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SUMMARY OF BULLETIN

1. The average value of the crops produced at Brook-
ings for five years was 31.1 per cent greater where phos-
phorus alone was applied than where no phosphorus was
L e S e N N e e e e ey e Page 256

2. The average value of the crops produced at Brook-
ings for five years was greater where phosphorus alone
was applied then where any other element of plant food
was applied or where any combination of elements of
plant food was applied................c..c... Page 255

3. If the fact that more than one half of the phos-
phorus applied yet remains in the soil is taken into con-
sideration, the application of phosphorus even in an expen-
sive form seems to be commercially profitable. . .Page 258

4. Phosphorus is the limiting element of plant food
in crop production in the soil at Brookings.. ... Page 250

5. It does not pay to buy nitrogen........ Page 257

6. Grow legumes to add nitrogen to the soil Page 251
7. It does not pay to buy potassium....... Page 257

8. The application of plant food cannot take the
placeyor yrainfiall B s S g R s TS 4 A Page 260

Note.—If plant food can be applied to some soils at a
profit to the farmer and to other soils at a loss, a soil and
crop survey to enable the state to ascertain the facts will
add millions of dollars to the state’s wealth and point
the way to permanent, profitable agriculture.

Rainfall data on page 263.



A Report of Progress in Soil
Fertility Investigations

Joseph Gladden Hutton

INTRODUCTION

The object of this bulletin is to report the progress
of the soil fertility investigations which are being conduct-
ed by the Agronomy Department of the South Dakota Ag-
ricutural Experiment Station.

The work was begun while Mr. C. Willis was the Sta-
tion agronomist, 1908-1910. After Mr. Willis’ resignation
in November, 1910, the work was carried on by assistants
until June, 1911, when Dr. A. N. Hume assumed the duties
of Agronomist. Since then, the writer has had charge of
the details of the work under the immediate direction of
Dr. Hume. Field tests have been directed largely by the
writer also in part of Mr. C. Woodworth, formerly Assist-
ant in Crops and later by Mr. Manley Champlin.

PURPOSE OF THE WORK

The investigations in the field of soil fertility are con-
cerned with the amount of plant food in the soil and its
relation to crop yields. Answers to the following ques-
tions are being sought:

1. How much plant food do the soils of South Da-
kota contain?

2. What yields may be expected from the present sup-
ply of plant food?

3. How long will the present supply of plant food
last?
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4. What elements of plant food, if any, are present
in quantities too small to produce the maximum jyield
which might be expected under the climatic conditions
prevailing in the various parts of South Dakota?

5. If plant food is lacking, in what form may it be
most profitably applied to the soil?

6. What systems of farming are most profitable?

7. How may the fertility of the soils of South Dakota
be increased and permanently maintained?

None of these questions has been fully answered, but
the facts herein submitted have been ascertained by care-
ful investigation and show how far the work has pro-
gressed.

WHERE THE WORK IS BEING DONE
Investigations are being made at:
1. The Brookings Station, Brookings County.
2. The Highmore Substation, Hyde County.
3. The Eureka Substation, McPherson County.
4. The Cottonwood Substation, Stanley County.

A detailed statement of the results of a complete fer-
tility test at Brookings, extending over a period of five
years is found on page 242 and the following pages. The re-
sults obtained at the Substations are given on page 260 and
following pages.

PLANT FOOD

In view of the fact that this is the first South Dakota
bulletin dealing with soil fertility, it seems proper to de-
fine some of the terms used and to state some of the prin-
ciples involved.

Plant food consists of the materials upon which the
plant feeds. A part of this food is taken from the air
through the leaves of the plant and part of it from the soil
through its roots.
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The materials taken in through the leaves and roots
undergo chemical changes within the plant and Dbecome
root, stalk, leaves or grain. Kvery particle of the plant
has been made from material taken by the plant from the
soil or air.

It is well known that ten different chemical elements
are necessary for plant growth. These ten elements are
carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium,
calcium, magnesium, iron, sulphur. Without all of these
elements present in sutficient quantities, no crop can be
produced.

Hydrogen, oxygen and nitrogen are gases. Oxygen con-
stitutes about one-fifth of the air. When oxygen is combin-
ed with hydrogen, water is formed. Nitrogen constitutes
rearly four-fifths of the air, but is such an inert substance
that it does not readily combine with anything else.

Carbon occurs in the form of charcoal, lampblack,
graphite, the diamond. When it unites with oxygen, it
forms a colorless gas known as carbon dioxide. This gas
is met with in soda water from which it escapes when the
prezsure is removed. Carbon dioxide exists in small quan-
tities in the air.

Potassium, calcium, iron and magnesium are metals.
They readily combine with oxygen. Potassium combined
with oxygen forms potash. Calcium combined with oxygen
ferms limie. Iren combined with oxygen ferms the familiar
iton rust—iron oxide. Magnesium combired with oxygen
forms magnesia.

Phosphorus is a peculiar substance more or less famil-
iar as a constituent of some kinds of matches. In its
pure state it is kept under water to prevent its uniting with
t’h—e_oxyg'en in the air.. Wlhen it unites with oxygen, it
forms oxides of phosphorus. Omne of these oxides which
contains two parts of phosphorus and five parts of oxygen
is often incorrectly referred to as phosphoric acid. Phos-
phoric acid is made up of two parts of this oxide of phos-
phorus and three parts of water chemically combined.
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Sulphur is familiar to nearly every one in its pure
form. When it unites with oxygeen, it forms sulphur dioxide
and this chemically combined with water and one more
part of oxygen forms sulphuric acid.

The plant gets its carbon from the air. The carbon
dioxide referred to above, enters the leaves through small
openings, and under the influence of the sunlight in the
presence of the green coloring matter in the leaves, unites
with water brought up from the soil to form starch, sugar,
ete.

The hydrogen supply of the plant is derived from the
soil water and much of the oxygen comes from the same
source although some oxygen iz taken from the air and
some, in combination with other elements, from the soil.

The remaining seven elements of plant food are taien
from the soil dissolved in the soil water. The dissolved
food enters through the roots and is carried through the
plant in the sap to be combined into materials which con-
stitute the various parts of the plant.

TIIE AMOUNT OFF THE VARIOUS PLANT FOCD ELEMENTS
IN TIIE SOIL

Most soils, excepting the most barren, have a sufficient
amount of the various elements of plant food to grow plants
of one kind or another, hut it frequently happens that one
or more of these elements is present in quantities too small
to produce paying crops.

When an elenrent is found to limit the yield on account
of Dbeing present in insufficient quantities to meet the
demands of the crop, it is called a limiting element. The ele-
ments which have been found most frequently to be limit-
ing elements are nitrogen, phosphorus, and potassium. I'or
this reason our investigations have been limited to the
study of these three elements in what are known as com-
plete fertility tests.

PLAN OF THE WCRK
At the several stations, the land is divided into blocks
of slightly more than one acre each. These blocks are sub-
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divided into plats containing exactly one-tenth of an acre.
Each plat is separated from adjoining plats by an alley
upon which no crop is grown and which is kept free from
weeds.

The plats in the fertility test at each station are plow-
ed-at the same time and to the same depth; harrowed at
the same time; planted at the same time with the same
kind and amount of seed. There can then be no difference
in yield arising from the preparation and seeding. The
difference in yield must therefore, be explained by the
amount of plant food applied.

APPLICATION OF PLANT FOOD

The method of applying plant food is illustrated in
Figure 1. The first plat receives no plamnt food; the second
receives nitrogen only; the third receives phosphorus only;
the fourth receives potassium only; the fifth receives no
piant food; the sixth receives nitrogen and phosphorus; the
seventh receives nitrogen and potassium; the eighth re-
ceives phosphorus and potassium; the ninth receives nitro-
gen .and phosphorus and potassium; the tenth receives no
plant food. It will be seen that each element is applied
separately, in combination with each of the other two, and
in combination both of the other two,%all the combina-
tions possible. The three plats receiving no plant
food are situated one at each end and one in the mid-
dle of the acre, making it possible to compare the treated
plats with the untreated plats and with each other. This
method of comparison is used at Brookings and at the
substations.

HARVESTING THE CROPS

The crop from each plat is harvested separately,
threshed separately, and accurately weighed by experienced
men. It is necessary to be accurate in order to obtain ac-
curate information. Knowledge is valuable only in so far
as it is exact knowledge.
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140| 141| 142| 143| 144| 145| 146|147| 148|149

O N | P| K| O| NP|NK|PK|NPK| O

150| 151| 152| 153| 154| 155| 156|157| 158|159

O| N | P| K| O | NP|NK|PK|NPK| O

FIGURE 1.

PLAN OF THE COMPLETE FERTILITY PLATS AT BROOKINGS.
SOUTH DAKOTA.

Bach field is two rods wide and eight rods long, having an
irea of sixteen square rods—one-tenth of an acre. The fields arc
separated by an alley forty inches in width. These fields are
located on the East Farm and extend from Number 140 at the
south end to 159 at the north end of the series.

O means no plant food applied.

N means nitrogen applied.

P means phosphorus applied.

K means potassium applied.

N and P means nitrogen and phosphorus applied.

N and K means nitrogen and potassium applied.

P and K means phosphorus and potassium applied.

N, P and K means nitrogen, phosphorus and potassium ap-
plied.

On numbers 140 to 149 a rotation of corn, oats, wheat, barley,
and clover is practiced.

On numbers 150 to 159 a rotation of corn, wheat, barley, oats,
and clover is practiced.
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THE WORK AT THE BROOKINGS STATION.

Investigations are being made upon two acres of land
on the east farm at Brookings as shown in IFigure 1. On
the acre embracing plots 140 to 149 a rotation of corn,
oats, wheat, barley, and clover is employed, while on the
acre including plots 150 to 159, the rotation is corn, wheat,
barley, oats and clover. All crops are removed and no
manure has been applied to the soil.

The soil is a brown sandy loam to a depth of about
fourteen inches underlain by a subsoil of clayey silt. The
chemical analysis of soil from all the plots has not been
completed but the average nitrogen content of the surface
layer 6 2-3 inches deep over an acre, weighing about 2,000,-
000 pounds, is 6,325 pounds. The acid soluble phosphorus
in the same amount of soil averages 1151 pounds. *Anal-
yses for potassium, as far as completed, show that the
seil contains 23,720 pounds of potassium per 2,000,000
pounds of soil.

This work was begun in 1908 and five years’ results
are, therefore, available. XNitrogen was applied prior to
1912 in the form of dried blood at the rate of 800 pounds
per acre per year, except on the acre embracing plats 150
to 159, which received in 1911 only 680 pounds of dried
blood. No record appears as to why the full amount was
not applied. Phosphorus was applied prior to 1912 in the
form of steamed hone meal or steamed bone meal tankage
at the rate of 200 pounds of this material per acre per
vear. DPotassium was applied prior to 1912 in the form
of potassium sulphate at the rate of 100 pounds of the
material per acre per year.

No chemical analysis of the materials is on record,
but from materials remaining on hand in 1911 and said
to have been the materials applied as plant food, it was
found that the dried Dblood contained 11.64 per cent
nitrogen; the steamed Dbone meal or tankage contained

#Note—Determinations of the total amount of phosphorus in the soil of
each plat to a depth of 40 inches are being made.



Be TABLE N@O. 1.
e Amount of Each Element of Plant Food Applied and Removed* in Five Years and the Amount Remaining

Plats 140-149 Plates 150-159

)
Treatment 8 e o ‘ o Removed - = 5
= In In =l 2 £ I 1 < 2 e
5] I 4 =F E w n n 3 =l 5
7 Graln Straw o= 2% g0 Grain Straw © 22 E9
4 2 S - £ a3 s~
ool Lbs. | Lbs. | B < -1‘ = Lbs. | Lbs. ) S
N N |104.57| 34.73[189.30] . 0.00 125.63] 30.08|155.71] 0.00]
Cneh . B e L. e SR P 18.43| 6.28| 24.71| 0.00 23.28 5.78| 29.06] 0.00|
K 20.75| 69.79| 90.54| 0.00 27.86| 62.29] 90.15] 0. 00[
o N [123.32| 39.47|162.79(424.27(261.48*%(|157.02| 40.20{197.22/410.31|213.09
Nitrogen ...... LI 0 A P | 21.63| 6.95 28.58 0.00 29.41| 8.06| 37.47| 0.00
K 24.29| 80.07(104.36{ 0.00 35.03| 87.14|122.17| 0.00|
N |122.43 33.29|155.72| 0.00 128.93| 36.92|201.85| 0.00
BHOSDh OGS v i oot paaaeels <, B 24.09 6.67| 30.76| 81.44| 50.68 30.82| 7.39| 38.21| 81.44| 43.23
K 27.03| 73.68/100.71| 0.00 36.79| 79.84(116.63| 0.00
. N [104.47| 32.02!136.49| 0.00| 126.27| 31.26/157.43] 0.00|
Potassium ............... P | 18.37| 5.86| 24.23] 0.00| 23.38| 6.04| 29.42| 0.00
K 20.63| 64.69| 85.32[244.14[158.82 || 28.00] 65.01| 93401\244.14‘151.13
. N [129.63| 41.69]171.32]424.27|232.95 ‘\162 99/ 36.96]/199.95(410.31/1210.36
Nitrogen and Phosphorus.. P 22075 7.4 2[5 30.17 ] 8. 44 50427 30.98| 7.39| 38.37| 81.44| 43.07
K 25.47| 81.97|107.44| 0.00 ‘ 36.31| 79.74]116.05| 0.00
: N |125.80| 41.43|167.231424.27/257.04 135.03| 34.60]169.63|410.31(240.68
Nitrogen and Potassium ,,, P 22018 [T T 42 29.50' 0.00 ‘ 25.03| 6.86| 31.89| 0.00!
K 24. 76‘ 82.10[106.86/244.14(137.28 || 31.90 74.10(106.00|244.14/138.14
N (|134.43| 39.79|174.22] 0.00| 154.82| 34.78|189.60| 0.00
Phosphorus and Potassium. P 23.72| 7.15( 30.87| 81.44| 50.57 28.76| 6.86| 35.62| 81.44| 45.82
K 26.60| 79.00/105.60(244. 14[138 54 | 34.48| 73.85/108.33]244.14[135.81
J N [140.17| 40.99|181.16|424.27(243.11 ||159.99| 39.60{199.59/410.31(210.72
Nitrogen, Phosphorus P 24.84| 17.33| 32.17| 81.44| 49.27 29.92| 8.11| 38.02| 81.44| 43.31
andTPotassiumes. L L K 27.83| 81.19(109.02/244.14|135.12 ” 35.63| 87.62|123.25|244.14(120.89
*The amount of plant food removed is calculated upon the basis that:
Nitrogen Phosphorus Potassium
145 bu. fof wheat containsg™ ... ... . 0., 1.421bs. .241bs. .261bs.
1 cwt. of wheat straw contains ........... 501bs .081bs. .901bs.
LS basdoMroatsCon taln s st kasn: This e W e ot 661bs .111bs. .161bs.
1 cwt. of oats straw contains ............ 621bs .101bs. 1.041bs.
1%:bu. “of sbarley: containms S din, Jwed o L Lo T71bs .161bs. .191bs.
1 cwt. of barley straw contains............. 321bs. .081bs. .881bs.
A DU O (GO TN COMtAT IS L= v s M LT Lo 8 1.001bs. .171bs. .191bs.

**Tn all probability more of the nitrogen applied has been lost from the soil than that removed in the crop.

&¥¢



Figure 2. View of the plats used in the vomplete fertility test at Brookings, South Dakota.
In the foreground is the acre including plats 140-149 in wheat in 1912. Beyond the wheat the
acre including plats 150-159 may be seen. The barley is in shock.
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8.65 per cent phosphorus and 1.37 per cent nitrogen. The
sample of potassium sulphate contained 40.69 per cent
potassium,

Ifor the crop of 1912, nitrogen was applied in the
form of sodium mitrate, 350 pounds per acre, analyzing
15.23 per cent nitrogen. Phosplhorus was applied in the
form of ‘“acid phosphate”, 200 pounds per acre, analyzing
6.1 per cent phosphorus. Potassium was applied in po-
tassium sulphate, 200 pounds per acre, analyzing 39.84
per cent potassium. For the details of the amounts of
each element applied and removed, the reader is referred
to Table Number 1.

RESULTS

In the following tables the yield of each crop grown
on the two acres is given and the average for the number
of crops is computed. The result for no treatment is the
average in each case of the yields from the three untreat-
ed plats in the acre, except in the case of wheat in 1912,
when the average is for two untreated plats. Nitrogen
was applied, through an error, to one of the untreated
plats in 1912. In the case of corn which was grown on
both acres in 1910, the average for no treatment is from
six plats and each of the other yields is the average yield
for a given treatment for both acres.

From the tables it will be seen that the average yield
of three crops of wheat on untreated soil is 10.4 bushels
per acre. Nitrogen gave an increase of 2.83 bushels per
acre per year. Phosphorus produced an increase of /.03
bushels per acre per year. Potassium increased the yield
1.03 bushels per acre per year.

The three crops of barley show an average yield of
30.77 bushels per acre for untreated soil. The nitro-
gen application produced an increase of 9.33 bushels per
acre per year. Phosphoru sproduced an increase of 12.33
bushels per acre per year. Potassium, however, effected
an increase of only .56 bushels per acre per year. Tje
increase for phosphorus alone applied to the barley crop
i8 greater than for any other treatment.
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Only two crops of oats have been produced and neither
of these during a very favorable year. The crop in 1911
was almost a complete failure on account of the dry spring
weather and early hot winds. The average yield for the
two years on untreated soil was 16.44 bushels. Nitrogen
increased the yield .26 bushels per acre per year. Phos-
phorus increased the yield 2.16 bushels per acre per year.
Potassium increased the yield .36 bushels per acre per year.
The increase for phosphorus alone applied to the oats
crop i8 greater than for any other treatment.

In 1910 corn was grown on both acres. The average
yield per acre for the six untreated plats was 46.53 bush-
els. Nitrogen increased the yield 8.17 bushels per acre.
Phosphorus increased the yield 21.2 bushels per acre.
Potassium decreased the yield 1.63 bushels. The increase
for Phosphorus alone was greater than for any other treat-
ment.

IFor some reason unknown to the writer, no clover
was grown on the plats in 1909. Clover was seeded with
the barley and oats in 1913 and will be given its proper
place in the rotations hereafter.

TABLE NO. 2.

Results in the Complete Fertility Test at Brookings As Shown in the
Yield of WHEAT Per Acre for Three Years.

1908 | 1911 | 1912 Aver. 3 yrs Av. Increase
N ST | =T __per Year
»n | E]
Treatment (Es: =8 - i
! g:.‘.’ Eé’ T ?j é ;-; : ;m e gm
&4 \gg oF [#2 |6R |22 | ¢8 7L | OF |&s
Nome ...... 12.5 12933[5.83]767]12.9|1200[10.40|1633| |
Nitrogen ... [14.1 [3150[6.50(910(19.1{1990(13.23|2017|2.83|384

Phosphorus . |15.1 [2380]5.20|740(23.0/2170/14.43(1763(4.03]|130
Potassium... |13.5 [2460|5.80(700|15.0/1310(11.43/1490|1.03|143D*
Nitrogen and l l ! ‘ F
phosphorus !16.33 307_0 5.20!740 21.8 2150 14.44(1987 4.04|354
Nitrogen and ' '
potassium 16.00{3190|6.00|790|20.1'1990(14.03|1990| .37|357
Phosphorus & | e i
potassium [15.50({2820|5.00({600(22.5|2120(|14.33({1847(3.93|214
Nitrogen, Hoa
phosphorus
& potassium|16.00
*D means decrease.

2990(4.70(720

25.812390(15.50

2033'5.10 400
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TABLE NO. 8.

Results in the Complete Fertility Test at Brookings As Shown in
the Yield of BARLEY Per Acre for Three Years.

1908 1909 1912 Aver. 3 Yrs Av. Increa-sé
Treatment = E = E - E = E = E
5 Sl S 4 ® g @ ] 2%
65 |32 | 62 |52 52 54 55| 53 | 63 @2
None ..... 131.30|1740(23.73|2493|37.27|1580[30.77]1938| |

Nitrogen .. [47.20|3130|24.20|2540(48.90(2450/40.10[2707| 9.33|769
Phosphorus [46.50(3110/29.80(2620(52.00(1980(43.10|2570|12.33[632

Potassium. |30. 60|1780|22 50|2520|37 90|1760|31 33|20 ‘0| 0.56| 82
Nitrogen &

phosphorus [43.30(2770(|26.70 2670|55 80|2260(41.93 2567‘11 16 629
Nitrogen & l l l

potassium 32.20(2690(26.00(2750/41.60(1850/33.27|12763 2.5"' 825
Phosphorus | ’ ' ’

& potassium|40.60(2350|31.50(2690(49.30|2060{40.47|2367| 9.70 429
Nitrogen,
phosphorus

& potassium|43.30

3420|32.10|2660|52.50|2620(42.63|2900|11.86|962

TABLE No. 4

Results in Complete Fertility Test at Brookings, as Shown in the
Yield of Oats, per Acre, for Two Years.

1909 I 1 y Average Aver Increase
Treatment o B g B = B g B
d@. | 84518 S g e . ra
68 |82 68 | 82| &3 | 2 E] a2
None ... ....... [30.23]2517] 2.66| 982|16.44|1750] |
Nitrogen .. ....[30.60/2870| 2.80| 910|16.70|1891] 0.26 |146
Phosphorus .. ..[35.00|2730| 2.20| 930(18.60|1830| 2.16 | 80
Potassium .. ...|31.20|2650| 2.40| 825|16.80(1738| 0.38 | 12D*
Nitrogen and l
Phosphorus .. ..|30.60|2770| 1.40({1105(16.00({1938( 0. 44D 188
Nitrogen and
Potassium . .131.20{2600| 2.00({1085(16.60|1848| 0.16 98
Phosphorus and
Potassium .. .134.40(2850| 1.70(1045(18.05(1948| 1.61 [198
Nitrogen, | | | | |
Phosphorus | |
and Potassium ..|31.6 |2690| 1.60] 90_(_)|1_6_._6_0|1__79:’>_!__0.1(_5 45

*D means decrease.
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TABLE No. 5

Results in the Complete Fertility Test at Brookings, As Shown in the

Yield of CORN Per Acre, for One Year.

1910
u
TREATMENT w -
k) - &L
g5 CY ggy
| 02 A o3
None ..... e L h | 46.53 | No Record | e
Nitrogen . .... ... e 8 | 54.70 | No Record | 8.17
Phosphorus ........ ...... ...| 5855 | No Record | 12.02
D U NI B o Bhg o 5.6 58 A oo ol | 44.90 | No Record | 1.63D
Nitrogen and phosphorus ...... | 56.55 | No Record | 10.02
Nitrogen and potassium ....... | 51.15 | No Record | 4.62
Phosphorus and potassium ..... | 55.45 | No Record | 8.92
Nitrogen, phosphorus No Record -
AN NP OTASSINTI Rt S SR iy A 5 No Record 10.72

D means decrease.

Table Number 6 shows in detail the yield from each

plat in the two rotations for the five years.

In the comsideration of crop yields on the Brookings
plats, as well as the yields at the several substations, the
reader will L interested in the rainfall table on page 263.
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TABLE No. 6

Bushels of Grain and Pounds of Straw Per Acre Produced Upon the
Plats in the Complete Fertility Test At Brookings.

1908 Wh at | 1909 Barley 1gio Corn 1911 Oats 1912 Wheat
|
7 i ST S B TR R R T |
wall B 5 Bl g e g S o a e
0E| @2 | ©3 | FE G2 | FE | GE | 22 | CE | @2
0 140 12.8/3510(20.88|2550| 51.3| | 3.3]1045|18.5%| 1840%
N 141 14.1|3150|24.20(2540| 55.8| | 2.81 910ii9.1 | 1990
P 142 15.1|2380(29.80(2 :620[58.5] _ | 2.2| 930|23.0 | 2170
K 143 13.5(2460(22.50(2520| 45.1| = | 2.4| 825]15.0 | 1310
O 144  |12.2]2760[22.70|2460| 47.0| uS: 1 2:8[1010[12.8 | 1150
NP 145 16.3|3070[26.70(2670| 54.0| = | 1.4/1105/21.8 | 2150
NK 146 |16.0[3090|26.00(2759| 53.2| 2 | 2.0(1085[20.1 | 1990
PK 147 [15.5[2820]31.50|2690| 55.1| | 1.7|1045[22.5 | 2120
NPK 148 16.0[2990(32.10(2660| 55.8] | 1.6] 900/25.8 | 2390
0 149 \12.5|2530[27.70[2470| 47.1| | 1.9 891j13.0 | 1250
1908 190y _1.91_0_” ; 1511 1912
Barley Oats Corn Wheat Barley

0150  35.7(1910[31.6 [2440| 44.2] [ 5.5] 870[38.7 | 1470
N 151  47.2(3030]30.6 |2870| 53.6| | 6.5] 910][48.9 | 2150
P 152 46.5[3110[35.0 [2730] 58.6] | 5.2 740[52.0 | 1980

|

1A

|

K 153  30.6/1780[31.2 |2650| 44.7| = 5.8/ 700[37.9 | 1760
0 154  28.7|1770|29.1 [2420] 46.0] é 6.0| 690(35.2 | 1540
NP 155 43.3[2770[30.6 [2770| 59.1| 5.2| 740/55.8 | 2260
NK 156 32.2[2690[31.2 [2600[ 49.1] £ 6.0/ 790[41.6 | 1850
PK 157  40.6/1350(34.4 |2850] 55.8| | 5.0] 600[49.3 | 2060
NPK 158 43.3/3420[31.6 [2690| 58.7| | 4.7] 720/52.5 | 2620
O 159  29.5/1640(30.0 [2690] 43.6! | 6.0] 740]37.9 | 1720

*Through an error, nitrogen was applied to this plat in 1912.
N means nitrogen applied; P means phosphorus applied; K-
means potassium applied.

From a study of these tables, it may be seen that,

(1) Nitrogen produced an increase in ithe yield in
all crops.

(2) Phosphorus produced a greater increase in all
Crops.

(3) Potassium produced a very small increase in
the yield of small grains and an actual decrease in the
yield of corn.
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(4 In all crops, except wheat, phosphorus alone
produeed greater increases than any other treatment.

Thege facts in connection with the soil analysis stated
on page 242 show almost beyond question that phos-
phorus is the limiting element in the soil under consid-
eration.

There was phesphorus enough available in the soil to
produce an average of 10.40 bushels of WHEAT per acre
for the three crops of wheat. 7he addition of phosphorus
to the soil increased the yield of wheat as an average to
i4.53 bushels, an increase of 4.03 bushels per acre per
year, or 38.7 per cent.

There was available phosphorus enough in the soil to
produce 30.77 bushels of BARLIEY per acre as an average
for three years. 7he addition of phosphorus increased the
yield of barley to }3.1 bushels as an average for the same
length of time, an increase of 40.5 per cent.

There was available phosphorus enough in the soil
to produce 16.44 bushels of OATS per acre for two years,
while the addition of phosphorus increased the yield to 18.6
bushels per acre per year, or 13 per cent.

There was available phosphorus enough in the soil
to produce 46.53 bushels of CORN per acre in 1910.
The addition of plosphorus increased the yield to 58.55
bushels per acre, an increase of 12.02 bushels per acre, or
25.8 per cent.

Swmmarizing the results of five years’ work at Brook-
ings, it is found that:

1. Phosphorus increased the yield of wheat 38.7 per
cent.

2. Phosuhorus increased the yield of barley 40.5 per
cent.

3. Phosplorus increased the yield of vats 13.0 per
cent.

4. Phlosphorus increased the yield of corn 258 per
cent.
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The supply of phosphorus in the soil is limited. There
is no system of farming by which more phosphorus may
be added to the =0il in any way except by purchasing it.
With the removal of phosphorus from the soil, as shown
in Table No. 1, the land must become less and less fertile,
No system of crop rotation can maintain the fertility of
the soil.

While uitrogen increased the yield, it did not produce
the maximum yields and is not yet the limiting element
in the soils tested, hut owing to the relatively large quan-
tities of this element removed in the crops (see Table No.
1), its scarcity in the near future will undoubtedly limit
the increased yields now -made possible through the use
of phosphorus.

Unlike phosphorus, the nitrogen content of the soil
may Dbe increased without purchasing it. Lvery ton of
clover hay takes forty pounds of nitrogen from the air and
cvery ton of alfalfa takes fifty pounds from the air
through the assistance of the bacteria that live on the
roots of these plants. Ilence, by growing these crops or
other legume crops and returning them to the soil, either
directly, or after they have been transformed into ma-
nure, the supply of nitrogen in the soil may be maintained,
provided, of course, that a sufficient amount of legumes
is grown.

All results show that there is enough potassium in the
soil for the needs of the crops. The increase for potassium
is small in any case, and the best authorities maintain
that potassium applied in the form of potassium sulphate
may liberate some phosphorus from the soil, thus acting
as a stimulant. In these results the effects of potassium,
whether direct or indirect are almost negligible. There
is no need of purchasing potassium.

IMPROVEMENT OF THE BROOKINGS BROWN SANDY LOAM

From the facts here submitted, the im provement of soil
like that at Brookings may be accomplished by
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1. Applying sujficient phosphorus to meet the needs
of the creps which may be grown under the prevailing
climate conditions.

2. By including sufficient legume crops in the rota-
tion practiced to maintain the nitrogen supply, and return-
ing as much organic matter to the soil as possible.

This method will maintain the fertility of the soil in-
definitely and secure for coming generations a productive
soil—a soil not despoiled of its fertility by the short-
sightedness of their ancestors.

(NOTE: When the soil hecomes acid, the acidity may be corrected by
the application of lime alone.)

PROFIT AND LOSS

The facts set down in the following pages will be of
assistance in ascertaining whether or not the increase in
yields through the application of plant food can bhe secured
at a profit. There is no question as to whether an increase
can be secured. It can+be secured. Can it be secured at
a profit to the farmer?

Table Number 7 shows the cost of the various mater-
ials containing plant food. In the first column is given
the price per ton f. o. b. South St. Paul, Minnesota; in
the second column, the cost laid down in Brookings in less
than carload lots, freight rate 32 cents per hundred; in
the third column, the cost laid down in Brookings in car-
load lots of forty thousand pounds, freight rate 13 cents
per hundred.

TABLE No. 7
*Cost of Materials Used in Fertility Test

Cost per ton in

Brookings less Cost per ton in

Brookings car-

Cost per ton f.

0. b. South St.

Paul, Minn. H)J{asn s load lots
Dried blood ..... $57.00 $63.40 $59.60
Nitrate of seda. . 67.00 73.40 69.60
Steamed
Bone meal ..... 25.00 31.40 27.60
Acid Phosphate . 20.00 26.40 292.60
Potassium
Sulpbate .. ..... 55.00 61.40 57.60

*The company quoting these prices made the statemeht that the};
are in effect now (May 23, 1913) and have been all this season,
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Tables, numbers 8, 9, 10 and 11, show the values of
each kind of crop for each year that it was grown, and also
the average value of each crop for all the vears that it was
grown. The reader may compare the value of the various
crops with the several treatments which the soil producing
them has received.

TABLE No. 8—\WHEAT

Farm value of wheat crops per acre, grain only, in the complete
fertility test at Brookings, South Dakota. The prices given are those
prevailing in South Dakota, December 1st, following the production
of each crop, according to the Year Book of the United States De-
partment of Agriculture.

| Y Average

TesATMENT WOW R RnT

Year

NOTLE JERR o N [$11.50($ 5.31\$78.90\ $25.71 | $ 8.57
NIt TOZE NS P S | 12.97| 5.92| 13.28] 32.17 | 10.72
PhoSPhORUS S, Blee i Ml e " 13.89| 4.73| 15.87) 34.49 | 11.50
Botassimet ) iRl N = 12.42| 5.58| 10.35, 28.35 | 9.45
Nitrogen and phosphorus..| 15.02 4.73"-16. 04} 34.79 11.60
Nitrogen and potassium..| 14.72| 5.46‘ 13.87 34.05 18315

Phosphorus and potassium| 14.26
Nitrogen, phosphorus
and potassium ........... | 14.72

4.55] 15.53| 34.34 | 11.45

|
4.28| 17.80| 36.80 | 12.27

TABLE No, 9—BARLEY

Farm value of barley crop per acre, grain only, in the complete
fertility test at Brookings, South Dakota. Prices are those prevail.
ing in South Dakota December 1st, following the production of each
crop, according to the Year Book of the United States Department of
Agriculture, and the Crop Reporter of January, 1913.

1908 1909 ‘l 1912 é;;;?g;r
TREATMENT 47¢ 45¢€ 42C Total Acre per
ver bu. | per bu. Year

INORCw - 75t 0 a4 2] 1$14.71($10.68|$15.65| $41.04 | $13.68
Nitgoean iy .e sl sl } 22.18] 10.89| 20.54| 53.61 | 17.87
EImeEphBrae < &% ' de, S0 0 s 21.86| 13.41|. 21.84 56.11 18.70
Potassitimy s L S st L el 14.30| 10.13| 15.92| 40.35 16.78
Nitrogen and phosphorus. .| 20.35| 12.02| 23.44| 55.81 18.94
Nitrogen and potassium...| 15.13| 11.70| 17.47! 44.30 14.77
Phosphorus and potassium| 19.08| 14.18| 20.71| 43.97 14.66

Nitrogen, phosphorus
and potassium .......... | 20.35] 14.45| 22.05] 56.85 18.95
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TABLE No. 10—OATS

Farm value per acre of oats crops, grain only, in the complete
fertility test at Brookings, South Dakota. The prices are those pre-
vailing in South Dakota, December 1st, following the production of
each crop, according to the Year Book of the United States Depart-

ment of Agriculture.

190Q ‘ 19 1
TREATMENT 3ac ‘ 3¢
per bu. | per bu.

NOTIe A" o o R i Sy ST [$10.28|$ 1.14
NNtLOZGET Lol i LS o N LR E S | 10.40| 1.20
PhoSDhOTUS e 5t e e ARSE g ) | 11.90 .95
Potassium v =t b Sy T e | 10.61] 1.03
Nitrogen and phosphorus ....... | 10.40]| .60
Nitrogen and potassium ........ 10.65| .86
Phosphorus and potassium ...... 11.70 73
Nitrogen, phosphorus & potassium| 10.74 .69‘

TABLE No. 11—CORN

Farm value per acre of the corn crop, grain
plete fertility test at Brookings, South Dakota.

Average
Total Value per
Value Acre per
Year
$11.42 | $ 5.71
11.60 | 5.80
12.85 6.43
11.64 | 5.82
11.00 | 5.50
11.51 5.76
12.43 | 6.22
5.72

11.43 |

only, in the com-

The price given is

that prevailing in South Dakota, December 1, 1910, according to the
Year Book of the United States Department of Agriculture.

TREATMENT ‘ il
4cc per Bu.
INU e | ° =0 T T B O e [ $18.61
INGIE WY i Sl i BN ] o St N Ve 21.88
PhpspireEus ot il 0N b aa e 23.42
Potassiim s AN SRR ey Sralie e e 17.96
Nitrogen and phosphorus ........... 22.62
Nitrogen and potassium ............ 20.46
Phosphorus and potassium ......... 22.18
Nitrogen, phosphorus and potassium. . 22.90

Table Number 12 shows the value of the grain pro-
duced under cach treatment in both rotations for each of
the five years; the total value of the grains produced under
each treatment for the five years; the total value of the
increase; and the value of the average amnual increase

for each treatment.



TABLE No. 12

Value Per Acre of All Crops Produced Under Each Treatment at Brookings During Five Years.

Averuge
TREATMENT - | s ‘Incr:ase l;:;e\‘f:c lu&lfolh
Wheat | Barley ’ Corn ‘ Oats | !Wheat! | Toal S
Nofie . .. A SR v JRLT50 [$10.68 [$19.39 [$ 1.1'4_\ $,8.90 [$51.61 | |
INTUTORET M o e g e o s [[12.97 | 10.89 | 22.32 | 1.20 | 13.28 | 60.66 |$ 9.05 |$ 1.82 |$ 2.58
PHOSPhONTRILEs=a o for sk | T3.89 | 13.41 | 23.40 .95 | 15.87 | 67.52 | 15.91 | 3.18 | 3.59
RO CaISBIUM T 8w i Folioh e e BT as | 12.42 | 10.13 | 18.04 | 1.03 | 10.35 | 51.97 | .36 | ~ .07 | .11
Nitrogen an'd phosphorus . ...... | 15.02 | 12.02 | 21.60 | .60 | 15.04 | 64.28 | 12.67 | 2.53 | 3.14 N
Nitrogen and potassium ........ | 14.72 [ 11.70 | 21.28 | .86 | 13.87 | 62.43 | 10.82 | 2.16 | 1.85 o
Phosphorus and potassium ...... | 14.26 | 14.18 | 22.04 | .73 | 15.53 | 66.74 | 15.13 | 3.08 | 2.97
Nitrogen, phosphorus & potassium| 14.72 | 14.45 | 22.32 | 69 | 17.80 | 69.98 | 18.37 [ 3.67 | 3.55
Barley Oats Corn Wheat ‘ Bar'ey i
G A D R A ol B A e [T [310:280 ] 47797 L 5.31 | 16:65, [»63.74 | ] |
NICROZenilwatl R AR A et Spe p R e | 22.18 | 10.40 | 21.44 | 5.92 | 20.54 | 80.48 | 16.74 | 3.35 |
PHOSPIOLI Sl Ml o i s | 21.86 | 11.90 [ 23.44 | 4.73 | 21.84 | 83.77 | 20.03 | 4.01 |
TR Vv vk el s e o e |- 14330 | 10.61 | 17.88 | 5.58 [ 16.92 [ 64.29 |+ .76 | .15 |
Nitrogén and phosphorus ....... | 20.35 | 10.40 | 23.64 | 4.73 | 23.44 | 82.56 | 18.82 | 3.76 |
Nitrogen and potassium ........ [ 15.13 | 10.65 | 19.64 | 5.46 | 17.47 | 71.6:9 7.756 | 1.55 |
Phosphorus and potassium ..... | 19.08 | 11.70 | 22.32 | 4.55 | 2071 | 78.36 | 14.62 | 2.92 |
Nitrogen, phosphorus & potassium.| 20.35 | 10.74 | 23.48 | 4.28 | 22.05 | 80.90 | 17.16 | 3.43 |
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Table Number 13 shows the profits and losses result-
ing from the application of plant food. The results are
calculated for the farmer who might wish to buy plant
food in small quantities and for him who might wish to
buy in carload lots. An examination of the data recorded
in this table reveals the fact that no application of plant
food except plosphorus alone paid any profit, and
that the average value of the crops produced on the phos-
phorus plats of both rotations was 31.1 per cent greater
than the average value of the crop produced on the un-
treated plats of both rotations for a period of five years.

In the case of the first rotation, the GAIN per acre per
year was 14 cents and 52 cents, according to the quantity in
which the phosphorus was purchased. It is estimated that
the cost of hauling the phosphorus from the railroad station
to the farm and distributing it over the field, is 40 cents
per acre per year. If this cost be subtracted from the
gains of 1} cents and 52 cents the results are a loss of 26
cents in the first case and a gain of 12 cents per acre in
the second case

In the case of the second rotation,-the GAIN for
phosphorus alone per acre per year was 96 cents and $1.34,
according to the quantity purchased. If from this amount
the cost of applying the phosphorus is subtracted, the
gains are 56 cents and 94 cents per acre respectively.
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TABLE No. 13

Statement of Profits and Losses in the Fertility Test at Brookings,

the Acre Basis.

S. D. Total Values for Five Years. All on

Rotatien of Corn, Oats, Wheat and Barley.

Cost of Plant Feod

C

I
|$
|
I
|
|
l

ar-load Local
Lots Freight

Average Annual Gain

Total Gain of Loss of 1,0ss

Car-load | Local Car-load
Lots | kreight Lots
|

107.53|$105.23L|$ 98.48L|$21.05L|$19.69L*

13.30]  .71€]
17.28] 18.06L|
120.83| 116.81L|
124.81| 121.88L)|
30.58] 18.49L|

| 138.11| 129.53L|

| |
103.99| 93.77L

13.30] 4.83G|

17.28| 17.67L|

117.29] 106.89L|
121.27] 121.18L]

Value Value

TREATMENT of of |
Grain Increase Local
| Freight

WNDAET 51 el AN ok P A5 55 e ] IG5 8 [$51.61 | |
INGELOZen SR mres ks = i iiei.....| 60.66 |$ 9.05 |$114.28
PhosphomusRERARTS T S35 000 S Sy a5l | 67.562 | 15.91 | 15.20
PotaSE T L. r=% G 80 L e T | 51.97 | .36 | 18.42
Nitrogen and phosphorus ............ | 64.28 © 12.67 | 129.48
Nitrogen and potassium .......... ... | 62.43 | 10.82 | 132.70
Phorphorus and potassium ........... | 66.74 | 15.13 | 33.62
Nitrogen, phosphorus and potassium....| 69.98 | 1837 | 147.90

Rotation of Corn, Wheat, Barley, Oats

N CTTETV S 0 S ) Em I TN B X B e, |$63.74 | |
INTEROZCNTTL LS o FA T N B, BT i o 5 | 80.48 [ 16.74 | 110.51
BhosphOGIE f.2% 558 Fmonogs o) eirel ot oo/l %o ce..| 83.77 | 20.03 | 15.20
Botais S fo . R Dy e o | 64.29 | .75 | 18.42
Nitrogen and phosphoérus ............ | 82.56 | 18.82 | 125.71
Nitrogen and potassium .............. | 71.49 | 17.75 | 128.93
Phosphorus and potassium ........... | 78.36 | 14.62 | 33.62

Nitrogen, phosphorus and potassium....| 80.90 | 17.16 | 144.13
*G means Gain; L. means Loss.

l
|
|
|
I
l
|

30.58] 19.00L]
134.57|12:6.97L|

2.61G] .14G] .52G
16.92L| 3:61L| 3.28L
108.16L| 23.36L| 21.63L 2
113.99L| 24.37L| 22.80L =
15.45L| 3.70L| 3.09L
119.74L| 25.90L| 23.95L

87.25L| 18.77L| 17.45L
6.73G|  .96G| 1.34G
'16.53L| 3.53L| 3.30L
98.47L| 21.37L| 19.69L
113.52L[ 24.23L| 22.70L
15.96L[ 3.80L| 3.19L
117.41L| 25.39L| 23.48L
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The average gain per acre per year for these two rota-
tions is therefore, 15 cents and 75 cents, according to the
quantity of phosphorus purchased. -These amounts must
pay for the increased cost of harvesting, threshing and
marketing the larger crop.

Reference to Table Number 1 shows that 81.4}
pounds of phosphorus was applied to the phosphorus plats
during the five years and that only 30.76 pounds of phos-
phorus was removed in the first rotation, leaving ow depos-
it 50.68 pounds of the element for furture use. In the
second rotation, 38.21 pounds of phosplorus was removed,
it 50.68 pounds of the element for future use. In the
average amount of the phosphorus applied remain-
ing unused is 406.95 pounds per acre. The high
vielding plats, therefore, contain 46.95 pounds more phox-
phorus than they did five years ago—enough to supply the
necessary amount of this element for more than six crops
such as those already removed.

The average amount of phosphorus removed from the
untreated plats was 26.88 pounds. These plats are, there-
fore, poorer in this element than they were five years azo,
while those -which produced 31.1 per cent more grain are
richer than they were at the beginning of the investiga-
tion.

In considering the actual profits, the condition of the
soil after the crops have been removed must be considered.
A large part of the wealth thought to have been produced
by South Dakota farmers during the last few decades is
the result of removing fertility from the soil without mak-
ing a corresponding return.

Even at the high price paid for the phosphorus used
in this investigation, the investment may be considered
profitable if tlhe condition of the soil is considered. If
phosphorus can be bought in a cheaper form and plowed
under with organic matter larger profits may be expected.

The cheapest form in which phosphorus can be bought
is in the form of finely ground rock phosphate. Phos-
phorus in this form is being used successfully in many
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places in the United States at this time. Whether or not
it can be so used in South Dakota will be determined by
the facts ascertained from investigations recently begun at
the South Dakota Experiment Station. Whatever the re-
sults may be, whatever relation the cost of phosphorus
the cost of crop production and the market value of

crops may bear to one another, one fact remains—phos-
phorus has been the limiting element in crop production

on the plats at Brookings during the last five years, and
unless this element can be supplied, the soil will grow
poorer and poorer with the removal of each succeeding
crop.

OTHER FERTILITY INVESTIGATIONS AT BROOKINGS, S. D.

In addition to the complete fertility test discussed
in the preceeding pages, the following investigations are
Leing pursued at the Brookings Station:

1. A grain farming system in which all grain is sold
and all straw and stalks are returned to the soil
with and without phosphorus and potassium singly and
in combination.

2. A stock farming system in which all grains and
hay are fed and the manure returned to the soil with and
without phosphorus and potassium singly and in ¢ombi-
nation.

3. A test of the comparative efficiency of acid phos-
phate and rock phosphate as sources of phosphorus.

4. The effect of ground limestone on crop vields.

5. The effects of green manures and stable manures.
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FERTILITY TESTS AT HIGHMORE, HYDE
COUNTY, S. D.

Six acres of land, each divided into ten plats, are used
in a complete fertility test at Highmore. The retation
employed is alfalfa, corn, wheat, legume, grain sorghum,
and oats. All crops are grown each year. [I’lant food
is applied here in the same manner as at Brookings Sta-
tion.

Plant food was applied to two acres only in 1911.
Owing to the severe drought no crops were produced. In
1912 plant food was applied to all plats. The results are
shown in Table Number 14. The application of plant
food resulted in a loss in every case.

No definite conclusion can be drawn from these two
vears’ results. The reader may infer that plant food will
not produce crops in the absence of sufficient rainfall.

TABLE No. 14.

Results From Complete Fertility Test at Highmore, Hyde County,
South Dakota—Yield Per Acre.

‘Wheat Oats Corn |Wheat|Peas? " l(‘ats”
TREATMENT | (Hay) | Kowliang®

‘ ll?ul.l 1}311.1 1912 | 1912 19]2 s kISgalwz)
INGINE o = v e |Failure|Failure|16.56| 0.5 | 500|Failure| 753
Nitrojgent. S L oy | |Failure|Failure|11. 25| 0. 25] 500|Failure| 520
Phosphorus .... ...|Failure[Failure| 8.05| 0.75| 500|Failure| 810
Potassium .. ...... |Failure|Failure|14.40| 0.90| 500|Failure| 830
Nitrogen and | | |
phosphorus ... ....|Failure|Failure[10.75| 0.35| 500|Failure{1300
Nitrogen and \ \ \
potassium ..... .. .|Failure[Failure|10.50| 0.21 500 Fa11ure|1250
Phosphorus and |
potassium ..... . .|Failure[Failure|14.10( 0.10| 500|Failure| 900
Nitrogen, phosphorus
and potassium ...... Failure|Failure|15.80| 0.06| 500|Failure| 550

1. No seed produced on account of dry weather. The plots
were mowed and yielded %4 ton each of pea hay mixed with weeds.

2. Kowliang seed did not germinate. The acre was seeded to
millet, but this also failed on account of dry weather.

3. Owing to the dry weather the oats were cut for hay.
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FERTILITY TESTS AT EUREKA, McPHERSON
COUNTY, 8. D.

Three acres of land, each divided into ten plats. are
used in the complete fertility test at the Lureka Substa-
tion. The rotation employed is corn, wheat, and peas. The
plant food is applied in the regular manner already de-
scribed.

Plant food was applied for the first time for the ¢rop
of 1912. The results are shown in Table Number 15. A
period of hot windsinjured the wheat and peas so that the
results are not very significant. There is an increase of
nearly seven bushels of corn where phosphorus and po-
tassium, and where nitrogen, phosphorus and potassium
were applied. However, the untreated plat next to the
plat receiving all three elements yielded sixty bushels.
The land is quite rolling at the Ilureka Substation and no
definite conclusion can be drawn from the results of one
year except that the application of plant food in every case
resulted in loss.

TABLE No. 15.

Results From Complete TFertility Test at Eureka, McPherson County,
S. D.—Yields Per Acre.

WrcRtmbat Corn Wheat Peas
Bu.-1912 Bu.-1912 [Bu.-1912
O T s e e S o o [P TS0 6T 6.77
IO, Y e T s | 47.10 7| 0.83 | 3.66
PHORPNATMS = .0 s Sl 5. Lo v S il | 46.70 | 0.58 | 1.66
D e e e A T AR 7 [ S A0 = 02 | 2 06
Nitrogen and phosphorus ........ P20 O80Tk
Nitrogen and potassium .......... | 46.70 | 0.17 | 2.17
Phosphorus and potassium ....... | 54.60 | 1.08 | 2.33
Nitrogen, phosphorus l ‘ |
ANAFPOEASSTUINS et TSN CE ol 3 5 2 54.50 235 6.50

These plats are situated on rolling land and are somewhat uneven.
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FERTILITY TESTS AT THE COTTONWOOD SUBSTA-
TION, STANLEY COUNTY, S D.

The complete fertility test is confined to three acres
of land at the Cottonwood Substation, each acre being
divided into tenth acre plats. The rotation employed is
corn, wheat, and peas. All crops are grown evory vear.
Plant food is applied in the regular manner.

This work was begun in 1912 and Table Number 16
shows the results obtained. The yields for wheat and
peas show a decrease for all treatments, while the yield
of corn shows a slight increase on the plats receiving po-
tassium. No definite conclusion can be drawn from this
first year’s work. The application of plant food resulted
in loss in every case.

TABLE No. 16.
Results From Complete Fertility Test at Cottonwood, Stanley
County, S. D.—Yields per Acre.

Corn ‘ Wheat Peas

sty Bu-1912 Bu.-1912 | Bu.-1912

=Nl

INONCHE: 5 cealV s P a5 SEE ST | 26002 e DA e 2

N RO I S e e |2l 2R S (983 I a0l

EHOSDHO LU S e i e e o s [E3722% 757 (S Lm0 g | 4.00

RO ARSI EE B WIEr L) S =8 e |12 293005 | 7 783303 15167

Nitrogen and phosphorus ........ [ S24 5 6.50 | 3.33

Nitrogen and potassium ......... |2 920w 5.83 | 4.00

Phosphorus and potassium ....... P28 3R T8 3| 6.00

Nitrogen, phosphorus \ ‘ l

and pOtASSIUTNEUIEN: w00 o 53 A 27.12 8.16 5433



Jan. ..
Feb. ..
Mch. .
Apr. ..
May ..

June
July

Aug. .

7Sept.
Oct.

Nov. ..

Dec.

Total .

RAINFALL AT THE SEVERAL STATIONS

|
Brookings Cottonwood | Eureka Highmore

[1907| 1908|1909 1910| 1911] 1912| 1910| 1911 1912 1909 1910| 1911| 1912| 1908| 1909| 1910| 1911| 1912
| 1.06] 0.20] 1.20| 1.07| 0.61| 0.28] 0.66] T | 0.1%; 0.10] 0.60 0.50| 0.25] T | 0.26] 0.82| 0.11] 0.13

| 0.28] 1.80| 1.57| 0.40| 0.53| 0.24| 0.97| 0.15] 0.05] 0.45] 1.70] 0.73| 0.40| 0.53| 0.34| 0.19] 0.39[ 0.11
.| 0.55| 1.16| 0.37|0.35| 0.53| 0.26] 0.76] T [ 3.00] 0.14] 1.23| 0.62| 1.05| 0.00| 0.13| 0.58| 2.54| 0.27

| 1.67| 2.10] 1.16| 2.34| 1.62| 3.36| 1.06| 0.85] 3.32| 0.50| 0.82| 2.24| 1.29| 1.35| 0.30| 1.40| 0.32| 1.05
| 2.36] 6.46| 4.85| 0.87| 1.90| 6.98| 2.54| 1.10| 1.18{ 2.65| 0.42| 0.97| 3.37| 2.68| 4.72| 0.94| 2.31| 2.20

..| 5.65| 6.35| 2.29| 1.85| 3.78| 2.09| 1.30| 0.64| 0.95 3.35] 3.80 1.29| 1.50| 5.78| 1.69| 3.74| 6.09| 1.31
.| 3.77| 4.69] 2.44| 1.68| 3.32| 2.52| 1.11| 0.59| 2.42| 2.21| 0.53| 0.43| 2.19| 2.49| 1.81| 0.85] 2.69| 1.44
.| 1.41] 2.37| 3.39| 2.46| 3.81| 4.68| 0.48| 2.41| 3.42| 1.39| 2.60| 3.57| 3.27| 3.53| 3.74| 0.66| 2.52| 3.39
.| 1.28| 3.89] 1.67| 0.96| 3.08| 1.61| 0.82! 3.59| 1.30| 1.25| 3.65| 1.15| 1.43| 0.62| 1.70] 0.89] 3.06| 0.71

| 0.96] 1.43] 1.71] 0.38| 5.12| 0.96] 0.32| 1.15| 0.11| 0.17| 0.18] 0.61| 0.07| 2.19| 1.04| 0.24| 1.05] 0.20
| 0.10| 1.30] 0.65| 0.17| 0.23| 0.00| 0.53] 0.20] T.| 0.60| T | 0.88] T | 1.39] 0.71| 0.40] 0.35] 0.00

.| 1.12| 0.42| 1.14| 0.10| 0.42| 0.20| 3.00] 0.42] 0.12] 2.40| 0.25| 0.80| 0.11| 0.31| 1.41| 0.44| 0.44| 0.35
.|20.21|32.17(22.44|12.63|24.95|23.18]12.65[11.10!16.04|15.21(15.78(13.79|14.93|20.87|17.85| 9.05/15.87|12.06

§9¢
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