30 pounds of sulfur produced, as in the
previous experiments, a much larger yield the first year than the plot
which received only 10 pounds. This increase amounted to very nearly
70 percent. The second se.ason the plot which received oniy 10 pounds
produced 5 percent more than the plot which had received the 30 pounds.
This is in harmony with the results obtained in the other experiments
where it was found that the one application of 10 pounds to each plot or
100 pounds an acre, gave as good results the second and third years as
an application of 30 pounds to each plot or nearly 300 pounds an acre.
All these results indicate that moderate, and probably more frequent,
applications of flowers of sulfur are as satisfactory and more economical
than very large applications made at long intervals.

The plots which received the lighter applications of flowers of
sulfur produced slightly more the second and third years than, the plot
to which gypsum had been applied.

The largest total yield was produced by the plot to which magnesium
sulfate (Epsom salts) had been applied. The superiority of this plot was
greatest during the first season. The magnesium sulfate is very soluble,
and if the cost were not prohibitive would prove an excellent fertilizer
for alfalfa, as this plant uses large quantities of magnesium as well' as
sulfur.

Plots 2x8 rode. Pertilizer applied Jan. 25, 1916.

Fertilizing Yield in pounds
Plot. Application constituents 191611917 1918 Total

11 lbs.
1 Check 49 104 44 197
2 Sulfur 60.0 Sulfur 60.00 370 532 176 1078
3 Sulfur io.oj Sulfur 10.00 284 708 208 1200
4 Sulfur 30.01 Sulfur 30.00 482 672 212 1366

(iypsum 59,5 Sulfur 10.00 789 652 200 1641
6 i Monocalcie phosphate 31.6 Phosphorus 7.47 118 100 68 286
7 I Superphosphate 82.3, Sulfur

Phosphorus
10.00 772

7.47
652 224 lg48

8 Muriate of potash 53,3 Potassium 44.20 80 136 96 12
9 Sulfate of potash I54. Sulfur 110.001 5.96 692 240 1528

Potassium 44.20
10 Check 138 144 48 830
11 Nitrate of soda 55.8 Nitrogen 8.57 154 120 44 318
12 Sulfate of ammonia 42.3 Sulfur 10.00 772 5113 180 1468

Nitrogen 8.57
13 Iron sulfate 86.91 Sulfur 10.00 754 628 200 1582
14 Magnesium sulfate 78.21 Sulfur 10.00 834 648 172 1654
15 Sodium sulfate 103.3 Sulfur 10.00 648 608 160 1416
16 Check 04 140 44278
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Special attention is called to the large increase produced by the
alkali, sodium sulfate. This alkali when present in the soil in large
amounts is injurious to plant life. In this experiment, however, the
amount applied proved highly beneficial. It has been suggested by
some that the beneficial effects produced by the flowers of sulfur in
our experiments may be due to its effect in changing an injurious sodium
compound in the soil to the less injurious sulfate form. The beneficial
results obtained from applications of sodium sulfate itself indicate that
this is not the case. Undoubtedly continued applications of sodium sul-
fate would in time prove detrimental and we are not recommending its
use.

The results obtained on plots 6 to 12 inclusive are undoubtedly the
most valuable of the entire experiment. These results show conclusively
that the increased yields produced by the sulfates are not due to the
liberation of potash or phosphorus in the soil, or to some influence on
nitrification.

Plots 6 and 7 received an equal amount of phosphorus in a very
available form. Plot 6, which received only phosphorus, actually pro-
duced less than the nearest check plot. It is therefore certain that this
soil is not in need of phosphorus, anci the beneficial results obtained
from sulfur fertilizers cannot be attributed to any effect such fertilizers
may have on the liberation of phosphorus in this soil. The superphos-
phate, applied to plot 7, produced an average annual increase of 399 percent
over the nearest check plot. Since the phosphorus which the superphos-
phate supplies is not responsible for the increases which the material pro-
duced, such increases evidently are due to the sulfur which this fertilizer
contains.

Plots 8 and 9 received an equal amount of potash in a very available
form. During the three years of the experiment, plot 8, which received
the muriate of potash at the rate of 533 pounds an acre, produced less
than the nearest check plot. It is therefore apparent that this soil is
not in need of potash at the present time, and the increased yields of
alfalfa produced by the sulfate fertilizers cannot be attributed to any
effect that such fertilizers may have in liberating potash in the soil.
The sulfate of potash applied to plot 9 contained in addition to the
potassium, 10 pounds of sulfur. This plot produced during the three
years an average increase of 363 percent in yield over the adjacent
check plot. The only conclusion which can be drawn from this experi-
ment is that the sulfur, and not the potash, in the sulfate of potash is
responsible for this increased yield.

Plots 11 and 12 received an equal amount of nitrogen. During the
three years of the experiment the total yield produced by the nitrate
of soda was slightly less than that produced by the adjacent check plot.
In other words, an addition of 558 pounds of nitrate of soda an acre
produced no increase in yield, and had no effect on the color of the
alfalfa. It is certain from this result that the poor yield of alfalfa
naturally produced on this field cannot be attributed to an insufficient
supply of nitrates in the soil. It is also certain, therefore, that the
beneficial results obtained with sulfur fertilizers on this soil cannot be
attributed to any influence they may have on nitrification.

The plot to which sulfate of ammonia was applied produced during
the three years of the experiment an average increase of 344 percent in
yield over the nearest check plot. The amount of nitrogen supplied by
the sulfate of ammonia was the same as that supplied by the nitrate-of-
soda plot; and since the nitrogen in the nitrate of soda had no effect on
the alfalfa, it is apparent that the increased yields produced by the sul-
fate of ammonia cannot be attributed to the nitrogen which it supplied.
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This increased yield unquestionably was produced by the sulfur in the
sulfate of ammonia. That the nitrogen in the sulfate of ammonia also
was of no additional benefit is certain since this plot did not produce any
more than the iron sulfate and the magnesium sulfate plots which received
the same amount of sulfur but no nitrogen.

The alfalfa on the plots which received the superphosphate, sulfate
of potash, and the sulfate of ammonia possessed the rich, dark-green color
which was so characteristic of all the plots that received sulfur or any
of the sulfates. On the other hand the plots which received the mono-
calcic phosphate, the muriate of potash, and the nitrate of soda, produced
alfalfa which was pale, sickly, yellowish, and which could not be dis-
tinguished from that produced by the check plots.

II

Fig. 3. Plot on left fertilized with superphosphate supplying sulfur at the rate of
100 pounds to the ocre. Plot on the right received monocsloic phosphate supplying
phosphorus at the same rate as on the superphosphate plot. but no sulfur. Note the
darb color and heavy yield of the superphosphate plot, and the poor yield and vei y
light, rotor on the monocalcic plot ntelop Clay Adobe so'l.

A Comparison of Lime and Sulfur

The Antelope Clay Adobe Soil on which these experiments are
being conducted is well supplied with lime, hence at the time the earlier
experiments were started it was not deemed necessary to try applications
of lime. After the work had been carried on for two years, however, it
was thought best to try applications of lime to determine conclusively
whether this material would prove beneficial to alfalfa on this soil.
Therefore another experiment was started in another portion of this
field where no fertilizers of any kind had ever been applied. The
following table shows the plan of the experiment and the results obtained.
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TABLE V. PLAN OF EXPERIMENT TO DETERMINE VALUE OF LIME
Antelope Clay Adobe soil. Plots 2x8 rods. Material applied Nov. 10, 1916

Plot Application
ljerti ii ci ug
constituents

Yield in pounds
I ''7I 101siTotal

*While the pyrites contained a total of 19.22 lbs. sulfur only 52% of the material(contaIning 10 lbs. of sulfur) passed through a 200-mesh screen.
The yield on the plots which received the applications of lime was

only slightly greater than that produced on the check plots. No differ-
ence in appearance whatever could be noted in the field between the
lime-treated and the check plots in height, density of stand, or color of
plants. The increase in yield was too small to pay for the cost of the
lime.

The sulfur and the gypsum again produced enormous increases in
yield amounting to 324 percent on the sulfur plot, and to 415 percent on
the gypsum plot.

It is evident from these results that the beneficial results obtained
from sulfur on this soil are not due to any influence that it might have
on the liberation or availability of lime in the soil.

We have observed that very large applications of sulfur have an
influence on the physical condition of the soil, making it loose and mel-
low, especially near the surface of the ground. It was thought that
possibly this influence especially on the very heavy soils, might account
for the marked increases in yield produced by sulfur. The results from
this experiment indicate that this is not the case, since large applica-
tions of quick lime, which have a similar effect in mellowing heavy soils,
have not produced any such increases in yield as has the sulfur.

Where the sulfur is applied to the soil in the fall as it was in this
experiment giving it all winter to oxidize into the sulfate form, it gives
much better results the first season than wber it is applied in the early
spring. However, even the fall application of sulfur in this experiment
did not give as good results the first year as did the gypsum.

The iron pyrites used in this experiment was obtained from a large
deposit of this material in the mountains near this valley. The sample
used in this experiment contained 40.33 percent sulfur. Since the sulfur
in the pyrites exists as iron sulfide we concluded that it would probably
become available very slowly. For this reason it was ground as fine as
possible with the available machinery. All of it passed through a 511-
mesh screen, and 52 percent of it, containing 10 pounds of sulfur, passed
through a 200-mesh screen. After the material was applied plot 2 was
thoroughly harrowed with a spring-tooth harrow, while on plot 3 the ma-
terial was left on the surface, It will be noted that nothing was gained by
the harrowing, as plot 2 produced slightly less than plot 3. That nothing
would be gained by harrowing was to be expected, as this heavy soil is
moist all winter and spring, and as the surface freezes and thaws often
throughout the winter the fertilizer very soon becomes covered with soil.

The two pyrites plots produced an average increase of 102 percent
In yield. While this is a considerable increase over the check plots, it
is still small when compared with the plots which received sulfur and
gypsum. The pyrites was much more effective the second year of the

lbs. lbs.
1 Check Nothing 152 44 1962 Pyrites 47.68 Sulfur *19.22 240 140 3803 Pyrites 47.68 Sulfur *19.22 276 144 4204 Sulfur io.00 Sulfur 10.001 628 212 8405 Gypsum 59.50 Sulfur 10.001 764 256 1020
6 Quick lime 20000 Lime 200.001 168 56 224
7 Ground limestone . 200,00 Lime 200.001 1721 48 2208 Check Nothing 1481 52 200
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experiment than the first. It is evident from these reSults that con-
siderable time is required for the sulfide in the pyrites to change to
t.he sulfate.

SULFUR AND ROCK PHOSPHATE

In the spring of 1917 a permanent experiment was started to de-
termine the comparative value of sulfur, sulfur and rock phosphate,
gypsum, gypsum and rock phosphate, and superphosphate, when used
continuously for many years. This experiment also is being conducted
on Antelope Clay Adobe soil on the Bernst ranch. The alfalfa was four
years old at the beginning of the experiment, and as it had never re-
ceived any fertilizer it was making a very poor growth. The plan of
the experiment and the results to date are shown in the table below.

Fig. 4. Light-colored area in foreground unfertilized. Dark plot on extreme right
fertilized with gypsum. Light-colored plot in center fertilized with monocalcie phos-
phate. Dark-colored plot on left fertilized with superphosphate. The gypsum and the
superphosphate esch supplied sulfur at the rate of 100 pounds to the acre. The mono-
cable plot in the center received phosphorus at the same rate as the superphosphate
plot but contained no sulfur. Antelope Clay Adobe soil.

TABLE VT. EXPERIMENT TO DETERMINE COMPARATIVE VALUE OF SULFUR
AND ROCK PHOSPHATE AND OTHER FERTILIZERS

There is a slight swale between plots 5 and 6 which intersects the
field. The soil on plots 6 to 11 inclusive is slightly better than that

Plots one-twentieth acre in size. Fertilizer applied Jan. 18, 1917.
Yields in pounds

Plot Application I 1917 I 1918 I Total
lbs.

1 Check I 52 22 74
2 Superphosphate 21.57 262 78 I 340
3

I

Gypsum 14.88 312 00 402
I Rock phosphate 14.05 I

4 Gypsum 14.88 266 95 361
5 Check 58 15 I 73
6 Superphosphate 20.57 I 288 106 394
7 Sulfur 5.00 I

272 117
I

389
Rock phosphate

I

14.05 I

Rock phosphate 14.05 272
I

117 389
8 Sulfur

I 5.00 278
I

133 I 411
9 Sulfur

I

10.00 322
I

130 I 452
Rock phosphate 14.05

10 Sulfur
I

10.00 284 I 122
I

406
llChecic

I
34

I
16

I
50
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on plots 1 to 5 inclusive. Therefore plots 1 to 5 should be studied as
one group and plots 6. to 11 as a separate group. All the fertilized plots
produced enormous increases in yield over the check plots. The most
interesting result, and perhaps the most important one, is that by far
the largest yields were produced by plots 3 and 9 the first year. Both
of these plots received rock phosphate as the source of phosphorus.
Just why plot 3 should produce more than plot 2 is difficult to explain
as both received the same amount of sulfur and phosphorus, and the
phosphorus in the superphosphate is in a more available condition than
that in the rock phosphate.

Plots 7 and 8 produced nearly as much the first year as plot 6 which
received the superphosphate. The second year they actually produced
more, and plot S considerably more. The rock phosphate added to the
sulfur on plot 7 appeared to have no effect since this plot produced
no more than plot S which received only sulfur. On plot 9 the rock
phosphate appeared to be very beneficial, since this plot produced con-
siderably more, especially the first year, than plot 10 which received
an equal amount of sulfur. At the present time it is impossible to explain
these inconsistencies.

Plot 9 produced the largest yield of all the plots the first year.
This is probably due to the fact that more sulfur became available on
this plot than on any of the other plots. While this plot did not receive
any more sulfur than plot 10 it is probable that more of it became avail-
able the first year owing to the presence of the rock phosphate. The
work of Brown and Gwinn (6) of the Iowg Station shows that flowers
of sulfur is more readily changed to sulfates in the soil in the presence
of rock phosphate than in its absence.

The second year the plot which had received the 5 pounds of sulfur
produced the largest yield, even larger than the plot which received the
10 pounds of sulfur. This bears out the results of the other experiments;
namely, that an application of 100 pounds of sulfur an acre each year
is ample, and more desirable than larger applica5tions.

The chief object of this experiment is to determine the comparative
value of sulfur, superphosphate, and sulfur and rock phosphate, when
used on alfalfa for many years. The results obtained the first two years
are of secondary importance only, as they gave no clue to the ultimate
results. The experiment will have to be carried on for a number of years,
and probably for many years, before this question can be finally
answered. The preliminary results indicate that sulfur and rock phos-
phate will prove just as effective as superphophate, and far mcre.
economical.

In the future the amount of sulfur applied to plots 7 and 8 will be
reduced to two and one-half pounds. This will supply the same amount
of sulfur to these plots as that applied to the superphosphate plot.

SULFUR FERTILIZERS ON VARIOUS TYPES OF SOIL

During the summer of 1914 and the springs of 1915 and 1916 experi-
ments were started to deternune the value of sulfur fertilizers on various
soil types in this county. The object of these experiments was to de-
termine how generally sulfur fertilizers are beneficial on the widely
different soil types. The results of these experiments are presented
herewith, but as they agree in the main with those which have already
been presented, it is not deemed necessary to discuss them at length.
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Experiment on Medford Gravelly Clay Loam

This experiment was conducted on M. L. Hartley's ranch about one
mile north of Talent, Oregon. The soil in this field is a dark, gravelly
clay loam of moderate depth, and is underlaid with a tenacious yellow
clay. It is well drained, and not irrigated. During the latter part of
the summer it becomes dry and hard and checks considerably.

The chemical composition of this soil is as follows:
Potassium Calcium Magnesium Nitrogen Phosphorus Sulfur Organic Matter

The analysis shows this soil is well supplied with potassium, cal-
cium, and magnesium, contains a fair amount of nitrogen in the surface
goil, and is rather low in phosphorus. The subsoil is very low in sulfur.

Fig. 5. Plot on left fertilized with mujiate of potash and plot on right with sul-
fate of potash. The same amount of potash was supplied to the two plots. The muri-
ate of potash contained no sulfur, while the sulfate of potash supplied sulfur at the
rate of 100 pounds to the acre. Note the poor yield snd light color on the muriate-
of-potash plot, and the heavy yield and dark color on the sulfate-of-potash plot.

The alfalfa was six years old at the beginning of the experiment.
The plan of the experiment and results are indicated in the table below.

% % %
Surface 1.66 2.48 105 .177 .069 .038 7.15
Subsoil 1.31 2.52 144 .061 .085 .025 462
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TABLE VII. FERTILIZER EXPERIMENT, MEDFORD GRAVELLY CLAY LOAM
Plots 2x8 rods. Fertilizer applied June 11, 1914.

Only one application made during three years.

Since the fertilizer was applied after the first crop had been cut
in 1914, and since very little rain fell during the remainder of that sum-
mer, the ferti]izer had no effect on the yield that season. While the
soil in this field appeared to be uniform the stand of alfalfa was not
sufficiently uniform to make it ideal for experimental work. To reduce
error due to the variation in stand a large number of check plots were
used. There is considerable variation in the yields of the various check
plots, especally during 1917, which niust be taken into consideration in
interpreting the results. While considerable allowance must be made
for this difference in the plots at the beginning of the experiment, the
influence of the fertilizers was so great that there can be no doubt re-
garding their effect.

All of the fertilizers containing sulfurflowers of sulfur, super-
phosphate, and iron sulfateproduced large increases in yield. The
average yield for all the plots receiving flowers of sulfur was 394 pounds
a plot each year, that of the superphosphate plot was 434 pounds a plot
each year, that of the iron sulfate plots was 418 pounds a plot each year,
while the average yield of all the check plots was 222 pounds a plot
each year. The average of the two plots which received steamed bone
meal was 206 pounds a plot each year, which is less than, the average
for all the check plots, and lees than the average of the check plots
djacent to these steamed-bone-meal plots. It is thus evident that the

phosphorus in the steamed bone meal was of no value to the alfalfa.
Owing to variations in the stand of alfalfa it is difficult to make a

satisfactory comparison between the yields produced by the flowers of
sulfur, superphosphate, and iron sulfate. Probably the most satisfactory
way is to compare the yields produced by these plots with the adjacent
check plots. Such a comparison shows that the: flowers of sulfur pro-
duced an increase of 86%, superphosphate an increase of 70%, and the
iron sulfate an increase of 8% over the adjacent check 'plots.

The increase of alfalfa on the fertilized plots is actually larger than
these figures indicate, since the alfalfa hay produced on these plots
contained a much smaller percentage of weeds than the check plots.
It was impossible, owing to limited time, to separate the weeds from
the alfalfa, hence these are included in the weights.

The superphosphate and the iron sulfate used in this experiment
contained approximately 12% of sulfur, or 3.6 pounds to each plot. The
flowers of sulfur plot received 30 pounds of actual sulfur. It is important
to note that while the flowers-of-sulfur plot received more than eight
times as much sulfur as the other two plots it actually produced a

Plot Application I 1915

lbs.

Yields in pounds
I 1916 I 1917 I Total

1 Sulfur 30 395 309 454 1158
2 Check 121 220 299 640
3 Steamed bone meal 30 143 210 295 648
4 Check 134 285 343

I

762
5 Superphosphate 30 441 405 456 1302
6 Check

I
134 286 355 775

7 Iron sulfate 31') 418 432 439 1289
8 Check 127 224

I
199 550

9 Steamed bone meal 30 159 222 208 589
10 Cheek 136 249 218 603
11 Sulfur 30 408 400 398 1206
12 Check 123 267 276 666
13 Iron sulfate 30 379 402 I 438

I

1219
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smaller increase over the check plots than the iron sulfate, and an in-
crease of only 16% more when compared with the superphosphate plot.

It is remarkable that this small amount of sulfur (36 pounds to the
acre) on the superphosphate and iron-sulfate plots should prove effective
for at least three seasons. The reason for this will become apparent
after studying the chemical composition of alfalfa as given later in this
bulletin.

Experiment on Phoenix Clay Adobe Soil

This experiment was conducted on F. Barneburg's ranch, about two
miles southeast of Medford, Oregon. The Phoenix Clay Adobe soil is
the heaviest adobe soil in this valley, containing 63% of clay, and 21%
of silt. It is black in color, averages about four feet deep, and is of
very pronounced adobe structure. It is very retentive of moisture, but
during the last half of the summer becomes dry and very hard and
checks badly.

The chemical analysis of this soil shows the following percentage
composition:

Organic
Potassium Nitrogen Calcium Magnesium Phosphorus Sulfur matter Limestone

The analysis shows that this soil is rich in potassium, calcium, and
magnesium, and contains a fair amount of nitrogen in the surface soil,
and of phosphorus in the subsoil. It is low in nitrogen in the suhsoil, and
in phosphorus in the surface soil. The sulfur content is low. It con-
tains a fair amount of organic matter, and the subsoil is rich in lime-
stone (calcium carbonate).

The alfalfa was five years old at the beginning of the fertilizer
experiment. During the first three years after planting, this field produced
excellent crops, but in 1914 the yield was very much smaller than during
previous years. The field has never been irrigated.

The following table shows the plan of the experiment:

TABLE VIII. FERTILIZER APPLIEI) AND YIELDS PRODUCED,

Check plot 1 borders on a stream and the soil of this plot is better
than that of the other plots. This accounts for the larger yield of plot 1.
It would probably be better to ignore this check plot entirely. The fer-
tilizers containing sulfur again produced large increases in yield. The
gypsum plot produced a larger yield than the superphosphate plot, and
these two plots produced considerably more than the two plots which
received flowers of sulfur. The small amount of sulfur in the double
superphosphate, amounting to only 9.7 pounds an acre, produced a large
increase in yield, especially the first and second seasons. This shows

Phoenix Clay Adobe Soil. Plots

Plot Application

2x8 rods. Fertilizer applied March 9, 1915.

Yield in poundo
1i91511916119171Total

lbs.

Fertilizing
constituents

lbs.
1 I Check . I

227 450 736 1413
2 Gypsum 58.51 Sulfur 10.00 369 826 936 2131
3 Double superphosphate . . . . 40 Sulfur 097 361 418 608 1387

Phosphorus 7.40
4 Superphosphate 82 Sulfur 10.00 348 728 860 1936

I
Phosphorus 7.40

5 Check 159 260 544 963
6 Sulfur 10 Sulfur 10.00 216 478 676 1370
7 Sulfur 30 Sulfur 'i.. 30.00 253 422 668 1363
S Check 224 192 430 896

Surface 1.18 .117 183 1.25 .048 .021 7.18 0.13
Subsoil 1.05 .074 2.42 0.88 .072 .020 5.00 2.23
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that only a very small amount of sulfur is necessary to produce material
increases in yield. The effect of the double superphosphate was barely
perceptible the third season of the experiment.

Fertilizer Experiment No. 2, on Phoenix Clay Adobe Soil
In the spring of 1916 a second fertilizer experiment on alfalfa was

started on Phoenix Clay Adobe soil, and in the same field in which
Experiment No. 1 was conducted.

TABLE IX. FERTILIZER AND RESULTS, SECOND EXPERIMENT,

In this experiment the various plots of the west section are directly
opposite the plots of corresponding numbers of the east section.

Since the soil of this field is Composed entirely of alluvial material
it is not perfectly uniform, especially in depth. The soil of the south
side of the field, including plots 1 to 5 in each section. is deeper than
that on the north half, including plots 6 to 10. In studying the results
of the experiment this fact must be taken into consideration.

The chief object of this experiment was to throw some light on the
comparative value of large and small applications of both flowers of
sulfur and gypsum; and to determine whether the increased yields pro-
duced by the various sulfur fertilizers could also be obtained by the use
of either phosphorus or nitrogen.

All of the fertilizers containing sulfur produced large increases in
yield. The largest yield was produced by the plot which received the
largest application of flowers of sulfur. This result should not be con-
sidered conclusive on this point, since there is no regularity in the re-
suits obtained from the other applications of sulfur. For example, the
plot which received 60 pounds of sulfur produced less than the one which
received 30 pounds, and the plot which received 5 pounds produced more
than the one which received 10 pounds. These inconsistencies may be
due to variations in soil. These results and those obtained on other
fields indicate that very large applications of sulfur are not necessary,
and on some soils are undesirabie.

Phoenix Clay Adobe soil, Plots 2x8. Fertilizer applied Feb.
-

- Fertilizing
Plot Application constituents
West Section: lbs. lbs.

3,1916.

iield
119161191

in pounds
7ITotal

Sulfur 5.01 Sulfur 5,01 570 832 1402
2 Sulfur io.oi Sulfur 10.0 558 804 1362
3 Sulfur 30.0 Sulfur 30.01 664 824 1488
4 Superphosphate 82.3 Sulfur 10.0 756 792 1548

Phosphorus 7.4
5 Monocalcic phosphate 31.6 Phosphorus 7.4 348 592 940
6 Sulfate of ammonia 42.3 Sulfur 10.0: 5041 720 1224

Nitrogen 8,5:
7 Nitrate of sods 55.8 Nitrogen 8.51 182 516 698
8 Iron sulfate 86.9 Sulfur 10.01 528 632 1160
9 Check Nothing 1961 460 656
10 Check Nothing.

I
180 3841 564

East Section:
1

I

Sulfur
I

60.0 Sulfur 60.0' 7681 6961 1464
2

I
Sulfur 100.0 Sulfur 100.0 7821 87P 1654

3 Gypsum 100.0 Sulfur
I

16.8 6761 864 1540
4 Gypsum 59.5 Sulfur 10 0 6861 5121 1498
5 Gypsum

I 30.0 Sulfur
I

5,0 5821 8281 1410
6 Check-

: 2881 5801 868
7 , Gypsum

I

20.0 Sulfur 3.1 5061 684: 1190
8

I
Gypsum . I

10.0
Gypsum 5.0

Sulfur 1.6, 464' 84 1.04,5
Sulfur 0.841 :376! 441 840

101 Checic
I

Nothing 146 384 530
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The results obtained with gypsum show that the largest applications
produce the largest yields, and the yields decrease with the smaller
applications, although this decrease is not regular. While an application
of 5 pounds to each plot, or 50 pounds an acre, produced an increase of
58%, much larger increases were obtained by the larger applications.
The results indicate that the most profitable increases are obtained with
application of 200 to 300 pounds an acre.

The largest total increase was obtained on the superphosphate plot.
The second season, however, all except one of the flowers-of-sulfur plots
and three of the gypsum plots produced more than the superphosphate
plot.

The superphosphate plot produced 64% more than the monocalcic-
phosphate plot which received an equal amount of phosphorus in a very
available form. It is very evident from this that the large increase in
yield produced by the superphosphate is not due to the phosphorus
which it contains. It is also evident that the large increases produced
in this field by the flowers of sulfur and gypsum are not due to any
appreciable extent to a liberation of phosphorus in the soil.

Fig. 6. Plot on left fertilized with nitrate of oeda and plot on right with sulfate
of ammonia. The two plots received exactly the same amount of nitrogen. The sulfate
of ammonia also supplied sulfur at the rate of 100 pounds to the acre. Note the re-
markable influence of the sulfur in the sulfate of ammonia. Antelope Adobe soil.

While the monocalcic phosphate produced more than the check plots
this was not due to any effect that this material had on the alfalfa.
The alfalfa on this plot had the same yellowish color possessed by that
on the check plots. The increased yield on the rnonocalcic-phosphate plot
was due to an increased growth of weeds which the phosphorus stimu-
lated.

The sulfate of ammonia produced 42% more than the nitrate of soda
plot, although both supplied an equal amount of nitrogen. It is apparent
that the increased yield produced by the sulfate of ammonia is due to
the sulfur which this material contains and not to the nitrogen. The
nitrate of soda stimulated the growth of weeds on this plot, hence the
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greater weight of hay compared with the check plots. The nitrate of
soda had no influence whatever on the color of the alfalfa such as is
exerted by the sulfate of ammonia and the other sulfate fertilizers.

In this field the iron sulfate did not produce as large increases in
yield as some of the sulfur and gypsum plots, which probably is due to
the shallower soil on this plot.

Fertilizer Experiment on Salem Clay Loam

This experiment was conducted on Mike Hanley's ranch about two
miles north of Medford. The soil is commonly known as Bear Creek
Bottom, and is a deep, fertile clay loam. It contains 21% of clay and 40%
of silt. Although it is very distinct from the adobe soil, it is quite sticky
when wet and becomes very hard when dry.

The following table shows the percentage composition of this soil:
Potassium Nitrogen Calcium Magnesium Phosphorus Sulfur Organic Matter

Surface 1.50 .140 2.49 1.00 .050 .027 .615
Subsoil 1.28 .055 2.28 .90 .070 .024 3.82

Thepotassium, calcium, and magnesium content is high. The nitro-
gen content is fair in the surface soil and low in the subsoil. The phos-
phorus and sulfur content is low.

TAfflE X. PLAN OF EXPEIIIMENT AND RESULTS, SALEM CLAY LOAM
Plots 2x8 rods. Fertilizer applied March 8, 1915, and application

repeated March 27. 1917.

Fertilizing Yield in pounds
Plot Application constituents 11915119161 l9l7ITotsl

lbs. lbs.
1 Check 96 114 1841 394
2 Gypsum 59.51 Sulfur . 10.0 492 752 948 2102
3 Monocalcie phosphate 41.0 Phosphorus

I
9 6 178 120 228 526

4
I

Stiperphosphate 82.3 Sulfur 110.0 553 7681 888 2209
I

Phosphorus
1

8.5
5 ' Check

I
286 388' 3441 1018

6
I

Sulfur 10.01 Sulfur 10.0 435 930 9521 2317
7

I
Sulfur 30.01 Sulfur 30.0 61811126 111001 2844

8 I Iron sulfate 84.01 Sulfur 10,01 899106011016 2975
I Rock phosphate 56 0 Phosphorus. I

8.5 3681 3061 576 1250
101 Check 2731 2961 3681 937

The soil on which this experiment was conducted is an alluvial
deposit, and is quite variable. For this reason considerable allowance
must be made in studying the results.

The soil on check plot 1 is shallower, and that on plots 7, 8, and 9
is deeper than that of the other plots. The alfalfa was two years old
at the beginning of this experiment. It was not irrigated during the
experiment.

It will be noted that the plots which received the sulfur fertilizers,
gypsum, superphosphate, flowers of sulfur, and iron sulfate produced
enormous increases in yield. While the largest yields were produced
on plots 7 and this is due in part to the better soil on these plots.
There is very little difference in vielcl between the gypsum and super.
phosphate plots. The monocalcic-phosphate plot actually produced less
than check plot 5. These results indicate that applications of phosphorus
are not needed by the alfalfa on this soil at the present time. The larger
yield produced by plot 9 is not due to the phosphorus but to the better
soil of this plot.

The difference in the color of the alfalfa produced by the plots fer-
tilized with the various sulfur fertilizers and the others was remarkable.
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The alfalfa on these plots possessed a dark, rich green color while on
the other plots it had a pale yellowish color. Furthermore, the plots
treated with sulfur fertilizers were remarkably free from weeds owing
to the rank growth of alfalfa, while the other plots produced such a
poor growth of alfalfa that weeds in some cuttings were more abundant
than alfalfa.

Experiment on Coleman Gravelly Clay Loam
This experiment was conducted on A. Schnebley's ranch one-half

mile north of Phoenix, Oregon. The soil in this field is a very gravelly
clay loam about eighteen inches deep, underlaid with a gravelly clay
hard-pan. Owing to the impervious nature of the subsoil it becomes
water logged in winter and dry and hard in summer.

The following table shows the percentage composition of this soil:
Potassium Nitrogen Calcium Magnesium Phosphorus Sulfur Organic Matter

An abundance of potassium, calcium, and magnesium is found in
this soil, but it is low in nitrogen and phosphorus and the subsoil
is low in sulfur.
TABLE XI. PERTILIZERS AND YIELDS, COLEMAN GRAVELLY CLAY LOAM

The plots which received the various sulfur fertilizers produced
large increases in yield. The first year the plots which received the
flowers of sulfur produced less than the plots to which the more soluble
sulfate fertilizers were applied. The second year the plot which received
30 pounds of flowers of sulfur produced. the largest yield. The phos-
phorus in the superphosphate apparently was of no benefit since the
gypsum plot yielded slightly more. Owing to the sloping ground and
seepage in winter check plot 5 received som benefit from the fertilizers
on the two adjacent fertilized plots, and this is responsible for the larger
yield. The phosphorus applied to the inonocalcic-phosphate plot and the
rock-phosphate plot stimulated the growth of weeds on these two plots
hut had no effect on the alfalfa.

During the summer of 1117 this field was irrigated, and owing to
the rolling character of the land, and consequently the irregular dis-
tribution of water, this fertilizer experiment was discontinued.

Fertilizer Experiment on Barron Coarse Sand
This experiment was conducted in an old alfalfa field on F. Schneid-

er's ranch two miles east of Ashland. The soil is a coarse granite of
considerable depth, and the drainage is perfect. During the last half
of the summer this soil becomes extremely dry and the subsoil very hard.

Fertilizer applied February 24, 1915. Plots 2x8

_ields
I 1915

lbs.
I

97

rods.

in pounds
1916

140

Total

237

Plot

1

Application

Check
2 Gypsum 59.5 254 254 508
3 Monocalcic phosphate 41.0 138 50 188
4 Superphosphat.e 82.3

I
240 222 462

5 Check
I

150 138 288
6 Sulfur 10.0 194 242 436
7 Sulfur 30.0 213 266 479
8 Iron sulfate 84.0 229 246 475
9 Rock phosphate 56.0

I
100 46 146

10 Check
I 85 32 117

Surface 1.03 .056 8.48 1.33 .065 .037 287Subsoil 1.11 .018 338 1.92 .073 .014 3.79
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Table showing percentage composition of Barron Coarse Sand:
Potassium Nitrogen Calcium Magnesium Phosphosus Sulfur Organic Matter

This soil contains a large amount of potassium, calcium, and mag-
nesium, and a fair amount of phosphorus. It is very poor in nitrogen,
sulfur, and organic matter. The alfalfa was five years old at the be-
ginning of the experiment. It has never been irrigated.
TABLE XII. FERTILIZER APPLILD AND RESULTS ON BARRON COARSE SAND

Plots 25 rods. Fertilizer applied March 12, 1915

- Yields in pounds
Plot Application 1915 I 1916 ITotal

The gypsum, double superphosphate, and superphosphate produced
very large increases in yield iii this field. It is important to note that
the small amount of sulfur in the double superphosphate, amounting to
5.7 pounds an acre, produced an increase of 186 pounds over the nearest
check plot. It is also clear that this amount of sulfur is not sufficient
to produce maximum yields on this soil, as shown by the larger increases
produced by the larger amount of sulfur supplied to the gypsum and
superphosphate plots.

Experiment on Tolo Loam

This experiment was conducted on H. W. Frame's ranch about one
and a half miles west of Talent. The soil is typical red, foothill, clay
loam soil classified as Tolo Loam. The surface soil varies from 15 to 24
inches deep, and is underlaid with a tenacious yellow clay.

The percentage composition of the soil is as follows:
I'otassism Nitrogen Calcium Maimesiulu 1liosphorus Sulfur Organic Matter

This soil contains an ample supply of potassium, calcium, and
magnesium; a fair amount of nitrogen in the surface soil, and a small
amount in the subsoil. The phosphorus is rather low and the sulfur
very low, especially in the subsoil.

The alfalfa was one year old at the beginning of the experiment,
and was not irrigated before or during the experiment.

TABLE XIII. TREATMENT AND ALFALFA YIELDS, TOLO LOAM

Gypsum I

23.4
I

334
I

269
I

lbs.

2 Check 158 I 149 307
Double superphosphate 16,5

I
265

I

228
I

4 Superphoaphute '23.0 321 342
I

663
.1

I
Check 194 162 j

356

Plots 2x8 rods. Fertilizer applied March 9, 1915.

Yields in pounds
I'lot Application 1915 11 L6

I lbs. I I

Check 155 308
2 Gypsum .59 363 400

Double superphcsphale 40 306 438
4 Suporphoopliate 82 356 377
.5 Check 161 I 389
(1 Solfur 10 215 298

Sulfur 30 288 377

Surface 1.83 .148 1.50 0.85 .065 .029 5.63
Subsoil 1.41 .039 1,63 1.21 .061 .013 3.78

Surface 1.86 .052 2.20 .51 .077 .028 1.49
Subsoil 2.63 .015 1.54 73 .089 .015 2.06
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The first year the gypsum and superphosphate plots produced more
than twice as much as the nearest check plots, and the double super-
phosphate nearly twice as much as the check. The two plots which
received the flowers of sulfur produced large increases but less than the
more soluble gypsum and superphosphate. The second year all of the
plots produced more than the first. The increases over the check plots
are not so large, however, as the first year. It is quite remarkable that
the double superphosphate plot should produce more than any of the
others the second season.

Fig. 7, Plot in foreground not fertilized. First dark-green plot fertilized w ith
gypsum. First narrow yellow plot fertilized with monocalcie phosphate. Second dark-
green plot fertilized with ouperphosphate.. Second light strip not fertilized. Dark plot
in background fertilized with flowers of sulfur at the rate, 01' 100 pounds to the acre,
Note the heavy yield and dark color of all the plots which were fertilized with materials
containing sulfur. Antelope Clay Adobe soil.

Experiment on Medford Fine Sandy Loam

The experiment on Medford Fine Sandy Loam was conducted on
E. B. Hanley's ranch two miles north of Jacksonville. See page 6 for
description and composition of this soil.

The stand of alfalfa in this field was very good and uniform. The
alfalfa was producing fair crops, although the color was a rather light
green. This field had never been irrigated, and was not irrigated during
the experiment.

TABLE XIV, TREATMENT AND RESULTS, MEDFORD FINE SANDY LOAM.

Plot

Plota 2x8 rods. Fertilizer applied Feb. 26, 1915.

Yields in pounds
Application

I
1915

I

1916 Total
)S.

1
I

Superphoophatc 30 100 424 724
2

I

Check 209
I

272 481
3 Gypsum

I

30
I 349 I 426 775

4 I Sulfur Si,) 288 404 692
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The superphosphate produced an increase of 50%, the gypsum 61%,
and the flowers of sulfur an increase of 43 percent. The gypsum pro-
duced 11% more than the superphosphate, which is probably due to
the larger amount of sulfur in the gypsum applied. The flowers-of-sulfur
plot produced less than the gypsum plot, although it received much
more sulfur, it is probable that only a small percentage of the sulfur
had become available on the sulfur plot, and that there was actually
less sulfate sulfur on this plot than on the gypsum and superphosphate
plots.

- ii:The check plot contained a much larger percentage of weeds than
the fertilized plots, and the alfalfa on this plot possessed a pale yellow-
ish color.

Experiment on Salem Fine Sandy Loam (Coarser Phase)
This experiment was conducted on the Modoc ranch in the Table

Rock district. In the soil survey made by the Bureau of Soils, this field
is included in the Salem Fine Sandy Loam. The soil in this field, how-
ever, contains considerably more coarse sand and less clay than that type.
For this reason it is designated in this bulletin as the coarser phase of
Salem Fine Sandy Loam. The chemical analysis of the soil in this par-
ticular field shows the following percentage composition:

Potassium Nitrogen Calcium Magnesium Phosphorus Sulfur Organic Matter
Surface .88 .081 3.45 1.31 .076 .015 2.85
Subsoil -83 .025 3.40 1.68 .079 .030 2.05

The soil contains an abundance of potassium, calcium, and mag.
nesium, a moderate amount of phosphorue, and a fair amount of nitrogen
in the surface soil. The subsoil is very low in nitrogen, and the surface
soi[ extremely poor in sulfur. This soil is a deep, mellow, sandy loam.,
of alluvial origin. The stand of alfalfa was good, although it was making
a poor growth at the beginning of the experiment, and possessed a
yellowish color. It was not irrigated during the experiment. The fer-
tilizer was applied Feb. 9, 1915, and the alfalfa planted during April, 1915.
Owing to the dry season the alfalfa was not cut the first season.

The value of the various sulfur fertilizers on this field is apparent.
It is important to note that the gypsum produced a much larger increase
than the superphosphate. This is probably due to the fact that the
gypsum applied contained one-third more sulfate than the superphos-
phate. In this field the flowers of sulfur actually produced more the
first year than the superphosphate. It is probable that the large amount
of lime in this soil permitted the sulfur to change to the sulfate form
rapidly.

The change in the growth and the appearance of the alfalfa on the
sulfur-fertilized plots was quite remarkable.

TABLE XV. FERTILIZER APPLIED AND RESULTS, SALEM

Plots 2x5 rods. Fertilizer applied Feb. 9
FINE SANDY LOAM

1915.

Yields in pounds
Plot Applic.alicn

lbs.

1916

1 Gypsum 20 360
2 Superphosphate

I 20 264
3 Steamed bone meal 20 152
4

I
Flowers of sulfur 20 306

5
I

Check
I I 152
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The yield on the steamed-bone-meal plot was exactly the same as that
on the check plot, and the alfalfa on this plot possessed the same yel-
lowisli1 color. It is evident, therefore, that the phosphorus in this ma-
terial and in the superphosphate had no effect on the alfalfa.

The manager of this ranch was so impressed with the results of
the experiment that the following year the entire field was fertilized and
the experiment discontinued.

SULFATE FERTILIZERS ON RED CLOVER

During the season of 1915 a fertilizer experiment was conducted to
determine the value of sulfate fertilizers on red clover. This experiment
was conducted on G. Hilton's ranch about two miles north of Medford.
The soil in this field is classed as Agate Gravelly Sandy Loam, and is
locally known as Desert Soil. It is a gravelly, sandy. clay loam soil.
varying from 15 to 20 inches deep, and underlaid with an impervious
hard-pan. This soil is exceedingly poor in nitrogen and contains .024%
of sulfur in the surface soil and .021% in the subsoil. The field was
thoroughly irrigated during the experiment.

TABLE XVI. PLAN OF EXPERIMENT AND YIELDS, RED CLOVER.

Agate Gravelly Sandy Loam. Plots 2x8 rods. Fertilizer applied March 11, 1915.

Fertilizing Yield in oounds
P1- t Application consti to cOts 1915

lbs.
1

I

Gypsum I Sulfur 10.01 725
2 superphosphate 82 Sulfur 10.01 729

I

Phosphorus I 8.51
3

I
Check
Sulfur 10

I

Sulfur 110.01 948
5

I
Sulfur 30 Sulfur 30.01 704

The clover produced two heavy cuttings, and the effect of the various
fertilizers containing sulfur is very apparent. The yields produced by
the gypsum, superphosphate, and 30 pounds of sulfur and superphosphate
are practically the same. While the application of 30 pounds of sulfur
produced slightly less than the gypsum, this may be due to a slight
difference in soil. It is impossible to explain why the plot receiving
only 10 pounds of sulfur should produce a much greater yield than the
plot receiving gypsum which contained exactly the same amount of
sulfur and in a much more available form.

This field was plowed up in the spring of 1916 and the land devoted
to another crop.

Red Clover Fertilizer Experiment on Agate Gravelly Loam

During 1915 another simple experiment with sulfur fertilizers was
conducted on Agate Gravelly Loam. The soil used was typical Desert
Land, one mile south of Rogue River. This is a red, clay loam soil,
about 15 inches deep, and underlaid with an impervious hard-pan.

The following table gives the percentage composition of this soil:
Potassium Nitrogon Calcium Magnesium Phosphorus Sulfur Organic Matter

Surface 1.20 .030 2.20 .77 .057 .024 4.00
Subsoil 98 .055 2.03 .49 .057 .026 4.03

This soil contains an abundance of potassium, calcium, and mnag-
nesium. It is low in nitrogen, phosphorus, and sulfur.



30

TABLE XVII. FERTILIZER APPLIED AND YIELDS, AGATE GRAVELLY LOAM
Plots one-fifteenth acre in size. Fertilizer applied March 11, 1915.

Plot Application fields in pounds

I lbs.
Gypsum

i 40 81
2 Check 38
3 Superphosphate 53 138
4 Check

i 19
5 Flowers of sulfur 7 110

This experiment was conducted on graded land, conseuentiv the soil
varied considerably. Check plot 4 was on shallower ground than the other
plots, and should he disregarded. Owing to the variation in the soil no
comparative study can be made of the various fertilizers. It is apparent,
however, that all of the fertilizers containing sulfur proved very beneficial.

SOILS WHICH DID NOT RESPOND TO SULFUR FERTILIZERS

Meciford Loam

One experiment was conducted on W. H. Gore's ranch two miles west
of Medforcl, Oregon. The soil, classified ab Medford Loam, is a deep,
fertile, brown, silt loam. It is considered one of the best alfalfa soils in
the Rogue River Valley.

The percentage composition of Medford Loam is as follows:
Potassium Nitrogen Calc:iurn Magnesium Phosphorus Sulfur Organic Matter

S'irface 1.18 .140 2.88 1.35 .065 .036 4.80Subsoil 1.38 .067 2.82 1.14 .063 .025 3.72
The soil contains a large amount of potassium, calcium, and mag-

nesium, and the surface soil is 'well supplied with nitrogen. The phos-
phorus content is low. The sulfur content of the surface soil is good,
and that in the subsoil fair when compared with the other soils in the
valley.

The stand of alfalfa in this field was originally fine and large crops
Were produced. At the beginning of the experiment, however, the alfalfa
wa.s twenty years old and the stand had become rather thin. The usual
amounts of the various sulfate fertilizers were used in this experiment
in the spring of 1916. These fertilizers included flowers of sulfur in
various amounts, gypsum, sulfate of ammonia, sulfate of potash, with
check plots.

As far as could be observed from a careful examination, the various
fertilizers exerted no influence whatever on the height, thickness of
stand, or color of the alfalfa. All of the plots, both fertilized and check
plots, produced a uniformly heavy yield. Owing to lack of time it was
impossible to secure the weight of the hay on the various plots. Judging
from the large yields produced by the check plots it is apparent that
this soil already contained sufficient available sulfur at that time to
produce maximum crops, and was not in need of sulfur fertilizers.

While this soil does not contain a great deal more sulfur than some
of the other soils which did respond to the use of sulfur fertilizers, it is
probable that a larger percentage of the sulfur in the soil is in the
available sulfate form. The Medford Loam is a mellow soil of great
depth, and contains considerable gravel. It is therefore probable that
the aeration is excellent, and that sulfofication takes place more readily
than in many of the other types studied. Owing to the great depth the
alfalfa roots have a greater feeding area than in many of the heavy and
shallower soils.
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Anderson Clay Loam

This experiment was conducted on G. Morse's ranch about one mile
west of Talent, Oregon. The soil is a deep, black, fertile clay loam of
alluvial origin, bordering on Anderson Creek. In the survey made by
the Bureau of Soils it is classified as Medford Gravelly Clay Loam. This
soil, however, is sufficiently distinct from the typical Medford Gravelly
Clay Loam to be classed as a distinct type.

Unfortunately we have no complete chemical analysis of the soil in
this field. An analysis of the soil solution from one check plot and one
plot fertilized with 300 pounds of sulfur gave the following results:

Mgms. BaSO4 from 100 grams soil
Check plot 9.9
Plot fertilized with 300 lbs. sulfur 12.4

This analysis shows 25% more sulfur in the sulfate form on the
sulfur-fertilized plot than on tbe check plot.

In the spring of 1916 various plots in this field were fertilized with
gypsum and sulfur varying from 50 to 1000 pounds to the acre, and iron
sulfate at the rate of 869 pounds an acre, several check plots being re-
tained. Th fertilizer bad no influence whatever on the yield or color
of the alfalfa. All the check plots as well as the fertilized plots pro-
duced bountiful crops. It is evident that this field naturally contained
sufficient sulfur in an available form to produce maximum crops.

The fact should be emphasized that the depth and physical condition
of the soil must be taken into account in considering the relation of the
sulfur content of the soil to alfalfa yields. Two fields may show upon
analysis the same percentage of sulfur, and one of these may respond to
the use of sulfur and the other may not simply because of a difference
in the depth and physical condition of the soil. The deep mellow soil
provides new feeding areas for the roots for several years after the
shallower soil has been exhausted.

SULFUR AND SOIL ACIDITY
Owing to the large amount of basic material present in these soils

there is probably little danger of producing acidity with moderate appli-
cations of sulfur, at least not for a number of years. It is now evident
that only small applications of flowers of sulfur are necessary, and just
how many of such applications would eventually produce an acid soil
cannot be foretold at the present time. 'l'hat very large applications of
flowers of sulfur will soon produce acidity is evident from some of our
results. Plots on Antelope Clay Adobe which received an application
of 100 pounds of flowers of sulfur an acre in the spring of 1915 and an-
other similar application in the spring of 1917 show no signs of acidity.
A plot which received only one application of 300 pounds of sulfur in
the spring of 1915 shows no acidity. Another plot which received 30.0
pounds of sulfur in 1915 which was repeated in 1917 showed slight
acidity in the spring of 1918 An other plot which received 600 pounds
of sulfur in 1916 showed considerable acidity in tbe spring of 1918. The
alfalfa has not been injured in the least on any of these plots, and these
have been among the best producing plots in the entire experiment.
Such heavy applications are not necessary and are not recommended.

If any of our soils should become acid this condition could be easily
and cheaply remedied by applying ground limestone which can be ob-
tained from the large lime deposits in this county.

The plots which received applications of gypsum, superphosphate.
and iron sulfate show no sign of acidity. Wherever the soil is deficient
in lime it would be better to apply gypsum or both sulfur and lime.
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EFFECT OF SULFUR FERTILIZERS ON ALFALFA ROOT SYSTEM

A number of investigators have found that certain sulfate fertilizers
have a stimulating effect on the root system of clover. Hart and Totting-
ham (7) of Wisconsin, found that the root system of clover fertilized
with gypsum was fully twice as large as on the unfertilized plants.

We have found that the same principle applies to alfalfa grown inthis valley. The root system of alfalfa fertilized with any of the vari-
ous sulfur fertilizers is from two to three times as large as that of the
unfertilized plants. The effect on the branching of the root system is
especially striking. On the heavy adobe soils the unfertilized plants
usually have a long, slender root system consisting principally of one
tap-root and very few lateral roots. The roots of the plants on the
fertilized plots of these soils are well branched, with numerous fibrous
roots. This is clearly shown in the photograph reproduced in this bulletin.

It is obvious that this larger root system is very valuable to the
plant in taking up greater amounts of plant food and water and there-
fore in producing more abundant crops.

EFFECT OF SULFUR FERTILIZERS ON THE ALFALFA NODULES
Pitz (8) of the Wisconsin Station has demonstrated that gypsum

has a very stimulative effect on the nitrogen-gathering or nodule-forming
bacteria of red clover roots. He found that the bacteria were from two
to three times as numerous in culture media to which calcium sulfate
had been added as in the checks; also t.hat there were three times as
many nodules on the roots of young red clover plants fertilized with
gypsum as on the untreated plants.

Duley (9) of the Missouri Station has shown that sulfur and gypsum
enormously increase the number of nodules on red clover roots In cer-
taiii Missouri soils.

In our work with alfalfa no special experiments have been conducted
to determine whether this principle holds good on our local soils. Roots
have been examined from the fertilized and unfertilized plots, however,
and on some soils the nodules on the roots of alfalfa plants from the
fertilized plots have been far more numerous than on those from the
unfertilized plots. This is particularly true where the alfalfa is several
years old and especially so on the extremely heavy soils. The greatest.
difference was found on the fertilized and unfertilized plants on the
Antelope Clay Adobe soil where the fertilizers produced the remarkable
increases in yield reported in Table III.

Since these bacteria largely supply the alfalfa plant with its nitrogen
the great importance of this stimulative effect can hardly be over-estimat-
ed. It is of special value on our soils, in which the number of nodules on
the roots of old alfalfa plants is usually comparatively small.

EFFECT OF FERTILIZER ON THE COMPOSITION OF ALFALFA

Applications of sulfur fertilizers not only produced a marked increase
in yield hut also affected the composition of the alfalfa hay, as shown
in the following table.
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TABLE XVIII. COMPOSITION OF FERTILIZED AND UNFERTILIZED

-

Proteiu
(Nitrogen

X&.25)

12.60
13.53

13.81
1.5.70

13.08
14.87

The fertlizer was applied to these plots in the spring of 1915 and the
samples of hay collected from the first cutting in June, 1915.

The samples of cured hay from the plots which received the various
sulfur fertilizers contained from .049% to .1% more sulfur, from
.93% to 1.89% more protein, and from .15% to .1% more sulfur, from
the samples from the check plots. It is important to note that on these
three entirely distinct types of soil the amount of sulfur in the hay even
from the heavily fertilized plots which produced large yields did not
exceed 4.54 pounds to each ton of hay. It is evident from this that the
minimum amount of sulfur required by alfalfa for maximum growth is
considerably less than the total amount of sulfur often found in alfalfa
hay in the middle western states. Peterson (10) found that alfalfa hay
grown in Wisconsin contained a total of 7.24 pounds of sulfur to each
ton of hay; also that one-half of this was present as unoxidized sulfur
and one-half as sulfate sulfur. It is probable that the sulfate sulfur
present in the plant is not absolutely necessary for maximum growth
as long as there is sufficient sulfur present to supply the other require-
ments of the plant. If this supposition is correct the 3.62 pounds of
unoxidized sulfur is sufficient for the production of one ton of alfalfa
hay. Our results shown in the table above certainly indicate that this
is the case. The amount of sulfur found in the alfalfa hay from our
heavily fertilized plots varied from 3.34 to 4.54 pounds to each ton of
hay. This hay was gathered from plots which produced a vigorous
growth, excellent crops; and the plants possessed the rich, dark-green
color characteristic o the best alfalfa. It was cured in the field with
bright, sunny weather and no rain, hence none of the sulfur was lost
by leaching. It is evident therefore that on some soils under local con-
ditions alfalfa requires for maximum yields only 3.34 pounds of sulfur
to each ton of bay.

The figures also show that from 71% to 79% of the sulfur in the
fertilized alfalfa is in organic form, while the remainder is in the sul-
fate form. All of the sulfur in the unfertilized alfalfa is in the organic
form.

It is certain that under these field and climatic conditions the
amount of sulfur found in the hay from the unfertilized plots is not
sufficient for maximum growth. This amount varies from 2.36 to 2.54
pounds for each ton of hay. The alfalfa on these plots, as has already
been noted, made an unsatisfactory growth and had a yellowish color
and generally starved appearance. Just what the minimum requirement
of sulfur is for maximum production has Dot been determined. But it
is certain that 2.54 pounds a ton is below the minimum, and that 3.34
pounds a ton is sufficient. For example, the check plot which contained
only 2.54 pounds of sulfur to each ton of hay produced only 2160 pounds
an acre in 1915, while the fertilized plot which contained 3.34 pourida

-

ALFALA HAY
--Total Sulfate Organic

Si ii Typcs Application Sulfur Sulfur Sulfur Nitrogen

Fe
Antelope Check Plot 118 .0000 .118 2.01.
Clay
Adobe

Sulfur 300
lhs. on acre

.167 .0356 .181. I 2.16

Is Chick FRI .127 .0000 .127 u.21
Loam Sulfur. 300 .227

I

.0608 .167 2.51
lbs. an acre

I I

Uam n Check Plot .118 .0000 .118
I

2.09
Coarse
Sand

Gypsum 590
lbs. sri acr

.200 .059 .141
I

2.38
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of sulfur a ton produced at the rate of 10,020 pounds of hay an acre.That the plant will take up considerably more sulfur when there is an
abundance available in the soil than where there is a limited amountis certain.

The increase in the protein content of the hay from the sulfur-fertil-
ized plots varied from .93 percent to 1.89 percent. This is of very great
importance, since the protein content gives alfalfa hay its chief value.
The feeding value of the hay from the fertilized plots, without referenceto the increased yield, is, in fact, sufficiently greater to pay for thefertilizer used.

HOW MUCH AND HOW OFTEN TO APPLY SULFUR FERTILIZER
Our experiments have not been in progress for a sufficient length

of time to determine definitely the most profitable amount of sulfur to
apply and how often to repeat the application. This will probably vary
somewhat with different soils. From the results already obtained it is
apparent that very large applications are not necessary, and in the case

II

I-I

Fig. 8. Plot in foreground not fertilized. Plot in background fertilized withflowers of sulfur at the rate of 200 pounds to the acre. Antelope Clay Adobe soil.
of flowers of sulfur not desirable. These results indicate that on some
soils an application of 100 pounds of flowers of sulfur, or 595 pounds of
gypsum, is sufficient for at least three years, and will have considerablebeneficial effect the fourth season. For example, the plots on Antelope
Clay Adobe which in the spring of 1915 were fertilized with 100 pounds
of flowers of sulfur, 595 pounds of gypsum, and 823 pounds of super-phosphate to the acre, without any additional applications produced justas much during 1917 as adjacent plots which received the same amountin 1915 with the application repeated in the spring of 1917. During thevery unfavorable season of 1918 a difference between these plots beganto appear. During that season the plots which had received the second
application in the spring of 1917 produced from 86% to 91% more thanthose which had received only the one application in 1915. Owing tothe exceptionally cold spring the first cutting was an extremely light
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one, and owing to drought no second cutting was obtained. The plots
which received the one application in 1915 will be left untreated in the
future to determine how long this will show an influence.

At first it appears quite remarkable that the one application of 100
pounds of sulfur an acre should prove sufficient for three seasons.
But when we consider the composition of alfalfa hay in this valley, and
the fact that the largest amount of sulfur removed by one ton of hay in
our experiments was only 4.54 pounds, this result is readily explained. If
every particle of the sulfur applied to the soil could be readily utilized
by the plant, an application of 100 pounds of sulfur would be sufficient
for slightly more than 22 tons of alfalfa when grown on the soils used
in these experiments. This, of course, is impossible since part of the
sulfur applied to the soil is lost in the drainage water and part of it
enters into compounds which are not available to the plant.

Judging from the results obtained up to the present time it is prob-
ably safe to say that for local conditions an application of 40 pounds of
sulfur an acre each year would prove ample. This would be the equiva-
lent of 266 pounds of gypsum (15% sulfur), or 333 pounds of superphos-
phate (12% sulfur). If one-half of this were utilized by the alfalfa
plants it would be sufficient for at least five and one-half tons of hay.
It is quite probable that a smaller application of the more available
gypsum or superphosphate will prove sufficient. The writers are inclined
to believe that an application of 200 pounds of gypsum (15%), ci 250
pounds of superphosphate (12%) to the acre each year will prove ample.

A PERMANENT SYSTEM OF ALFALFA FERTILIZATfON

It has been demonstrated by these experiments that when either
flowers of sulfur or gypsum is applied to alfalfa fields of this valley
increased yields will be obtained on most of the soils, at least for a
number of years. These materials supply the element sulfur which at
the present time appears to be the only element present in too small
quantities in most of our local soils to produce maximum crops of alfalfa.
Just how long this element when used by itself will be sufficient to pro-
duce maximum crops of alfalfa cannot be stated. It is certain that
eventually at least one other element, phosphorus, must be added to these
soils, and judging from the soil analyses this will have to be done in the
near future on some of our soils.

While in most of our experiments so far no increases have been
obtained, and in none of them have the increases been very large when
phosphorus was added in addition to the sulfates, this will probably not
continue to be the case very long. The soil analyses show that some of
our soils are already low in phosphorus and none of them contain a very
large amount of this element. Analysis made at the Wisconsin Experi-
ment Station (2) show that a five-ton crop of alfalfa removes 29 pounds
of phosphorus. The amount removed varies somewhat with the avail-
able supply in the soil. When we consider the fact that the total phos-
phorus content of many of our soils is comparatively low, that only a
small portion of the total supply is in an available condition, and that
this is constantly being removed by crops, it is obvious that in time this
element must also be added to these soils.

Gypsum has been used as a fertilizer on clover in eastern states
for many years, and in most instances its use has been discontinued.
For a number of years it would produce large increases in yield, and if
its use was continued for many years without the addition of other fer-
tilizers its effect would become less and less apparent and in some in-
stances the treated portion of the field would eventually produce less
than the untreated part. A probable explanation of this may now be
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advanced. The gypsum added nothing to the field except the sulfate
and a small amount of calcium, while the increased yields removed the
phosphorus, potassium, and other elements much faster from the soil
than the smaller yields of the untreated fields. A point was eventually
reached when some of these elements became too limited for maximumproduction. If at this stage such elements had been added to the soil
in addition to the gypsum, it is probable that the beneficial effect of the
gypsum would have continued.

The writers believe that ultimately, and in some instances in the
near future, the beneficial effects of gypsum and sulfur will become less
and less apparent on local alfalfa fields unless phosphorus is also added.
Experiments are in progress to determine how long gypsum, when used
by itself, will produce maximum yields.

While up to the present time gypsum has given just as good results
as superphosphate on most of our alfalfa fields we believe that this willnot continue to be the case. The superphosphate adds not only the
su.lfate that is now needed, but also the phosphorus which will later
become deficient in these soils. It appears that superphosphate is afar better permanent fertilizer for alfalfa than gypsum. The super-
phosphate contains the sulfate and the phosphorus in a very available
form, and approximately in the proportion in which the alfalfa plant uses
these elements, according to analysis of the alfalfa plant made by theOhio Experiment Station.

The only objection which can be raised against superphosphate asa fertilizer is its cost. While the cost is not excessive, and while its
use is proving highly profitable here, the amount of sulfur and phos-
phorus which it supplies can be obtained at less cost from certain othermaterials. These materials are powdered sulfur and rock phosphate.The amount of sulfur and phosphorus contained in one ton of super.
phosphate can usually be purchased in the form of powdered sulfur and
rock phosphate for one-half the price of the superphospbate. The chief
advantage of superphosphate is that the sulfur and phosphorus whichit contains are far more readily available to plants than that in theflowers of sulfur and the rock phosphate, In fact, before the plants can
utilize the sulfur in the flowers of sulfur and the phosphorus in the
rock phosphate these materials must undergo certain chemical changes.
That such change' do take place in the soil when these materials areadded to it has been well demonstrated in laboratory experiments con-
ducted by Lipman, McLean, and Lint (ii) of the New Jersey Experiment
Station, and by Brown and Gwinn (6) of the Iowa Experiment Station.The work done so far has not demonstrated that all of the sulfur and
the phosphorus in these materials becomes available when added to thesoil. It is certain that considerable time will be required for all of itto become available. The work done by Brown and G-winn in Iowa
indicates that these elements do become available with sufficient rapidity
to supply the needs of the plants. The experiments conducted by these
workers show that when sulfur and rock phosphate are added to the
soil, part of the sulfur changes to sulfuric acid, which combines with
part of the calcium in the rock phosphate, thereby forming calcium sul-
fate or gypsum; and the rock phosphate being thus robbed of part of its
calcium, its phosphorus becomes available to plants. In other words.
when these two materials are added to the soil the same chemical
changes take place which occur in the fertilizer factory when super-
phosphate is manufactured by mixing sulfuric acid and rock phosphate.
The soil in this case takes the place of the fertilizer factory, although
the process of manufacture is very much slower, but cheaper, than that
of the factory.
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As indicated in Table VT of this bulletin good results have been
obtained by applying a combination of 100 pounds of sulfur and 281
pounds of rock phospate to the acre. This one application has proved
very effective for two seasons, and judging from our other experiments
will prove effective for the third season. We believe that an application
of 40 to 5& pounds of sulfur and 200 pounds of rock phosphate an acre
each year is ample, and will prove a satisfactory, and the most economical,
permanent fertilizer for alfalfa on local SOIlS.

RAINFALL DURING YEARS OF EXPERIMENTAL WORK

It is well known that the rainfall of a region influences to a certain
extent the sulfur supply of the soil. The rain contains a small per-
centage o sulfur, and consequently where the rainfall is very heavy a
larger amount is supplied to the soil than in a region where it is light.

Fig. 0 Large planl with well-broached i-oat system from plot fertilized with
gypsum, which supplied sulfur at the rotc of 100 poundS to the acre. Small plant, with
limg, slender, unbranched root system from check plot which received no fertilizei.
Note the marked influence of sulfur fertilizers on the development- of the root system.
Autelop Clay Adobe soil.

Where the rainfall is very heavy, however, more sulfur in the form of
sulfates is carried away from the soil in the drainage water than in a
region where the rainfall is light. Chemical analyses made of the rain-
fall at Rothamstead, England, show that approximately 7 pounds of sulfur
an acre is brought to the soil every year in that region. The percentage
of sulfur in the rain is also probably greater in manufacturing districts
where much coal is burned than in regions where little or none is con-
sumed.
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In this connection we give below the rainfall of Medforcl, Oregon,during the past seven years, expressed in inches. These figures weresupplied by the L. S. Weather Bureau at Medford.

'There has been considerable variation in the total annual rainfall andthe monthly rainfall during these seven years. The rainfall during thespring and early summer months of 1912 and 1913 was comparativelyheavy, while that of the same period during the other years was light.The influence of the fertilizers was just as apparent during the wet asduring the dry seasons.
The total rainfall is light compared with the eastern and middlewestern states.

SUMMARY

Recent investigations have shown that the legumes, such asclover and alfalfa, require considerably more sulfur for maximum pro-duction than the earlier analyses. indicated.
In general fertilizer experiments conducted by the Southern Ore-

gon Branch Experiment Station during 1912 and 1913, superphosphateand gypsum produced a marked increase in the yield of alfalfa, and amuch darker color, while rock phosphate had no effect whatever.
It was often observed that alfalfa, red clover, Canada field peas,and vetch, made a much better growth and possessed a darker colorunder trees sprayed with lime sulfur than elsewhere.
In an experiment dui-ing 1914 flowers of sulfur, iron sulfate, and

superphosphate each produced an increase of fully 100% in yield ofalfalfa, and greatly improved the color of the plants. Rock phosphatein the same field had no influence.

Experiments conducted from 1915 to 1918 inclusive on varioustypes of soil showed that the alfalfa and clover crop can be increasedfrom 50% to 1000% on many soils by the use of various fertilizers con-taining uIfur. These soils include very diverse types ranging from thecoarse granite soils to the heaviest adobes.
The following fertilizers, containing sulfur, have produced similarbeneficial results: flowers of sulfur, superphosphate, gypsum, iron sul-fate, sulfate of ammonia, sulfate of potash, sulfate of magnesium, andsodium sulfate.

On these soils applications of nitrate of soda, monocalcic phos-phate, muriate of potash, and lime have had little or no effect on alfalfa.It is apparent from this that the beneficial results obtained from thevarious sulfur fertilizers cannot be attributed to any extent to any effectsuch fertilizers may have in liberating phosphorus, potassium, or lime inthe soil, or on nitrification.

Jan. Feb. March April May June July Aug. Sept. Let. Nov. Dec. Total
1912
1013

3.59! 2,631 1.661 4.40! 2.45j 2.191 .2 .071 1.111 1.091 3.38J 2.06 2483
3.62

I

.10

.671914
1911

.431

.42
2.45J
1.431

1.72
1.35

3.09!
.66!

2.74
.19

.08146
On .87

.62
2.12

2.821
1.021

1.911
.561

2004
14.63

1916
1.34! 2.46! .89! 1.641 1.351 121 .30 .021 .031 .401 9. 001 9 9A! 10

I 1.991 1.51! 1.761 1 I .691 .74j 1.15' .66 38 1.99p 1.71! 14.511917
1918

1.94! .371 1.88! 1.25! 1.OiJ .06! ,0O .09' .301 .0111 4 9.01 9 7C1 1 01
2.17! 2.641 1.69 r .54! ofl .031.25 1.661 1.57! 2.291 ',44r 14.68
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The soils on which these experiments have been conducted are
well supplied with potassium, calcium, magnesium, and iron. Most of
these soils contain only limited amounts of sulfur. None of them are
acid, and none contain noticeable amounts of alkali.

The flowers of sulfur must first change to the sulfate form before
the alfalfa plant can use it. This requires considerable time, and for this'
reason better results are obtained the first season where the sulfur is
applied to the soil in the fall or early winter than where applied in the
spring.

The first season the gypsum and other sulfate fertilizers usually
give better results than flowers of sulfur if applied in quantities supplying
equal amounts of sulfur. The second season there is little or no differ-
ence in the yield.

The various sulfur fertilizers have a very stimulative effect on
the root system, increasing its size and the number of nodules. This is
of great value in taking up larger quantities of plant food, moisture, and
atmospheric nitrogen.

Analyses made of the alfalfa plant grown under local conditions
from fertilized and unfertilized plots show that the fertilized plants
contain more sulfur, more protein, and more nitrogen, than the un-
fertilized plants.

Alfalfa hay grown under local conditions does not contain as
much sulfur as that in the middle western states. The amount in alfalfa
hay from fertilized, vigorous plants varied from 3.34 to 4.54 pounds of
sulfur to the ton. The amount in the hay from the unfertilized plots
varied from 2.36 to 2.54 pounds of sulfur to the ton.

In the hay from the fertilized plots from 71% to 79% of the
sulfur is in organic form, the remainder in sulfate form. In the bay
from the unfertilized plots all the sulfur is in organic form.

Up to the present time in our experiments gypsum (calcium
sulfate) has given as good results on most of our soils as superphosphate
(calcium sulfate plus phosphorus). Since the phosphorus content of
many of these soils is rather low it is probable that the superphosphate
will eventually give better results than gypsum.

On most of the soils in Southern Oregon an annual application
on alfalfa of 200 pounds of gypsum, or 250 pounds of superphosphate,
or 40 to 50 pounds of sulfur and 200 pounds of rock phosphate, will prove
highly profitable. The latter combination will supply both sulfur and
phosphorus most economically.

Sulfur should not be used by itself on soils deficient in lime,
as it will cause soil acidity. On such soils it should be used only in
conjunction with liberal quantities of lime or rock phosphate.
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