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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 maturtty
without this element and that it is present in the ash of all plants. The
amount found in the ash of most plants, however, is comparatively small
and in many cases extremely small. This amount, in fact, is usually so
litlle 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 amounts in the form of fertilizers.

During recent years chemists have found that the ash contains ounly
a part of the sulfur originally in the plant, and that 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
coniained far more sulfur than could be recovered iny the ash of these
plants. More recently Hart and Peterson (2) of Wisconsin, Shedd (3) of
Kentucky, Ames and Boltz (¢) 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.

Tfor 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 carlier 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 the
crop 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

*The work herein reported was inaugurated and the field experiments supervised
by the scenior author. The chemical phases of the work were under the directicn of
Mr. H. V. Tartar. Mr. A, C. McCarmick of the Southern Oregou Branch Station rend-
ered very valuable assistance in conducting the field experiments. Messrs. R. H. Rob-
inson, H. G. Miller, and R. F. Beard assisted in making the chemical analyses.

The rveference figures rvefer 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 thoge cooperative experi-
ments. In several cases, therefore, no weights of yields were obtained;
and in such cases the yields were simply estimated and comparative notes
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 staried 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:*

Potassium Nitrogen Calcium Magnesium Phosphorus Sulfur Organic Matter

Yo Yo Yo Yo To Yo Yo
Surface 1.62 .107 2.33 1.25 .052 .032 3.48
Subsoil 1.43 .026 1.83 1.03 .062 .016 2.56

The analysis shows thiat 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 suifur.

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.

TABLE I. FERTILIZER USED AND YIELDS, MEDFORD FINE SANDY LOAM

Plot Application Yield first cutting
| | Ibs. | Ihs
1 | Dried blood ................... | 50 | 370
2 |- Superphosphate ............... | 50 | 490
3 , Muriate of potash .............. | 25 | 330
4 Dried blood ................... | 50 | 470
| Superphosphate ............... | 30 |
5 Dried blood ................... | 50 | 390
Muriate of potash .............. | 25 |
6 | Superphosphate .... ..... L 100 | 418
Muriate of potash .............. ( 25 |
7 Dried blood ................... | 25 | 452
Superphasphate ................ ! 50 |
Muriate of potash . ............. | 25 |
8 Gypsum . ...... . i 40 | 414
9 ‘ Checks ....... N | 352

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 ailfalfa 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 hulietin have been taken from the bulletin, The
Soils of Jackson County, by Tartar and Reimer (Ore. Exp. Sta. Bul. No. 164).
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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 over
the 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 color
of 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 altributed, at that time, to the phosphorus. Therefore tests were
made in 1913 to determine 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,

Tig. 1. Comparative yields of alfalfa from plots of equal size. Beginning on the
left 1. Hay from unfertilized plot. 2. From plot fertilized with gypsum. 3. From
plot fertilized with monocaleic phosphate. 4. From plot fertilized with superphesphate.

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 the
color 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 were not due tc 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. (5) This experiment was also conducted on the
Tolo Loam on J. H. Fuller’s ranch. 7The alfalfa at that time was fourteen
yvears 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.

TABLE II. SHOWING FERTILIZERS APPLIED ON TOLO LOAM

Plot Application

1bs.
1 Superphosphate ........ ... ... . . ... ... [ 50
2 Cheek .o e |
3 Plowers of sulphuy ... ... ... ... ....... | 50
4 | Cheeck ... ... i
5 ’ Rock phosphate ............. ... ... .. | 50
6 Check ..ot |
7 | Tron sulphate ..............iiiiiie. | 50

The superphosphate, flowers of sulfur, and iron sulfate gave identi-
cal results. Kach 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 yellcwish 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.
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VALUE AND EFFECT OF SULFUR FERTILIZERS

In the springs of 1915 and 1916 some new and permanent experi-

ments were started to determine the following points:

1. The value of sulfur fertilizers on various types of soil.

2. The value of the various sulfates as fertilizers for alfalfa.

3. Do the sulfate fertilizers benefit the alfalfa 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-

cus 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 Cosrse Medinm Fine Very fine Silt Clay
gravel sand sand sand sand
o P T %% Po % o
1.5 6.1 5.5 10.3 5.8 31.6 39.1

As ig 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

Potassinm Nitrogen Calcium Magnesium Phosphorus Sulfur Limestone Matter
Suarface 1.32 117 2.32 1.15 064 .020 0.11 7.835
Subsoil 0.62 074 2.68 .72 .066 017 1.29 6.25

1t is evident that this soil is well supplied with potassium, caleium,
magnesium, organic matter, and limestone. It is low in phosphorus and
very low in sulfur. Tt 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, but 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 first
experiment started in this field.
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TABLE III. FERTILIZER APPLIED AND YIELDS, ANTELOPE CLAY ADOBE $OIL

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

c . Fertilizing Yield in pounds
Plot  Application constituents [1915]1916]1917/1918|Total
1bs. 1bs. | | | | |
1 |Check ............. | | 209] 96| 76| 38| 509
2 | Gypsum ........... 59.5 | Sulfur ......... 10.0[1088| 984| 608| 214| 2894
3 | Monocalcic phosphate 41.0 | Phosphorus ..... 9.6| 318] 142| 94| 52| 606
4 | Superphosphate . ... 82.3 | Phosphorus ..... 7.4{1092( 964 600| 216] 2872
| Sulfur .......... 10.0 | |
5 | Check ..vvvoin.... f 216] 67| 66| 70| 419
6 [ Sulfur ........o.n.. 10 I Sulfur ... 10 | 528[1054] 740] 230| 2552
7 I Sulfur ........... 30 | Sulfur .......... 30 [1002{1076] 756( 206] 3040
8 [ Tron sulfate ..:..... 84 | Subfur . ........ 10 |1122]1156] 896] 272| 3446

The low yields during 1917 are due to the dry season. The very low
vields 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 some 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 ditference 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 Dplots 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 monocalecic phosphate plot contained 61 percent of weeds, while
the plots fertilized with sulfur were almost entirely free from weeds.

It will be 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 noted 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 subperphosphate 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
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the fact that the iron sulfate is more soluble than any of the other ma-
terials applied. This would 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 quantities
of this element.

The gypsum has produced just as good results as the superphosphate
on this soil when applied in amounts supplying equal gquantities of sulfur.
This would indicate that up to the present time this soil has not been
in need of phosphorus for alfalfa where sufficient guantities of sulfur
have been applied. How long this will confinue 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. Plot on left fertilized with flowers of sulfur at the rate of 100 pounds per
acre, producing a very heavy yield and dark green color. Plot ou right not fertilized,
showing very poor yield and light, yellowish color. Antelope Clay Adobe soil.

was obtained. This increase, however, is small 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 chiefly
in 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



12

crops when there were no weeds on any of the plots. One explanation
may be offered for this. It is possible that where 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 monocaleic 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 lime 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 flowers 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, magpesium, and iron and forms sulfates with
-these basic elements.

Effect of Various 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 Turther that
the beneticial 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 to .a liberation of
potassium or other elements in the soil. To determine this a second
experiment was started on Antelope Clay Adobe soil, and 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 OLAY ADOBE SOIL
Plots 2x8 rods. Fertilizer applied Jan. 25, 1916.

Fertilizing Yield in pounds
Plot Application constituents 1916]1917|1918|Total
1bs. | i
1 | Check 49] 104] 44| 197
2 | Sulfur Sulfur .......... 60.00| 870| 532| 176| 1078
3 | Sulfur Sulfur 10.00| 284| 708| 208| 1200
4 | Sulfur .0} Sulfur .. .130.00| 482| 672| 212| 1366
5 |Gypsum ... ..., 59.5| Sulfur ..... .[10.00] 789] 652| 200| 1641
6 | Monocalcic phosphate ...... 31.6| Phosphorus ...... 7.47] 118] 100| 68] 286
7 | Superphosphate ........... 82.3! Sulfur .......... 10.00[ 772| 652| 224] 1648
Phosphorus ...... 7.47
8 | Muriate of potash ......... 53.3] Potassium ........ 44.20| 80| 136| 96| 812
9 | Sulfate of potash .......... 54.9] Sulfur .......... |10.00] 5.96| 692| 240| 1528
Potassium ........ |44.20|
10| Cheek . ....... e | 138] 144| 48] 830
11| Nitrate of soda ............ 55.8| Nitrogen ........ 8.57| 154| 120| 44| 3818
12| Sulfate of ammonia ........ 42.3| Sulfur .......... 10.00| 772} 516| 180| 1468
Nitrogen ........ 8.57
13| Iron sulfate .............. 86.9| Sulfur .......... 10.00| 754| 628] 200| 1582
14! Magnesium sulfate ........ 78.2| Sulfur ...... [....|10.00| 834| 648| 172| 1654
15| Sodium sulfate ........... 103.8| Sulfur .......... 10.00| 648| 608] 160| 1416
16/ Check ....... i, | 94| 140| 44| 278

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 increases 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 sulfur. 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 flowers of sulfur.

The plot which received 30 pounds of sulfur produced, as in the
previous experiments, a much larger yvield the first year than the plot
which received only 10 pounds. This increase amounted to very nearly
70 percent. The second season the plot which received only 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.
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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 tkat this
soil is not in need of phosphorus, ané 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 au 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 tlie 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 thé 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.

Yig. 3. Plot on left fertilized with superphosphate supplying sulfur at the rate of
100 pounds to the acre. Plot on the right received monocaleic phosphate supplying
phosphorus at the same rafe as on the superphosphate plot, but no sulfur. Note the
dark color and heavy yield of the superphosphate plot, and the paar yield and very
light color on the monacalcic plot. Antelope Clay Adobe sail.

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

X Fertilizing Yield in pounds

Plot Application constituents |1917|1918|Total
, 1bs. Ibs. )

1 iCheek ................. | | Nothing ...... RPN | 152| 44] 196
2 |[Pyrites ... ... 0 47.68| Sulfur .............. |*19.22| 240| 140| 880
3 [Pyrites ................ 47.68] Sulfur .............. |*19.22| 276] 144| 420
4 | Sulfur ........ .00 000, 10.00] Sulfur .......... ..., | 10.00| 628] 212| 840
5 |Gypsum ...l 59.50| Salfur .............. | 10.00| 764| 256| 1020
6 [ Quick lime ............. 200.00| Lime ............... |1200.00| 168| 56| 224
7 | Ground limestone ........ |200.00] Lime ......oouuenn.. 200.00| 172 48] 220
8 | Cheek ..........ooovon. | | Nothing .........on. | 148 52| 200

*While the pyrites contained a total of 19.22 1bs. sulfur only 529, of the material
(containing 10 Ibs. 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 nol 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 where 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 50-
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
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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
the 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 monocalcic phos-
phate. Dark-colored plot on left fertilized with superphosphate. The gypsum and the
superphosphate each supplied sulfur at the rate of 100 pounds to the acre. The mono-
calcic plot in the center received phosphorus at the same rate as the superphosphate
plot, but contained no sulfur. Antelope Clay Adobe soil.

TABLE VI. EXPERIMENT TO DETEFRMINE COMPARATIVE VALUE OF SULFUR
AND ROCK PHOSPHATE AND OTHER FERTILIZERS

Plots one-twentieth acre in size. TFertilizer applied Jan. 18, 1917.

Yields in pounds

Plot Application | 1917 | 1918 | Total
1bs.
1] Cheek ........... ... 0. . | 52 | 22 | 74
2 | Superphosphate .......... ... .... | 20,87 | 262 | 78 | 340
3| Gypsum ... L 1488 | 312 | 90 | 402
| Roek phosphate ................. 14.05 | | [
4 1 Gypsnm L. e | 14.88 | 266 | 95 | 361
5 | Cheek ... ..o | 758 | 15 | 73
6 | Superphosphate . ................ | 2057 | 288 | 106 | 394
T SUIEUT o oo e | 500 | 272 | 117 | 389
| Rock phosphate ................. | 14.05 | | |
| Rock phosphate ................. | 14.05 | 272 | 117 |} 389
8 | Sulfur ...................... .l 5.00 7 278 | 133 | 411
9 | Bulfur ...................... ... | 10.00 | 322 | 130 | 452
| Rock phosphate ................. | 14.05 | ! I
10} Sunlfur ... . [ 10.00 284 | 122 | 406
11 Cheek . ..... ... . ... ... ... ... ... | 34 | 16 | 50

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
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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 8 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 8 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 (8) of the Iowa 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 applications.

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 superpicsphate, and far more
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 determine 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 inoderate 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

%o o % o %o %o %
Surface 1.66 2.48 1.05 177 .069 .088 7.15
Subsoil 1.31 2.52 1.44 061 .085 .025 4.62

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

Tig. 5. Plot on left fertilized with muriate 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 sultfur, while the sulfate of potash supplied sulfur at the
rate of 100 pounds to the acre. Note the poor yield and 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.
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TABLE VII. FERTILIZER EXPERIMENT, MEDKFORD GRAVELLY CLAY LOAM
Plots 2x8 rods. Fertilizer applied June 11, 1914.
Only one application made during three years.

Yields in pounds

Plot Application ] 1915 § 1916 | 1917 | Total
lobs. | | |
1| Sulfur .ovoiiii e 30 | 395 | 309 | 454 | 1158
2 | Check ...ttt | 121 220 | 299 640
3 | Steamed bone meal ............. | 30 | 143 | 210 ; 295 648
4 | Oheck B, | | 134 | 285 | 343 | 762
5 | Superphosphate ................ | 30 | 441 | 405 | 456 | 1302
6 | Check ...vvoueueonnoo. il N | 184 | 286 | 355 | 775
7 | Iron sulfate . ..] 80 | 418 | 432 | 439 1289
8 heck ... . ... ’ | 127 | 224 | 199 550
9 | Steamed bone meal | 30 | 159 | 222 | 208 589
10| Check | | 186 | 249 | 218 603
11) Sulfur | 30 | 408 | 400 | 398 | 1206
12| Check ...... N | 123 | 267 | 276 | 666
13| Iron sulfate ................... | 30 | 879 | 402 | 438 | 1219

Since the fertilizer was applied after the first c¢rop had been cut
in 1914, and since very little rain fell during the remainder of that sum-
mer, the fertilizer 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 15917, which ntust be taken iito 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 sulfur—flowers of sulfur, super-
phosphate, and iron sulfate—produced 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
or all the check plots, and less than the average of the check plots
tdjacent 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 709, and the
iron sulfate an increase of 899, 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 Dlots
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 129 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
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smaller increase over the check plots than the iron sulfate, and an in-
crease of only 169, 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
Surface 1.18 117 1.83 1.25 048 .021 7.16 0.13
Subsoil 1.08 074 2.42 0.88 072 .020 5.00 2.23

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 subsoil, 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 APPLIED AND YIELDS PRODUCED,
Phoenix Clay Adobe Soil. Plots 2%8 rods. Fertilizer applied Marceh 9, 1915.

Fertilizing Yield in pounds
Plot Application constituents 11915]1916|1917|Total
1bs. Ibs
1] Check ...oviiiiieniii.... L i | 227| 450| 736/ 1413
2 | Gypsum ... 159.50 Sulfur .......... |]10.00| 869| 826| 936| 2131
3 | Double superphosphate ....[40 | Sulfur .......... | .0.97| 361|] 418| G608| 1387
( { | Phosphorus ...... 7.40| | | |
4 | Superphosphate .......... (82 | Sulfur .......... 10.00| 348| 728| 860 1936
i | | Phosphorus ...... | 7.40] | | |
B | Cheek oo o | | 159( 260| 544| 963
6 | Sulfur oo 110 | Sulfur .......... i10.00| 216] 478] 676] 1370
7| Sulfur ... ..o Ll 30 1 Sulfur . h....... [30.00| 253 422| 668} 1363
8 | Cheek «.ovomiin i | | 224| 192| 480 896

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
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Fhat 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.
Phoenix Clay Adobe soil. Plots 2x8. Feértilizer applied Feb. 3, 1916.

Fertilizing Yield in pounds
Plat Application constituents |1916{1917|Total
West Section: 1bs. ibs.
1 Sulfur ................. 5.0 Sulfur ............... 5.0 570| 832! 1402
2 | Sulfur ................. 10.0] Sulfur ............... 10.0! 558] 804| 1362
3 | Sulfar ................. 30.0! Sulfur ............... | 80.0/ 664| 824| 1488
4 | Superphosphate ......... 82.8] Sulfur ............... | 10.0] 756 792| 1548
| Phosphorus ........... [ 74|
5 | Monocalcic phosphate 31.6] Phosphorus .......... | 7.4] 348] 592| 940
6 | Sulfate of ammonia ...... 42.3] Sulfur ............... | 10.0] 504] 720] 1224
Nitrogen ............. 8.5}
7 | Nitrate of soda .......... 55.8| Nitrogen ............. 8.5] 182| 516] 698
8 | Iron sulfate ............ 86.9 Sulfur ............... 10.0{ 528| 6382|1160
9 | Check ................. Nothing .............. 196| 460| 656
10| Cheek .................. Nothing. ............. 180| 384| 564
East Section:
1| Sulfur ................. | 60.0] Suvlfor .............. 1 60.0] 763| 696| 1464
2 | Sulfur ................. 1100.0} Sulfur ............... 1100.0| 782| 872| 1654
30 Gypsum ... ... 1100.0] Sulfur ............... 16.8] 676] 864| 1540
4 Gypsum ................ | 59.5| Sulfur ..... .. ........ 10.0| 686| 812| 1498
51 GYDSUM oo | 80.0] Sulfur ............... 5.0/ 582] 828 1410
6 | Check- ................. [ 288 580| 868
7 | Gypsum | 20.0 Sulfur ............... 3.3| 506| 684| 1190
8 | Gypsum .......... I | 10.0] Sulfur ............... 1.6| 464 584: 1048
9 | Gypsum  ............... | 5.0] Solfur ............... 0.84| 376! 484| 840
10] Check ................. | | Nothing ................... | 146| 384 530

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-
.sults 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. Thesge results and those obtained on other
fields indicate that wery large applications of sulfur are not necessary,
and on some coils are undesirable.
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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 649, more than the monocalcic-
phosphate ploi 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 soda 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. Nate 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 monocalcic-phosphate plot
was due to an increased growth of weeds which the phosphorus stimu-
lated.

The sulfate of ammonia produced 429, 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 219 of clay and 40%
of silt. Although it is very distinet 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 3.32
The:potassium, 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.

TABLE X. PLAN OF EXPERIMENT AND RESULTS, SALEM CLAY LOAM

Plots 2x8 rods. Fertilizer applied March 8, 1915, and application
repeatedﬁ]&gra-’r»c_h 27, 1917.

Fertilizing Yield in pounds

Plot Application ” constituents [1915(1916/1917|Total
. lbs. 1bs.

1| Cheek ..., g 114| 184| 394
2] GYPSUM ..t 59 5! Sulfur .o, 110.0! 492| 752| 948 2192
3 | Monocalcic phosphate ..... 41.0| Phosphorus ....... | 9.8] 178| 120| 228| 526
4 | Superphosphate . ......... |823 Sulfur ... {10.0| 553| 768] 888| 2209

| i\ Phosphorus ........ | 8.5] | |

57 Check ............. .. ... ' | | 286] 388! 344| 1018
6 | Sulfnr .................. 110.0! Sulfur ........... 110.0] 435{ 930| 952| 2317
70 Sulfar ... . 180.0] Sulfur ......... ..180.0| 618{1126(1100| 2844
8 | Iron sulfate .. ........... 184.0| Sulfur ........... 110.0] 899'1060|1016| 2975
9 | Rock phosphate ........... |56.0| Phosphorus. ....... | 8.5] 368| 306| 576| 1250
1 \ | | 273] 296] 368| 937

0| Cheek R R TR |

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 resuits.

The so0il 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 vield 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

Surface 1.03 .056 3.48 1.33 .065 .037 2.87
Subsoil 1.11 .018 3.38 1.92 .07% .014 3.79

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. FERTILIZERS AND YIELDS, COLEMAN GRAVELLY CLAY LOAM
Fertilizer applied February 24, 1915. Plots 2x8 rods.

S.fields in pounds

Plot Application | 1915 | 1916 |Total
| 1bs. |
1 Cheek ........ ..., 97 140 | 237
2| GypSUm ... 59.5 | 254 | 254 | 508
3 | Monocalcic phosphate ............. 41.0 | 138 | 50 , 188
4 | Superphosphate ........ ... ..., ... 82.3 | 240 | 222 l 462
5 €ck L e e | 150 ] 138 | 288
6 Sulfur ... o 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 | 100 | 46 | 146
10) CRECK v oveeesi | | 85| 32| 117

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 benpefit since the
gypsum plot yielded slightly more. Owing to the sloping ground and
seepage in winter check plot 5 received some benefit from the fertilizers
on the two adjacent fertilized plots, and this is responsible for the larger
yield. The phosphorus applied to the monocalcic-phosphate plot and the
rock-phosphate plot stimulated the growth of weeds on these two plots
but had no effect on the alfalfa.

During the summer of 1317 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 I'. 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.
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Table showing percentage composition of Barron Coarse Sand:

Potassium Nitrogen Calcium Magnesium Phosphoius Sulfur Organiec Matter
Surface 1.86 052 2.20 .51 077 .028 1.49
Subsoil 2.63 015 1.54 .73 .089 .015 2.06
‘Tnis 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 APPLICD AND RESULTS ON BARRON COARSE SAND
Plots 2x5 rods. TFertilizer spplied March 12, 1915

Yields in pounds

Plot Application | 1915 [ 1916 [Total
| 1bs. |

T Gypsum ... e | 23.4 | 334 | 269 | 608

2 | Check ... . ... | | 158 | 149 | 307

3 | Double superphasphate ............. | 16,5 | 265 | 228 | 493

4 | Superphosphate . ......... . ... . ... | 83.0 | 321 | 342 | 663

5 0 Cheek it i i | 194 | 162 | 356
The gypsum, double superphosphate, and superphosphate produced
very large increases in yield in 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:

Potassium Nitrogen Caleium Magnesium Ihosphorus Sulfur Organic Matter

Surface 1.83 148 1.50 0.85 065 .029 5.63
Subsoil 1.41 .039 1.63 1.21 .061 .013 3.78

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 X.III. TREATMENT AND ALFALFA YIELDS, TOLO LOAM
Plots 2x8 rods. Fertilizer applied March 9, 1915.

Yields in pouunds

Plat Application 1915 | 1916
| | dos. | o |
T CREEK oot [ | 155 | 308
2] Gypsum .. e | 59 | 363 | 400
3 | Double superphesphate ... ............. | 40 | 306 | 438
4 | Superphosphate ....... ... ... ... .. | 82 | 356 | 377
§ | CREEK e oo e | .| 161 | 289
6 | Sulfur ... [ 10 | 215 | 298
7 | 877

Sulfur ... e | 30 | 288
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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. INirst dark-green plot fertilized with
gypsum. Tirst narrow yellow plot fertilized with monocaleie phosphate. Secound dark-
green plot fertilized with superphosphate. Second light strip not fertilized. Dark plot
in backgrouud fertilized with flowers of sulfur at the rate of 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