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A. Report of Progress in Soil 

Fertility Investigations 

Joseph Gladden Hutton 

INTRODUCTION 

The object of this bulletin is to report the progr�ss 
of the soil fertility investigations: which are being conduct
ed by the Agronomy Department of the South Dakota Ag
ricutural �xperiment 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 -Agr_onomist. 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 l:argely by the 
writer also in part of Mr. C. Woodworth, formerly Assist
ant iri 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. �ow 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 yield 
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 Dakot9, 

be increasied/ and permanently maiintained? 
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· 
gTessed. 

WHERE THE WORK IS BEING DONE 
Investigations are being made 1a,t: 

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 Tesults of a complete fer
tility test at Brookings, extending over � 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 -0f 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 plrunt and become 
root, stalk, leaves: or grain. Every particle of the plant 
has been made from material taken by the plant from the 
soll or air. 

It is well known that ten different chemical elements 
are nec1es,sary for plant growth. These ten elements are 
carbon, hydrogen, oxygen, nitrogen, phosphorus, potas:si_um, 
calcium, magnesium, iron, sulphur. vVithout all of these 
elements present in 1suffiicient 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 ,vith hydrogen, water is fc;mned. Nitrogen constitutes 
nearly four-fifths of the air, but is such an inert subsfance 
that it does not readily combine with anythin� else. 

Carbon oc·curs in the form of charcoal, lampblack, 
graphite, the diamond. Vlhen it unites with oxygen, it 
forms a colorless gas known as carbon dioxide. ThiS' gas 
js met with in soda water from which it escapeS: when the 
prm:sure is removed. Carbon dioxide exists in smaJl quan
tities in the air. 

Potass1ium, ,c1alcium, iron and magnesium arie metals. 
They readily combine with oxygen. Potassium combined 
with oxygen forms potash. Calcium combined with oxygen 
fo.rms lime. Iron combined with oxygen forms the familiar 
i1on rust-iron oxide. Magnesium combined with oxygen 
forms magne:s:ia. 

Phosphorus is a peculiar substance more or less famil
iar as a constituent of some kinds o.f nmtches. In its 
pure state it is kept under water to prevent its uniting with 
fue oxygen in the air.. �Vhen it unites with oxygen, it 
fo:r:ms oxides of phosphorus. One of these oxides which 
contains two parts of phosphorus and five parts of oxygen 
is often incorrectly referred to as phosphoric acid. Phos
phoric- add is maide up of two parts of this oxide of phos
phorUJ� and three parts of water chemically combined. 

/ 
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Sulphur is familia1r to nearly every one in its pure 
form. \Nhen it unites with oxygen, it forms sulphur dioxide 
�md this c'hemically combined ,vith ,vaiter and one more 
part of oxygen forms sulphuric acid .. 

The plant gets its ,c·!arbon from the air. The cUJrbon 
dioxide referred to above, enters the leaves through small 
openings, and un'.' er 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, 
etc. 

The hydrogen supply of the plant is derived from the 
soil ,Yater a,nd much of the oxygen comei" from the same 
source al though some oxygen is taken from the air and 
s,ome, in .combination with other· elements, from the soil. 

The remaining seven elements of plant food are taken 
from the soil dissolved in the soil water. The -dissolved 
food enters through the roots and is carried through the 
plant in ithe sap to be com\1ined into materials which con
stitute the various parfa of the plam t. 

'l'HE AMOUN'.r OF '.r:fIE VARIO US PLANT FOOD ELEMEN'l'8 

IN THE SOIL 

Most soils, excepting the most bar1rien, have a sufficient 
amount of tlle vario1r: elements of plant food to gr,ow plants 
of one kind or another, but_ it frequently happens that one 
or more of these element· is present in quantities too small 
to produce paying crops. 

When an .element is found to limit the yield on account 
of being present in insufficient quantities to meet tfue 
demandls 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. For 
thi"' 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 WORK 

At the several stations, the land is divided :iinto blocks 
of slightly more than one acre each. These blocks aJ'e sub-
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divided into plats containing ,exactly one-tenth of an acre. 
Eia,eh plat is separated from adjoiining plats by an alley 
upon which no crop is grown .and which is kept free from 
weeds. 

The plats in the fertility test at ea:ch 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 crun then be no diffierence 
in yield arising from the preparation and seeding. The 
rlifforence 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 plamt food ; the second 
receives Itltrogen only ; the third receives phosphorus only ; 
'the fourth receives potas:sium only ; the fifth receives no 
plant food ; the sixth receives nitrogen and phosphorus ; the 
seve111,th receives nit:r�ogeri and potassium ; the eighth re
ceives phosphorus: and potassium ; the ninth reeeives nitro
gen .and phosphorus ,and potassium ; the tenth receives no 
plant foodl. It will be seen tha,t each element is applied 
separately, in combination with each of the other two� and 
in com'bination both of the other two,�all the combina
tions possible. The three plats receivmg no plan;t 
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, 
�-hreshed sep·arately, and aoeurately 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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FIGURE 1 .  
PLAN OF THE COMPLETE FERTILITY PLATS A T  BROOKINGS. 

SOUTH DAKOTA. 
Each field is two rods wide and eight rods long , having an \rea of  sixteen square rods-one-tenth of  an acre. The fields arL separated by an a lley forty inches in width. These fields are located on the East Farm and extend from Number 1 4 0  a t  the south end to 1 5 9  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 api)lied . 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 applied. On numbers - 1 4 0  to 1 4 9  a rotation of corn, oats , wheat, barley and clover is practiced. · ' 

· On numbers 1 5 0  to 1 5 9  a rotation of corn, · wheat, barley oats · and clover is practiced. ' ' 
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THE WORK AT 'l1HE B ROOKINGS STATION. 

Investigations are being made upon two acr:es of land 
on the east farm 1a.t Brookings as shown in Figure 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 sa.ndy loam to a depth of about 
fourteen inches underlain by a subsoil of dayey silt. Thi� 
chemical analysris of soil trom all the plots has not been 
eompleted 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. T'he acid soluble phosphorus 
in ,the same amount of soil averagesi 1151 pounds. :t-Anal
yses for potassium,  as fair :as completed, show that the 
soil 1contains 23,720 pound� of potas ium per 2,000,000 
pounds of soil. 

This work was1 begun in 1908 and five years' results 
are, therefore, av� ilable. Nitrogen was applied prior to 
1 912 in the form of dried blood a t  the rate of 800 pounds 
per acre per year; except om the acre embracing plats 150 
to 159, which receiv�cl in 1911 only 680 pounds of dried 
blood. :No record appeairs a,s to w'hy the full amount was 
not applied. Phosphorus was applied prior to 1912 in the 
form of steamed bo�e meal or steamed bone meal tankage 
at the rate of 200 pounds of this material per acre pe1· 
year. Potassium 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 1 
but from _materials remai:n ing on hand -in 1911 and said 
to have been the materials applied as plant food, it was 
found that the dried bloodJ contained 11 .64 per _ cent 
n itrogen ; the steamed bone meal or tankage contained 

*Note-D eterminations of the total amount of  phosphorus in the soil o f  
each plat t o  a depth o f  4 0  inches are being made. 
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Nitrogen Phosphorus Potassium 
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1 bu .  of oats contains . . . . . . . . . . . . . . . . . . . 6 6 Ths .  . l l lb s. . 1 6 Ths .  
1 cwt. of  oats straw contains . . . . . . . . . . . . . 6 2 Ths .  . l O Ths .  l . 0 4 Ths. 
1 bu.  of barley contains . . . . . . . . . . . . . . . . . 7 7 Th s  . 1 6 lbs .  . 1 9 Th s. 
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1 bu.  of corn contains . . . . . . . . . . . . . . . . .  1 . 0 0 Th s. . 1 7 Ths .  . 1 9 Ths .  

* * In al l  probability more of the nitrogen applied has been lost  from the soi l  than that removed in the crop .  
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Figure 2. View of the plats used in the complete fiertility test at Brookings, South Dakota. 
In the foreground is the acre including plats 1,40-149 in wheat in 1912. Beyond the wheat the 
acre including plats 150-159 may be 1S1een. The barley is in shock. 

It,:) ...... ...... 

--.---......... ------,..._ 
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8.65 per cent phosphorus and 1.37 per cent nitrogen. The 
.s1ample of potassium sulphate contained 40.69 per cent 
potassium. 

For the ,cTop of 1912, nitrogen was applied in the 
fo.rm of sodium 1nitrate, 350 pounds per acre, analyzing 
15.23 per cent nitrogen. Phosphorus 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 39.8-! 
per cent potassium. For the details of the amounts of 
each element applied and removed, the reader is referred 
to Table Number 1. 

REi,ULTS 

In the following tables the yield of each crop grown 
on the two 1acres 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 p_lats in the acre, exreept in the case of wheat in 1912, 
whem, the average is for two untreated plats:. Nitrogen 
was applied, through an error, to one o f  the untreated 
plats in 191�. In the case o f  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 tableSJ it will be se�n 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 4.03 
bushels per acre per year. Potassium increased the yield 
1 .03 bushels per acre per year . . 

The three crops o f  barley show an average _yield of 
30.77 bushels per acre for untreated soil .  The nitro
gen application produced :an ilncirease of 9.33 bus�els1 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. The 
increase for phosphorus alone applied to the · barley crop 
is greater than for any other · treatment. 
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Only two crops of oats have been produced and ,wi ther 
of these during a very favoria.ble year. The crop in H)J 1 
was almost a complete failure otn, ac�oun t 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 increa,sed the yield 2.16 bushels per a,cre per yecir. 
Potassium increased the yield .36 bushels per acre per year. 
The increase for phosphorus ailo-ne  applied to the oa,ts 
crop is greater thwn for a.ny other trea.tment. 

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 a.ere. 
Phosphorus increased the yie lcl 2-1 .2 biishels per acre. 
Potassium decreased the -yield 1. 63 bushels. The increase 
for Phosphorus ailone was greater than for a. ny  other treat
ment. 

For 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 wm 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. 

i .  1 9 0 8  1 9 1 1  1 9 1 2  Aver. 3 yrs I Av. Increase 

. 

/

F

o
o

, 

I 
.,; 

1 ;� 
Treatment i ... ,.Q Q) 

v _ ... = I • s:l 

1 • P. v  �< ·; . � . � .,;  ; "' .  
::i ti  ... !:,! ... UJ ... !:,! ... UJ 

... !:,! !:: �  ... ...  .... .0 (.!) �  ·ifj -e. .... .0 P::: c,J  .... Q) C) ill r.fJ - (!) i:Q  rI. - (!) p:::  rJ; -
U'J P.  -

None . . . . . .  
1
1 2 . ti  

(
1 2 9 3 3

1
5 . 8 3

1
7 6 7

1
1 2 . 9

1
1 2 0 0

1
1 0 . 4 0

,
1 6 3 3

1 
I 

Nitrogen . . .  1 4 . 1  3 1 5 0  6 . 5 0  9 1 0  1 9 . 1 1 9 9 0  1 3 . 2 3  2 0 1 7  2 . 8 3 j 3 8 4  

-

Phosphorus . , j 1 5 . 1  j 2 3 8 0 l 5 . 2 0 j 7 4 0 j 2 3 . 0 j 2 1 7 0 j l 4 . 4 3 1 1 7 6 3 1 4 . 0 3 l l 3 0  
Potassium . . • j 1 3  . 5  1 2 4 6  O I 5 . 8 0 j 7  O O j  1 5  . 0  j 1 3 1 0  j 1 1 . 4 3  J 1 4 9  O j 1 . 0  3 I 1 4 3 D *  

Ni�{;s
e
p
n
ho��� \ 1 6 . 3 3 \ 3 0 7 01 5 . 2 0 1 7 4 0 \ 2 1 . 8 \ 2 1 5 0  1 4 . 4 4 1 1 9 8 7 \ � [� �  

Ni�it��!
i
:!

d

' \ 1 6 . 0 0 \  3 1 9 0 \ 6 . o  o \ 1 9 0  \ 2 0 . 1 \  1 9  9 o.\ 1 4 . 0 3  \ 1 9  9 o \ . 3  7 \  3 5 7 

P
h

;�f�s�I�� & 1 1 5 . 5 0 \ 2 s 2 0 \ s . o o \ 6 0 0 \ 2 2 . s \ 2 1 2 0 \ 1 4 . 3 3 \ 1 8 4 7 \ 3 . 9 3 1 �  
Nl

r:;;:�!1':i
8

m 1 1 6 . 0 -0 1 2 9 9 0 1 4 . 7 0 1 7 2 0 1 2 5 . 8 1 2 3 9 0 1 1 5 . 5 0 1 2  0 3 3 1 5 . 1 0 1 4  0 0 
*D means decrease. 
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TABLE NO. 3. 

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

the Yield of BARLE Y Per Acre for Three Years. 

Aver. 3 Yrs Av. Increase 

Treatment 
i:: ll: i:: t>; i:: t>; i:: It = It 

·g 2 ��  L �� £� �� g_g �� L �i 
None . . . . .  l 3 1 . 3 0 l l  7 4 0 l 2 3 . 7 3 l 2 4 9 3 l 3 7 . 2 7 ! 1 5 8 0 1 3 0 . 7 7 1 1 9 3 8 I  
Nitrogen . . 1 4 7 . 2 0 1 3 1 3 0 I 2 4 . 2 0 1 2 5 4 0 1 4 8 . 9 0 1 2 4 5  0 1 4·0 . 1 0 1 2 7  0 7  I 9 . 3 3  I 7 6 9  
Ph_osphorus 1 4  6 . 5  0 I 3 1 1 0,1 2 9 . 8 0 I 2 6 2 0 1 5  2 . 0 0 I 1 9 8 0 1 4 3 . 1 0 I 2 5 7 0 1 1 2 . 3  3 I 6 3 2  
Potassium . l 3 0 . 6 0 l 1 7 8 0 l 2 2 . 5 0 l 2 5 2 ·0 l 3 7 . 9 0 1 1 7 6 0 l 3 1 . 3 3 l 2 0 2 0 I 0 . 5 6 1 8 2  

:����t��u: l 4 3 � l 2 1 1 o l �� l �J�o l 2 2 6 0 / 4 � . 9 3 1 2 5 6 7 i n . 1 6 / 6 2 9  

��i��!i:
n
m 

& ' 3  2 . 2 0  I 2 6  9 o l  2 6 . 0  o I 2 1 5  o 1 4 1 .  6 o / 1 8 5·0 1 3 3 . 2 1 I 2 7  6 3 1  2 . 5 ) 1 8 2 5  

r
h

�:����im l 4 0 .  6 0 1 2 3  5 0 ,  3 l . 5  o l  2 6 9  o l 4 9 . 3 o l  2 0 6 o l 4  0 . 4 7 1 2 3 6 7 1  9 .  7 0 14 :! 9 

:��������s I I / / I I I I / . · I & potassium 4 3 . 3 0  3 4 2 0 1 3 2 . 1 0 1 2 6 6 0  5 2 . 5 0  2 6 2 0  4 2 . 6 3  2 9 0 0 1 1 1 . 8 6  _9 6 2  

TABLE No. 4 

Results in Complete F�rtility Tegt at Brookings, as Shown in the 

Yield of Oats, per Acre, for Two Years. 

Treatment 

l --r9_0,--9 __ J __ 1_9r_1 _
, 

Ave 0age Aver Increase 

I i:: t>; I .;:: ll: I

I 

s:: t>; i:: ll: I �� � e c-i � :i � en ·2 :; e en ·2 . f .. ...,_ en = 1 0 .0  oo :.'=  o .a  oo:.'= 0 2 w :.'=  

N_o_n_e_. -. -. -. -. -. -. -. .-.-c--
1
-=-3 0�.-::-2

-=--3 s--::
1 2

-=5-:-1 7 1  2 .  6 6 I 9 8 2 I 1 6  . 4  4 1 1 7 5 O I I 
Nitrogen . .  • . . .  , 1 3 0 . 6 0 1 2 8 7 0 1 2 . 8 0 1 9 1 0 � 1 6 . 7 0 1 1 8 9 1 1 0 . 2 6  1 1 4 6  
Phosphorus . . . , 1 3 5 . 0 0 1 2 7 3 0 1  2 . 2 0 1 9 3 0 1 1 8 . 6 0 1 1 8 3 0 1 2 . 1 6  I 8 0  
Potassium . . . . , 1 3 1 . 2 0 1 2 6 5 0 1 2 . 4 0 1 8 2 5 1 1 6 . 8 0 1 1 7 3 8 1 0 . 3 8  I 1 2D* 
Nitrogen and 

I I I I I I I I Phosph orus . . . . 3 0 . 6 0  2 7 7 0  1 . 4 0  1 1 0 5  1 6 . 0 0  1 9 3 8  0 . 4 4D 1 8 8  
Nitrogen and -

I I I I I I 1 · I Potassium . . . . .  3 1 . 2 0  2 6 0 0  2 . 0 0  1 0 8 5  1 6 . 6 0  1 8 4 8  0 . 1 6  9 8  
Phosphorus and 

I I I I I I I I Pota'Ssium . . . . . 3 4 . 4 0  2 8 5 0  1 . 7 0  1 0 4 5  1 8 . 0 5  1 9 4 8  1 . 6 1  1 9 8  
Nitrogen, 

1
1 .1

1 
1
1 

1
1 

1
1 / I / Phosphorus [ 

· and Potassium . , 1 3 1 . 6 1 2 6 9 0 1  1 . 6 0 1 9 0 0 1 1 6 . 6 0 1 1 7 9 5 1 0 . 1 6  I 4 5 

*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. 

TREAT:M F,NT 

None . . . . . . . . . . . . ....... . . .  J 
Ni trogen . ... . . ...... . .... · . J 

Phosphorus . . . . . . . . . . . ... ... J 
Potassium . .... .. . . . . . . . .. . . J 

Nitrogen and phosphorus . . . ... J Nitrogen and· potassium ...... · I 
Phosphorus and potass ium ... . . J 

Nitrogen, phosphorus 
I and potassium ... . .. . . . . . . . . . 

D means decrease. 

'@ • 
c'.52  

4 6.5 3 
5 4 . 7 0  
5 8 . 5 5  
4 4 . 9 0  
5 6 . 5 5  
5 1.1 5 
5 5.4 5 
5 7.2 5 

1910 

No Record 
No Record 8 . 1 7  
N o  Record 1 2 . 0 2  
No Record 1.6 3D 
No Record l, 0 . 0 2  
No Reco-rd�- -4-c-.-c-6-,-2 
No Record 8.9 2  
No Record No Record 1 0 . 7 2  

'T'able Number 6 shows in  detail the yield froin each 
plat in the two rotations for the five years. 

In the ccansideration of crop yields on the Brookings 
plats, as well as the yields at the several substations, the 
reader ·will b� interested in the rainfall table on page 263. 

I 
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TABLE No. 6 
Bushels of Grain and Pounds of Straw Per Acre Produce(] Upor. the 

Plats in the Complete Pertility Test At B1·001du�s. 

PI.,AT 
19 1 0 Corn I 1 9 n  Oats 1 908 Wh at 

I -r9_09_B_a_r1_ey_ 

::l -� I � � -:-i- � 
1

1 r:r.�_ ;::· •• 

.
§ · � :ri B ::: f: 00 .§ :i I 00 I A � .:: ·· 0 .5  u5 ;::  O .o  ui ;::  O .c  I ;:: v ,..  

1 91 2  Wheat 

0 1 4 0  \ 1 2 . 8 J 3 5 1 0 J 2 0 . 8 8 J 2 5 5 0 J 5 1 . 3 J  J 3 .  3 J 1 o 4 5  I 1 8 .  5 * I i s  4 o-* 
-2 - :S ! �, l u i 1 9 . l  I 1 9 9 0  

2 . 2 1  9 3 0 J2 3 . 0-· 1 2 1 10 
2 . 4 1  8 2 5 1 1 5 . o  I 1 3 1 0  
2 . 8 1 1 0 1 0 1 1 2 . 8  J 1 1 5 0  

N 1 4 1  
P 1 4 2  
K 1 4 3  
0 1 4 4:  
NP 1 4 5  
N K  1 4 6  
P K  1 4 7  
NPKtt8 
O 1 4 9  

1 4 . l j 3 1 5 0 J 2 4 . 2 0 l 2 5 4 0 J 5 5 . 8 1 
1 5 . 1 1 2 3 8 0  J 2 9 . 8 0  J 2 620J5 8 � 
1 3 .5 J 2 4 6 0 J 2 2 . 5 0 l 2 5 2 0 J 4 5 . l l 
1 � . 2 J 2760J22 . 7 0 1 24 6 0 l 47 . 0 J  
1 6 . 3 J 3 0 7  O J 2 6 . 7 0 1 2 67 0 1 54.0 I 
1 6 . 0 J 3 0 9  O J  2 � 00 1 2 7  5 9 \  5 3 . 2 1 
1 5 . 5 l  2 8 2 0 j 3 L 5 0! 2 6 9 0 J 5 5 . 1 1 
1 6 . o J 2 9 9 o J 3 2 . 1 0 J 2 6 6 0 1 �s 1 
1 2 . 5 J 2 5 3 0 J 2 7 . 7 0 J 2 4 7 0 1 4 7- : -I j 

::i 
c.:: 
0 u 
w 
CG 
0 

I 
-I 
I 
I 

----rA J I T0 5 \ 2 1 . 8 \ 2 1 5 0  
2 . 0 1 1 o s 5 1 2 0 . 1 I 1 9 9 0  
1-:- 1 1 1 0 4 5 1 2 2 . 5  I 2 1 2 0 

-1--:- 6 1 9 00J2 5 -: -8T 2 3_9 0 
-1� 8 9 1 1 1 3 : 0-1 1 2 5 0 

I 
I 

-1-
I 
I 

1908 1 90}  I

I 

1 9 1 0  
I 

J y l  l . I 
191 2 

Barley Oats Corn W heat • Barley 

o 1 5 0  

1

3 5 . 7 J 1 9 1 0 J 3 1 . 6  J 2 4 4 0 I 4 4 . 2 1  I 5 . 5 J  8 7 0 1 3 8 . 7  I 1 4 7 0  
N 1 5_1_ 4 7 . 2 l 3 0 3 0 l 3 o . 6 ! 28 7 o ]  5TI J . l-6 . 5 J 9 1 0 1 4 8. 9  I 2 1 5 0  
P. 1 5 2  4 6 . 5 1 3 1 1 0 1 3 5 . Q  1 2 7 3 0 1 5 8 . 6 1 � 1 7 4 0 \ 5 2 . 0  I 1 9 8 0  
K-153- 3 o .  6 J 1 7 s o  J 3 1 . 2126 5 or-4 n 1 � 1 5 .  8 J 7 o o J 3 7 .  9 1 1 7 6 o 
of54- 2 8 . 7 J 1 7 1 0 1 2 9 . 1 1 2 4 2 0 1 4 6-:-01 8 -I -6 . o J-6 9 0 ! 3 5 . 2 I 1 5 4 0  
N P  1 5 5  4 3 . 3 J 2 7 7 0 J 3 0 . 6  J 2 7 7 0 f5 9- : -11 : j 5 . 2 J 7 4 0\5 5 . 8  j 2 2 6 0  . 
NK1�- 3 2 . 2 J 2 6 9 0 J 3 1 . 2  J 2 6 0 0 1 4 9 . l l � 1 - 6 . o \ - 7 9 0 1 4 1 . 6  \ 1 8 5 0  
P K  1 5 7  4 0.61 1 3 50 1 34.4128 5 0 !5 5- : S r -J - 5 . 0 \ 6 0 0 J 4 9 . 3-J-2 0 6 0 -
NPK-1 5 8- 14 3 . 3 l 3 4 2 0 J 3 1 . 6  l 2 6 9 0 J 5 8 !7 1 _ I T 7 [7 2 0 J 5 2 . 5  I 2 6 2 0_ 
o 1 5 9  2 9 . 5 l 1 6 4 0 J 3 o . o  J 2 6 9 o \ 4 3 � __ 1 �J � E : ! ·_9 _I � 

*Through an error,  n i trogen was applied to · this plat in 1 9 1 2 .  
N means nitro gen applied ; P means phosphorus applied ; K• 

means potassium applied. 

From a study of these tables, it may he seen that, 
( 1 )  Nitrogen producea_ 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 stna.ll grains1 and an actual decrease in the 

_ yield of ·coru . 
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( 4} In all crops, except wheat, phosphorus alone 
produootl greater increases tllan any other treatment. 

f'"!'heee facts in connection with the soil analysis stated 
on page 242 show almost beyond question that phos
phorus is the limiting element i'n the soil under consid
eration. 

There ,vas phosphorus enot�gh available in the soil to 
produce an average of 10.40 bushels of vVHEAT· per acre 
for the three c.rops of wheat. The acldi.tion of phosphorus 
to the S()il  i ncreased the yield of whea:t as an- average to 
14.43 bushels) an in crease of 4 .03 bttshels per acre _per 
yiear) or 38. 7 per cent. 

'l�ere was available phosphorus enough in the soil to 
produce 30. 77 bushels of BARLEY per acre as an average 
for three years. The addition of phosphorits increasecl the 
yie lcl of barley to 43.1 bushels as an arverage for the same 
length of tim e) a,n. increase of 40.5 per cent. 

There w.as 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 pho·sphorus enough in, �he soil 
to produce 46.53 bushels of CORN per acre in 1910. 
The addition of tJhosphorus increaseq. the yie ld to 58.5.5 
bushels per acre) an increase _of 12.02 b itshels per acre) or 
25.8 per oent. 

Su11i11iarizing the results of five years) work at Brook
ingsJ it is found that : 

1. Phosphorus inc1 ·1eased the yield of whea,t 38.7 per 
cent. 

2. Phosuhorus increased the yie ld of barley 40 .5 per 
cent. 

3. Phosphorus increased the yield of uats 13.0  per 
cent. 

4. Phosphorus increased the yield of corn 25.8 per 
cent. 

{ 
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The supply of phosphorus in the soil is limited. There 
is no system of farming by ·wh ich more phosphorus may 
be a dded to the ,s1oil in any \my except by purchasing it. 
·with the removal of phosphorus from the soil, as shown 
in T'able No. 1, the l and must become less aind less fertile. 
No system/ of crop rotation can ni ain tain the fertility o( 
the soil. 

While nitrogen increased the yield, it did not prqduce 
the maximu m  yields and is not yet the l imiting elemen t 
in the soils tested , uut owing to  the relatively large q mm
ti ties of this elemen t removed in the crops ( s:ee 'Table No. 
1 ) ,  its scarcity in the near future wil l  undoubtedly limit 
the increased y:telds now ·made possible through the m;e 
of phosphorus. 

Unlike phosphorus, the nitrogen content of the soil 
may be in,creased ,vithout purchasing it. E1uery ton of 
cl.over hay takes forty rw itn d§ of nitrogen fro11i the air and 
every ton of  alfalfa takes fifty pounds from the a-ir 
through the assistance of the baderia that l ive on the 
root of_ these pl an ts. Hence, by gTowing these crops or 
other legume crops and returning them to the soil, either 
directly, or c fiter they have been transformed into ma
nure, the suppl of ni trogen in the soil may be maintained, 
provi�ed, of course, that a sufficient 1a.mount of legumes 
is grown. 

All results show that there is enough potas1sium in the 
soil for the needs of the crops. -The increase for potassium 
is small in any ·case, and the best authorities· maintain 
that potassiu� applied in the form of potassium sulphate 
may liberate some phosphorus from the soil, thus actiin,g 
as a stimulant. In these results the ,effects of potassium, 
whether direct or indirect are a lmost negligible. There 
is no need of purch.a.sing potassium. 

IMPROVEMENT OF THE BROOKINGS BROWN SANDY LOAM 

From the facts here submitted) the improvement of soil 
like that at Brookings may be accomplished by 
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1. · Applying sic/ficient phosphorus to meet the needs 
of the (YY'Ops wh ich  · niay be grown i1:nder the prevailing 
clim a te con dition 8. 

2. By including  s11 fficien t  leg'lmie crops in the rota
tion practiced to ni ain tain  the n itrogen supply) and return
ing as m uch orga,nic m att er to the soil as possible. 

This method will mafri ta i n  the fertility of the soil in
definitely mnd secure for . coni in g  generations  rn produ ctive 
soil__::.._ci soil not clespo i lecl of itis fertility by the short- · 
sigh tecvness of th eir an oestors. 
(NOTE : When t h E'  soil become·s 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 tbe application of plant food can be secured 
a1t a profit. There iS' no questi on as to whether an increase 
can be secured. ,. It ·c1an 1•be secured. Can it be secured at 
a profit to the farmer? 

Table Number 7 shows the cost of the 'various mater
ials . containi:ng 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 la�d down in Brookings in car
lo,ad lots of forty thousand pounds, freight rate 13 cents 
per hundred. 

TABLE No. 7 

* Cost of Materials Used in Fertility Test 

Cost pe·r ton f. Cost per ton in Cost per ton in Brookings less o .  b .  South St. than carload !3rookings car-Paul, Minn . lots load  lots 
Dried blood . . . . . $ 5 7  . 0 0  $ 6 3 . 4 0  $ 5 9 . 6 0  Nitrate of soda .. 6 7 . 0 0  7 3 . 4 0  6 9 . 6 0  Steamed Bone meal . . . . .  2 5 . 0 0  3 1 . 4 0  2 7 . 6 0  Acid Phosphate 2 0 . 0 0  2 6 . 4 0  2 2 . 6 0  Potassium / 

Sulphate . .  . . . . .  5 5 . 0 0  6 1 . 4 0  5 7 . 6 0  
*The company quoting these p rices made the statement that they 
are in effect now (May 23, 1 9 1 3 )  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 gro�n, and also 
the average value o f  each crop for all the years that it ·wa s  
grown. The reader may ·eompare the value o f  the various 
crops with the seve1·al t1�eatments ·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. 

TR EATMENT 1 908 
92c 

19 r 1  
9 1 c  

. I J A verage 
1 9 1 2  Total for Va l u e  per 
69c I Wheat I Acre pe r 

Year 

None . . . . . . . · . . . . . . . . . .  J $ 1 1 . 5 0 J $ 5 . 3 1 J � § o f $ 2 5 . 7 1 I$� 
Nitrogen . . . . . . . . . . . .  · I 1 2 . 9 7 1 5 . 9 2 j 1 3 . 2 8 1 3 2 . 1 7  I 1 0 . 7 2  

. Phosphorus . . . . . . . . . . . .  

1

1 3 . 8 9  4 . 7 3
1

1 5 . 8 7 1 3 4 . 4 9  I 1 1 . 5 0  
Potassium . . . . . . . . . . . . . 1 2 . 4 2  5 . 5 8  1 0 . 3 5

i 

2 8 . 3 5  I 9 . 4 5  
Nitrogen and ph osphoru s . . 1 5 . 0 2  4 . 7 3

I 
1 5 . 0 4  3 4 . 7 9  

I 
1 1 . 6 0  

Nitrogen a n d  potassium . · I 1 4 . 7 2  5 . 4 6  1 3 . 8 7  3 4 . 0 5  1 1 . 3 5  
Phosphorus and potassium

! 

1 4 . 2 6

1

. 4 . 5 5 1  1 5 . 5 3 j  3 4 . 3 4  J 1 1 . 4 5  
Nitrogen, phosphorus · I I 

I and potassium . . . . . . . . . . . 1 4 . 7 2 4 . 2 8 j  1 7  . 8!1_ 3 6 . 8 0  1 2 . 2 7  

TABLE N o  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 Bo.ok of the United States Department of 
Agriculture, and the Crop Reporter o f  January, 1 9 1 3 . 

I 1908 I 1909 Ii 1911 I TREATMENT 

47c 
I 

45c I 
.

pc I I 
per bu iier bu . per bu. 

None . .  · . . . . . . . . . . . . . . .  $ 1 4 . 7 1 1 $ 1 0 . 6 8  $ 1 5 . 6 5  
Nitrogen . . . . . . . . . . . . . . 2 2 . 1 8 1 0 . 8 9  2 0 . 5 4  
Phosphorus . . . . . . . . . . . . 2 1 . 8 6  1 3 . 4 1  - 2 1 . 8 4  
Potassium . . . . . . . . . . . . . 1 4 . 3 0  1 0 . 1 3  1 5 . 9 2 
Nitrogen and· phosphorus . .  2 0 . 3 5  1 2 . 0 2  2 3 . 4 4  
Nitrogen and, potassium . . .  1 5 . 1 3  1 1 . 7 0  1 7 . 4 7  
Phosphorus and potassium 1 9 . 0 8  1 4 . 1 8  2 0 . 7 1  
Nitrogen, phosphorus 

Total 

$ 4 1 . 0 4  
5 3 . 6 1  
5 6 . 1 1  
4 0 . 3 5  
5 5 . 8 1  
4 4 . 3 0  
4 3 . 9 7  

5 6 . 8 5  

I - Average 
Value per 

· Year 
I 

A

c

re per 

$ 1 3 . 6 8  
. 1 7 . 8 7  

1 8 .  7 0  
1 6 . 7 8  
1 8 . 9 4  
1 4 . 7 7  
1 4 . 6 6  

1 8 . 9 5  and potassium . . . . . . . . .  · I 2 0 . 3 5 j  1 4 . 4 5 J  2 2 . 0 5 j  
-.:.��---'��---'��·�_:_� ��� 
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TABLE No. 10-0ATS 
Farm value per acre of oats crop'S, 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. 

T REATMENT I 1-94°cQ I ��c1 1
1 I pe� bu . 

1 
per bu.  

Total Value 
Average  Va lue  pe r Acre i,er Year 

N?ne--. .  -.-.-. . . .  -.-.-. -. -. .  -.--.-.-. -. -. .  -.-. 1 $ 1 0 . 2 8 1 $ 1 . 1 4  $ 1 1 . 4 2 $ 5 . 7 1  
Nitrogen . . . . . . . . . . . . . . . . . . . . 1 0 . 4 0  1 . 2 0  1 1 . 6 0  5 . 8 0  
Phosphorus . : . . . . . . . . . . . . . . . .  

1
1 1 . 9 0

1 
. 9 5  1 2 . 8 5  6 . 4 3  

P?tassium . . . . . . . . . . . . . . . . . . . 1 0 . 6 1  1 . 0 3  1 1 . 6 4  5 . 8 2  
Nitrogen and phosphorus . . . . . .  · I 1 0 . 4 0  . 6 0  1 1 . 0 0  5 . 5 0 . 
Nitrogen and potassium . . . . . . .  - 1 1 0 . 6 5 1 . 8 6  1 1 . 5 1 5 . 7 6  
Phosphorus and potassium . . . . . .  1 1 . 7 0 1 . 7 3  1 2 . 4 3  6 . 2 2  
Nitrogen, pho'Sphorus & potassiumL 1 � � 4- -,�9 - _ 1 1 .4·_3 ___ 5

_
.�7 2  

TABLE No. 1 1-CORN 
Farm value per acre of  the corn crop, grain only, in the com

plete fertility test at Brookings, South Dakota .  The price given is 
that prevailing in South Dakota, December 1, 1 9 1 0 ,  according to the 
Year Book of  th e United States Department of Agriculture. 

T R E A T ::\1 ENT I 
1 9 10 1

1 4cc per B u .  
N_o_n_e-.-.-.-.-. . . . . . . . . . . . . . . . . . . . . .  · I $ 1 8 . 6 1  

Phosphorus . . . . . . . . . . . . . . . . . . . . . 2 3 . 4 2  
Nitrogen . . . . . . . . . . . . . . . . . . . . .  · · · 

1 
2 1 . 8 8  

Potassium . . . . . . . . . . . .  . . . . . . . . . . 1 7 . 9 6. 
Nitrogen and' phosphorus . . . . . . . . . .  · I 2.2 . 6 2  
Nitrogen and potassium . . . . . . . . . . .  · 

1 
2 0 . 4 6  

Phosphorus and potassium . . . . . . . . . 2 2 . 1 8  
�trogen, phosphorus and. potassium . .  _2 2 . 9 0  _ ______ _ 

Table Number 12 sho,vs the value of the grain pro
duced under each treatment in both rotations for each of 
the five years ; the total value .of t�e grains produced under 
each treatment for the five years ; the total value of the 
increas1e ; and the value of the average ainnual increase 
for ea,ch treatment. 



TABLE No. 12 

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

Average 
1908 1 909 1 9 1 0  

TREATM ENT 
1 9 1  I J 912. Tota l Avernge l��rue��� --- 1 Increase l nci e�se 1 or Both • L Per " r  Rota-

. Wheat I :Sarley I Cor n  I Oats. I :Wheat! I To·.a 1 I tious 
None 1 .°"' . . . . .  ,, : . .  : . . . .... . . . . .  (Hl .. 5 o  . 1 $ 1 0 . 6 8  \ $ 1 9 . 3 9  \ $ 1 . 1 4  I $ � 8 . 9,o \ $ 5 L 6 0f- J-- _ 1 - --
N�t1�o�en . . . . .  -; , . . . . . , . . . . . . . . .. . j l2 . 9 7' I 1 0 . 8 9  I 2 2 . 3 2  I 1 . 2 0  I 1 3 . 2 8f 6 0 -:-6 6 \ $-� 0 5  J f  1 . 8 2 - !f 2,. 5 8-
Pliosphorus . . . . . . . .  .- . . . . .  � . · I t'J;_ g g  I 1 3 . 4 1  I 2 3 . 4 0  I . 9 5  I 1.§ . 8 7  I 6 7 . 5 2  I 1 5 . 9 1  1 3 . 1 8  I 3 . 5 9  
Potassium . . . . . . . . . . . . . . .  - . .  · I 1 2 . 4 2  I 1 0 . 1 3  I 1 8 . 0 4  I 1 . 0- 3 I 1 0 . 3 5  I 5 1 . 9 7  I . 3 6  I . 0 1  I . 1 1  
Nitroien aitd phosphorus . . . . . .  · I f5-: 0 2  1 1 2 . 0 2  I 2 1 . 6 0  l . 6 0  I 1 5 . 0 4  I 6 4 . 2 8  I 1 2 . 6 1  I 2 . 5 3  j 3 . 1 4  
Nitrogen and potassium . . . . . .  , · I 1 4 . 7 2  r 1 1 . 7 0  I 2 1 . 2 8  J . 8 6  I 1 3 . 8 7  I 6 2 . 4 3 j -1 0 . 8 Z I 2 . 1 6  1-1 . 8 5  
Pliosphorusand potas-sium . . . . . .  j-1 4 . 2 6  I 1 4 . 1 8  I 2 2 J> 4  I . 7 3  I 1 5 . 5 3  I 6 6 . 7 4  I 1 5 . 1 3  I 3 . 0 3  I 2 . 9 7  
Nftrogen, phosplio:rus & votassium l 1 4 . 7 2 I f 4 . f 5_1_2 2--:- 3y- 1- . 6 9  I 1 1 . 8 0  I 6 9 . 9 8 J i 8 . 3 7  1 -3 . 6 7  -I 3 . 5 5  - -

. - . Barley I Oatr, -"'i' -C�r n - · :-W h eia t  . I Bar 'ey I - -
None . . . . . . . . . . . . . . . . . . . . . . j 1 4 . 7 1  j l 0 . 2 8  I 1 7 . 7 9  f 5 . 3 1  I 1 5 . 6 5  I 6 3 . 7 4  I I I 
Nitrogen . . . .  ----:--- . ·  . . . .  • . . .. . -� . . .  j -:-2 2-. 1 8 TTI . 4 o· -I 2 1 . 4 41 -5 : 9 2 1 2 0 . 5 4  I 8 0 . 4 8  I 1 6 . 7 4  I 3 . 3 5  I 
t>11=ospho-rus . . . . . . . .  -:- . . . .  ---: . .  · I .ff. s 6_l_l i . 9 o  I 2 3 . 4 4  I 4 . 7 3  I 2 1 . 8 4  I 8 3 . 7 7  I 2 6 . 0 3  I 4 . 0 1  1 

Potassfum . . . . . .  -. .  -. � . . . .  - :- .-.-. [ l T . 3 0  I 1 0 . 6 C j-1 7 . 8-8 -I 5 . 58 T  1 5 � 9 2 · I 6 4 . 2 9  I . 7 5  I _. 1 5  I 
�itrogen ana phosphorus . . . . . .  · I 2 0 � 3 5-I 1 0 . 4 0_ 1_2 3 . 6 4 - -1 -4-. 7 3  I 2 3 . 4 4  I 8 2 . 5 6  I 1 8 . 8 2  I 3 . 7 6  I 

• Nffrogin anct i>otassium . . . . . . .  · I 1 5 . 1 3  I i o . 6-5 1 1 9 . 6 4  -I -5 . 46
- 1 1 iAY !n'J> 9l -7 . 7 n-1 . 5 5  _I __ _ 

Phosphorus--and potassium . . . . .  j 1 9 . 0 8 T li.7 0  l-2 2 . 3 2-I -4 . 5 5- j-20:f f l -7 8 . 3 6  ! 14.6 2 I '"2 . 9 2 1 
Nitrogen, phosphorus & potassium . j  2 0 . 3 5  j 1 0 . 7 4  I 2 3 . 4 8  I 4 . 2 8  I 2 2 . 0 5  I 8 0 . 9 0  j 1 7 . 1 6  I 3 . 4 3  I 

� 
i:Jl 
i:Jl 
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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 examina.tion of the data recorded 
in this tab le re1uea ls the fact that no application of p larnt 
food except phosphor·us alone paicl any· profit_, and 
thaJt the average value of the crops produced on the phos
vhorus  plats of both rotaitions was 31.1 per cent greater 
than the average v.alue of the crop produced on the _ un
treated plats of both rotations for a period 0f five years. 

In ,the case of the first rota1tion, the GAIN per acre per 
year was 14 cents and 52 cents, according to the quantity in 
,vhich the phos:phorus was purchased. It is estimated that 

· the cost of hauling the phosphorus from ithe railroad station 
to the farm and distributing it over the field, is1 40 cen1ts 
per acre per year. If this cost be subtra.cwd from- the 
gains of 14. cents ancl 52 ce rits the results are a loss of 26 
cents in th e first cas·e (J;ncl a gain of 12 cents per_ a(JJ"e: in 
the second case 

In the case of the second rotation, - the GAIN for 
phosphorus alo n e  per acre per year was 96 cen ts ancl $1 .34) 

according to the quantity purchased. If from this amount 
1the cost of applying the phosphorus is sub�r.acted, the 
g01ins are 56 cents ancl 94 cents per aore respectively. 



,...,,, _ _,,,!!""":'":"l''!e"':""' ..... ..,..,.,�:.""'�':"'"--""':""':""""�""" --�--= .. .:! �--- �� c; - ,-, �-...  -,- �����.-.... - ':7;li. --·- - ·� 

TABLE No. 13 

Statement of Profits and Losses in the li'ertility Test at Brookings, S. D. Total Values for li'ive Years. All on 
the Acre Basis. 

Rotation of Corn, Oats, Wheat and1 Barley. 

Cost of Plan t  P'ood Total Gain of Loss 
Average Annual Gain 

of Loss 
Value 

TREATMENT of 
Gt'ain 

Value 
of 

Increase Loc•l 

I 
Cu�load 

Freight Lots I 
Local Car-load Local I Ca<�\oad 

Freight Lots l'reight Lots . 
None . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . .  J $ 5 1 . 6 1  I I I I J I 
Nitrogen , . . . . . . . . . . . . . .  � . .  �.� . . . .  J 6 0 . 6 6  J $  9 . 0 5  J $ 1 1 4 . 2 8  J $ 1 0 7 . 5 3 J $ 1 0 5 . 2 3 L J $  9 8 . 48LJ $21. 0 5L J $19 .69L* 
Phosphorus . . . . . . . . . . ----:-: . . . . . . . . . . . J 6 7 . 5 2  J 1 5 . 9 1  J 1 5 . 2 0  I 1 3 . 3 0 J  . 7 1G J  2 . 6 1G J  . 1 4 G] . 5 2 G  
Potassium -:-:-- .-:-:-. . -. . . . -: .'--. .-. . . . . -: : -.-. J-5 1 . 9 7  J . 3 6  J 1 8 . 4 2  1 ---rr.- 2 8 J  1 8 . 0 6L j 1 6 . 9 2L j-3 : 6 1 L J 3 . 2 8 L  
Nitrogen and- phosphorus . .  --. .  -.-. -. -. .  -.-.,�. , 6 4 . 2 8j l 2 . 6 7  J 1 2 9 . 4 8  I 1 2 0 . 8 3 1  1 1 6 . 8 1L J  1 0 8 . 1 6 L ! 2 3 . 3 fC [ 2 1 l i 3 L  
Nitrogen-and potassium . . .  � - . -:  .-.-.-.-, -6 2 . 4 3 1 1 0 . 8 2  r 1s 2 . 7 0  I 1 2 4 . 8 1 1  1 2 1 . 8 8L J  1 1 3 . 9 9 L J  2 4 . 3 7 L J  2 2 � 8 0 L-
Phorphorus and potassium . . . . . . . . . . . J 6 6 . 7 4  J 1 5 . 1 3  I 3 3 . 6 2 J 3 0 . 5 8 J-1 8 A 9 LJ-1 5- : -4 5L\ 3 . 7 0L J- i . 0 9 L  
Nitrogen, phosphorus a� p_otassium . . . .  J 6 9 . 9 8  J 1 8-:3 7-J-1 4 7 . 9 0  ! 1 3 8 . 1 1 J- 1 2 9- ; -5 3 L J 1 1 9 . 7 4LJ  2 5 . 9 0L J  2 3 . 9 5L 

Rotation of Corn, Wheat, Barley, Oats 

None � .-. -_  . . . . . -: .- -:--. . .  : . .  � . . . . . .  -. . . .  j $ 6 3 . 7 4  I 
,-- - , - '

I 
- -

I 
-- - -- ,-- � -

Nitrogen . . . . . . . . . � . --: . . . . . . · . . . . . -.-. J-8 0 . 4 8  I 1 6 . 7 4  I 1 1 0 . 5 1  I 1 0 3 . 9 9-J -9 3� 7 LJ 8 7 . 2 5 L J  1 8 . 7 7 L J  1 7 . 4 5 L  
Phosphorus . . . . . . . . . . . . . . . . . . . _. : :- .  J 8 3 . 7 7-J-2 0 . 0 3  J - 1 5 . 2 0  I 1 3 . 3 0 J  4 . 8.3G J--6-. 7 3 G J -- . 9 6 GJ- l . 3 4G 
Potassium .-. � . .  . . . . . . . . . . . . . . . . . . .  J � 4 . 2 9 J--. 7 q  1 8 . 4 i  J 1 7� 8 � 7q-f 6 � 5 3L JT i5 f:r::r-3�0L 
Nitrogen and phosphorus . . . . . .  � . . . . .  J 8 2 . 5 6  I 1 8 . 8 2  J 1 2 5 . 7 1  I 1 1 7 . 2 9 J  1 0 6 . 8 9L J  f8 . 4 7 L J 2 i-:-3 7L J  1 9 . 6 9 L  

· Nitrogen and potassium . . . . . . . . . . . . . .  J 7 1 . 4 9  J 7 . 7 5  J 1 2 8 . 9 3  J 1 2 1 . 2 7 1  1 2 1 . 1 8L J  1 1 3 . 5 2LJ 2 4.2 3Lf 2 2 . 7 0L 
Phosphorus and potassium . . . . . . . . . . .  J 7 8 . 3 6  J 1 4 . 6 2  J 3 3 . 6 2-J 3 0 . 5 8 J  1 9 . 0 0L[ 1 5 . 9 6 L l-3-:- 8 oL J-33"9L 
Nitrogen , ph osphorus and potassium . . . .  [ 8 0 . 9 0jT 7 . 1 6!-H 4 � 1 3 -J 1 3 4 . 5 7j TITI7L! J 1 7 . 4 1LJ-2 5 . 3 9 L J 2 3 . 4 8 L 
*G m�1ans Gain-; L means Loss. 

-- - - -

� 
Ol � 
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Tile .average gain per acre per year for these two rota
.tions is therefo�e, 15 cents and 75 cents, according to the 
quantity of  phosphorus purchased .  · The.se amounts must 
pay for the increased cost of ha,rvesting, threshing and 
marketing the larger crop . 

. Reference to Table Number 1 sho,ws that 81 .44 

poiin ds of phosphorus wcis applied to the phosphorus plaits 
dur i_ng the five years and that O'llly 30.76 poun ds of phos
phorus was renioved in the first rotation, l,eavin g  on depos
it 50.68 poun ds of the element for furture use.. In the 
second rotation, 38.2 1  pounds of phosphorus wa.s rem oved) 
it 50.68 pou n ds of the element for futur,e use. In the 
av,eTage amoullit of the phosphoru:s1 applied remain
ing unused i s  46.95 pounds per acre. The high 
3 ielding plats, therefo1�e, contain 46.95 ·pounds more plws·
phorus thaJ1 they did five years ago-enough to ,supply the 
necessary amount of this element .for more than six crops 
suC'h as thosre already removed. 

'T'he av,erage amount of phosphorus removed from tlte 
untreated plats was 26.88 pounds. These plats are, there
fore, poorer in this element than they were five years ago, 
w:hile those -which proid\uced · 31 .1 per cent more grain are 
richer than they ·were at the begfaning of the investi .�·a
tion. 

In con idering the actual profits, the condition of the 
s-0il after the erops have been remov,ed must be considered. 
A la-rge part of the wealth thought to have been prod1wed 
by South Dakota farmers ditring the last few deca.des is 
the result of renwving fertility from the soil without m ak
ing a corresponding return. 

Even �t the high price paid for the phosphorus used 
in this investigation, the inv-esrtment may be considered 
profitable if the condition of the soil is considered. ff 
phosphorus can be bought in a cheaper form and plo'i'i1 ed 
under with organ1c matter la:rger profits may be expected . 

The cheapest form in which phosphorus1 can be bought 
is in the form of finely ground vock phosphate. Phos
phorus in this form is being used succes1sfully in n�anJ 
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places . in ithe Uni.red States at this time. Whe.ther or not 
it ca.n be so used in Soi'1 th Ddkota ivill be  determined by 
the facts a·�certa.ined froni investigations recently begun at 
the South Dakota Experiment Station. Whatever the re
sults may be) whatJever relation, the cost of phosphorus 
the cost o(crop prod.uction and the market value of 
crops may bear to one a,nother) one fact remains-phos
phorus hasi been the limiting element in crop production 
on the plats at Brookings during the last five years) and 
wnless 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 discu�sed 
in the preceeding pages, the following investigations are 
bei)ng pursued at the Brookings Station: 

1. A grain farming system in which all grain is sold 
and all .straw and stalk,s are returned to the soil 
with and withou.t phosphorus and pofassi um singly and 
in combina;td.oo. 

2. A stock farming system in which all grains and 
hay are fed and the manure returned to the soil w ith and 
without ph9,sphorusi and potassium singly and in combi
u.a.tJion. 

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

4. The effect of ground limest'One on crop yields. 
5. The effects of gTeen manures and .stable m anures. 
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FERTILITY TESTS AT HIGHMORE, HYDE 
COUNTY, S. D.  

Six acres of land, each divided in to ten p l a ts, arc used 
in a complete - fertility test ,a,t Highmore. The r0tation 
employed i s  alfa lfa, corn, wheat, legume, grn i n  sorghum, 
and oats. All crops are grown each year. P !:lnt food 
i s  applied here in the same manner as at Brookii:ig� Sta,. 
tfon. 

Plant food was applied to two acres only in l911.  
Owing to the severe drought no cro-ps were produced. In 
1912 plaint food was applied to al l plats. 'rhe resu l ts are 
shown in 'T'able Number 14 .  The application of plant  
food resulted in a los,s fo ,ev-ery case. 

No definite ,conclusion can be drawn from these 't\Vo 
vears' ,results. The reader may infer that plant food will 
not produce crops iln the absence of sufficient rainfall .  

TABLE No. 14 .  
Results From Complete Fertility Test at Highmore, Hyde County, South Dakota..._Yield Per Acre. 

TREA'l'M E N r 
I Wheat . I O:its I Corn 1 Whr11t

1
��=Y

s/ 

I 
Kowlia

.

ng2
1

1

0·ats3 

J 9 I I I 9 1 I I 9 1  2 I 9 I 2 I 9 1  2 I 9 1  2 \ Straw) 
Bu . Bu. Hu. Bu. Lbs. 1 9 1 2  

None -.-.-... . ...... JFailure JFailure J 1 6.5 6 J 0.5 J 5 0 0 J Failure J 7 5 3  
Nitrogen ..... .... � J Failure JFailure J 1 1.2 5 J 0 . 2 5 J  5 0 0 J Failure J 5 2 0  
Phosphorus _ ... ... JFailure JFailure J 8.05 J o .i5j500fFalfureJ-81 0 
Potassium . . . .. . . .  JFailure JFailure J 1 4-:-4 0 J 0 . 9 0 J  5 0 0 J Failure J 8 3 0  
�i�s�\�:ru�n� .  . . . -.. iFailure J1Failure / 1 0. 7 5 / 0 . 3 5 /  5 0 0 /Failure l i a o o  
�l��!funm a��.  . . . .. i';ailure /Failure / i o . � / 0 . 2 1 /  5 0 0 /Failure \ 1 2 5 0  
Phosphorus and -I� I-:- / / / I I potassium .... _ . .... \Failure [Failure 1 4.1 0 0.1 0 5 0 0  Failure 9 0 0  
Nitrogen, phosphorus- / / --1 / I / \ and potassium . . . . . .  Failure Failure 1 5.8 0 0 . 0 6  5 0 0  Failure 6 6 0  

1 .  No seed prod uced ,on account o f  dry weather . The plots 
were mowed and yielded 1A, 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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FE1RTILITY TEST'S AT EUREKA, McPHERSON 
COUNTY, S. D. 

Thr�e acres of land, each divided into ten plats, are 
used in the complete fertil ity test .at the Eureka Subs:ta
tion. The rotation employed is corn, "IYheat, and pews. The 
plant f.ood is1 applied in the regula·r manner already de
scribed. 

Plant food was applied for the first t ime for the (Top 
· of 1912. 'The results are shown in Table Number 15. A 
period of hot ,vind::Sdnjured the wheat and peas so that the 
results are no,t very significant. There is an increase of 
nearly seven bushels of cor.n where phosphorns :rnd po
tassium, ,and where nitrogen, phosphorus, ::..r nl potassium 
were applied. However, the untreated plat next to the 
plat receiving .all three el,ements yiel:ded 8ix ty bushel s. 
'rhe land is quite rolling at the Eureka Substation ancl no 
cl efinite ,eonclusion can be dra,vn from the result� of une 
year except tha1t the applfoa:tion o,f plant food in every case 
re�ul ted in loss. 

TABLE No. 15. 

Results From Complete Fertility Test at Eureka, l\lcPherson County, 
S. D.-Yields Per Acre. 

- ------

Treatment I 
Corn I Wheat 

I 
Peas 

Bu .-1 9 1 2  Bu.-1 9 1 2  Bu.-1 9 1 2 

Noii
e 

. . . . . . . . . . . . . . . . . . .  -.-.-.-.-. �I -4-7-. s o  -1- 1 . 6 7  I 6 . 7 7  
Nitrogen . . . . . . . . . . . . . . . . . . . .  · I 4 7 .1 0 -1 --o : s 3_1_3 � 6 6-
Phosphorus . . . . . . . . . . . . . . . . . .  · I 4 6� 70_1_ 0. 5 8-j - T . 6 6  
Potassium . . . . . . . . . . . . . . . . . . .  · I 3 7 Ao-,--o�3 3

;-
J --2�6 6-

Nitrogen and phosphorus . . . . . . .  · I 4 7 . 4  0 · I 0� 5 0-l--3-. 3 3-
�itrogen and potassium . . . . . . . . .  · I 4 6 � 7 0  I 0 . 1 7 I 2 . 1 7  
Phosphorus and potassium . . . . . .  · I 5 4 . 6 0_1_ -1 . 0_8_1_ � 
Nitrogen , phosphorus 

-- 1- --
1 
- -,-- - --

and potassium ._._· _· _· ._._·_· ._ . . .  :._:__ _· _· _5_4 . 5 0  _ _  2 � 1 � 5 Q_  

These plats are situated o n  rolling land and are somewhat uneven. 
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FERTILITY TESTS AT THE COTTONWOOD SUBST'.A

TION, S'T1A_rJLEY COUN'TY, s. D. 

'rl1e complete fortility test i s  confined to th_ree aeres 
of land at the CottoniTood Substation, each acre being 
d ivided into tenth' acre plats. The rotation employed is 
corn, wheat, and peas. All crops are grown ev�ry yearr. 
Plant foo d  is applied in the regular manner. 

This wo,rk was begun, in 1912 and Table Number 1.6 
shows the results o btaine·d. The yields ·for wheat and 
peas show a decrease for all treatments, while the yield 
of corn show · a slight increase on the plats receiving po
tassium. No definite conclusion can be dr.awn from this 
first year's work. The application of plant food resulted 
in  loss in every case. 

T� BLE No. 1 6. 

Results From Complete Fertility Test at Cottonwood, Stanley 
County, S. D.-Yields per Acre. 

Treatment 
Corn I Wheat I Pea�-

B u.-1 9 1 2  B u  . ...:1 9 1 2. Bu . -1 9 1 2 

None . . . .  � . . . . . . . .  -. .  � . . . . .  · I  2 6 . 9 2  I 9 . 4 4  l-7 . 3� 
Nitrogen . . . . . . . . . . . . . . . . . . . .  · I 2 3 . 1 2  I 9 . 3 3  I 3�7 -
Phosphoru-s . . . . . . . . . . . . . . . . .  · I  2 2 . 7 5  I 8 . 6 7  I 4 . 0 0  
Potassium . . .  -:- . . . . . . . . . . . . . . .  · I -2 9 . 0 0  I -8 . f 3  I 5 . 6 7  
Nitrogen and phosphorus . . . . .  --:-:- . 1  2 4 . 7 5  I 6 . 5 0  I 3 . 3 3  
Nitrog'en and potassium . . . . . . . .  · I 2 9 . 1 2  I 5 . 8 3  I 4 . 0 0  
Pbosphorus and-pota-ssiull" . . . . . . .  1 2 8 . 6 3  I 7 . 8 3  I 6 . 0 0  
Nitrogen, phosphorus � I I I �-nd_potassium . . . .  ·_ : . . . . .  · __:__ . . . .  2 7 . 1 2  8 . 1 6  �--

5 ._3_3 

k 
I 



RAINFALL AT THE SEVERAL STATIONS 

Brookings Cottonwood Eureka ' I Highmore 

--- T1 9 0 7 1  19 0 8 1 1 9 0 9 1 1 9 1 0 1  1 9 1 f J 1 9 1 2 1  1 9 1 0 1 1 9 1 1 1 1 9 1 2 1 1 9,0 9 1 1 9 1 0 1 1 9 1 1 1  1 9 1 2 1 1 9 0 8 1  1 9 0 9 1 1 9 1 0 1 1 9 1 1 1  1 9 1 2 
Jan . .  -.-1-1 . 0 6 1 0 . 2 0 1 � 0 1  1� 1- 0 . 6 1 1  0 . 2 8 1  0 . 6 6 1  T I 0 . 1 7 1  O . l OJ 0 . 6 0 1 0 . 5 0 1  0 . 2 5 1  T I 0 . 2 6 1  0 . 8 2 1  0 . 1 1 1  0 . 1 3  
Feb . . . I 0 . 2 8 1  1 . 8 0 \  1 . 5 7 1  0 . 4 0 1  0 . 5 3 1  0 . 2 4 \  0 . 9 7 1  0 . 1 5 1  0 . 0 5 1  0 . 4'5 1 1 . 7 0 !  0 . 7 3 1  0 . 4 0 \  0 . 5 3 1  0 . 3 4 1  0 . 1 9 1  -0�39f-·0�1 1· 
Mch . .  : I 0 . 5 5 1  1--:-1 6 1  0 . 3 7 1 0. 3 5 1  0 . 5 3 1-0 . 2 6 1-0 . 7 6 1 - T �O \ 0 . 1 4jl . 2 3 I  0 . 6 2 1  1 . 0 5 1  0 . 0 0 1  0 . 1 3 1  6 . 5 8 1  2 . 5 4 1  0 . 2 7  
Apr . . . I 1 . 6 7 1  2 . 1 0 1  1 . 1 6 \  2 . 3 4 ]  1 . 6 2 1  3 . 3 6 1  1 . 0 6 \  o . 8 5 \  3 . 3 2 1  o . 5 0 1  o . 8 2 1  2 . 2 4 1  1 . 2 9 1  1 . 3 5 1  o . 3 0 1  1 . 4 0 j o . 3 2fT. 0 5  � . 

May-. -:-1 2 . 3 6 1-6 . 4 6 1 4 . 8 5 1  0 . 8 7 1  1 . 9 0 1  6 . 9 8 1  2 . 5 4 1  1 . 1 0 1  L 1 8 i  2 . 6 5 1  0 . 4 2 1  0 . 9 7 \  3 . 3 7 1  2 . 6 8 1  4 . 7 2 1  0 . 9 4 1  2 . 3 1 1  2 . 2 0  � 
June . .  \ 5 . 6 5  \-6 . 3 5 1 2 . 2 9 j1 . 8  5 \  3 .  7 8 1  2 . 0 9 \  1 . 3  0 1  0 . 6 4  I 0. 9 5 1  3 �  3 '. 8 of 1 . 2 9 1  1 . 5 0 1  5 .  7 8 \  1 .  6 9 1  3 .  7 4 1  0 . 0 9 1  1 . 3 1  
J u ly-.-.-1-3 . 7 7 1 4 . 6 9 1  2 . 4 4 1-1 . 6 8 1  3 . 3 2 1  2 . 5 2 1  1 . 1 1 1  0 . 5 9 l 2. 4 1f i  2 . 2 1 1  0 . 5 3 1  0 . 4 3 1  2 . 1 9 1  2 . 4 9 1 . 1 . 8 1 1 0 . 8 5 1  2 . 6 9 \  1 . 4 4  
-Aug._ . -. -, 1

.:_
4 1 1  2 . 3 7_1 3 . 3 9 1  2.4 6 1  3 . 8 1 1  4 . 6 8 1  0 . 4 8 1 2 . 4 1  \-� 4 2 1 1 . 3 9 1  2 . 6 0 1  3 . 5 7 1 3 . 2 7 1  3 . 5 3 1  3 . 7_4 1 0 . 6 6 \  2 . 5 2 1  3 . 3 9  

sept. . .  1 1 . 2 8 1  3 . 8 9 \  1 . 13 7 1  o . 9 6 1  3 . 0 8 \  1 . 6 1 1  o . 8 2 1  3 . 5 9 1 1 . 3 0 \  1 . 2 5 1 3 . 6 5 1 1 . 1 5 1 1 . 4 3 \  o . 6 2 1 1 . 7 0 \  o . 8 9 \  3 . 0 6 1  o . 7 1 
Oct.  . .  T o.96 1  1 . 4 3 \  1 . 7 1 1  o . 3 8 \  5 . 1 2 1  o . 9 6 1  o . 3 2 \  1 . 1 5 \  o.1. 1 1  o . 1 7 \  o . 1 8 1  o . 6 1 \  o . 0 7 1  2 . 1 9 1  1 . 0 4 \  o . 2 4 \  1 . 0 5 !  0 . 2 0  
-Nov. : . \ 0 . 1 0 1  1 . 3 0 \  0 . 6 5 1  0 . 1 7 1  0 . 2 3 1  0 . 0 0 \  0 . 5 3 \  0 . 2 0 \  - T \ 0 . 6 0 \  T I 0 . 8 8 \  T \ 1 � 3 9 \  0 . 7 1 \  0 . 4 0 !  0 . 3 5 \  0 . 0 0  
Dec . . . \ 1 . 1 2 1  0 . 4 2 1  1 . 1 4 \  0 . 1 0 1  0 . 4 2 \  0 . 2 0 1  3 . 0 0 \  0 . 4 2 \  o-:TIJ  2 . 4 0 \  0 . 2 5 \  0 . 8 0 \  0 . 1 1 1  0 . 3 1 \  1 . 4 1 \  0 . 4 4 \  o : - « f o . 3 5  
Total . .  1 2 0 . 2 1 1 3 2 . 1 7 1 2 2 . 4 4  I 1 2 .  6 3 \ 2 4 .  9 5 \ 2 3 . 1 8 l  1 2 . 6 5 l l l . 1 0 1 1 6 . 0 4 l l 5 . 2  l I 1 5 .  7 8 \  1 3 .  7 9  �4 . 9 3 r2 _Q_ . 8 7 1 1 7  · �- 5� \ 1 5 . 8 2_ 1  � 2 . � 6 
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