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FIELD EXPERIMENTS WITH FERTILIZERS. 

BY C. E. THORNE, J. F·REMONT HICKMAN AND W. J. GREEN. 

Of the ten or more chemical substances, which have been found to 
be essential t.o the life of plants, only three are likely to be deficient in 
ordinary soils, namely: nitrogen, phosphoric acid and potash, and these 
substances are more frequently locked up in insoluble, or difficulty solu· 
ble forms, than actually wanting in the soil. 

In Table I is ginn the average yields of corn, oats, wheat, clover and 
timothy in Ohio during the ten years, 1880-89, as shown by the statistics 
collected by the township asse~sors, and the total quantity of nitrogen, 
phosphoric acid and potash which would be removed from an acre of 
land in five years by such average crop::~, were they grown in a five-crop 
rotation-a rotation which is more or less systematically followed over 
considerable sections of the State : 

TABLE I.-A VEKAGE CROPS AND CoNSTITUENTS OF FERTILITY CONTAINED, 

Constituents per acre. 
Average 

Crop. yield 
per acre. Nitrogen. Phosphor- Potash. ic acid. 

PoundB. PoundB. Pounda. 

Corn ..•.••••.......•.....••....•.•••.••...••.... 33.4 bushels ... 51.1 18.4 30.0 

Oats ...........•.................•.............. 28.8 " 31.4. 11.5 31.7 ... 
Wheat ......................................... 13.7 " 28.4 9.0 12.5 ... 
Clover .......................................... 1,960 pounds .. 40.6 7.5 43.1 

Timothy ..................................... 2,388 " 30.1 I 12.7 21.5 .. 

Total for 5 crops ......................................... , 181.6 59.1 1 138.8 



110 OHIO EXPERIMENT STATION. 

The estimates of fertility removed are based upon the official statis
tics of crop production, as stated, and upon an estimated average of 110 
pounds of straw to the bushel of wheat, seventy pounds to the bushel of 
oats, and sixty pounds of fodder and fourteen pounds of cobs to the 
bushel of corn, these averages for straw and fodder being deduced from 
the statistics of this Station, where both straw and grain have been care
fully weighed for a series of years. 

This tablA shows that the constituents of fertility would be removed, 
in such a rotation as that mentioned, approximately in the ratio of one of 
phosporic acid to three of nitrogen and two and one-third of potash; and, 
if we assume that the fertilization of the Foil is purely a chemical proc· 
's3, and depends upon returning to the soil the chemical constituants 
which the crops have carried away from it, it would be neceEsary to use 
fertilizers having a similar composition to that indicated by thtse ratios 
to produce the most economical result. 

The only fertilizer in common use which approaches this composi
tion is the manure of the barnyard. Eightieen tons of average barnyard 
manure would return to the soil the fertilizing constituents removed by 
~ve crops of such a llotation as that described, with a margin to spare; 
or, the same amount of fertility might be secured in some of the com
m~rcial or ci:lemical fert'ilizers now used for this purpos<:J, but it would be 
necessary to use them in different proportions from those of the ordinary, 
mixed fertilizers of commerce, as in thflse the ratio of nitrogen to phos
phoric acid is usually the reverse of that indicated by the table given, the 
reawn for this being that it is not generally believed to be mcesEary to 
return to the soil all the nitrogen which the crops remove. This point 
will be discmsed farther on. 

Accon.b ng to statiEtics collected by the township esE•eeeors, the farmers 
of O~io, in lS~H, purchased 44,140 tons of commercial fertiliz1us, for 
\rb;ch th~-'y paid $1,180,448, or more than twenty five dollars per ton. 
The »m lyses and valuations of the Ohio State Board of .Agriculture, for 
that year, show that the averag~ cest of nitrogen in these fertilizers to the 
f,umer was twenty-one cents per pound, or more, fquivalent to over 
seventeen cents for "ammonia;" that of "avaHable" phosphoric acid 
Eix and one-half cents, or more, and that of potash not leEs than six and 
one-half cents per peund. On the basis of the:>e estimatfs, it would cost 
over $50.00 to replace the soil fertility removed by the five-crop rotation 
de,cribed, on the assumption that the nitrogen, phosphoric acid and 
potash, applied in the fertilizers, would all be available to crops. Of this 
amount over $37.00 would be required for nitrogen, nearly $4 00 for phos
phoric acid, and $9.00 for potash, or about three times as much for nitro· 
gen alone as for both phosphoric acid and potash combined. 
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Of the various materials used in the compounding of commercial 
fertilizers, nitrate of soda, dissolved boneblack and muriate of potash are 
among the most effective carriers of nit.rogen, phosphoric acid and potash, · 
respectively. Nitrate of soda can ordinarily be bought at $40 to $45 per 
ton in New York or Baltimore, equivalent to $45 to $50 in Ohio, at which 
price its nitrogen would cost here fourteen and one-half to 16 cents per 
pound, fquivalent to twelve to thirteen cents for ammonia. Dissolved 
boneblack may be bought in Cleveland at about $16 perton,or $18 at the 
average Ohio railway station, t:quivalent to a little less than six cents per 
pound for its phosphoric acid. Muriate of potash may be bought in New 
York or Baltimore at $40 to $42 per ton, equivalent to less t!lan five cents 
per pound for its actual potash, after paying freight to Ohio. 

Muriate of potash is the ordinary source of potash in commercial fer
tilizers, being the cheapest carrier of potash at present prices. Dissolved 
bone black is used sparingly, as phosphoric acid may be purchased more 
cheaply in Carolina or Florida rock. Nitrate of soda is practically never 
used in the mixed fertilizers ordinarily sold in Ohio, because materials 
which will show equivalent percentages of nitrogen, under chemical 
analysis, may be bought for much lees money. 

As has been stated, we may return to the soil the nitrogen, phos
phoric acid and potash, removed by our crops, in the form of nitrate of 
soda, dissolved bone black and muriate of potash, at very materially 
lower cost than we can do so in the ordinary, mixed fertilizers of com
merce at their retail prices, and therefore an estimate of the cost of 
returning all this fertility, based upon the cost of these materials, may be 
accepted as a very conservative one. 

To return the fertility removed by the average crops of the rotation 
under consideration would require : 

1,157 pounds nitrate of soda, coating .................... ........ .................. $26 00 
354 " dissolved bone black, costing .................... .................. 3 20 
272 " muriate of potash, costing.......................................... 6 80 

Total cost.......................................................................... $36 00 

It will be observed that there is a wide margin between the cost of 
these materials and that of the ordinary, mixed fertilizers, as sold in 
Ohio, but even this cost would consume the greater part of the value of 
the crops produced, if it were necessary to return to the soil all the 
nitrogen, phosphoric acid and potash which the crops carry away. 

To put the matter in another form: A bushel of wheat, with its 
strlMV, saying nothing of the roots and stubble, contains nitrogen to the 
value of forty-one cents, as "ammonia" is sold in Ohio fertilizers, and 
phosphoric acid and potash to the value of ten cents more, so that it is 



112 OHIO EXPERIMENT STATION. 

very evident that if we must give the crops enough nitrogen, phosphoric 
acid and potash to produce any increase in yield, that increase will be 
very dearly bought, if these materials must be supplied in commercial 
fertilizers at present prices, even though every particle thus supplied be 
utilized by the plant, so long as the increase must be sold at present 
market rates. 

In fact, however, no one believes that it is necessary to return to the 
soil all the nitrogen which the crops have carried away, however it may 
be with regard to the phosphoric acid and potash; for practical experience 
and scientific experiment have demonstrated, that a considerable amount 
of nitrogen may be indirectly transferred to the soil from the free nitrogen 
of the atmosphere, by the growing of clover and other leguminous crops. 

What proportion of the nitrogen supply may be thus secured is not 
known; nor is it known how much of the phosphoric acid and potash, 
applied in fertilizers, are lost to vegetation through conversion into in
soluLle forms, or by washing out through drainage channels. 

It is possible, moreover, that some soils may be deficient in only one 
or two of the three constituents of fertility named, or that different crops 
may r€quire these constituents in different proportions. 

The questions which spring up in the pathway of the student of soil 
fertility are legion, and it is practically impos,;ible to devise a system of 
field experiments which would bring satisfactory answers to all of them. 
It has s~emed to us that the questions most ur,.ently pressing for solution 
in Ohio might be stated as follows: 

1. Can either of the three constituents of fertility-nitrogen, phos
phoric acid, or potash-be omitted with economy Jrom a fertilizer pre
pared for Ohio soils? 

2. In what ratio to each other can these constituents be most 
economically used ? 

3. To what extent can the quantity of nitrogen required be reduced 
by the culture of clover in rotation with other crops? 

4. What are the capacities of different crops for securing their own 
supplies of plant food? 

5. What proportion of the plant food applied in manure and other 
fertilizers can be recovered in the crops grown upon them? 

6. In what forms may the constituents of fertility be most effectively 
given? That is, shall we give nitrogeH. in nitrates, in ammonia salts or 
in organic nitrogen, and which of the various carriers of phosphoric acid 
is most effective? 

To get answers to these questions a series of field experiments has 
been put in operation by this Station on the following plan : 

Nitrogen, phosphoric acid and potash, as carried in nitrate of soda, 
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dissolved bone black and muriate of potash, are applied singly, by twos 
and all three together and in varying proportions, on plots of land selected 
for its natural uniformity, and so treated, by drainage and tillage, as to 
increase this uniformity to the utmost possible extent, these plots being 
duplicated on typical soils of different formations, in widely separated 
regions of the State. 

Nitrogen is applied to one plot in quantity sufficient to supply the 
full requirements of the crops to be grown, and to other plots in smaller 
quantity. 

The cereal crops, corn, oats and wheat, are grown continuously on 
the same land, both with and without manure and fertilizers, in order to 
study their feeding habits, while the Eame crops, with the addition of 
potatoes, clover and timothy, are grown in different rotations, in order 
both to study this question and to learn the limit of possible recovery of 
plant food applied in fertilizers; and finally, the constituents of fertility 
~re applied in various forms-nitrogen in nitrate of soda, sulphate of 
ammonia, slaughter house refuse, .linseed oil meal and barnyard manure, 
and phosphoric acid in dissolved bone black, raw bone meal, acid phos
{lhate, basic slag, wheat bran and manure. 

This work is now located in four sections of the State, as follows: 
1. At the, Central Station at Wooster, on a light, yellow clay or clay 

loam, lying over Waverly shale5. About thirty acres of land are now 
under experiment with fertilizers here, all being divided into plots con
taining one-tenth acre each, the plots being sixteen feet wide and sepa
rated by vacant spaces two feet wide. Under every second vacant space 
a tile drain is laid, the drains thus being thirty-six feet apart. They are 
laid about thirty inches deep. 

Two rotations are in progress here, one of the five crops, corn, oats, 
wheat, clover and timothy, and one of potatoes, wheat ·and clover, each 
crop being grown but one year in the rotation. In addition to these 
rotation experiments, one acre each is devoted to the continuous culture 
of corn, oats and wheat, both with and withgut manure. Neither of these 
rotations has yet been completed, the first having been begun in 1893, 
the second in 1894. 

2. The work on the farm of the Ohio Stat~> Univerf:ity, begun by the 
Station in 1888, is still continued under the Station's management, 
through the cooperation of the Farm Department of the University. In 
this work about seven acres are used in the continuous culture of corn, 
oats and wheat, and about three acres in a rotation of these crops with 
clover and timothy. 

The soil here is a heavy clay, the portions devoted to wheat and to 
crop rotation lying upon the impervious Huron shale, while that in con-
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tinuous culture of oats and corn is underlaid with gravel. The whole 
tract is plotted and underdrained as at the Central Station, except that 
the rotation plots contain but one-twentieth acre each. 

3. An experiment in the continuous culture of corn on the same 
land was begun under direction of the Station in 1888 _in Columbiana 
county, on a tract of thin clay lying over porous shales, and is still 
con6nued. 

4. A Sub-Station for field experiments has been located in Fulton 
county, near the corners of Lucas and Henry counties, the post-office 
being Neapolis, Lucas county. The soil of this Sub-Station is the barren, 
yellow sand of the ancient lake beach, and the region in which it is 
located is celebrated for its sterility, lands being offered for sale as low as 
$5 to $10 per acre. It is locally kno"·n as the ''Oak Openings," the 
timber being a scattering growth of oak. Forty acres of new land have 
been taken under lease and cleared of timber, and about ten acres divided 
into plots of one-twentieth acre each, on which a three-crop rotation of 
potatoes, wheat and clover was begun in 1894. 

In this region one of the main problems seems to be to amend the 
physical condition of the soil, as in its natural condition its fertility 
leaches rapidly and its loose sands are badly drifted by the wind. When 
first brought into cultivation the yellow sands of this region produce 
extremely meagre crops, but when farmed in rotation with clover, and 
especially if sheep are kept, they improve in productiveness. 

This is known as the "Northwestern Sub-Station." 
5. A "Northeastern Sub-Station" has been established in Strongs

ville township, Cuyahoga county, this being the southwestern township 
of the county, and near the boundaries of Medina and Lorain counties. 
The soil here is the heavy, white clay, which characterizes a large portion 
of the \Vestern Reserve region-a soil which, in its natural state, is one of 
the least responsive to culture of any in Ohio. A tract of 100 acres, lying 
a mile west of Strongsville village, has been leased, and work was begun 
on it in the Spring of 1895. Part of this land is an old field which has 
not been cultivated for many years, and which was covered with a dense 
growth of spiked wild oat grass (Danthonia spicata) locally known as 
''Poverty grass," and considered almost absolutely worthless, either for 
pasture or hay-a grass which has established the reputation of growing 
on "hard clay lands where nothing else will."* 

On this st:ction has been commenced a five-crop rotation of corn, oats, 
wheat, clover and timothy while on another'J>art of the tract, which has 
been in regular cultivation, haf' been started a three-crop rotation of pota
toes, wheat and clover, the first crop on each rotation being grown in 1895 . 

.. Report U.S. l'epartment of Agriculture, 18i9, p. 855. 
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This tract, like those at the Central Station and on the University farm, 
is being underdra.ined with tile drains laid thirty-six feet apart and about 
thirty inches deep. 

In all this work, every third plot has been left continuously unfertil
ized, beginning with the first in each series; that is Nos.l, 4, 7, 10, 13, 16, 
19, 22, etc., have received no fertilizer or manure since the beginning of 
the experiment, while the remaining plots receive the same treatment 
every year in the case of crops grown continuously on the same land, or 
the same treatment for the same crops in the case of rotating crops. 

FERTILIZERS IN FIVE-CROP ROTATION. 

Plan of Experiments. 

Referring again to Table I, it appears that in such a rotation as that 
described, the three principal constituents of soil fertility are carried off 
in the complete rotation in approximately the ratio of 1 of phosphoric 
acid to 3.3 of nitrogen and 2.7 of potash. If the clover derives all the 
nitrogen from the atmosphere that is carried off in its bay, the ratio of 
phosphoric acid to nitrogen removed from the soil in the complete rota
tion would be as 1 to 2.5, and if the clover draws its root nitrogen also 
from the atmosphere, and leaves this in the soil for future crops, ilie ratio 
of phosphoric acid to nitrogen actually drawn from the soil would be 
approximately 1 to 1.5. It would seem, therefore, that this is the 
narrowest ratio in which phosphoric acid and nitrogen should be used in 
a scheme of fertilization which undertakes to return to the soil the ele-

. ments removed by such a system of cropping as that proposed in this 
experiment, assuming that they may be conveyed to the soil in such 
condition as to be, ultimately at least, of equal availability, and that the 
original supply of the same elements in the soil itself is properly propor· 
tioned, in quantity and availability, to the needs of an average growth 
of crops. 

For the sake of comparison with other work, it seems desirable to use 
nitrate of soda and superphosphate on wheat at the rate of 160 pounds 
each per acre-or one pound per square rod-as a standard. One hundred 
and sixty pounds of nitrate of soda would furnish nitrogen enough for 
thirteen bushels of wheat, if all were utilized, while 160 pounds of sixteen 
per cent. superphosphate would furnish as much phosphoric acibl as 
would be found in an increase of 4,000 pounds of clover and timothy hay •. 

This increase of wheat and hay would correspond to an increase of 
about twenty-seven bushels of corn and twenty·eight bushels of oats, at 
the ratio of crop yields in Wayne county, and to provide for this increase 
of oats and corn would require nearly 160 pounds more superphosphate 
and more than twice that quantity of nitrate of soda. 
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In other words: A total application per acre of 320 pounds of super
phosphate and 480 pounds of nitrate of soda, in the course of such a crop 
rotation as that under consideration, would fournish as much phosphoric 
acid and nearly as much nitrogen as are contained in an increase of thir
teen bushels of wheat, twenty-seven bu,;hels of corn and twenty-eight 
bushels of oats, with their straw and stalks, and phosphoric acid to spare 
sufficient for 4,000 pounds of mixed clover and timothy hay, leaving the 
nitrogen in the hay crops unprovided for. The amount of potash required 
to balance the 320 pounds of superphosphate would be supplied in 260 
pounds of the muriate. 

On the basis of the foregoing calculations, the following plan of fertil
izing has been adopted for a rotation of the five crops, corn, oats and 
wheat, each one year, and clover and timothy mixed, two years. This 
plan provides sufficient phosphoric acid and potash for a full ration on all 
the plots where a complete manure is used, except No. 30, but the stand
ard nitrogen ration is only half the theoretical requirements of the crops, 
except on Plot 12, where it is raised to three-fourths, and on Plot 18, 
where it is a full ration in barnyard manure. 

As will be observed, the three fertilizing constituents are first used 
singly, then in pairs, and finally all together on Plot 11, which is the 
standard plot in all our work. Plot 12 receives the same quantity of 
phosphoric acid and potash as Plot 11, but more nitrogen; Plot 14 is 
fertilized only on corn and wheat and Plot 15 only on wheat, thus reduc
ing the total application by one-third and two-thirds reapectively, and 
giving opportunity to study the residual eff<lct of the fmtilizer on suc
ceeding cereal as well as hay crops. 

On Plot 17 wheat bran is used as the source of all the phosphoric acid 
and part of the nitrogen and potash, and on Plot 21 linseed oil meal is 
used as the carrier of all the nitrogen, most of the phosphoric acid and 
part of the potash, the deficiencies being supplied by adding such quan
tities of superphosphate, nitrate of soda and muriate of potash as may be 
required to bring up the total application of phosphoric acid, potash and 
nitrogen to that used on Plot 11. 

On Plot 23 dried blood is used as the source of nitrogen, and sulphate 
of ammonia on Plot 24. Raw bone meal is used as the carrier of phosphoric 
acid and part of the nitrogen on Plot 25, the deficiency in nitrogen and 
all the potash being supplied by nitrate of soda and muriate of potash. 

On Plots 27 and 29 dissolved Carolina rock (acid phosphate) and basic 
slag are used as the carriers of phosphoric acid, the quantity being bastd 
upon average percentages of fifteen per cent. available phosphoric acid 
in the rock and twenty per cent. in the slag. 

Plot 30 is intended as a comparison of the effect of a fertilizer com-
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pounded on the basis of the average ready mixed fertilizers sold in the 
State, and contains about three per cent. nitrogen, fquivalent to nearly 
four per cent. "ammonia." eleven per cent. phosphoric acid and two and 
one-half per cent. phosphoric acid. It is either mixed to tht:se propor
tions from tankage, acid phosphate and muriate of potash, or a brand of 
ready mixed fertilizer, approximating ,this analysis, is purchased and 
used. It is applied at the rate of 210 pounds per acre on corn and wheat 
only. The plan of distribution of fertilizer! is shown in Table· II, the 
figures in each column showing the amount of bone black superphosphate, 
nitrate of soda or muriate of potash applied per acre, and the letters refer
ring to notes giving the quantity of other fertilizing materials used in
stead of or in connection with these. 

THE SOIL AND CROPS, 

The soil upon which this experiment is located at the Central Sta
tion, is a thin yellow clay, with hardpan near the surface and Waverly 
shales a few feet below. It was originally covered with white oak timber. 
After this was cut off the decaying roots furnished drainage channels to 
the shales beneath; but these have become obliterated by tillage, and the 
hardpan· now intercepts and holds the water, making the land very soggy 
in wet seasons. Before the experiment was hE-gun it was underdrained 
with tiles, laid thirty-six feet apart and about thirty inches deep. 

This part of the Station farm is designated the East Farm; it bad 
been rented for many years before coming into the posseseion of the 
Station, and was in a run-down condition. The experiment is located on 
two tiers of plots, lying in different parts of the farm. These tiers are 
ahout sixteen rods wide, and the plots are laid off cross-wise, each plot 
being sixteen feet wide by 2721 feet long, or approximately one rod wide 
by sixteen long, and containing one-tenth acre of land. The plo~s are 
separated by alley-ways, two feet wide, and tile drains are laid under 
alternate alley-ways. 

The plots are grouped in five sections, of thirty plots each, and desig
nated A, B, C, D and E. The draining was done in 1893, and silage corn 
was grown that season on sections A, Band D; corn was grown with fer
tilizers on section C, and section E was summer fallowed; sections A and 
B had previously grown two crops of wheat in succession, and sections C, 
D and E were in timothy, the grass having nearly run out on section E. 
The drainage delayed the planting of the fertilized corn, and dry weather 
following, the crop was very poor. No effect could be traced to the ferti
lizers, and as the plan offertilizing this crop was somewhat different from 
that finally adopted, no report has been made of it. Table III reports the 
yields of the crops for 1894 and 1895, that of 1894 being grown on section 
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D, and therefore following silage corn, and that of 1895 on section E, fol
lowing fallow. 

TABLE II.-PLAN OF FERTIJ.TZING IN FIVE-CRoP RoTATION, CEXTRAL STATION, 

Fertilizers in pounds per am·e. 

====7=================~================~================, 

On corn. On oats. On wheat. 

Snper
J•hos
pl1ate 

Nitrate \iuriate Snper-
svda. t h phos

po a8 • phate. 

Nitra·e Muriate Super- *~itrat~ Yiuriate 
soda. potash. pllos · soda. potash. 

ph ate. 

----- -------------1----1---------
1... ..... ..... ..... ..... . .............................................................................. . 

160 

80 
160 80 2... so ........... ! ......... .. 

3... .... ....... ............ S1 
4 .................................... . 
5... ............ 160 .......... .. 160 

100 

6... SO HiO 80 1ti0 160 HiO ... 
I • • • •• • • • . , • • •, •• • ~ • •• • •. • • ••• • • • • •. • • ••• .• •• •. • •• •• '• •• • • • • •• •• • • • • • •. 

8... 80 80 80 80 160 100 
IL. .......... 160 80 160 80 160 100 

10 ................................... . 
11... 80 160 80 80 160 80 160 160 100 
12... 80 240 80 80 240 80 160 24{-) 100 
13... .......... . .............................. . 
14.. 80 160 80 ..... .. ... .. ...... .. 160 160 100 
15... .......... . .................. . 160 160 100 
16... ............ .. ........................................... .. ........... . .......... 
17 ... a SO 65 a SO 65 b 70 
18... c ........................................................ .. c ............ ........... 
19... ........... .. ............................................................................ . 
20... rl ............ ........... ........... ........... ........... d ..................... .. 
21... 30 e 70 30 e 70 llO e 90 
22 ........................................................................................................ .. 
23... . so f so so f 
24... . 80 g so so g 
25 ............................................... .. 

80 160 110 
80 160 g 100 

. .......... ........... 
26... h 150 SO h lfiO so 13'> 100 
27... k 160 so k 160 so 160 100 
2~ .......................................................................................................... .. 
29... m 160 SO m 160 SO n 160 lCO 
3'l... 0 ........... ............ ........... ........... ............ 0 .................... " 

• On wheat. one-third dried blood, applied, in the fall, and two-thirds nitrate of soda, applied 
in April. A II other materials applied in the f~tll. 

a Wheat bran, 500 pounds. 
b Wheat bran, lOCO pounds. 
c Barnyard manure, eight tons on wheat and corn only. 
d Barnyard manure, four tons on wheat·and corn only, 
e Linseed oil meal, 500 pounds. 
f Dried bl,od, 200 pounds. 
g Sulphate of ammonia 120 pounds. 
h Raw bone meal, 55 pounds. 
i Raw bone meal, 110 pounds. 
k Acid phosphate, 85 pounds. 
I Acid pho•phate, 170 pounds. 
m Basic •lag, 65 pounds. 
n Basic slog, 130 pounds. 
o Mixed fertilizer, 210 pounds on corn and wheat only, 
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TAllLE III.-FERTILlZERs oN CoRN IN FrvE-CR P RoTATION AT CENTRAL STATio~. 

Yield and increase of grain in bushels of seventy pounds of ears. 

Fertilizers per acre. 

Yield per acre. 

Grain. Stover. 

Increase or dfcrease (-) 
per acre. 

Gr.ain. 

... 
"' 

j Stover. S 
1-----1---.---1------..,~-- -------,--- ::;l 

1894.11895 1894,1895. 1894.11895 118!14.,1895 i 
--!-------------:--B-u-8 I Bus. Lbs.l Lbs Bus I Bus. I Lbs. I Lbs. 

1 None ............................. 17.3 40.6 1,270 2,640 ... ..... ......... ......... ....... 1 
2 SuperphoFphate (dissolved 

3 
4 
5 
6 
7 
8 
9 

10 
11 

bone black), 80 lbs ......... 17.6 
Potash (muriate) 80 lbs ... 16 9 
None ............................ 16.2 
Nitrate of soda, 160 lbs...... 15.5 
Superphos. 80; nitrate, 160 19.5 
None ............................. 18.0 
Superphos. 80; potash, 80.. 21.1 
Nitrate, 160; potash, 80..... 15.9 
None ............................ 17.7 
Superphosphate, 80; nit· 

44.2 
B9.6 
405 
38.1 
51.1 
39.1 
417 
29 2 
31.1 

1,250 
1,300 
1,170 
1,120 
1,210 
1,250 
1,360 
1,110 
1,150 

2,560 0.7 
2,380 0.4 
2,590 ........ 
2,610 -1.3 
2,600 2.1 
2,480 ........ 
2,550 3.2 
2.390 -1.9 
2,050 ........ 

3.7 
-0.9 
.......... 
-1.3 
lUI 

........ 
5.3 

-46 
....... 

rate, 160; potash, 80 ....... 20.5 42.1 1,350 2,480 0.2 11).4 

13 -63 2 
b7 -274 3 ....... . ...... 4 

-77 57 5 
-13 83 6 ....... ········ 7 

93 2l3 8 
-n 197 9 

......... ········ 10 

113 357 11 
12 Superphosphate, 80; nitrate 

240; potash,&O ............ 24.8 4\.0 1,400 2,390 2.0 8.7 77 193 12 
13 None ............................. 25.3 32.!1 1,410 2,270 ........ ....... . ............... 13 
14 Superphosphate, 80; nit-

15 
]6 
17 

rate, 160; potash, 80...... 25.4 38.1 1,550 2,590 1.5 5.2 143 183 14 
None ............................. 22.2 ......... 1,390 2,600 ................................. 15 

80; potash,65 ............... 20.5 ........ 1,340 2,770 -0.6 ........ --17 57 17 

~ohneeai'b~~~·;·5iio·;·· ·~it·;~i~;~21.1 ......... 1,400 2,680 ......... ........ .. .............. , 16 

18 B"rnyard manure, 8 tons ... 17.8 ....... 1,3n0 3,010 -3.4 .. ..... 3i 263 18 
19 None ............................ 21.2 36 9 1,270 2,780 ................ , ................ 19 
20 Barnyard manure, 4 tons... 17.3 37.2 1,260 2,650 ·-4.6 1.9 1 --53 37 20 
21 SuperphoFphate, 30; oil- 1 1 

221 N~:a~~.~.~~.; .. ~~.~~~~:.:.~::::: i~:~ ~~:i a~g ~;~~g .... ~:~. . .. ~:~. ..~.~:.~.~~-3 .. ~2 
23 Superphosphate, 80; dried , 

blood, 2u0; potash, 80 .... 16.1 41.1 1,200 2,600 -1.1 8.8 53 I 2R:1 23 
24 Superphosphate 80; sui- I I I 

phateam.120: potash,8( 20.21' 37.9 1,300 2,720 2.9 5.7 i 177 i 367 24 

~~ ~~~~~~Q~:;:~~~-~~~~::~~~: :::: :::: I~:::: I'~::;: .... ~:~ j""~:~ .. ,l .. ·~-~~"1 ~;~"I ~: 
27 Rock phosphate, 85; nit· I I 

rate, 160; potash, 80 ....... 115.5 36.7 1,150 12,510 ---0.2 ) 3.8 i --23 :m:~ 27 

~~ 1 ~~~eph~~ph~t~;tiiii'~it~~t~-,'~14.8 38.2 1,140 2,220 , .................. 1 ......... ! ........ 28 

!60; pot~s.h,SO;; ........... 15.0 428 1,120 2,7901 0.1. 961-~0 [ 570 29 
30 l\f 1xe<l fertlhzer, ulO ........ , 14.6_ 49.4_ 1 1,01~ 2,68~-=~\~::.1-'0 ~~:- 30 

Av. of unfertilized plots .. ! 18 6 35.4 11,233 2,4111 ........ , ......... , .............. .. 

[In this and subsequent tables the increase for the fertilized plots has been calcu· 
lated on the assumption that if the yields of two neighboring unfertilized plots, 1 and 4, 
for example, were twenty-five and twenty-eight bushels, respectively, the unaided yield 
of the fertilized plots between, 2 and 3, would have been twenty-six and twenty-seven 
bushels. The" average yield of unfertilized plots" is given in each table for general 
comparison, but is not used in calculating the increase.] 



120 OHIO EXPERIMENT STATION, 

The crop of 1894, like that of the preceding year, was seriously 
'shortened by the dry weather of the summer, and no effect can be traced 
to the fertilizers. 1895 was another season of severe drouth, but a few 
timely rains saved the crop, and made it a very heavy one on low lands. 
On the high, thin land of this farm the crop was but a moderate one, 
barely reaching the .general average of the state. 

Reference to the table will show that in 1895 there was an increase 
in yield wherever superphosphate was used, the increase being generally 
small and irregular. Nitrate of soda and muriate of potash, when used 
alone or in combination with each other, but without phosphoric acid, 
seem to have reduced the yield (Plots 3, 5 and 9) but when either or both 
of these were added to superphosphate the yield was generally increased 
beyond that from the superphosphate alone. 

TABLE IV-FERTILIZERS oN CoRlil IN RoTATION AT NoRTHEAsTERN SuB-STATION. 

.... 
0 

p:; 

Y1eld and increa.~e of gram in bushels of seventy pound~ of. ears. 

Fertilizers per acre. 

Yield per acre. Increase per I ~ 
acre. 8 

-----,----1-------1 ~ 

Grain. Stover. Grain. Stover. I ~ 

-----;;:::- Pounds ----;;:::- Pounds.l-
1 None .......•.... "' ................ :........................ 872 1,700 ..................... 1 
2 l'uperphosphate (dissolved bone black) 80 lbs.. 3~ 0 1,450 2 1 -153 2 
3 Potash (muriate) 80 lbs ...... ................. ...... ~.o~t 1,600 1.8 93 3 
4 None..................... .....•. .•.•......•.•.........•.•. 33-l< 1,410 .•........ ........... 4 
6 Nitrate of soda, 160 lb~ .....•..... ···········"'······.. 35.3 1,520 1.0 13 5 
6 Superphosphate, 80; nitrate, 160...... ..•... ...... 41.7 1,4ti0 6.3 -143 6 
7 None........................................................ 36.4 1,7()0 .......... .•......... 7 
8 Superphosphate, 80; potash, 80 ..........• •..••.. 38.0 1,480 3.9 -260 8 
9 Ni!rate, 160; potash, 80.............................. 35.2 1,540 3.4 -240 9 

ii s~;;ee;rh"~~ph~-t~;·s;;;·~ii~~i~ ... itio;··p-~i~~h, .. so.: ~~:~ U~g .... i"o:i .. j···-::_·27· }~ 
) 2 " 80 j " 240 j " 80.. 43.4 1,830 7.4 1 -63 12 

~~ 1 ~~~~;~ph;~·ph~·;~;·so; ··~i·r:;~i~;-itio·; .. p~t~~1;·so.. :~-~ ~:i~Z ·· .. -s:51······7o-· i~ 
15 1 None........................................................ 41.1 1,830 , .••...... 

1 
.•••••.•... 15 

16 None .................... : .................................. ! 3e.3 2,230 .......... _ ........... 16 
17 Wheat bran, 600; mtrate, 80; potash, 65 ...... 41.7 2,250 I 6.7 -87 17 
18 Barnyard manure, 8 tons............................. 45.1 2,400 11.3 -43 18 
19 None........................................................ 32.5 2,5.~0 ..................... 19 
20 Barnyard manure, 4 tons................... . ........ 38 a 2,570 4.1 -163 20 
21 Superphosphate, 30; oil meal, 500; potash, 70. 40.1 2,750 3.9 -167 21 
22 None...... ................... ............................. 38.1 2,100 ...................... 22 
23 Saperphosph'e, 80; dried blood, 200; potash, 80. 49.6 2,650 8 7 -400 23 
24 " 80; sulph. am., 120; " 80. 50.1 2,850 6.5 -150 24 
25 None........................................................ 46.4 2,950 ..................... 25 
26 Bone meal, 55; nitrate, 150; potash, 80......... 50.2 3,060 4.4 223 26 
27 Rock phosphate, 85; nitrate, 160; potash, 80.. 52.1 2,930 6 9 207 27 
28 None........ .. ............................................. 44.6 2,610 ...................... 28 
29 Slag phosphate, 65; nitrate, 160; potash, 80.. 51.2 2,490 6.5 -83 29 
30 Mixed fertilizer, 210........... ........ .............. 54.5 2.630 9.6 93 30 
31 None ............................................ .,......... 45.1 2,500 ..................... ! 31 

Average of unfertilized plots ............... -SSO 2,227 ====I 
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The light application of barnyard manure seems to have been of very 
little benefit. Unfortunately the record of the grain yields on Plots 15 
to 18 inclusive was lost, so that we cannot tell the effect of the heavier 
application. In 1894, both the heavier and the lighter dressings of ma
nure seem to have injured the crop. 

The largest increase in 18!)5 is found on Plot 30, dressed with tl:j.e 
":Mixed Fertilizer". This fertilizer contained nearly twice as much phos
phoric acid as any other one in the series. 

It will be ob3erved that the increase from the difi£rent fertilizers is 
too irregular to justify any po~itive aFsumptionR, as yet, regarding their 
respective efficiency. Ona point however seems to be rathu clearly indi
cated, namely: that the efi'tct of fertilizers may be completely nullified 
by an unfavorabl- d(ason. Taking the results of 1895 alone, it would ap
pear that on this soil, and for this crop and season, phosphoric acid has 
been the dominant, Ll not the only factor in producing increase of crop; 
but our work has demonstrated that it is not safe to draw general con
c!usions from a single season's results. 

A similar rotation has been started on the white clay of the North
ea~tern Sub-Station. The results of the first crop are given in Table IV: 
(p. 120). 

FERTILIZERS ON OATS IN FIVE·CROP ROTATION. 

Table V gives the yields and increase of two crops of oats, grown in 
1894 on section C, and in 1895 on section D, following corn in the rota
tion described. As has been stated, the corn crop of 1893 on section C 
was fertilized on a plan slightly different from that adopted for subse
quent crops. The only change which would materially affect the follow
ing oat crop, however, was that Plot 18 was not manured on corn in 1893. 

It may be observed that a marked increase in yield is shown on Plot 
28, as compared with other unfertilized plots. This is explained by the 
fact that a lane once ran across the field, covering part or all the ground 
occupied by Plots 27 to 30, inclusive. This lane had been abandoned 
and included in the field some seventeen or eighteen years before the 
Station came into possession of the farm, and no trace of it was evident to 
the eye, but its effect is still quite marked on the crops. While the gross 
yield is very much greater on this portion of the field, the relative yield, 
as shown by our duplication of unfertilized plots, seems not to be materi
ally aftected. 

The remarks concerning the effect of the weather conditions of the 
two seasons, 189! and 1895, apply to the oats as well as the corn crops. 
The oats in 1894 made less than half a crop, and in the earlier part of the 
season of 1895 the prospect was equally unpromising, the grain beginning 
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to head when not more than a foot in height, but a few late rains made a 
dtcided improvement in yield. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 
14 
15 
16 
17 

18 
19 
20 
21 

TABLE V.-FERTILIZERS ON OATS IN FIVE·CROP ROTATION AT CENTRAL STATION, 

Yield per acre. Incr. or deer. (-) per acre. 

.: ., 
Fertilizers per acre. Grain. Straw. Grain. Straw. 

,J:> 

a 
=' 

1S94.[1S95. 1S94.J1895. 

= ... 
1S94. 1S95. 1S94 1S95 0 

~ 
----

Bus Bus. Lbs. Lbs. Bus. Bus. Lbs. Lbs. 
None ............................. 23.2 30.6 907 1,L20 .......... ......... . ....... ........ 1 
Superphosphate (dissolved 

347 1,145 1,240 4.1 55 152 173 2 bone bla., k) SO I bs ........ 2S.3 
Potash (muriate) SO lbs ..... 24..4 2S.4 Sl7 992 -0.7 0.5 -262 -21 3 
None ............................. 26.1 26.4 1,165 960 ........ .. ~~~li~~ .. 4 
Nitrate of soda, 160 lbs ..... 29 s 26 9 1,245 940 3.S 0.5 5 
Ruperphos., SO; nitrate, 160 31.2 35.7 1,400 1,15S 5.3 9.4 6 
None ........ ................... 25.9 26.2 1,022 1,010 ········· ••• H 000 ........ ....... 7 
Superphos., SO; potash, SO .. 30.1 36.2 1,335 1,232 4.9 10.2 278 248 8 
Nitrate, 160; potash, 80 ..... 25.1 26 6 945 908 0.4 0.9 -147 --51 9 
None .............................. 24.1 25.5 1,127 933 ......... ......... ........ ........ 10 
Superphcs .. SO; nitrate, 160; 

1,4S5 37S 11 potash, 80 .................... 33.3 I 37.6 1,368 10.1 10.9 30S 
Superphos .. SO; nitrate, 240; 

493 I potash, SO .................... 30.3 40.5 I 1,580 1,555 8.0 12.7 367 12 
None ............................. 21.3 2S9 1,067 1,315 ········· ......... ........ ........ 13 
Fertilized on corn ............ 260 416 1,367 1,4SO 5.0 12.7 225 310 14 
None .............................. 21.S 30.2 1,052 9S2 ......... ( .. ..... ........ . ...... 15 
None .............................. 20.5 2S.7 1,292 sso ......... ! ......... ········ . ....... 16 

I Wheat bran, 500 ; nit-rate, 
SO; potash, 65 .............. 23.7 37.9 1,442,1,215 2.5 I 9.2 201 299 17 

Manured on corn ............ 20.7 37.0 1,037 1,455 .. ....... ! 6.4 ........ 503 18 
.None ............................. 22.3 28.5 1,137 9S8 . ......................... 

"'iii"! ~~ Manured on corn ............. 24.0 34.2 1,1)32 1,105 -0.3 6.6 492 
oil meal, Superphos., 30; 

s.1 2.4 1 273 500; potash, 70 .............. 32.3 29.1 1,415 1,070 31 21 
None ............................ 

' 
2S 3 25 s 1,145 1,065 ................. , ........ ........ 2~ ~ I 

23 Snperphos., SO; dned blood, J I 
87 128 

200; potash, SO ........... 32.3 1 36.1 1,505 1,155 4.2 9.3 317 
24 Superphos., RO; sulphate 1 

25 N:~~~.~~~~:.~~~.:.:~~~~~-~~~ ~~-g I ~~:~ i;~~g ~;~i~ 4.1 .. ... ~ •. ~ .. ! .. ~.~~ .. 374 ' 24 
25 

26 Bone meal, 55; nitrate, 1 I 
150; potash, SO............ 3.5.5136.5 1,365 1 1,2.52 4.3 8.6 , 13 284 26 

27 Rock phosphate, 85; nitrate I I 
160; potash, SO........ .... 37.5 33.0 1,750 1,182 4.0 1 6 2 322 320 27 

~g 
1 
~~~eph~~~h~t~;·s:5 ;·;;it;~i~; 35.S 25.8 1,505 755, ......... 1 ........ 

1

....... 28 

160; potash, SO............ 39.2 31.4 1,875 995 3 4 56 390 240 29 
30 Fertilized on corn ............ !'!.!.._ !~~~1,560 1,125 ~ -~ ~-~~- 30 

Av. of unfertilized plots. 25.6 27.511,164,1,010 .......... , ........ , ........ 
1 
...... , 

It will be observed that wherever phosphoric acid was used there 
was an increase of crop in both seasons, and that this increase was 
much greater in the relatively favorable season of 1895. The addition 
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of either nitrogen or potash to the phosphoric acid has produced in general 
a further increase in yield, but when the nitrogen and potash have been 
used alone or in combination with each other, without phosphoric acid, 
their effect has been very slight. 

It will be observed that the residual effect on the oats crop of the 
fertilizers and manure, applied to the corn only, as shown on Plots 14, 18 
and 20, has been approximately equal to that of the complete fertiliz<>rs, 
applied directly to oats. 

Table VI gives the yields and increase of two crops of wheat !!row:n 
in this rotation, that of 1894 having followed an unferttlized crop of 
silage corn on section A, and that of 1895 following oats in regular order 
on section C. 

For several years our wheat has been badly infested with stinking 
smut, the amount increasing from year to year, and practically destroying 
some varieties; and in the fall of 1893 the seed fo: the entire crop was 
treated with solution of copper sulphate, in order to destroy this parasite. 
The season for seeding proved very dry and unfavorable to germination, 
and the consfquence was that much of the seed failed to grow, though the 
treatment employed was not more severe than had been us d in previous 
seasons without any sign of iujury. The consequpnce was a very light 
stand and a greatly reduced yield of grain, the average yield on the Sta
tion farm being but abcut twenty bushels per acre, whereas yields of thirty 
bushels and over were common throughout the neighbf1rhood. The th.in 
stand of wheat favored the growth of the timothy which bad been <1own 
with it, and the result was that wherever superphosphate or manure were 
used there was apparently a great incrtase in weight of ~traw, largdy due 
to the extra growth of timothy, while the yield of grain was app3rently 
slightly reduced by the fertilizer. 

In 1891, on the !arm at Columbus, we had a similar fxperier.ce in 
nduct.ion of the yield of grain where superphosphate was used in the 
ferti!izcr. In that case, however, the reduction could not be a~cribed te 
the growth of timothy, for the wheat was grown in continuous culture 
and was clear of all gras~ or weeds. There was, ho;vever, a very great 
increase in the yield of straw. 

In 1895. the early drouth, followed by the frosts of May, so shortened 
the wheat crop that the unfertilized yield in the rotation under consider
ation fell to an average of three bushels per acre, and the yield on the 
plot which bad been dressed with eight tons of barnyard manurP, was 
]e~s than six and one-l:alf bushels. (This plot, it should be observed, 
had had no previom manuring in the rotation). In our variety test, 
where wheat is grown in a similar rotation, but with a dressing of barn
yard manure, the average yield was about eleven bushels per acre, thia 
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variety test being conductt-d on a farm which has been regularly man
ured and cultivated in rotation with clover for a series of years. 

TABLE VI-FERTILJZliRS ON WHEAT IN FIVE CROP RoTATION AT CENTRAL STATioK. 

Yield and increase per acre. 

Yield per acre. Increase or decrease(-) 
per acre. 

Straw. 
j 
a F~rtilize~ per acre. Grain. Grain. Straw. 

= g ... 
1894. 1895. 1894. 1895. 1894. 189i. 1894. 1895. £ 

-·J----------1-- ----------1-------
Bm. Bus. Lbs. 

1 None............................. 13.5 1.4 1,437 
2 SuperphosphatP ( dis~olved 

bone_ black), 16\l lb;.. ..... 13.6 
3 Potash (muriate), 100 lbs .. 24.9 
4 None ........................... 22.2 
6 Nitrate of soda, 160 lbs .. 20.5 
6 Sup• rphusphate, 160; ni-

6.5 
1.2 
2.6 
3.8 

2,382 
2,805 
2,620 
2,FH7 

trate, 160 ...... ...... ........ 16.7 9.5 2,847 
7 None ............................. 20.9 2.1 2,642 
8 Superphosphate, 160; pot-

ash, l\,0.. ...... ..... . .... ... 18.9 
9 Nitrate, 160; potash; 100 .. 22.5 

10 None ............................. 18.0 
11 Superpbo ph!tte, 160; ni

9.4 2,467 
3.2 2,497 
3.2 1,967 

trate, 160; potash, 100..... 18.5 10.8 3,087 
12 Superphosphate, 160; ni-

trate, 240; potash, 100..... 20.3 11.8 3,382 
13 None............................ 20.8 2.7 2,:-152 
14 Superphosphate, 160; ni-

trate, 160; potash, 100 ..... 18.8 7.3 3,322 
15 Superphosphate, 160; ni-

trate, 160; potash, 100..... 18 4 7.8 3,047 
16 None............................. 19 0 2.1 2,207 
17 Wheat bran, 1,000; pot-

ash, 70 .. . ...... .. 21.0 
18 Barnyard manure, 8 tons .. 17.0 
19 None ............................. 18 2 
20 Barnyard manure, 4 tons .. 17.5 
21 Superphosphate, 110; oil 

8 8 2.887 
n4 ll,882 
2.8 1,~<57 
7.2 2,752 

meal, 500; potash, 90 .... 20.4 8.7 3,377 
22 .None.................... 17.5 2.2 1,997 
23 Huperpho•phate, 160; dried 

blood, 200; potash, 100... 19.0 10.9 3,057 
24 Superphos., 160; sulphate 

ammonia, 120; potash, 100 21.5 11.9 3,407 
25 None............................. 22 2 3.6 2,517 
26 Bone meal, 110; nitrate, 

135; potash, 100... ....... 18.5 11.2 3,187 

Lbs. I Bus. Bus. Lbs. Lbs. 
115 ............................... .. 1 

2 
3 
4 
5 

310 -2.8 4.7 550 138 
230 6.6 -1.0 589 2 
285 .............................. .. 
440 -1.2 1.4 -110 192 

710 -4.6 
175 ....... 

7.2 212 498 6 
7 

685 -1.1 7.0 50 498 8 
260 3.5 0.4 107 62 9 
210 ................................ 10 

860 -0.4 

880 
190 

0.4 

660 -1.4 

580 -1.2 
225 ........ 

640 2.:-1 
745 -1.6 
280 ....... 
6i0 -0.5 

775 
220 

895 

535 
335 

2.6 

0.1 

1.2 

880 -3.1 

7.8 991 657 11 

9.0 1,158 683 12 
....................... 13 

4 9 1,018 458 14 

5.5 791 367 15 
........ ......... ........ 16 

6 5 763 397 17 
3.8 841 483 18 

........ ......... ........ 19 
4.6 781 410 20 

6.4 1,394 536 21 
........................ 22 

8.3 886 637 23 

8.8 1,060 238 24 
........................ 25 

4.0 750 418 26 
27 Rock phosphate. 170; ni

trate, 160; potash, 100..... 15.6 17.6 3,112 1,545 -6.4 11.5 755 1157 27 
28 None ............................. 20.4 
29 1-ilag phosphate, 130; ni-

7.2 2,277 715 .... .... ........ ......... ........ 28 

trate, 160; potash, 100..... 18.3 15.6 3,152 1,315 -2.1 8.3 875 600 29 
30 Mixedfertilizer,2l0 ......... 15.8 17.0 2,752 1,130 -4.6 9.7 475 415 30 

I Av. of unfertilized plots, 19.3-~-3.() 2,197 _ m ~-= =t=l= 
~~-------~--~--~--
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Attention is called to this point because it is generally believed that 
a fertilizer test should be conducted on poor land. 

In 1894, the marked increase on Plot 3, which was quite apparent 
throughout the season, led visitors to infer that the need of potash was 
strongly indicated; but when the results of the two seasons are com
pared, it will be seen that this point needs further investigation. These 
experiments emphasize the necessity for long continued investigation, 
under so variable a climate as that of Ohio. 

RESIDUAL EFFECT OF FERTILIZERS ON CLOVER AND TIMOTHY. 

But one hay crop has as yet been harvested in the rotation at the Central 
Station, the first, or clover crop, following wheat on section A. This crop 
suffered more than any other from the abnormal weather conditions of 
1895, being first shortened by drouth and then severely injured by frost. 
The reeult was an average yield of 1,185 pounds of hay on the unfertil
ized plots, and an average net increase from the fertilizers applied to the 
wheat of forty pounds per acre, nine of the fertilized plots showing a 
decrease and eleven an increase in yield, thus indicating that the fertil
izers had bad practically no effect on the grass crop, or that whatever 
effect they might have bad was nullified by the unfavorable season. 

FINANCIAL RESUI,TS. 

In Table VI is given the average increase or decrease of crop following 
the use of fertilizers on the different plots at the Central Station, as 
shown in Tables III to VI, and also the increase or decrease in the hay 
crop. In the case of Plot 18 there is but one crop each of corn and oats, 
that of corn being for the unfavorable season of 1894, and that of oats 
for the relatively favorable one of 1895. 

This table also gives the total value of the increase of crop in the 
four crops of the rotation and the cost of the fertilizers applied. The 
value of the increase is computed on the basis of forty-five cents per 
bushel for corn and thirty cents for oats, these being approximately the 
average prices in Chicago for the fourteen years ending with 1894. 
Wheat is computed at sixty cents per bushel, straw and stover at $3 per 
ton, and hay at $8 per ton. 

These prices vary materially from those prevailing at the close of 
1895, corn and oats being wo:ctb about twenty-six to twenty-eight cents 
each per bushel, wheat about fifty-two cents, straw $4 to $6 per ton, and 
hay $10 to $12 per ton, but these values were more or less affected by the 
abnormal season of 1895, and it is assumed that the prices used repre
sent more nearly the general values. 
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TABLE VII.-FrvE CROP R TATION. SuMMARY OF TABLES II TO VI. 

Value of increase and cost of fertilizers. 

Averag<> increase or decrease(-) per acre . I .. .. 
"' Value Cost of "' ~ 

Corn. Oat8. Wheat. of in- feni- ..0 s 9 
:::> crea>e. lizer~ :::> 
l::l 

Grain.[ 1-ltraw . 

Hay. l::l .., 
0 0 Grain. Stover. Graill. S;raw. p:; ~ 

- ----- -------- --- --- --' 
Bu•hels Pounds. Bushels. Pounds. Bushels. Pounds 1 ound.< 

2 2.2 -25 4.8 162 0.9 344 -187 $294 $3.25 2 
3 -0.2 -88 -0.1 141 2.3 295 147 2.37 8.45 3 
5 -1.3 -10 2.1 45 0.1 41 247 1.20 15.00 5 
6 7.0 35 7.3 247 1.3 3.55 -53 6 86 18.25 6 
8 42 153 7.5 263 29 274 127 7.42 11.70 8 
9 -33 62 0.6 -99 1.9 84 393 1.52 23.45 9 

11 5.3 235 10.5 343 3.7 824 -167 918 26.70 11 
12 53 135 10.3 430 47 920 167 11.19 34.20 12 
14 3.3 163 8.8 267 1.7 738 153 7.51 18.25 14 
15 ............ ........... . ......... ··········· 21 579 247 3.11 9.85 15 
17 ............ ........... 5.8 250 44 580 193 6.40 ············· 17 
18 -3.4 113 8.4 503 1.1 662 587 5.91 ··············· 18 
20 -1.3 -8 3.4 291 2.0 ''95 260 4.00 ............... 20 
21 3.0 240 4.2 152 4.5 96<l 20 7.42 26.70 21 
23 3.8 168 67 202 4.2 761 -180 7.22 26.70 23 
24 4.3 272 6.9 296 5.0 649 -160 819 26 70 24 
26 2.8 272 6.4 148 0.4 584 -147 4 35 26.70 26 
27 18 105 5.7 321 3.0 856 -273 4 97 26 70 27 
29 4.7 265 4.5 315 31 737 -220 6 42 26.70 29 
30 7.9 1!!5 41 212 2.5 445 -360 I 6.12 6.30 30 

26.0 -,1,087 -
------~--

* 270 1,822 11.1 1,236 1,185 

In computing the cost of fertilizers, phosphoric acid and potash are rated 
at six and one-half cents per pound, and nitrogf'n at twenty cents (equiva
lent to sixteen and one-half cents for ammonia), following the ratings 
given previous t"J 1895 in the official reports of the Ohio State Board of 
Agriculture. These ratings, as will be shown further on, are below what 
Ohio farmf'rs have actually been paying for their mixed fertilizers. At 
these ratings the fPrtilizing constituents in what bran would be worth 
about 816.50 per ton, and those in old proceos linseed meal about $25.60. 

It will be observed that one hay crop is Etill to come before this rota
tion is completed, and the results given are therefore incomplete. At 
this stage of the work, no fertilizer nor combination of fertilizers has 
produced sufficient increase of crop to pay for the fertilizer at the prices 
given, though the prices at which the increase is computed are above the 
presf'nt market quotations, and· those of the fertilizers are below the 
average retail rate for fertilizers of similar com position. 

It will be seen that the fertilizing element which was used with 
greatest loss was nitrogen, and yet the nitrogen in the fertilizers evidentlY 

• "Terage of nnfertilizod lllots. 
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added in a marked degree to their effectiveness. Taking the column 
giving the value of increase, we find that the total value on Plot 6, re
ceiving nitrogen and phosphoric acid, is more than double that on Plot 
2, receiving phosphoric acid alone, and that on Plot 11 is considerably 
greater than on Plot 8, which receives phosphoric acid and potash, with
out nitrogen, while Plot 12, receiving an additional quantity of nitrogen, 
gives a greater total value of increase than any other plot in the series. 
Evidently nitrogen is needed on this soil; the problem is, how to get it 
at a cost which will leave a margin of profit. 

It will be observed that the value of the increase indicated from the 
barnyard manure is from eighty cents to $1 per ton of manure. This 
indicates that such manure cannot be bought with economy, it its cost is 
proportionate to that of commercial fertilizers, since the fertilizing con
stituents in a ton of manure would cost $2.50 to $3, at the prices at which 
ready mixed fertilizers are sold to the farmer. But when the manure 
brings eighty cents to $1 per ton, as an incidental product in stock feed-
ing, the case is altered. · 

In looking over the columns in Table VII, giving the cost of fer
tilizers, it must be borne in mind that these sums represent the total cost 
for a five-year period, not an annual one; even then, however, the larger 
amounts are much beyond what farmers generally would consider a 
rational application for cereal crops; but the only way by which the 
practical mean can be arrived at is by going to the two extremes of com
plete lack of fertilization on the one band and excessive fertilizing on the 
other. Tbe experiment is so planned as to show the relative affect of 
fertilizing only one and all three of the grain crops, and if, alter a few 
years, it shall seem unwise to continue the heavy dressings, they will be 
discontinued on part of the crops, thus giving further opportunity to 
study the residual effect of fertilizers. 

It should be stated in this connection, however, that in the Rotham
stead experiments on wheat, which cover this field more completely, con
sidering both general plan and duration of work, than any others in the 
world, the largest net increase bas come from a far heavier and more 
costly application of fertilizer than any of those included in this test. 

Whatever may be the final conclusion respecting the quantity of 
fertilizer which may be used to best advantage, there is no longer any 
doubt that the cost, as represented in Table VII, is excessive. This point 
will be discussed further on. 

FERTILIZERS ON CROPS GROWN IN ROTATION AT COLUMBUS. 

Parallel with the experiments in continuous cropping, to be de8cribed 
further on, an experiment has been conducted on the State University 
farm, in which corn, oats and wheat are grown in rotation with clover 
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and timothy, as in the experiment just deEcribed, except that the expe
riment is made on a smaller scale. In this experiment five blocks of 
land, each containing seven plots, of one-twentieth acre each, are culti
vated in these crops, the cropping being so managed that each crop is 
represented each year. 

Following is the plan of fertilizing each block: 

Plot l. Unfertilized. 
Plot 2. S:1perphosphatt>, 300 pounds per acre; muriate of potash, eighty pounds 

per acre, *on corn only. 
Plot 3. Superphosphate, 300 pounds per acre; muriate of potash, eighty pounds 

per acre, '"on wheat only. 
Plot 4. U nfertil'zed. 
Plot 5. Superphosphate, 300 pounds per acre; muriate of potash, eighty pounds 

per acre,* nitrate of soda, 160 pounds per acre, on wheat only. 
Plot 6. Barnyard manure, eight tons per acre, on wheat only. 
Plot 7. Unfertilized. 

* 160 pounds, previou• to 1892. 

The experiment at Columbus was begun on its present plan in 1891, 
and at the present time two blocks-Band D-have come under the full 
plan of fertilization and cropping, while Block A bas grown all the crops 
except oats. Table VIII gives the average results of the harvests on these 
three blocks on the assumption that the third crop of oats will not 
materially affect the average of the two crops given. 

T-'.BLE VIII-FERTILIZERS ON CROPS GROWN IN RoTATION AT CoLUMBUs. 

Yield and increase per acre, value of increase and cost of fertilizers. 

Average yield per acre. 

Fertilb;ers per acre. Corn. Oats. Wheat. Hay. 
c:s 
s:l 

Grain. I Stover. 
I 

----.... ht 2d 0 Grain. Straw. Grain. Straw. -P-1 crop. crop. 
- ---------------

I Bus. Lb". Bus. [ Lb.<. Bus. Lbs. Lbs. Lbs. 
1 ~:;:;;h.~-~ph~t~· ~~'d ·p~t:l 40.6 1,~60 23.4 I 2,732 35.4 3,872 ........ ········ 2 

ash on corn only ......... 42.6 2,247 29.8 3,002 35.7 3,383 4,847 .. .... 
3 I SuperphOsphate and pot-

1 ash on wheat only ........ 46.0 2,127 256 2,852 37.7 4,407 .5,533 3,080 
4 None ........................... 43.4 2,060 21) 4 2,637 35.2 3,478 4,680 3,007 
li Superphos., potash and 

nitr"te on wheat only ... 43.9 2,167 26.4 3,377 1 38.3 4,582 4,860 2.820 
6 Barny'd manure on wheat 

only ........................... 45 0 '·"" I 20.5 2,262 
34.4 3,628 li.047 2,593 

7 None ........................... 40.0 1,767 19J:i 
1

l,IHJ7 33.1 3,265 4,253 2,233 

Av. of unfertilized plotf/--:u-3, 
----- , ___ -- -- --- --

I 
1,929 19.8 2,455 34.6 3,538 4,466 2,620 

1 I I 
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TABLE VIII-Continued. 

Average incnase or decrease (-) per acre. 

,.; 
al Total Cost ..0 Corn. Oats. Wheat. Hay. s value of of fer-
::l increase. tilizer. = ..., 

1st I 2d 0 Grain Stover. Grain. Straw. Grain. Straw. p:; crop. crop. 
--- ---

Bus. Lbs. Bus Lb., Bus Lbs. Lbs. Lbs. 
2 1.l 2ii4 5.4 3112 0.5 -86 167 ··········· ········ ... $5.70 
3 3.5 100 0.2 183 25 797 

I 
853 71 $8 16 5.70 

5 1.6 205 2.3 953 3.8 1,174 322 71 8.76 10.70 
6 3.9 109 -1.3 51 0.6 292 651 102 5.68 7 

Table VIII shows that in the general average of the three rotations, 
the cost of the fertilizer has only been recovered in the total increase of 
crop on the third plot of the series, both fertilizers and increase being 
valued at the p•ices given. 

It wi l be noticed that a large part of the total value of the increase 
is found in the crop of hay immediately following the wheat, the second 
hay crop showing but little gain. 

It wou'd appear that in this experiment the bay crop has not been 
increaE'td by the use of nitrogenous fertilizers on previous crops; and al
though nitrogen has added largely to the yield of the grain crops, it would 
seem to be nece~f'ary to purchase the nitrogen at a cost not exceeding 
that of phosphoric acid, pound for pound, in order to use it with economy. 

In the experiment at the Central Station, as aln ady shown, the one 
hay crop which has been harvested was practically destroyed by an ab
noJ mal season, while the grain crops have not yet been under observation 
for a suffiei~nt length of time to justify general conclusions. So far as 
the work has gone, however, the results seem to be in harmony with those 
at Columbus, as indicated by Table IX, in which are compared the total 

. values o: the increase on the grain crops under different fertilizing com
pounds, omitting the hay crops in both cases. 

TABLE JX-CoMPARISON OF RESULTS AT COl~UMBUS AND WoOSTER. 

Value of increase. 

Fertilizers. 

----------I---C-ol'u,-m_b_t_ls_. ~~~-Wooster. 
Plot. I Plot. 

l 8 $6.91 
1 11 9.85 

-----'--

Superpho"phate and potash ......................... .. 
Superphosph"te, pot»sh and nitrate .............. . 

3 $4 75 
5 7.19 
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The quantity of fertilizers applied to each crop has been smaller at 
Wooster than at Columbus, but the aggregate for the l'lntire rotation has 
been larger, as each of the three crops has been fertilized at Wooster and 
only the wheat crop at Columbus. The point which is brought out is 
simply the relative increase obtained from chemical fertilizers with and 
without nitrogen. 

FERTILIZERS IN THREE-CROP ROTATION. 

At the Central Station and at the Northwestern and Northeastern 
Sub-stations a three-year rotation of potatoes, wheat and clover has been 
commenced, the cropping beginning with potatoes at the Central Station 
and Northwestern Sub-Station in 1894 and at the Northeastern Sub
Station in 1895. At the Central Station this work is located on the South 
Farm, on a tract of relatively productive land, as compared with that on 
which the five-crop rotation is located. The land under crop in 1894 and 
1895 was in timothy in 1891 and in corn in 1892 and 1893 It had 
'been cultivated in the ordinary, irregular rotation of this section, but had 
been in grass for several years immediately preceding the beginning of 
the experiment. ~n the tall of 1893, after cutting the corn, the land was 
drained by 3-inch tiles, laid 36 feet apart and about 30 inches deep. 

The land at the ~ orthwestern Sub-Station is the yellow sand of that 
region, occurring in small knolls of a few acres in extent and elevated 
but two or three feet above intervales of black, mucky land, covered with 
semi-aquatic vegetation. These intervales have been drained, but no 
drains have been laid in the sandy knolls. 

The land at the Northeastern Sub-Station is the heavy, white clay of 
that region. The portion used in this test is a field which has been long 
in cultivation, and was an old timothy sod at the beginning of the test. 
It was thoroughly drained in the spring of 1895, on the plan followed at 
the Central Station. 

The season of 1894 was so dry, during the period of potato growth, 
that a light crop was made. In 1895 the conditions were somewhat 
better. although the rainfall was still deficient. At the Centnil Station 
the land was kept constantly stirred, and a fair crop was made. The 
planting at the N ortbeastern Sub-Station was delayed by the drainage, 
and the soil was not in condition to give a good crop even under favorable 
climatic conditions, but it was thought best to begin the work with 
potatoes in order to get the experiment under way. 

At both sub-stations the results were affected by an imperfect stand, 
due apparently to injury to the seed from the cold of the previous winter; 
and at the Northwestern Sub-Station the results of both 1894 and 1895 
were obscured by irregularities of soil and other causes on Plots 20 to 81, 
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inclusive, and it is deemed best to include in this report only the yields 
for the first 19 plots from that Station. 

Table X gives the plan of fertilizing in this experiment, and Tables 
XI to XVI give the yields and increase of the crops thus grown. 

TABLE X-PLAN OF FERTILIZING IN THREE-CROP RoTATION. 

Fertilizers in pounds per acre. 

On potatoes. On wheat. 

Super- Nitrate Muriate Super- NitratA Muriate 
phos- soda. h phos- soda.* h phate. potas - phate. potao . 

Explanation. 

---- ------- --- ----1----1-----------
1 ........... ··········· 2 160 160 ··········· A. Barnyard manure, 4 tons. 
3 ........... ............ 100 . ......... . ........... 100 B . ,, " 8 " 
4 

l::···:i.~~·:·:·: 
··········· ··········· ............. ··········· c. Wheat bran, 500 lbs. 

5 80 .... ...... ........... 160 D. " " 1,001) " 
6 80 160 160 K Linseed oil meal, 2ii0 lbs. 
7 ........... ..... , ...... F. " " 500 " ············ 8 160 100 160 100 G Dried blood, 100 lbR. 
9 80 100 160 100 H. " " 200 " 

lO .. ..... .... 
--160 l ..... ioo·· I. Sulphate ammonia, 60 lbs. 

11 160 80 !Oil 160 K. " " 120 " 1::! 1ti0 160 100 ltiO 240 lOll L. Bone meal, 110 lbe. 
13 .... ioo ... l M . Acid phosphHte, 170 lbs. 
14 320 160 2110 160 160 :\. Beric dag, 130 lbs. 
15 480 3:!0 300 
16 .... ········ 
17 A 
18 B 
19 ......... ........... 
20 ' 80 c 85 D 70 
21 

1 .... ~~.~-- E 95 llO F 90 
22 
23 160 G 100 160 H 100 
24 160 I 100 160 K 100 
21\ .......... ...... ..... 
26 L 55 100 L 135 100 
27 M 80 100 M 160 100 
28 ......... ............ 
29 N 80 100 N 160 100 
30 B ··········· .......... 
31 .......... ............ ...... -~ ... ··········· 

*On wheat, one-third dried blood, applied in the fall, and two-thirds nitrate of wda, applied tn 
April. All other fertilizers applied in the fall. 

FERTILIZERS ON POTATOES. 

The remlts of the five experiments on potatoes are given in Tables 
XI and XII. From these it appears that at the Central and Northeastern 
stations, phosphoric acid has been the dominant factor in producing in
crease of crop, while potash and nitrogen have produced little or no effect, 
·except in combiuation with phosphoric acid. At the Northwestern 
station, howevel.', pot9sh seems to have been more effective. 
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TABLE XI-FERTILJZERS oN PoTATOES IN THHEE·CROP RoTATION. 

Yitld per acre. 

Station. 

,.; 
~ erti I i zers per acre. Central. Northwestern. No[',h- Aver- .2 

- --.,----I eas e n. age. ~ 
---.--- --- ~ 

1894. 1895. 1894 1895. 1895. 

--1--------------1---·1--- --- ------ ----

1 
2 

3 
4 
6 
6 
7 
8 
9 

10 
11 

12 

13 
14 

15 

16 
17 
18 
19 
20 

21 

22 
23 

24 

25 
26 

27 

28 
29 

80 
31 

Bus. 
None...................................... 72.0 
Superphosphate (dis,olved bone 
black) 160 Jbs ......... . .......•.... ... 102.9 

Potash (muriate) 100 lbs.............. 98.3 
None ..................................... 100.8 
Nitrate of soda, SO lbs........ ......... 108.7 
Superphosphate, 160; nitrate, 80 .. 128.3 
None .................................... 112.2 
Superphosphate, 160; potash, 100.. 138.7 
Nitrate, 801; potash, 100 ...... ,..... 122.3 
None .......................... "'" ...... 99.8 
Superphosphate, 160; nitrate, 80; 

potash, 100......... ..... ....... ........ 124.2 
Superphosphate, 160; nitrate, 160; 

potash, 100 ..... ....................... 122.3 
None...................................... 95.1 
Superpho•phate, 320; nitrate, 160; 
potash, 200 ..... ...... ... ...... ..... 142.0 

Superphosphate, 480; nitrate, 320; 
potash, 300 ............ ................. 149.ii 

Noue ....................................... 79.7 
None ...................................... 85.5 
None...................................... 93.5 
None ...... ...... ...... ...... ..... 101.5 
ilnperphosphate, 80; wheat bran, 

500; potash, 8Fi ........... ...... .... 142.2 
SnpPrphosphate, 120; oil meal, 
250; pota.h, 95 ...................... 150.0 

None ...................................... 118.3 
SuperphosphatP, 160; dried blood, 

100: potash 100 ....... ...... 150.3 
SuperphoRpbate, 160; Rnlph. am-

monia, 60; pota~h, 100.. ... ......... 1515 
None ...................................... 112.3 
Bone meal, 110; nitrate, 55; pol-
ash, 100.. .... ......... 136.5 

Acid phosphate, 170; nitrate, 80; 
potash, 100 ..... ......... ......... ...... 132 7 

None .... ,.... ...... ........ ........ ...... 104.8 
8l9g phoHphate, 130; nitrate, 80; 

potash, 100...... ......... ............... 138.5 
Barnyard manure, 8 tons ...... ...... 125.3 
None ....................................... 112.2 

Average unfertilized plots ....•. 100.8 

Bus. 
175 7 

206.0 
165.7 
lii9 5 
143.3 
172.0 
120.0 
162.2 
142 4 
121.4 

158.3 

18-5.8 
122.4 

199.1 

202 6 
141.5 
131.7 
1215 
118.7 

168.1 

153.6 
114 2 

170.1 

164 0 
102.2 

127.3 

138 7 
101.0 

111.8 
13R8 

88.7 

124.1 

Bu• 
513 

83 0 
126.2 
109.1 
97.9 

124.2 
80.2 
76 0 
68.2 
61.3 

90.2 

80.9 
43.1 

82.4 

102 9 
39.2 
42 0 
32 7 
36.5 

Bus 
\:16.4 

99 2 
102 9 
90.3 

104.6 
86.0 
92.0 

105.0 
100.8 
71.1 

76.1 

84.9 
65.8 

84.1 

75.5 
63.3 
72.5 
71.5 
72.0 

·········i ......... 

l:Jus Bus 
72.5 93.6 1 

84.5 115.1 2 
54 4 11>9.5 3 
58.4 103.6 4 
68.0 104 5 5 
79.1 I 17.9 6 
68 8 94.6 7 
89.9 114 4 8 
59.8 98.7 9 
68 2 84.4 10 

73.2 1044 11 

81.9 111.2 12 
58.9 77.1 13 

91.9 119.9 14 

103.2 126.7 15 
'*56.9 76.1 16 

57.4 778 17 
64.9 76.8 18 
54.9 76.7 19 

84.9 

68.1 
*53.2 

68.1 

82.5 
51.4 

73.1 

73.5 
57.3 

......... 20 

......... 21 
22 

......... 23 

....... 24 
25 

......... 26 

27 
......... 28 

710 ........ 29 
80.6 ........ 30 

57.51:..::::.: 31 

59.8 ......... 

--~--------------------~--~----~--.~-----~--~--~--
• Estimated. 
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TABL>: XII-FER'IILIZERs oN PoTATOES IN THREE-CRoP RoTATION. 

Fertilizers per 2cre. 

Incr·ea<e per acre. 

Station. 

..: 
Central. 

,l, 
N. Western. N. E'n. S 

::I -----.-----1-----.---- ----- = 
1894 1895 1894 1895. 1895. ] 

iJ.! - ------------- -----------------

3 
6 
6 
g 
9 

11 

12 

14 

15 

20 

21 

23 

24 

26 

27 

29 

30 

Superphosphate (dissolved bone black), 
160 lbs ............................. .. 

Potash (muriate), ·100 lbs ................ .. 
Nitrate of soda, 80 lbs ...... .. 
Superphosphate, 160; nitrate, 80 ....... . 
Superphosphate, 160; potash, 100 ..... . 
Nitrate,80; potash, 100 .................. . 
Superphosphate, 160; nitrate, 80; pot-

ash, 100 .................................... . 
Superphosphate, 160; nitrate, 160; pot-

ash, 100 ...................................... . 
Superphosphate, 320; nitrate, 160; 

potash, 200 ................................. .. 
Superphosphate, 480; nitrate, 320; 

potash, 31JO ................................. .. 
Superphosnhate, 80; wheat bran, 500; 

potash, 8i'i ................................. .. 
Superphosphate, 120; oil meal, 250; 

potash, 95 ............................... .. 
SuperphoFphate, 160; dried blood, 100; 

potash, 100 ................................ .. 
Superphospliate, 160; sui ph. ammonia, 

60; potash, 100 ........................ . 
Bon" meal, 110; nitrate, 55; potash, 

100 ......................................... . 
Acid phosphate, 170; nitrate, 80; pot-

a>h, 100 ................................ . 
Slag phosphate. 130; nitrate, 80; pot-

ash, 100 ...................................... . 
Barnyard manure, 8 tons ................ .. 

Bus. Bus. Bus. Bus Bus. 

21.3 
7.1 
4.1 

19.9 
30.6 
18.4 

2-5.9 

32.4 

48.7 

64.8 

35.1 

37.3 

34.0 

37.2 

26.7 

25.3 

312 
15.6 

35.7 
0.8 

-3.0 
38.8 
41.7 
20.5 

36.6 

63.8 

70.3 

67.5 

509 

37.9 

60.1 

58.2 

25.5 

37.3 

149 
41.0 

12 4 4.8 
36.3 10.6 

-1.6 13.7 
34.3 -5.4 
2.0 19.9 
0.5 22.7 

34.9 6.7 

31.7 17.3 

40.5 19.1 

62.3 11.3 

16 7 
-87 

6.1 
13.7 
21.2 

-8.7 

8.0 

45.6 

30.6 

14.3 

15.5 

31.5 

19.7 

18.2 

13.6 
23.0 

2 
3 
6 
6 
8 
9 

11 

12 

14 

15 

20 

21 

23 

24 

25 

27 

29 
30 
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TABI,E Xlll-SUMMARY OF TABLES X AND XL 

Average increase per acre. Cost ol Value 
d fertili- of iu- 0 z Fertilizer per acre. crease z ..., 

Cen-
zer per per 0 0 N.W. N.E. All. acre. 

~ tral. acre. p:; 
-- ------------ --- --

Bus. Bus. En.<. Ens. 
2 Superphosphate, 160 lbs ......... 28 5 8.6 16.7 18.~ $1.60 $7.28 2 
3 Potash (muriate), 100 lbs ...... 3.9 23.4 -8.7 9.2 3 25 3 68 3 
6 Nitrate of soda, 80 I bs ........... 0.5 6.0 61 3.9 2.50 1.56 5 
6 Su perpboRphate, 160 lbs.; ni-

trate, SO ......................... 29.4 144 13.7 20 3 4.10 8.12 6 
8 Superphosphate, 160 lbs.; pot· 

ash, 100 ........................... 36.1 11.0 21.2 23.1 4.85 9.24 8 
9 Nitrate, 80; potash, 100 ........ 19.4 116 -87 10.7 5.75 4.~8 9 

11 Superphosphate, 160; nitrate, 
80; potash, 100 ............... 31.2 20.8 8.0 22.4 7.35 8.96 11 

12 Superphosphate, 160; nitrate, 
160; potash, 100 ............. 48.1 24.5 336 35.6 9.85 14.24 12 

14 Superphosphate, 320; nitrate, 

160; po<~h, 2QO •..•.••.. ·····1 59.5 '"I 19.9 39.7 14 70 15 88 14 
16 Superphosphate, 480; nitrate, 

320 ; potash, 300 ............... 66.1 36.8 45.6 50 3 24.55 20.12 15 

The summary of Table XI shows that, at forty cents per bushel, the 
average increase of crop paid for the fertilizer in every caf-ie where phos
phoric acid was used, with a considerable margin to spare in most cases. 
Three of the five crops included in this table, however, were grown under 
such conditions as not to give a fair test of the effect of fertilizers on 
average soils. It is believed that the results attained at the Central Sta
tion are a more reliable indication of what might reasonably be expected 
on soils of ordinary, medium fertility and under good husbandry, and 
therefore Table XIV has been calculated. 

TABLE XIV-FERTILIZERS ON PoTAToEs-CosT AND PROFIT. 

I 
Co..:t of inf•r+--nsf>. 

i 
Plot. lucreape per Value of in- ·-- :\ et I"' fi, per 

acre. crease per acr•. I I :•ere. 
Per acre. I Per buslwl. 

-

Bushels. Oe·r/.fs. 
i 2 28.5 $10.60 $1.60 5.5 $~1.00 

6 29.4 1 .76 4.10 ];{ 9 7.!i6 
8 3tl.l 14 44 485 13.4 9.59 

11 31.2 12 48 7.35 23.6 5.13 
12 48.1 19.24 985 :W5 9.il9 
14 59.5 23 80 14.70 24.7 9.10 
15 66.1 26.44 24.55 37.1 1.89 

It will be seen, from the above table, that the buRhel of increase was 
produced at the lowest cost from superphosphate alone, but the largest 
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net profit per acre came from a complete fertilizer, used in relatively large 
quantity, and the large increase on Plot 12 over that on Plots 8 or 11 indi
cates that the nitrate of soda has had an important effect on the crop, 
after both phosphoric acid and potash were applied in abundance. 

Plot 15 apparently shows a falling off in net profit as compared with 
Plot 14. Reference to the plan of fertilizing in this experiment (Table IX) 
will show that it is designed to use the same total quantity of fertilizers 
on both plots, the difference being that on Plot 14 the fertilizer is divided 
between the potato and wheat crops, while on Plot 15 it is all applied to 
the potatoes. Table XV, which gives the yield and increase of wheat, 
shows that the wheat crop of 1895 gave a large return for the fertility left 
over on Plot 15, at both the Central and Northwestern stations, the 
increase of wheat on Plot 15 being quite. as great as on Plot 14. Taking 
the experiment at the Central station we find the total value of the 
increase of both wheat and potatoes on Plot 14 to be $30 95 per acre, and 
on Plot 15, $33.82. The cost of the fertilizer being the same in each case, 
we have a net value of $11.13 on Plot 14 and $14.00 on Plot 15, a result 
which suggests the advisability of fertilizing the potato crop liberally and 
letting the wheat crop follow as a gleaner. 

It will be remembered that these potato crops. in no case, as yet, have 
followed immediately after clover, as contemplated in the plan of the 
experiment, and therefore we must wait until the second course of crop
ping begins before we have the full effect of this method of fertilizing upon 
the potato crop. 

}'ERTILIZERS UPON WHEAT IN ROTATION WITH POTATOES AND CLOVER •. 

Table XV gives the yields and increase of the wheat crops grown in 
1895 at the Central and Northwestern stations, following potatoes in the 
rotation under consideration. Taking the crop at the Central station, it 
will be seen that the average unfertilized yield is more than double the 
yield of the similarly treated plots in the five-crop rotation, and the 
increase from fertilizing is also larger in most cases and in the general 
average, the,average increase on the fifteen similarly fertilized plots being 
six bushels in the five-crop and 7 2 bushels in the three-crop rotation. 
The wheat was the same variety in both cases (Penquite's Velvet Chaff) 
and it was intended that the preparation of the ground and the seeding 
should be done with equal thoroughness in both cases, although less labor 
was expended in preparation ot the potato ground, it being simple disked, 
whereas the oat stubble was plowed. 



136 OHIO EXPERIMENT STATION. 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 

12 

13 
14 

15 
16 
17 
18 
19 
20 

21 

22 
23 

24 

25 
26 

27 

28 
29 

30 
81 

TABLE XV-FERTILIZERS oN WHEAT IN THREE-CRoP RoTATION IN 1895, AT 

CENTRAL STATION AND NoRTHWESTERN Su1l-8TATION. 

Yield per acre. Increase or decrease (-) 
per acre. 

Fertilizer per acre. 
1------r----- --·-------- ~ 

None_ .........•..•..•••..••..••. 
Superphosphate (dissolved 

bone block) 160 Jbs ....... . 
Potash (muriate) 100 lbs .. 
None .........•.................. 
Nitrate of soda, 160 lbs ... 
Superphosphate, 160; ni-

trate, 160 .....•.............. 
None ................•........... 
Superphosphate, 160; po-

tash, 100 ..................... . 
Nitrate, 160; potash, 100 .. 
None .•.•....................... 
Superphosphate, 160; ni

trate, 160; potash. 100 ... 
Superphosphate, 160; ni-

trate, 240; potash, 100 .. . 
None ......................... .. 
SuperphoBphate, 160; ni· 
trate, 160; potash, 100 .. . 

Fertilizer on potatoes ... .. 
None ........................ . 
Barnyard manure, 4 tons .. 
Bunyard manure, 8 tons .. 
None ......................... . 
Wheat bran, 1000; po-
tash, 70 ...................... .. 

Superphosphate, 110; oil 
meal, 500; potash, 90 ... .. 

None ......................... .. 
8uperphosphate,160; dried 

blood, 200; potash, 100 ... 
Superphos., 160; sulphat~ 

ammonia,120;potash, 100 
None ......................... .. 
Bone meal, 110; nitrate, 
135; potash, 100 .. 

Rock pho•phate, 170; ni
trate, 160; pot•sh, 100 ... 

None ......................... .. 
Slag phosphate, 130; ni
trate, 160; potash, 100 ... 

Manured on potatoes ..... .. 
None ............................ . 

Grain. Straw. Straw. Grain. ,.Q 

a 
Cen-IN W 
tral. J · · 

Cen- I N. w.,. Cen-11;_ w. Cen- r N w ~ 
tral. j , tra l. tral. ' · · a:; 

Bus. 
8.7 

15.9 
9.2 

,7 8 
10.2 

18.6 
89 

20.2 
12.0 
8.3 

Bus. 
12.7 

·--.--+·--T-

~~~ j Li~u J ~u~ .. --~~~:. ~-~~·-- -~~~-.. 
i 

1 

2 
3 
4 
5 

15.3 1,195 
.23.7 700 

20.51 880 
17.0 890 

22.3 1,33il 
15.2 865 

18.0 1,440 
18.-5 930 
14.1 800 

1.120 I 3.6 0 382 -37 
1,870 1.1 5.8 -147 457 
1,670 ............................. . 
1,390 2.0 -1.7 15 -160 

1,870 
1,iHO 

10.0 5.4 465 440 6 
7 

1,480 
1,590 
1,315 

11.4 8.2 596 168 8 
3.5 4.1 108 477 9 

..... 10 

16.2 23.5 1,225 1,950 8.0 10.6 466 747 11 

19.7 
8.0 

18.2 
18.7 
7.7 
&.9 
9.7 
6.1 

20.8 1.665 
10.5 670 

22 5 
25.5 
13.8 
13.7 
12.2 
14.0 

1,360 
1,2t>O 

6H5 
713 
76.) 
68-5 

l,!JOO 
ti80 

1,710 
2,070 
1,200 
1,240 

99·1 
1.190 

11.6 9.1 

10.2 
10.8 

1.7 
3.1 

10.9 
12.8 

952 608 12 
................ 13 

685 
600 

857114 
1,04:{ 15 

16 
30 ...... 17 
80 ..... 18 

............... 19 

9.0 19.4 660 1,615 2.4 5.2 -30 425 20 

16.7 
7.5 

21.9 1,250 1,745 
14.5 700 I 1,190 

9.6 6.9 555 555 2l 
................ 22 

16.7 21.7 1,100 1,780 9.4 5.7 450 390 23 

16.5 22.8 
6.7 1 19.o 

14.2 18.5 

14.5 16.2 
7.0 18.3 

960 1,8-50 9.5 5.3 360 260 24 

1,:: ! ::::: 1·;·,;~--~--~-- ---~~;· ~~-;-- :: 
88o 1 1,35o 7.6 1.0 151 -393 21 
830 1,120 .. ... ........ ....... .. .... 28 

17.9 
9.9 
5.9 

19 2 1,275 1,1'20 
705 

11.3 
3.6 

5.8 540 
165 

400 29 
...... 30 

31 
9.4 805 

..... .. 545 
--- ------ --- --- -------

Av. of unfertilized plot• 7 5 14.8 726 1,137 ................................. .. 

Whether the increased yit-·ld was due to superior productiveness of this 
soil, to the better condition of the soil for wheat, b, cause of having grown 
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potatoes instead of oats, as the preceding crop, or to other causes, must 
be left for further investigation to determine. The results, however. are 
in harmony with the general experience that wheat does exceptionally 
well after potatoes. 

FINANCIAL RESULTS. 

Two crops of potatoes have been harvested in this rotation and one 
of wheat, but no clover. The average results of these crops are collected 
in Table XVI, to show the relative condition of the work at the present 
stage. 

TABLE XVI-PROFIT OR Loss FRoM FERTILIZERS UsED IN THREE-CROP RoTATION 

AT CENTRAL STATION. 

Calculated per acre. 

Wheat. Potatoes. 

..: Profit or ..: 
"' Total Total loss(-) "' A Increase. value of cost of ..0 s Vah;e Value increase. fertilizer. from a := 

of in- Average of fertiliser. := 
1'1 

increase. = ..... crease. increase . 0 0 Grain. 8traw. p:; p:; 
-

Bushels Pounds. Bushels. 

2 3.6 382 $2.73 285 $11.40 $14.13 $3 20 $10.93 2 
3 1.1 -147 .44 39 1.56 2.00 650 -4.50 3 
5 2.0 15 122 0.5 .20 1.42 7.50 -6.0/l 5 
6 10.0 465 6 70 29.4 1176 14.46 10.70 3.76 6 
8 11.4 596 7.73 36.1 14.44 22.17 9.70 12.47 8 
9 3.5 108 2.26 19.4 7.76 10.02 14.00 -3.98 9 

11 8.0 466 5.50 31.2 12.48 17.98 17.20 .78 11 
12 11.6 952 8.39 48.1 19.24 27 63 22.20 5.43 12 
14 10 2 685 7.15 59.5 23.80 80.95 2455 6.40 14 
15 10.8 600 7.38 66.1 26.44 3382 24.55 9.27 15 
20 2.4 -30 1.40 430 17.20 18.60 17.20 1.40 20 
21 96 555 6.59 37.6 15.04 21.63 17.20 4.43 21 
23 9.4 450 6 31 47.0 18.80 25.11 17.20 7.91 23 
24 -95 360 6.24 47.7 19.08 25.32 17.20 8.12 24 
26 7.5 402 5.10 26.1 10.44 15.64 17.20 -1.56 26 
27 7.6 151 4.79 31.3 12.52 10.31 17.20 -6.89 27 
29 113 540 7.59 23.0 9.20 16.79 17.20 -41 29 
30 3.6 165 241 28.3 11.32 13.73 .... ········· ............. 30 

In this rotation, as in the five-crop rotation, the cost of the phos
phoric acid, when med alone at the rate of 80 to 160 pounds per acre on 
each crop, has been recovered in the increase, and in the case of potatoes, 
and wheat grown in rotation with potatoes, with a handsome profit in 
addition. In this rotation the cost of the combination of phosphoric acid 
with nitrogen, on Plot 6, and of phosphoric acid with potash, on Plot 8, 
havA also been recovered in the wheat crop, and with a still larger margin 
in the potatoes, the use of phosphoric acid and potash, without nitrogen, 
producing a larger net profit than any of the fertilizers carrying nitrogen. 
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Both nitrogen and potash, when used alone or in combination with 
each other only, have been used at a loss in the general outcome, though 
both seem necessary to the highest efiectivenes of a fertilizer. 

Attention bas already been called to the relative effect of using a 
large quantity of fertilizer on potatoes alone, or of dividing it between 
the potato and wheat crops, as shown on Plots 14 and 15, a result which 
suggests the liberal fertilizing of the potatoes and the entire non-fertilizing 
of the wheat in a rotation of this character. This point is again enforced 
by the results of the use of manure on Plot 30, the total increase on this 
Plot being worth at the rate of $1.70 for each ton of manure used, at the 
valuations given. 

It is true that it is generally preferable to use manure on other crops, 
in a rotation in which potatoes are grown, and this point will be illus
trated on Plots 17 and 18, when the second course of the rotation comes 
under observation. 

From the increase on Plots 11, 26, 27 and 29, it would seem that the 
forms of nitrogen found in linseed mfal, dried blood and sulphate of 
ammonia have been more effective, both on wheat and potatoes, than 
nitrate of soda, but it will be wise to await further investigations on this 
point, especially as the results thus far attained in the five-crop rotation 
do not fully support this assumption. The relative effectiveness of the 
various carriers of phosphoric acid will be discussed further on. 

FERTILIZERS ON SANDY SOIL. 

The present outcome on the yellow sand of the Northwestern Sub
Station is shown in Table XVII, this table like the preceding one, giving 
the average results from two crops of potatoes and one of wheat, with the 
clover yet to be heard from. 

It will be seen that the financial return on this sterile soil is less 
encouraging than on the moderately fertile soil of the Central Station, the 
fertilizers in most cases failing to return their cost in the increase of crop. 
The most marked exception to this rule is in the case of Plot 3, receiving 
potash only; but as the favorable result indicated on this plot is not 
repeated on Plots 8 or 9, it would seem wise to wait for further data Plots 
14 and 15 tell the same story told by the !lame plots at the Central Station, 
except that the prufit disappears, but the loss is smaller on Plot 15 than 
on 14. 
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TAllLE XVII.-PROFIT oR Loss FROM FERTILIZERS UsED IN THREE CROP RoTATIOlf 

AT NoRTHWESTERN SuBSTATION. 

CalC'Ulated per acre • 

. 
Wheat. Potatoes. 

,.; 
I Total Total Profit or ..: ., 

cost of loss(-) "' .c Increase. I value of ..J:J 
8 

iVHIUeo! \verage Value of increase fertil- from fer- 8 c izer. tilizer. ;l = I increase increase. increase = ... 
I 0 0 Grain. Straw. p:; I p:; 
---

I 
---

Bush. Lbs. Bush. 
2 ············ -37 -$0.05 8.6 $3.44 $339 $3.20 -$0.19 2 
3 5.8 4'i7 416 23.4 9.36 13.52 6.50 7.02 3 
5 -1.7 -160 -1.26 60 2.40 1.14 7.50 -6.36 5 
6 5.4 44'l 3.90 14.4 5.76 9.66 10.70 -0.04 6 
8 3.2 168 2.17 11.0 4.40 6.57 9.70 -3.13 8 
9 4.1 477 317 11.6 4.64 7.81 14.00 -6.19 9 

11 10 6 747 7.48 20.8 8.32 15.80 17.20 --1.40 11 
12 9.1 608 6.37 24.5 9.80 16.17 22.20 -6.03 12 
14 10 9 857 7.82 29.8 11.92 19.74 24.55 -4.81 14 
15 12.8 1,043 9.24 36.8 14.72 23.96 24.55 -0.59 15 

FERTILIZERS ON CROP3 GHOWN IN CONTINUOUS CUL'rURE. 

1. Experiments at Colnrnbns 

These experiments were begun in 1888, their object being to study 
the effect of continuous as compared with rotative cropping. 

Bulletins 49 and 53* give the plan of the experiments in full, together 
with the yields and increase for the six crops of corn and five crops each 
of oats and wheat harve>ted up to the end of 1893. In Tables XVIII 
to XX I will be found the records for 1894 ·and 1895, together with the 
seven and eight year averages. 

In addition to the drouth and frost, the crops at Columbus in 1895 
suffered from an attack of chinch bugs, which injured the oats and corn 
severely. The injury to the oats seems to have been greatest on Plots 18 
to 22 inclusive, as indicated by the rapid falling off in yield of grain. 
These plots are on the end nearest the wheat. 

' The bugs also attacked the north end of the corn plots, and these 
ends, to the depth of one-tenth the length of the plots, were harvested 
separately, the computations in the table being based on the yields from 
the remaining nine-tenths of the plots. 

*Errata in Bulletin 53; page 2, Plot 11, 160 pounds nitrate, instead of 320 pounds.. 
Page 15, Table X, 407 pounds increase of straw in 1892, instead of 487. 

3 EX. ST. BUL. 71 
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The wheat crop of 189± was the smallest that had been harvested in 
this experiment, up to date, but that of 1895 was far smaller still, the un
fertilized plots averaging less than two bushels per acre. On this low 
yield the highest increase was eleven bushels from barnyard mp.nure, the 
eomplete fwtilizer on Plot 11 following next with 10.6 bushels. In the 
seven-year average, Plot 11 has given an increase of. 5.4 bushels of grain 
and 1,412 pounds of straw, worth at the prices before quoted, S5 35; the 
average increase from the barnyard manure has been 6.4 bushels of grain 
and 1,222 pou11.ds of straw, worth $5.67, on the same valuations. In other 
words, eight tons of barnyard manure ha8 produced a little larger gain 
than chemicals costing $10.70 at current prices for mixed fertilizer~. 

The gain in wheat, notwithstanding the low price of wheat, has been 
of greate1' value than that from either oats or corn. 



'hnLF: XVIII-FEHTJLJZERS oN WHEAT SEVEN YEARS IN SuccESSION. 

Yield per acre. Increase or decrease(-) per acre. 

~ 
.t:J a Fertiliz~rs per acre . 

Grain. Straw. Grain. Straw. ~ 
--- a = = .. 

0 

5:: 
~~1894 18951 7-yea 1894. 1895. 1 7·year 1894 1895. 7-year 1894 1895.1 7-year ~ 

•ve'g• average. ave'ge. av,'ge. ..8 
c., 

1 None ............................................ .. 
2 Superpho~phate (di•s. bone black)320 b' 
3 Potash (muriate) 80 lbs .................... .. 
4 None ............................................ .. 
5 Nitrate of wda, 160 Jbs ..................... . 
6 SupE'rphoFphate, 320; nitrate, 160 .... .. 
7 None ............................................ . 
8 Superphosphate, 320; potash, 80 ....... . 
9 Nitrate, 160; potash, 80 .................. .. 

10 None ............ , .............................. . 
11 Superphos.,320; nitrate, 160; potaHh, 8<· 
12 Superphos., 320; nitrate, 320; potash, 8<• 
13 None ............................................ . 
14 Superphos., 320; nitrate, 480; potash, 8( 
15 Superphosphate, 320; sulph. ammonia, 

120; potash, 80 .......................... . 
16 None .............................................. . 
17 Rock phos.,320; nitrate, 160; potash, 80 
18 Slag phos., 320; nitrate, HiO; potash, 8( 
19 None .............................................. .. 
20 Barnyard manure, 8 tons............. . .. . 
21 Linseed oil meal, 1,000 lbs ................ .. 
22 None ............................................. .. 

Average of unfertil i z~d plots ........ 

BuZ~~-;.- -]3--,;;:- -----u;;:-- ],~--Et,,,, I Bu< I .Bus. B·ux. \ Lbs. Lbs.j Lox. • 
17.2 30 2i.l\ l,fi65 422 2,830 .............................. , .................... 1 
19.1 8.9 29 9 I.65o 670 3,27tl 1.7 5.3 3.2 -103 335 572 2 
18 9 2.2 ~6.7 1,365 267 2.5~1 1.4 1.0 0.8 -487 -20 -60 3 
17.6 1.8 25 L 1,945 160 2,407 ......... ......... .......... ... . ......... ..... .. . 4 
18.1 1.8 271 1,615 ::!90 2,699 0 .. 5 0.1 13 -229 191 180 5 
18.7 7.2 28.4 2,377 761\ 3.270 1.1 '5.3 1 9 634 527 689 6 
17.6 2.0 27.3 1,642 277 2,643 ......... ........ . .......... ......... ....... . . . 7 
21.9 102 29.5 2,187 990 3,182 4.6 82 2.7 554 760 li95 8 
22 6 2 7 29.4 2,442 585 3,106 5.8 0.8 3 0 818 402 574 9 
16.4 1.9 260 1,615 135 2,476 .......... .. ....................................... 10 
23.7 12.4 31.3 3,075 1,105 3,889 6.9 10 6 5.4 1,457 882 1,412 11 
26 7 9 7 31.9 3,597 1,085 3,949 9 5 8.0 6.2 1,976 773 1,471 12 
17.6 1.7 256 1.625 400 2,479 ....................................................... 13 
25 6 11.8 31.0 2:985 1,190 3,7.JL 8.6 10.2 5.8 1,385 806 1,:~20 14 

21.5 105 297 2,810 1,220 
15.8 1.6 24.5 1,550 3ii2 
19.9 8.8 :!9 0 2,50!) 720 
21.0 !l.7 29.4 2,447 1,06-5 
14.5 1.2 23 9 1,277 245 
25.3 12 5 29 6 2,ti82 1,51 7 
17.5 10 7 28 4 2,397 1,10.5 

3.357 
2,334 
3,184 
3,261 
2 236 
s':J.'iH 
3,079 
1,985 

5.1 

45 
6.0 

110 
3.5 

8.9 

7.3 
74 

4.8 I 1,222 

4.7 11,046 
5.3 1,075 

852 

404 
785 

11.1 I 6.4 
1

1,375 
1

1.222 
9 2 5.9 1,358 760 

975 15 
......... 16 

17 
18 
19 
20 
21 
22 

883 
!l92 

1,204 
1,010 

13.8 1. 7 21.8 1.370 I 3\15 

-1631.9125.211,624 --298\-2.430 1·=1 =!-=!-=·: --: --, 

>'J 
~ 
t>:l 

:0:: 
> 
H z 
>-3 
t>1 
z 
> z 
Q 

t>:l 

0 
"J 

"'1 
t'1 
Ill 
>-3 
H 
t-' 

~ 
~ 

....... 

""" ,...... 



TABLE XIX-FERTILJZI!:RS ON OATS SEVEN YEARS IN SUCCESSION. 

Yield yer acre. Increase or decrease (-) per acre. 

.. Grain. Straw. Grain. Straw. 
"' Fertilizers per acre. p. 
a 
p 
l:l 7 year 7 year 7 year 7year .... 1894 . 1895. 1894. 1895. 1894. 1895. 1894 1895. 0 av'ge. av'ge. av'ge. ...... average. 

p.., 

Bus. Bus. Bus. Lbs. Lbs. ~ Bus. Bus. BUS: Lbs. ---u;s -Lb'S: 
1 None .............................................. 29.4 241 2841 1,287 1,027 1,8431 ........ . ....... ········ .......... . ........ 
2 HuperphGsphate{ diss. bone black) 320 lbs 33.9 23.3 33.22 1,602 1,055 2,4532 29 -0.4 2 42 211 62 296 
3 Potabh (muriate) 80 lbs ....................... 28.3 36.62 .......... 1,045 2,4472 ........ 5.1 6.82 ········· 86 311 
4 None .............................................. 34.4 22.6 31.4 1,300 925 2,054 ····· ... ········· ········· .......... ········· . ... 
5 Nitrate of soda, 160 lbs ....................... 36 9 27.2 35.7 1,370 1,130 2,321 34 42 44 40 165 275 
6 Superphosphate, 320; nitrate, 160 ........ 38.3 30.3 37.2 1,875 1,330 2,394 5.8 7.0 6.0 515 325 356 
7 None ........................................... 31.6 23.6 31.1 1,390 1,045 2,030 0 •••• . ....... ········· 
8 Superphosphate, 320; potash, 80 ......... 35.3 28.6 34.6 1,120 985 2,233 2.4 4.5 2.3 -212 -45 143 
9 Nitrate, 160; potasb, 80 .................... 3P.l 319 38.4 1,700 1,280 2,465 4.9 73 5.9 427 265 316 

10 None ............................................... 35.5 25.0 34.6 1,215 1,000 2,209 ······ .. ·········· ......... .......... ......... . ........ 
11 Superphos., 320; nitrate, 160; potash, 8(l 1!5.2 32.8 40.2 1,972 1,150 2,o52 -0.1 7.9 5.1 670 180 :l22 
12 Auperphos., 320; nitrate, 320; potash, 80 38.7 35.1 41.0 2,110 1,475 2,711 3.6 10.4 5.5 722 535 458 
13 None ......... .............................. 35 2 24.7 360 1,475 910 2,275 ........ . ······· ........ 
14 Superphos., 320; nitrate, 480; potash, 80 38.8 32 9 39 3 2,107 1,615 2,628 4.2 9.6 4.5 679 560 455 
15 Superpho~., 320; sulph. am., 120; pot., 80 39.4 29.8 39.0 2,037 1,345 2,531 5.5 5.9 5.2 657 345 460 
16 None ............... ""' ........................ 33.4 23.6 32.7 1,333 1,()45 1,969 0 •••••••• . . .... . ......... 
17 Rock phos., 320; nitrate, 160; pota>h, 80 39.5 30.1 39.1 2,035 1,205 2,421 6.1 6.6 6.8 688 219 456 
18 Slag pho~., 320; nitrate, 160; potash, 80 .. 35 9 26.1 39.92 1,750 1,365 2,5232 2.4 ......... 6.18 390 419 4262 

19 None .............................................. 33.6 14.1 33.42 Ul75 897 2,08!.2 ....... ........ . ········ ········· .......... 
20 Barn)l'Rrd manure, 8 tons .................... 39.1 15.4 36 5 1,797 1,207 2,338 1.9 3.2 325 333 298 
21 Linseed oil-meal, 1,000 lbs ................. 36.9 12.3 34.7 1,917 1,257 2,510 2.1 ........ 0.6 347 407 392 
22 None ............................................... 35.4 3.8 32.03 1,667 827 2,22<!2 .......... ·········· ......... . ........ . ........ .......... 

--- -- ---- ---- -- --- -- -- -- -- --
Average of unfertilized plots .......... -~3.51 23.94 33.2 1,379 960 2,12]0 . ········ ········· ·········· ......... ·········· .......... 

--- --------

1 4 years, 2 6 years, 1 5 years, •excluding Nos. 19 and 22, 5 excluding No.1. 

.. 
"' p. 
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TABLE XX-FERTILIZERS oN CoRN EIGHT YEARS IN SuccEssiON. 

I Yield per acre. Increase or decrease ( ~) per acre . 

...; 
Grain. Stover. Grain. Stover . ., 

Fertilizers per acre . ..c a 
:::s 

1894. 11895. 
~ 

8-year 8-year 8-year 8-year .... 1894. 1895. 1894. 1895. 1894. 1895. 0 ave'ge. ave'ge. ave'ge. p:; average. 

- Bua. Bus. Bus. J,bs. Lbs. Lbs. Bus. Bua. Bua. Lbs. Lbs. Lbs. 
1 None ............................................... 38.6 16.3 51.9 1,550 1,111 3,160 ········· 2 Superphosphate ( diss. bone black) 320 lbs 46.3 20.3 53.1 2,050 1,833 3,125 4.4 1.1 -0.1 367 500 -56 
3 Potash (muriate), 80 lbs ..................... 52.4 23.0 55.4 2,550 1,889 3,651 7.1 0.4 0.8 733 333 449 
4 None ............................................... 48.6 25.7 56.0 1,950 1,778 3,223 ......... 
5 Nitrate of soda, 160 lbs ....................... 49.6 27.6 58.4 2,550 1,778 3,873 1.5 1.1 3.1 533 -18 633 
6 Superphosphate, 320; nitrate, 160 ......... 49.2 28.6 59.5 2,150 2,611 3,816 1.7 1.3 4.9 267 796 560 
7 None ............................................... 47.1 28.1 539 1,850 1,833 3,273 ········· ······ ........ . ....... 
8 Superphosphate, 320; potash, 80 ......... 51.6 30.5 56.5 2,450 2,167 3,627 4.5 3.5 2.3 584 426 350 
9 Nitrate, 160; potash, 80 ..................... 53.9 29.6 60.4 2,200 1,944 3,866 6.8 3.8 6.1 316 296 585 

10 None .............................................. 47.1 24.6 54.5 1,900 1,556 3,285 ......... ......... ········· . ........ 
11 Superphos. 320; nitrate, 160; potash, 80 51.5 30.5 59.5 2,650 2,111 3,755 5.2 59 4.6 683 626 451 
12 Superp~~s., 320; nitrate, 320; potash, 80 50.8 26.4 59.8 2,500 2,056 3,793 5.3 1.8 4.4 467 641 470 
13 None ............................................... 44.6 24.7 55.7" 2,100 1,344 3,343 ......... ......... ......... 
14 Superphos., 320; nitrate, 480; potash,80 48.9 21.8 57.5 2,200 1,833 3,770 5.7 -1.3 3.8 233 344 602 
15 Superphosphate, 320; sulph. ammonia, 

120; potash, 80 ............................. 46.2 26.0 55.1 2,500 2,056 3,847 4.5 4.5 3.4 667 423 712 
16 None ............................................ 40.2 19.9 4!1.6 1,700 1,778 2,817 .......... ····· 17 Rock phos., 320; nitrate, 160; potaoh, 80 481 21.8 56.0 2,500 1,889 3,627 10.0 2.9 7.1 800 241 780 
18 Slag phos., 320; nitrate, 160; potash, 80 44.2 19.1 54.7 1.800 1,722 3,429 8.0 1.2 6.4 100 203 553 
19 None ............................................ 34.2 16.8 47.6 1,700 1,389 2,901) ........ ........ ········· ········· 20 Barnyard manure, 8 tons .................... 40.6 19.1 54.7 1,800 1,889 3,264 3.9 31 4.7 100 389 303 
21 Linseed oil meal, 1,000 lbs .................. 45.9 18.6 593 2,000 1,278 3,650 0.7 3.4 7.0 300 -333 634 
22 None ............................................... 41.7 14.4 54.8 1,700 1,722 3,072 ......... ········ ........ ........ ........ . ....... 

Average of unfertilized plots........ 42.71 21.3 
------

1,564 8,135 = ::=1 =1 = = = 53.0 1,806 
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TAllLE XXI-SUMMARY OF TAllLES XVIII, XIX AND XX. 

Average increase from jertib"zers on crops grnwn. in continuO'Us culture. 

Increase or decrease(-) per acre. 

.: ...; .. .. 
,.t:> Fertilizers per acre. Grain. Straw or stover. ,.t:> 

a a 
::> ::> = = .... ... 
0 1Corn. •oats. 2 Wh't. 1Corn. 20ats. 'Wh't. 0 p:: p:: 

-----------
Bus. Bus. Bus. Lbs. Lbs. Lbs. 

2 Superphosphate (dissolved bone 
black) 320 lbs ......................... -0.1 2.4 3.2 -56 296 572 2 

3 Potash (muriate) 80 lbs ............... 0.8 5.8 0.8 449 311 -60 3 
5 ·Nitrate of soda, 160 lbs .............. 3.1 4.4 1.3 633 275 180 5 
6 Superphosphate, 320; nitrate, 1 60. 4.9 6.0 1.9 560 356 689 6 
8 " 320 ; potash, 80 .. 2.3 2.3 2.7 350 143 595 8 
9 Nitrate, 160; potash, 80 .............. 6.1 5.9 3.0 585 316 574 9 

11 Superphosphate, 320; nitrate, 160; 
potash, 80 ............................. 46 5.1 5.4 451 322 1,412 11 

12 Superphosphate, 320; nitratE', 320; 
potash, 80 ............................... 4.4 5.5 6.2 470 458 1,471 12 

14 Superphosphate, 320; nitrate, 480; 
potash, 80 ................................ 3.8 4.5 5.8 602 455 1,320 14 

15 Superphosphate, 320; sui ph. am-
monia, 1~0; potash, 80 .............. 3.4 5.2 4.8 712 460 975 1~ 

17 Rock phosphate, 320; nitrate, 160; 
potash, 80 .............................. 7.1 6.8 4.7 780 456 883 17 

18 Slag phosphate, 320; nitrate, 160; 
potash, 80 ................................ 6.4 6.1 5.3 553 426 992 18 

20 Barnyard manure, 8 tons ............ 4.7 8.2 6.4 303 298 1,204 20 
21 I LinEeed oil-meal, 1,000 lbs ........... 7.0 0.6 5.9 684 392 1,010 21 

1 Eight-year ave~age. 1 Seven-year average. 

2. Experiments in Oolwmbiana Oownty. 

At the same time that the experiment in the continuous culture of 
corn was begun at Columbus, a similar experiment was begun in Colum
biana county, near East Liverpool. The soil here is very thin, resting 
on loosely stratified shales, which give excessive drainage. It has been 
the custom to raise two or three crops of grain in rotation, then seed to 
clover and timothy and allow the land to remain in grass a number of 
years, Kentucky blue grass gradually taking the place of the timothy. 
Under this treatment the farm on which this experiment is located baa 
produced an average yield of fifty-four bushels of shelled corn per acre 
during the period of the test. The yield of land under experiment for 
the first six years is given in Bulletin 53, and shows that the average 
unfertilized yield of grain for that period and the average increase from 
the various feriilizers used was as shown in Table XXII, to which has 
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been added a column showing the estimated average yield of the 
remainder of the farm. 

TABLE XXII-FFRTILIZERs ON CoRN Srx YEARS IN SuccESSIO:-< IN CoLUMB,oa 

CouNTY. 

Year. Unfertilized yield. Increase from fer- Estimated average 
tilizers. yield of farm. 

1888 ..................... 1 

Bush• Is. Bushels. Bushel a. 
f6.2 7.5 48 

1889 .........•••......... i 511.3 2.5 56 
1890 ..................... , 225 l.!J 64 
189l ·••••····· ........ I 28.9 0.5 70 
1892 .....•..•.•.•.....•.. 20.2 0.3 60 
1893 ..................... 1 7.6 0.9 60 

It will Le observed that there has not only been a steady decreMe in 
total yield, but also a falling oft in increase from fertilizers, until finally 
the fertilized plots yield absolutely less than those not fertilized. 
With the seventh season, 1894, the quantity of fertilizers was doubled. 
The result that season was an almost entire failure of crop, the grain con
sisting of a few small nubbins, which were not husked; every fertilized 
plot showed a falling off. in total produce of from fifty to one hundred 
pounds per acre, the smallest loss being on the plot dresEed with barnyard 
manure. In 1895, the fertilizera being again doubled, the result was more 
favorable, as will be seen by referring to Table XXIII, which gives the 
results for 189-! and 1895, together with the eight-year average. 

1893, 1894 and 189.5 were all dry seasons, but in 1893 and 18$!4 the 
drouth was more severe during the months of July and Augmt, season
able rains saving the crop in 1895. It will be seen that in certain seasons 
the use ot !ertilizers may be a detriment to the crop, in the case of corn 
as well as in that of wheat. 
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TABLE XXIII-FERTILIZERS oN CoRN EwHT YEARs IN SuccEssif'N IN C<•LU~IBIANA CouNTY. 

Yield per acre . 

Fertilizers per acre, 1894 and 1895. 
(Half these quantities previously.) 

Grain. Stover. 

1895. 8-year 
average. 189!. 1895. 8-year 

averligP. 

Bus. Bus. Lbs. Lbs. Lb.<. 
None ............................................ 24.9 22.1 1,630 2,700 2,402 
Superphosphate (dis. bone black) 640lb8. 26 6 22.4 1,330 2,780 2,437 
Muriate of potash, 160 lbs ................. 30.7 24.9 1,300 2,950 2,620 
None .............................................. 25.9 26.0 1,780 2,860 2,521 
Nitrate of soda, 320 lbs ..................... 36.1 33.2 1,190 2,980 2.775 
Superphos., 640 lbs.; nitrate, 320 lbs ...... 42.9 36.7 1,410 3,100 2,921 
None .............................................. 28.4 31.4 1,740 2,970 2,632 
Superphos., 640 lbs.; potash, 160 lbs ..... 26.6 27.7 1,020 2,70(1 2.782 
Nitrate, 320 lbs.; potash, 160 lbs ........ 38.6 37.8 1, 1\JO 3,150 3,0RO 
None ............................................ 28.9 30.8 1,700 3,100 2,730 
Superphosphat<>, 640 lbs.; nitrate 320 
lbs.; potash, 160 lbs ......................... 5l.7 35.4 1,400 3,800 3,085 

Barnyard manure, 16 tons .................. 54 7 34.9 1,450 4,020 3,104 
None .............................................. 33.1 28.9 1,400 2,700 2,603 
Land plaster ............. ·······:·""'''' ...... 29.7 26.9 1,020 2,620 2,505 

-- ---- ---- -- ----
Average of unfertilized plots ............ 28.2 27.8 1,650 2,866 2,578 

Average yield of farm .................... 34.0 42.0 ............ .............. ············ 

------ -
Increase or decrease (-) per acre. 

---· 

Grain. 

1895. 8-year 
average. 1894. 

Bus. Bus. Lbs. 
........... . .......... 

1.4 -1.0 -350 
5.4 -0.1 -430 

........... ..... ...... ...... .... 
9.4 5.4 -576 

15.3 7.1 -343 

··········· ............ 
-2.0 -3.5 --'706 

9.9 6.8 -523 

············ ··········· ··········· 
21.4 5.2 -200 
23.0 5.4 -50 

......... 
-3.4 -2.0 -380 

---- ---- ----
············ ............ ············· 
············ ............ ............ 

Stover. 

1895. 

Lbs. 

··········· 
27 

143 
······ ·-·· 

83 
167 

........... 
-313 

93 
····· ...... 

833 
1,187 

············ 
-80 

----
············ 

' ' ,.! 

~ 

i 
8-year . 

( 

average. 5 
-

Lbs. 

-4 
139 

····· .... 
217 
326 

117 
i 383 

......... , 1 

397 ' 1 
459 l 

............ l 
98 1 
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In Table XXIV is given for comparison the eight-yea.r averago increase 
of corn in continuous culture at Columbus and East Liverpool. 

TABLE .X:XIV-FERTILI'l'ERB ON CoFN EmHT YEAP.B rw Su•Jcr.ssro}:. 

Comparison of increase at Oolt£mbus and East Li'l!erpool 

I Increase or decrease(-) per acre . 

..: 
Q) j ..., 

Fertilizers per acre. Grain. Stover. s = = - East East 0 Columbus. Columbus. 
~ Liverpool. Liverpool. 
-

Bushels. Bushels. Pounds. Pound& 
2 Superphosphate (dis. bone black) ... -0.1 -1.0 -56 -4 
a Muriate of potash ....................... 08 -0.1 449 139 
n Nitrate of soda ........................... 3.1 5.4 633 217 
6 Superphosphate and nitrate ............ 4.9 7.1 560 326 
8 Superphosphate and potash ...••••••• '2.3 -3.5 350 117 
9 Nitrate and potash ....................... 6.1 6.8 585 383 

11 Superphosphate, nitrate and potash. 4.6 5.2 451 397 
12 Barnyard manure ........................ 4.7 5.4 303 459 

---- -------------
Average increase from fertilizers 3.3 3.2 409 254 

The average of the unfertilb:ed plots at Columbus for the eight years 
was fifty-three bushels of grain and 3,135 pounds of stover. At East 
Liverpool the average yield of the unfertilized plots for the same period 
was 27.8 bushels of grain and 2,578 pounds of stover, the yield of grain 
being but little more than half that at Columbus. The average increase 
of grain from fertilizers bas been practically the same in both experiments, 
and both tests agree in showing no increase of any consequence from 
fertilizers destitute of nitrogen. 

Wherever the corn plant does its best, whether on the black prairies 
of the West or the black lands and river bottoms of Western Ohio, the 
soil is rich in nitrogen, held in the form of humus, or decaying vegetation, 
and the dependence of this crop upon such material is illustrated in the 
familiar experience of upland farmers, by the rapid falling off in yield 
when corn is grown continuously, or after other cereal crops. The 
farmers of the river bottoms instance fields that have grown corn con
tinuously for fifty, sixty or seventy years, and claim that there bas been 
no falling off in yield, but the statistics of Ohio's corn crops show that 
there has been a large decrease in average yield in the rivtr bottom coun
ties of Southern and Southwestern Ohio, notwithstanding the frequent 
renewals of fertility those lands have experienced in their periodical 
.overflows. 
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[n the average of the experiments und~r review, 160 pounds of 
nitrate of soda has increased the yield of corn by about four bmhels of 
grain. If this were worth forty cents in the field it would have paid 
$1.60, or about six and one-half cents per pound for the twenty-five 
pounds of nitrogen in the 160 pounds of nitrate of soda. The present. 
retail cost of nitrogen in nitrate of soda, which is one of the moEt effective 
carriers of nitrogen known, is about fourteen cents per pound, freight 
paid to Ohio (equivalent to about eleven and one-half cents for "am
monia" for which Ohio farmers have hitherto been paying seventeen to 
twenty cents per pound in mixed fertilizers). 

3. Experiments at Wooster. 

At the Central Station three acres have been set aside for continuou& 
culture of corn, oats and wheat, one acre of each. The land was drained 
in the spring of 1893. This work delayed the planting, and the drouth 
which followed so affected the crops that no results were obtained, The 
crops for 1894 and 1895 are reported in Table XXV. 

In this experiment Plot 2 of each section receives 160 pounds each of 
superphosphate and nitrate of soda and 100 pounds of muriate of potash; 
Plot 3 receives the Eame quantity of nitrate, but the phosphoric acid and 
potash are reduced to quantities proportionate to the nitrogen. That is, 
if 160 pounds of nitrate of soda will furnish nitr()gen sufficient for a given 
increase of corn, sixty pounds of superphosphate and thirty pounds of 
muriate of potash should furnish sufficient quantities of phosphoric arid 
and potash for the same increase, if all were equally available* On Plots 
8 and 9 the nitrogen dre::sing of Plots 2 and 3 and the entire applications 
of phoephoric acid and potash are doubled; Plots 5 and 6 receive bard
yard manure, the quantity used on five being calculated to carry as much 
nitrogen as that used on Plots 2 and 3, and that on six as much as on 
eight and nine. The combined results of the two harvests are given in 
Table XXVI (page 151). 

• See page 115. 
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TABLE XXV-Fl!:BTILIZEBS ON CROPS IN CoNTINUOUS CULTURE AT CENTRAL STATION. 

Yield per acre. Increase or decrease (-) per acre . 

.. .... ., ., 
,.Q 

Fertilizers per acre, Grain. Straw or stover. Grain. Straw or stover. ,.Q a a = = 

!Iii = ..... 
189~. 1895. 1894. 1895. 1894. 1895. 1894. 1895. 0 p:; 

1-3 
Bus. Bus. Lbs. Lbs. Bus. Bus. Lbs. -----u;;:- - til 

t<J 
1 None ................................................................... 16.8 32.5 1,31!0 2,050 1 
2 Su1 erphosphate, 160; nitrate, 160; potash, 1CO ........... 24.8 38.2 1,680 2,620 7.1 6.6 337 553 2 ::::: 

I> 
3 " 60; " 160; " 30 ............ 19.5 35.9 1,550 2,160 0.4 3.8 223 57 3 H 

4 None ................................................................... 20.5 31.9 1,310 2,100 4 z ........... ··········· ····· ..... >-3 
5 Barnyard manure, 21 tons ..................................... 19.6 394 1.470 2,2!10 0.1 9.2 200 263 5 t<J 

31 
6 " " 5 tons ........................................ 23.1 475 1,530 2,680 4.4 19.0 300 727 6 z 

I> 
7 None .................................................................... 17.8 26.7 1,190 1,880 .......... .. ..... .......... 7 z 
8 Superpho@phate, 160; nitrat-e, 320; potash, 100 ........... 22.2 36.4 1,480 2,270 6.5 11.3 303 ·5!l3 8 a 
9 " 120; '' 32v; " 60 ........... 17.7 34.7 1,300 2,040 4.1 11.1 137 397 9 

t<J 

10 None.................................................................... 11.6 22.0 1,150 1,540 ........... ..... ..... 10 0 

Average of unfertiliz-d plots ............................... ,I67 
.......... ........... 

"' ----
2!!.8 1,252 1,892 "' t<J 

10 

I 
>-3 
H 

1 None ................................................................ 248 33.9 855 1,015 1 t< ·········· H 

2 Superphosphat~>, 160; nitrate, 160; potash, 100 ............ 32.3 408 1,615 1,105 7.0 7.0 710 16 2 >-3 

3 h 55 ; " 160; " 50 ............ 29 8 39.1 1,145 1,240 4.0 5.3 190 77 3 ~ 
4 None ................................................................... 26.4 33.7 1,005 1,237 ·········· 4 
5 Barnyard manure, 2~ tons ...................................... 26.4 34.0 905 1,062 1.4 0.6 -162 -163 5 

~I 6 " " 5 tons ......................................... 30 2 37.6 1,3E5 1,045 66 4.6 205 -169 6 
7 None ............................................................. 22.1 32.7 1,192 1,202 ............. 7 
8 Superphosphate, 160; nitrat~>, 320; pota,b, 100 ........... 37.2 45.3 2,010 1.350 13 0 12.4 783 170 8 
9 I " uo; " 32o; " 1oo ........... 38.0 429 1,735 1,345 11.8 108 474 188 9 

10 None .................................................................. 28 3 33 3 1,295 1,135 .......... ............ ............ ············ 10 
--- ---- ---- -- ----------

Average of unfer1ilized plots .............................. 25.4 33.4 1,087 1,147 ............ ........... . ........... ............ 1 ""' >!>--
<:p 
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Fertilizers per acre. 

TABLE XXV-Concluded. 

Yield per acre. 

Grain. Straw or stover. 

1894. I 1895. 1894. I 1895. 

Increase or decrease (-) per acre. 

Grain. Straw or stover. 

1894. I 1895. 1894. I 1895. 

,.; 
~ 
8 
i!S = ..., 
0 

p:; 
1--1 I I I I I I , ___ ,_ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

None ......•.......................................... ················ 
SuperphosphatE', 160; nitrate, 160; potash, 100 .......... . 

,, 45; " 160; " 30 .......... . 
None············--··········· ....................................... . 
Barnyard manure, 2~ tons : ••••• ••...•.•.••..•••..•..••••••.... 

" '' 5 tons .......•.••••.••......•.•.....•....•••.•. 
None ............................................................... . 
Superphosphate, 160; nitrate, 320; potash, 100 ......... . 

" 90; " 320; " 60 .......... . 
None .•...••.•••••••••..•.•••..•••....•.•••••••••••••.•••••••••••.•... 

Average of unftrtilized plots .............................. .. 

13.7 
19.0 
15 2 
13.2 
14.2 
13 4 
11.6 
14.9 
13.4 
10.7 

12.3 

59 1,177 
14.8 2,010 
11.4 1,337 
4 9 1,057 
7.7 1,047 

10 5 1,797 
4.7 957 

15.7 1,757 
13.9 1,597 
3.9 907 

4.9 I 1,025 

645 
1,210 5.5 

965 1.8 
455 ........ 
785 1.5 
870 1.3 
470 ........ 

1,360 3.6 
1,215 2.4 

365 ........ . 

-484\== 

93 
6.2 

2.9 
6.7 

11.2 
9.7 

872 
240 

523 
807 

817 
673 

628 
447 

325 
405 

925 
815 

.. ...................... ! .......... . 
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TABLE XXVI-FERTILIZERS ON CRoPs GaowN IN CoNTINUOUS CULTURE AT 

CENTRAL STATION. 

I 

.... j Increase or decrease 
Qj 

( --) per acre. "S = Fertilizers per aere. 

I si. 
1'1 .. 

~ 
0 Grain. Straw. p:; 

--
Bus Lb•. 

2 Superphosphate, l 60; nitrate, 160; potash, 100 ...... 6.8 445 

r::l 
3 .• 60; " 160; •• 30 ...... 2.1 140 .. 5 Barnyard manure, 2! tons ................................. 46 :!31 

8 6 " " 5 tons ................................. 11.7 513 
8 Superphosphate, 160; nitratE>, 320; potash, 100 .... 8.9 403 
9 " 120; " 320; " 60 ..... , 7.6 267 

2 Superphosphate, 160; nitrate, 160; potash, 100 ..... 7.0 363 
3 " 55; "160; " 50 ..... 4.6 133 

.5 5 Barnyard manure, 2~ tons ................................ 1.0 -162 
ol 

I 
6 " '' 5 tons ................................... 5.6 18 0 
8 I Superphosphate, 160; nitrate, 320'; potash, 100 ...... 12.7 476 
9 " 110; " 320; " 100 ..... 11.4 321 

--·- -~ 

2 Superphosphate, 160; nitrate, 160; potash, 100 ..... 7.4 750 
....: 3 ,, 45: .. 160; " 30 ...... 4.0 343 
ol 5 Barnyard manure, 2~ tons ............................... 2.2 424 Qj ..... 6 

1 •• .:.ph~ph: ••. , .8 :'~i:;;·t;; ow·;·~t.;b;·ioo::::: I 4.0 606 
1::: 

I 
8 7.4 871 
9 " 90; " 320; " 60 ...... 6.0 744 

The object of this test is to study the f'ffect of continuous cropping, 
with abundant artificial supplies of nitrogen, as compared with rotative 
cropping in connection with clover; to investigate the relative availa
bility of phosphoric acid, potash and nitrogen in the forms of dissolved 
bone black, muriate of pota~b and nitrate of soda, and to compare barn
yard manure with chemical fertilizers carrying similar quantities of the 
principal fertilizing constituents. 

An extend~d discus"ion of the experiment would be premature at 
this stage of the work, but attention m'ty be c1.lled to two or three points: 
Tables XXV and XXVI show that in every case the yield of grain and in 
most cases that of straw or stover also, has been much smaller on Plots 
3 and 9 than on 2 and 8, thus indicating that the nitrogen in nitrate oi 
soda is more completely available to these cereals than the phosphoric 
acid or potash, one or both, in the carriers used in this test. 

The total quantities of nitrogen, phosphoric acid and potash carried 
to the three crops by the chemical fertilizer:'! used in this experiment have 
been about twice as great as in the barnyard manure"; the total increase 
on both plots fertilizP.d by chemicals bas heen about three times that on 

/ 
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the manured plots, thus showing a considerably gre1tcr availability of 
plant food in the chemicals than in the manure. This point is illustrated 
in 'l'.tble XXVII, which givas the total amounts of fertilizers, with the 
e3timated total quantities of fertilizing constituents, the total increase and 
the increase per hundred pounds. of chemicals or per ton of manure. 

TABLE XXVII-SUMMARY OF TABLES XXV ANn XXVI. 

Total increase. 

Fertilizing constituents. Per 100 ponnds 
Total Per acre. fertilizer or one 

quantity ton manure .. of 
0.) 

fertilizers . ..0 s 

I 
::l Phos- Nitro- Stover Stover = phoric Potash. Grain. and Grain. anrl .., 
0 acid. gen. straw. straw. 
~ --

Pounds. I Pounds. 

---
I 

Pounds. Pounds. Bushels. 

I 
Pounds. Bu•hel.•. f'm1nrls. 

3 750 25 I 75 55 10.7 616 1.43 R2 
2 1,260 75 75 150 21.2 1,558 1.68 1 ~-1 
!) 1,500 50 150 110 25.0 1,342 167 90 
8 1,740 75 150 150 29.0 1,750 1.67 ]()() 

TotaL 1 -=~=j-225 
---- ------ ----

450 465 j 85.9 5,266 ........... ··········· 
I 

5 7z tons. I 50 I 75 75 7.8 493 104 6fl 
6 15 .. 100 150 150 21.3 1,137 1.42 76 
--------------- -----

Total.. .............. 150 225 225 29.0 1,630 . ........... ............ 

From the above summary it appears that the effect of the fertilizers 
was almost directly proportionate to the quantity used, if the grain only 
be taken into consideration, except that the application of 250 pounds 
per acre on Plot 3 was much less effective, pound for pound, than the 500 
pounds of the same mixture on Plot 9. The two man~red plots show a 
similar n suit. 

REVIEW. 

Let us now take up the questions proposed on page 112, and see how 
much light has been thrown upon them by these experiments. 

1. I an nitrogen, phosphoric ncirl or potash be omitted from a fertilizer 
with economy."! Table V [l (page 126), shows that in the incomplete five
crop rotation at \Y ooster, clover not yet having had opportunity to show 
its influence, except that there was no doubt a considerable residual tffect 
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in the soil from the growth of clover before the experiment began, the 
maximum effect is only attained by fertilizers containing nitrogen, as well 

. as phosphoric acid and potash. 
Table VIII (page 128), shows that in the nearly complete five-crop 

rotation at Columbus, the land having been in clover at the beginning of 
the test, and growing one crop of clover during the test, the complete 
fertilizer has again produced the maximum increase. 

Table XII (page 133), shows that in the incomplete three-crop rotation 
at the Central Station and each of the Sub Stations, the maximum increase 
of potatoes has not been attained until nitrogen was used in relatively 
large proportion (compare Plots 8 and 12), although potatoes seem to 
respond in large degree to phosphoric acid and potash, and the average 
results of the two wheat crops grown in this rotation (Table XV, page 
136), indicate that the same result will follow in the wheat crop. 

Table IV (page 120), illustrates the same point in respect to corn grown 
on an old sod at Strongsville. 

Taking up the crop3 grown in continuous culture, Table XXI (page 
144), and Table XXIII (page 146), tell the same story with reference to the 
wheat and corn grown at Columbus and the corn grown in Columbiana 
county. The yield of Plot 3 in the oats experiment at Columbus suggests 
a possible exception, but this suggestion is not supported by Plot 8, and 
the probability is that part of the indicated increase on this plot is due to 
soil variation. But for this irregularity it could be eaid that, in this test, 
the combined increase of the three crops from the complete fertilizer is 
equal to or greater than that from the separate constituents, whether used 
singly or in pairs. 

In short, there seems to be no exception to the rule that the presence 
of nitrogen, as well as phosphoric acid and potash in the fertilizer, is 

. essential to the maximum increase in the production of cere:tls, even 
when grown in rotation with clover, and on potatoes, when not following 

. clover. On the other hand, there is no case in all this work in which 
nitrogen has not been used on cereals at a pecuniary loss, when valued at 
the rate at which it is being sold in mixed fertilizers throughout Ohio, 
with cereal crops at the present market values. 

2. In what ratio to each other can the constituents of fertility be most 
. economically used'! The comparison of the increase on Plots 11 and 12, as 

shown in Tables VII and XXI, shows th~ there has been a larger increase 
in cereal crops when the ratio of nitrogen to phosphoric acid in the total 
application was as two to one than when they were in equal quantities, and 
Table XII (page 133), shows that when nitrogen was in equal quantities 
with phosphoric acid a better result has been produced on potatoes than 

, when the nitrogen was only half the phosphoric acid; but it must be 
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remembfred that in all this work clover has not as yet had opportunity 
to show its effect. 

3. To what extent can nit ogen be o1,tained through clover? No ddinite 
answer can yet be given to the third question, but a suggestion will be 
found further on. 

4. What ·are the capacities of different crops for securing their own sup· 
plies of plant food? The relative feeding habits of corn, oats and wheat 
may be in part illustrated by the results of the continuous cropping at 
Columbus. For this purpose these results are arranged in Table XXVIII, 
which gives the average yield and increase in pounds of each of the 
crops grown in this experiment on the five plots 11, 12, 15, 17 and 18, to· 
gether with the quantities of nitrogen, phosphoric acid and potash re
moved by the total crop and increase, these quantities being computed 
on the average percentages given in Table XVII of Bulletin 60 of this 
Station: 

TABLE XXVIII-CoNSTITUENTS OF FERTILITY REMOVED IN CoNTINUOUo CBOPFI!'G. 

Crops. 

Wheat-Grain ................... . 
Straw .................... . 

Totals .................... . 

Oats-Grain ...................... .. 
·Straw ...................... .. 

Totals ................... .. 

Corn-Grain ....................... . 
Cobs ....................... .. 
Stover ..................... .. 

Totals .................... . 

Yield per acre. 

Pounds. 
1 818 
3,528 

5,346 

Constituents per acrP, 

Nitrogen. Phosphor· Potash. 
ic acid. 

Puund8. 
42.9 
20.8 

63.7 

Pound.~. 
16.2 

4.2 

20.4 

Pounds. 
11.1 
18.0 

29.1 

39.8 1,274 26.2 10.4 7.9 
.............. 2,548 15.8 5.1 31 6 == 3,s22 --4-2-:<l --15.5~--39~ 

57.0 3,192 58.1 22.3 12.8 
.............. 798 4 0 0.5 . 4.8 
.............. 3,690 38.4 10 7 51.6 

7,680 100.5 33.5 69.2 

Table XXVIII shows that the corn crop has been able to secure nearly 
as much nitrogen, phosphoric acid and potash from the soil and fertilizers 
combined, as both the wheat and oats together, a point which illus
trates the great value of this crop as a feed producer. 

5. What proportion of the plant food applied in fertilhers can be recov
ered in mcrease of crop .tp The average increase on the five completely fer
tilized plots and on the plot receiving barnyard manure, in the three 
crops grown in continuous culture at Columbus, for the seven and 
eight year period was as shown in Table XXIX: 
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TABLE XXIX-INC~EASE FROM FERTJLIZEliS AND MANURE, 

Increase. 

Crop. From fertilizers. From manure. 

Grain. Straw. Grain. Straw. 

Bushels. Pounds. Bushels. Pound& 
Wheat ................................... 5.3 1,147 6.4 l,:W4 
Oats ....................................... 5.7 424 3.2 298 
Corn ...... ........ , ....................... 5.2 593 4.7 303 

To produce this increase there were applied to each crop annually 
fertilizers estimated to carry on the average thirty pounds of nitrogen, 
twenty-five and one-half pounds phosphoric acid and sixty pounds of 
potash. Barnyard manure is estimated to contain on the average about 
ten pounds of nitrogen six and one-half of phosphoric acid and eight and 
one-half of potash per ton, which would amounttoan annualapplicatit>n 
to the manured plot of each crop of eighty pounds of nitrogen, fifty-two of 
phosphoric acid and sixty-eight of potash. Table XXX shows the q,JJanti
ty of each of these constituents of fertility recovered in each crop aird in 
the total of three crops, on the plots receiving phoo:phoric acid :!nd pot
ash only, on the average of those receiving the oomplete chemical fertil
izer, and on those dressed with barnyard manure, in both 'the continu8UB 
and the rotative cropping in this experiment. 

From this table it appears that when only superphosphate and pot
ash were applied, without ni.trogen, the cereal crops have recovned aboot 
six and one-tbird per cent. ot the pho~pb,nie acid and seven per cent. of 
the po:a:ob wht>n grown in continuous culture, and ab:mt nine per cent. 
of the phosphoric rJCid and twenty-tive per cent. of potash when grown in 
rotfttion with clov,;r. \Vb'"n nitrilgen was added, in nitrate of sotla 
and dried blood, tbe:;e cmps h:ive recon·n·d about one-third of the ni5r~ 
gen when grown continuously and pmctic.1.lly all when grown in rotation 
with clover; of phosphoric aeid t.lwy have r c wered about thirteen per 
cent. when grown Cfmtinnously, and a bont four teen and one-half P''r cent. 
when grown in rotation, aDJl of po1m•h tlwy hav<~ recovered about thirteen 
per cent. when grown continuou6ly and over fifty per cent. when groW~~. 
in rotation. 

It appears, therefore, that a larger percentage of the phosphoric acid 
and potash have bt-en recovered by the cerea} crops whe 1 nitrogen was 
also given, and that there has been a much larger recovery of nitrogen 
and potash in rotating crops than in those grown continuously. 

4 EX. ST. BUL. 71 



.'fABLE XXX-CONSTITUENTS OF FERTIIJITY --RECOVERED· IN INCREASE. 

Pctrt I: Continuous Cropping. 
--- ----

Fertilizer. 

Superphosphate and muriate of 11-luperphosphate, muriate of potasl'/1 
potash. and nitrate of soda. 

Cr,_:. 
Constituents recovered per acre. 

Nitrogen. Pho~phoric 
Pota~h. ~~ Nitr0gen. 

Phosphoric Potash. acid. acid. 

Pounds. Pounds. Puunds. Pounds. Poundx, Puunds. 
Wheat ....................................... 7.3 21 4.0 14.3 4.2 7.7 
Oats ......................................... I 2.4 0.9 2.3 64 24 6.4 
Corn......................................... 6.1 1.9 5.6 11.9 3.7 99 

I ___ ---- --- ----- ----- ---
Total recover• d .... .. .. .... .... .. . I 15.8 4.9 11.9 32.6 10 3 ~4.0 
Total applitd ...................... 1 0 77.0 180.0 900 77.0 180 0 
Per cent. recovered ............... 1 ............... 6g 7 I 36 13 13 

Pw·t II: Rotat·ive Cropping. 

'Vheat ..................................... .. 8.7 2.5 5.1 I 12.9 3.5 7.4 
Oats ........................................ . 1.3 0.4 ~.3 7.7 2.6 12 9 
Corn ...................................... . 48 1.7 2.5 3.0 13 ].!) 

--- ---- --- --- ---- ---
Total cereals ....................... . 14 8 46 !Jil 23.6 7.4 21 8 

Hay ....... ; ................................. . 15.6 3.1 16.3 13 8 2.8 14.3 
---- ---- --- --- ---- ----

Total recovered .................. . 30.4 7.7 26.2 37.4 10.2 36.1 
Total applied ..................... . 
Per cent. recovered-

0 51.0 40.0 25 0 lil.O 40.0 

In cereals ...................... 1· 

In total crops ............... .. 
............ 9 25 94 14~ 54 
............. 15 65 150 20 90 

--

Bunyard manure. 

Nitrogen. 

Pound.<. 
16.2 
4.0 
83 

---
28 5 

240 0 
12 

2.6 
-05 

5.9 
---

8.0 
14.3 

---
22.3 
80.0 

10 
~8 

Phosphoric 
acid. 

Pounds. 
4.8 
0.9 
2.7 

----
8.4 

1560 
5;t 

0.7 
-02 

2.1 
----

2.6 
2.8 

----
5.4 

52.0 

5 
10 

Potash. 

Puunds. 
84 
43 
5.7 

----
18.4 

20t 0 
9 

2. 
0. 
2. 

----
5. 

14. 
---

20. 
68. 

8 
30 

0 
4 
9 

3 
9 

2 
0 

. ..... 
Ot 
cr> 

0 
~ 
0 
trl 
~ 
"'i 
t:'l 
~ 
~ 
t:'l z 
1-3 

U1 
t-3 

~ ..... 
0 
~ 
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Referring to the second part of Table XXX, it will be seen that a 
large proportion of the total recovery of fertilizing constituents is 
found in the hay crop-a little more than half from the plots dressed 
with superphosphate and potash, without nitrogen, considerably more 
than half in those receiving barnyard manure, and considerably less than 
half from those dreesed with the complete chemical fertilizer. 

As between the manure and the chemical fertilizer, it will be seen 
that the latter has given much the larger immediate return, in proportion 
to the fertilizing constituents contained, the percentage of nitrogen 
returned on the plots receiving the complete fertilizer bdng three times 
as great as on the manured plot, that of phosphoric acid more than twice 
as great and that of potash fifty per cent. greater, in the continuous crop
ping, with a still wider margin of difference, except in the case of phos
phoric acid, in the rotative cropping. 

EFFECT OF CLOVER. 

It will be observed that in the rotative cropping, fifty per cent. more 
nitrogen is found in the total increase on the plots receiving the complete 
fertilizer than was applied in the fertilizer, showing the efftct of clover in 
the rotation. Apparently, the addition of nitrogen has not materially 
affected the yield of hay, the amount of nitrogen 1ound in the increase 
of hay being practically the same under all these methods of fertilizing. 
It would appear, therefore, that with the aid of a small part of the resi
dues of phosphoric acid and potash, left over by the cereal crops, the 
-clover has been able to accumulate a surplus of nitrogen, equal to the 
total amount recovered in the increase of the three cereal crops. 

THE RESIDUAL EFFECT OF MANURE AND FERTILIZER.:!. 

The values given above repnsent only what has been realized in the 
· ·crops to which the manure or fertilizer was applied, but it is to be expected 

that if this application were to be discontinued, the EUcceeding crops, for 
eome yeara to come, would continue to show some benefit. Our own work 
is yet too new to give any data upon this point, except such as have 
already bEen referred to in the rotation work; but more complete infor
mation is given by the great Rothamsted experiments. 

In Broad balk Field of these experiments, Plot 1G received for thirteen 
yean•, 1852--64, an annual dressing of 200 pounds sulphate of potash, 100 
pounds each of the sulphates of magnesia and soda, 382 pounds superphos
phate and 800 pounds ammonium salts. The average yield for this pericd 
was thirty-nine and one-half bushels of grain and 5,2-0 pounds of straw, 
the yield of the continuously unfertilized plots during the same period 
being fifteen and one-half bushels of grain and 1,708 pounds of straw, 
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! bowing a total immediate increase from the fertilizers of 310 bushels of 
grain and 45,656 pounds of straw. The fertilizer was then discontinued 
for nineteen years. Before the end of this period the yield of this plot 
bad sunk to the level of the continuously unfertilized plot, and the total 
increase during the 19 years was sixty bushels of grain and 6,517 pounds 
of straw. 

On "Hoos Field" of the same farm barley has been grown con
tinuously during the same period. On Plot 7 of this field, barnyard 
manure was applied continuously for the twenty years, 1852-71, at the 
rate of 14 long tons per acre. The average yield for this period was forty
eight and one-quarter bushels of grain and 3,164 pounds of straw per acre 
on the manured plot, against an average of twenty bushels of grain and 
1,316 pounds of straw on the continuously unmanured land, the total 
increase due to the manure during the twenty years being 566 bushels of 
grain and 35,560 pounds of straw. 

The manure was then discontinued on half of Plot 7, being kept up 
as before on the other half. For the next twenty years the average yield 
of the unmanured half was thirty and one-quarter bushels of grain and 
1,848 pounds of straw per acre, against a yield on the continuously un
manured land of thirteen and one-quarter bushels of grain and 770 pounds 
of stuw, the total residual increase during this period for the previous 
twenty years manuring being 341 bushels of grain and 15,400 pounds of 
straw. 

But the residual effect is by no means exhausted, as the crop of 1894, 
the twenty-third crop since the manure was discontinued, was more than 
double that on the continuously unmanured land. 

Lawes & Gilbert estimate that the fourteen long tons of manure used 
in these experiments carried to the soil annually about 200 pounds of 
nitrogen. On the basis of this estimate, Table XXXI has been C•lmpiled, 
showing the approximate total ouantities of the constitu·mts of fertility. 
applied to the wheat in the chemical manures in thirteen years and to 
the barley in barnyard manure in twenty years, and rec:>vered in the · 
total increase from each : 

l 



THE MAINTENANCE OF FERTILITY. 159 

TABLE XXX[-FF.RTILIZING CONSTITU!<:NTS RECOVERED IN INCREASE OF CROP AT 

RoTHAMSTED. 

Fertilizing constituents. Nitrogen. Phosphoric Potash. acid. 

Pounds. Pounds. Pound,, 
Applied in chemicals .................................... 2,496 832 1,300 
Recovered in immEdiate increase ..•.••••.••••••••••. 708 221 346 

" residual " 123 40 55 ···················· " total " 831 261 401 ...... .., ............. 

Applied in manure ....................................... 4,000 2,600 3,400 
Recovered in immediate increase .................... 946 352 919 

" residual " 476 191 410 ···················· " total " 1,4:!2 543 1,329 ···················· 
Percentage recovered in immediate increaee:-

. from chemicals ...................................... 28 26 26 
" manure ........................................ 23 13 27 

Percentage recovered in total increase-
from chemicals .......................... .......... , 33 31 31 ,, manure ......................................... 35 22 39 

Comparing Tables XXX and XXXI, it would seem that a little larger 
proportion of nitrogen has been recovered in the increase from the nitrate 
of soda and dried blood used in our experiments than from the sulphate 
and muriate of ammonia used at Rothamsted, but that the recovery of 
phosphoric acid and potash has been twice as great at Rothamsted as in · 
our work. 

These differences are probably due to a larger relative application of 
nitrogen at Rothamsted, the quantity applied annually in our work being 
about twenty-five pounds per acre, against an average of 192 pounds at 
Rothamsted, while only 492 pounds of superphosphate was used at 
Rothamsted against 320 pounds in our work. 

In the case of the barnyard manure, the Rothamsted experiments 
·show from two to three times the effectiveness attained in our work. 
There are two reasons for this : In the first place, the Rothamsted 
manure was undoubtedly of better quality than that used in our work, 
as English farmers are generally much more careful in preventing the 
waste of the valuable constituents of their barnyard manure than are 
those of Ohio, and the manure used in our work has intentionally been 
so managed as to represent a fair average of Ohio barnyard manure. In 
the second place, the effect of manure, to a much greater degree than that 
of chemicals, is cumulative. This is strikingly shown by Table XXXII, 
which gives_ the annual increase of barley in Hoos Field from barnyard 
manure and chemical manures in bushels per acre: 
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TABLE XXXII-ANNUAL lNCR•ASE FROM MANURE AND CHEMICALS AT 

RorHAMS rED. 

Period. 

Firet 4 years, 1852-55 ....................•..•....................•............. 
Second 4 years. 1856-59 ....................•...•..............•..•...••••..... 
Eight years, 186fl-67 ........................................................... . 

" " 1~68-71'1 ........................................................ .. 
" " 1876-83 ............................................................ . 
" " 18!i4-91. ........................................................... . 

Average increase 
from-

Manure. Chemicals. 

14~ 
26 
34~ 
34t 
37~ 
33 

Taking the Rothamsted experiments, as showing what may be ex
pected on soil brought into high condition by systematic manuring, it 
appears that for immediate results the chemical constituents of barnyard 
manure are worth about three-fourths as much per pound as the !'arne 
constituents in the most effective forms of commercial fertilizers; but as 
a permanent investment on the farm the difference would not be so great. 

In discussing the results of their experiments, Sir Henry Gilbert 
concludes that the residual effect, of the ammonia at least, of chemical 
manures is to be accounted for in the increased residue of organic matter, 
left in the ooil as a result of the larger crops grown by the ammonia 
salts, and not to any great residue of those salts themselves being left 
over from the crop to which they are applied, and his position is strongly 
supported by the results of the alternate cropping of Plot 17 a and b, in 
Broadbalk Field, half of this plot receiving superphosphate and potash,. 
the other half ammonia salts, each year. The result is that the half re
ceiving no ammonia has yielded but about two bushels per acre more 
than the continuously unmanured land, while the half dressed with 
ammonia bas given more than double the yield of the unmanured land, 
the effect of the ammonia salts apparently being comp1etely absorbed in 
the crop to which they are applied. 

It appears that in the exhaustive experiments at Rothamsted the 
wheat has recovered, directly or indirectly, about thirty-three per cent. of 
the nitrogen applied in the fertilizer, about thirty-one per cent. of the 
phosphoric acid and about thirty per cent. of the potash. The barley bas 
recovered about 1orty per cent. of the estimated nitrogen in the manure, 
about thirty-three per cent. of the phosphoric acid and about twenty-four 
per cent. of the potash. 

It would seem, therefore, that the chief difference in the effective-. 
ness of the fertilizing constituents of the two classes of materials is one 
of time, and that, under continuous cropping, we cannot expect to re-
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cover more than one-third of the total theoretical value of the fertilizing 
materials used. 

A bushel of wheat, with its straw, contains about two pounds of 
nitrogen and a little more than a pound and a half of phosphoric acid 
and potash together. At the prevailing prices of commercial fertilizers, 
this nitrogen would cost about forty-one cents, and the phosphoric acid 
and potash about ten cents. To produce an increase of a bushel of wheat 
then, on an exhausted soil, wo~ld require fertilizers costing about $1.30. 
In our continuous work the cost has been about $2 per bushel, aft€r de
ducting the extra straw. 

6. In what form m'],y the constituents of fertility be mast ~ffectively given? 
In Table XXXIII the average results of the continuous cropping at 
Columbus and the rotative cropping at the Central and N ortheastel'Il 
Stations are grouped in such manner as to illustrate the comparative E:ffect 
of different carriers of nitrogen and phosphoric acid; the increase at 
Columbus being that from eight crops of corn and seven each of oats and 
wheat, grown in continuous culture, and that at the Central and North
eastern Stations including three crops of corn and two of oats, grown in 
the five·crop rotation (the corn in each caEe being grown on land pre
viously unfertilized) and three crops of wheat grown at the Central 
Station, two in the five-crop and one in the three-crop rotation, under the 
conditions previously described. The wheat and potato crops grown at 
the Sub-Stations are not included. 

In considering these results, we must remember that a long time is 
required to completely eliminate the variations due to original irregu
larities of soil, and that much allowance must be made for this factor, 
espedally in the work at the Central and Sub-Stations, which is only 
beginning as yet, and has begun under peculiarly unfavorable Eeasons. 



TULB XXXIII-lllORB.UE F•ox DIFFERENT CARRIBRB 07 NITROGEN AND :PuosPHORIO AciD. 

Increase per acre. 

Station. Fertilizers. Grain. Straw. 

Corn. Oats. Wheat. Corn. o~ts. 

------
Carriers of Nitrogen. Bus. Bus. Bus. Lbs. Lbs. 

Columbus. Nitrate "of soda-................................................ 4.6 5.1 5.4 451 322 
Sulphate of ammonia ......................................... 3.4 52 4.8 712 460 
Linseed oil meal.. ........................................... 7.0 0.6. 5.9 634 392 

Nitrate of soda .................................................. 69 10.5 5.1 148 343 

Central. Sulphate of ammonia ......................................... 5.0 (1.9 65 131 (149 
Linseed oil meal. .............................................. 33 42 6.2 104 152 
Dried blood ...................................................... 5.5 6.7 59 -21 202 

Carriers fJj Phosphoric Acid. 

Columbus. Dissolved bone black ........................................ 4.6 5.1 5.4 451 322 
Acid phosphate ............................................... 7.1 6.8 4.7 780 456 
Slag phosphate ................................................ 64 6.1 5.3 553 42ti 

Dissolved bone black ........................................ 69 10.5 5.1 148 343 

Central and Acid phosphate ................................................ 3.5 5.1 46 139 321 

Northeastern. Slag phosphate .................................................. 54 45 5.8 149 315 
Raw bone meal. ................................................ 33 6.4 2.8 256 148 
Wheat bran ...................................................... ............. 5.8 3.7 ············ 250 

Wheat. 

---
Lbs. 

1,412 
975 

1,010 

701) 
553 
828 
658 

1,4~2 
883 
992 

705 
621 
672 
523 
377 

Potatoes. 

Bus. 

··············· ............... 
·············· 

31.2 
42.7 
37.6 
47.0 

.............. 

. ............. 
·············· 

31.2 
31.3 
23.0 
26.1 
44.0 

§ 

0 
til .... 
0 

M 
>1 
'1l 
r.o ., 
.... 
"" ,... 
M 
'Z 
>-3 
m 
>-3 
I> 
>-3 .... 
0 

~ 
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It will be understood, by reference to the preceding tables, that the 
fertilizers used in each case (except that of linseed oil meal at Columbus) 
are complete fertilizers and are intended to carry equal quantities of 
nitrogen, phosphoric acid and potash, the only variation being in the 
vehicle which carries the nitrogen or the phosphoric acid, potash being 
applied in the muriate. 

Carriers of nitrogen: It will be seen that in the general average, 
. nitrate of soda is the most effective carrier of nitrogen, the apparent 
superiority of linseed oil meal at Columbus being accounted for, in 
part at least, by the larger quantity of nitrogen carried in the dressing 
used there. The poor results following the use of oil-meal on oats at 
Columbus are probably altogether due to the fact that the heavy dressing 
has in almost every case lodged the crop. In view of the general results 
at Columbus and on the wheat at Wooster, it seems probable that the low 
increase from oil meal on corn and oats at Wooster is due rather to varia
tions in soil than to inferiority in the fertilizer, but it would not be at all 
surprising if it should eventually be found that such a material as oil 
meal or bran is more suitable for a fall dressing than for spring use, 
because of the longer time given for decay. 

Oil meal has produced an especially favorable result in the rotation 
of potatoes and wheat, as shown by the following table, giving the average 
increase from two crops of potatoes and one of wheat, grown in this rota
tion at the Central Station, as compared with the increase from eight 
tons of barnyard manure and from the standard chemical fertilizer used 
on Plot 1l: 

TABLE XXXIV-COMPARISON OF OrL MEAL WrTH CHEMICALS AND MANURE. 

Increase per acre. 

Fertilizer. Wheat. Value of 
increase. 

Potatoes. 

Grain. Straw. 

Bushels. Pounds. Bushels. 
Barnyard manure, eight tons .................. 3.6 165 28.3 $13.73 
Complete qommercial fertilizer ................ 8.0 466 31.2 17.98 
Oil meal and chemicals .......................... 9.6 555 37.6 21.63 

Taking these experiments as a whole, it would seem perfectly safe to 
rate the fertilizing constituents in linseed meal as of equal value to those 
in ordinary commercial fertilizers. 



164 OHIO EXPERIMENT STATION. 

Carriers of phosphoric acid: Taking the results at Columbus, the 
phosphoric acid of acid phosphate and slag phosphate seems to be at least 
equally effective, pound for pound, with that of dissolved bone b1ack. In 
the experiments at the Central and Northeastern Stations the dissolved 
bone black Eeems to be ahead at present. 

Taken as a whole, these experiments do not justify the claim that a 
pound of pbosphorie acid is any more effective in the form of dissolved 

·bone black than in that of dissolved Carolina rock (acid phosphate) or in 
that of basic slag, but it must be remembered that these carriers contain. 
different percentages of phosphoric acid, and therefore are not worth the 
same price per ton. Further study of raw bone meal and wheat bran is 
required before venturing an opinion on their merits as fertilizers. 

THE SOURCES AND COST OF FERTILIZING MATERIALS. 

SOURCES OF NITROGEN. 

Nitrate of soda is perhaps more generally used in Europe than any 
other material, except animal manure, as a carrier of nitrogen to vegeta
tion. It is a coarse salt, found in Chili and Peru, in a region where no 
rain ever falls, and is refined and exported in large quantities, the statis
tics for 1895 showing a total export of 1,000,900 tons, 108,000 tons of 
which were sent to the United States. Experience bas shown that the 
nitrogen in nitrate of soda is more completely available to vegetation 
than in most other substances used for fertilizing purposes. The average 
percentage of nitrogen in commercial nitrate ot soda is about 15i; it is 
usually computed at sixteen per cent. The price of nitrate of soda in 
New York for 1895, in carload lots (twenty.five tons), was about $36 per 
ton, equivalent to about $40 per ton in Ohio, or 12! cents per pou~d for 
nitrogen, or lQt cents per pound for "ammonia," that being the ordinary 
basis of computation in Ohio, ammonia being a compound of about 
eighty-two per cent. nitrogen and eighteen per cent. hydrogen. 

Nitrate of soda is seldom used in the compounding of the fertilizers 
sold in Ohio, for the reason that a much cheaper source of nitrogen is 
found in the refuse of the Western slaughter houses. Moreover, nitrate 
of soda is an easily soluble salt, and it is doubtful whether it it' advisable 
to use it in the fall, at which time most fertilizers are applied in Ohio. 
In our experiments it is applied only in the spring, after growth bas 
begun in the case of wheat, or at the time of planting in the case of bpring 
crops. If sown on wheat about the middle of April and a timely rain 
follows, the effect of the nitrate will be conspicuously manifest in a few 
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days, in the dark green color. of the foliage. This effect seems to be 
exerted more particularly upon the foliage than upon the stalk; for the 
wheat on our plot No. 5, receiving nitrogen only (one-third in the form 
of dried blood applied in the fall, and two-thirds in nitrate of soda, 
applied in the spring) does not grow in height much if any more rapidly 
than that on the unfertilized plots, whereas that on all the plots on which 
phosphoric acid is used runs up rapidly, and heads out several days in 
advance of that which has received no phosphoric acid; but where phos
phoric acid is ueed without nitrogen, the color is pale and the foliage 
relatively scanty. It appears to require the combination of both nitrogen 
and phosphoric acid to produce a completely developed plant. 

f::.'u'phate of ammonia: This is a coarse, white salt, the chief source 
of production of which is the manufacture of coal gas, sulphate of 
ammonia being a by-product of that manufacture. The nitrogen in sul
phate of ammonia is in the form of ammonia instead of nitrate; that is 
it is combined with hydrogen instead of oxygen. It appears tb,at our 
cultivated plants generally, if not always, require their nitrogen in the 
form of nitrate, and that ammonia must be converted into nitrate before 
it can become available. In the Rothamsted experiments, where wheat 
has been grown continuously for fifty years, nitrate of soda bas produced 
considerably larger crops than the same quantity of nitrogfn in sulphate 
of ammonia. 

Sulphate of ammonia should contain about twenty-four per cent. of 
nitrogen. It is seldom or never used in fertilizers in this country because 
of its co;t, the pound of nitrogen costing more in this form than in either 
nitrate of soda or slaughterhouse refuse, while its effectiveness seems to be 
below that of nitrate of soda and but little, if any, above that of dried 
blood or other slaughterhouse material. 

Dried blood, a product of the great slaughter houses, is quite largely 
used in American fertilizers as a source of nitrogen, of which it usually 
contains ten to thirteen per cent. equivalent to twelve to fifteen and one
half per cent. of" ammonia." During 1895 it was offered in Cleveland at 
$30 per ton at retail, and in Kansas City and Chicago at $1.50 to $1 65 
per unit; that is, for each per 'cent. of nitrogen contained the price was 
$1.50 to $1.65 per ton, making the cost of a sample showing twelve per 
cent. nitrogen $18 to $21 per ton in those cities, tquivalent approximately 
to $21 to $25 per ton in Ohio, or nine to ten cents at wholesale per pound 
of nitrogen contained. 

In effectiveness, dried blood stands below nitrate of soda, but it is 
probably preferable to nitrate of soda for fall use, because its nitrogen is 
in a le3s easily soluble form than that of nitrate of soda. 
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Tanknge: The material which is used in greater quantity titan all 
others combined, as the carrier of nitrogen in American mixed fertilizers, 
is the residue left in the bottoms of the tanks, in which the trimmings 
and various forms of slaughterhouse offal have been cooked to extract 
their fat. It is dried and ground into a fine meal, and in this condition 
shows by analysis seven to nine per cent. "ammonia" and nine to thir
teen per cent. pho8phoric acid. The standard grade, which occupies 
about the same place in the fertilizer trade that No.2 wheat does in the 
grain trade, is called nine and twenty tankage, this meaning that it will 
analyze about nine per cent. ammonia and twenty per cent. "bone phos
phate of lime," bone phosphate being the combination in wh'ch phos
phoric acid and lime are found in bones, in which combination about 
forty-six per cent. of phoEphoric acid is united with about fifty-four per 
cent. of lime. This nine and twenty tankage therefore contains about 
nine per cent. each of ammonia and phospboric acid. Other grades are 
known as eight and twenty, seven and thirty, etc. The latter grade, 
showing about seven per cent. ammonia and thirteen and one-half per 
cent. phosphoric acid, has been offered for sale direct to farmers at $17 per 
ton at retail in Cleveland, equivalent to less than $20 at the average Ohio 
railway station. 

The official analysis of this fertilizer shows that about eight per cent. 
of its phosphoric acid is in the "available form," and about five and one
half per cent. insoluble. At five cents per pound, the 160 pounds avail
able acid would be worth $8.00, leaving $12.00 as the cost of the 140 or 
more pounds of ammonia, or less than nine cents per pound·. 

The nitrogen in tankage is still less effective than that in dried blood; 
it is estimated that about three pounds of nitrogen in tankage are required 
to produce the same effect as two pounds in nitrate of soda. The whole
sale price of nine and twenty tankage in Kansas City is now quoted at$11.50 
to $12.00 per ton and $12.00 to $13.00 per ton in Chicago. Adding freight 
to Ohio, and making the above noted allowance for the phosphoric acid 
contained, the wholesale cost of ''ammonia" in these tankages, at the 
average Ohio railway station, should not exceed five cents per pound. 

Dried blood and tankage are collectively called "ammoniates;" the 
composition of both is variable, and it is customary to sell them at so 
much per unit of ammonia. 

Horn and Hoof meal: Another source of nitrogen, of which more or 
less use is made, is the dried and ground trimmings of horns and hoofs. 
The nitrogen in this material is likely to be slower in its action than that 
in bone and meat, and it should be bought with this understanding. 

Ground leather is sometimes used as a source of nitrogen, but should be 
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considered as an adulturant, P.ince such material has been found to be 
practically worthless as a fertilizer. 

The oil meals, gluten meal and bran are materials which may be used as 
carriers of fertility to the soil. Cotton seed oil meal is thus used to quite 
a large extent in the Southern and Atlantic coast states, and the Con
necticut Experiment Station has repeatedly called attention to it as a 
source of nitrogen for the New England states. The following paragraph 
is quoted from the annual report of that Station for 1895: 

''Cottonseed meal has been by far the cheapest source of available nitrogen, during 
the past season. Experiments indicate that it is 11.1! rapidly and fully available as the 
best forms of animal matter. It has been extensively used this year in home-mixed 
fertilizers and has given perfect satisfaction." 

New England has a little the advantage over Ohio in the use of 
cotton Feed meal by reason of the lower rates of ocean freights, as com
pared with railway transportation, while Ohio has a slight advantage over 
New England in the use of slaughterhouse refuse, in being nearer the 
great western slaughter houses, so that it can hardly be said that cotton 
seed meal would be ch•aper than the slaughterhouse "ammoniates'' asa 
source of nitrogen in Ohio. Cotton seed meal has not been used in our 
experiments, but linseed oil meal hat', and we can make the same state
ment of linseed meal that the Connecticut Station does of cotton seed 
meal in reEpect to availability. 

SOURCES OF PHOSPHORIC ACID. 

Bone meal, another product of the slaughter houses and glue factories, 
has long been used as a fertilizer. It is variable in composition, ranging 
from two to five per cent. of ammonia and from twenty to twenty-five per 
cent. ofpbosphoric acid. It is Sdld either as "raw" bone or as "steamed" 
bone. Steamed bone shows by analysis a larger proportion of available phos
phoric acid, and the relative value of the two kinds o: bone i;~ probably 
measured by the total amount of ammonia and available phosphoric acid. 
German experiments with the two forms of bone have indicated that 
steamed.bone might probably be corn··ared with "acidulr.ted" bone, in 
which the raw bone baR bi~en treated with sulphuric acid. The treatment 
with acid of course reduces the percentages of the ammonia and phos
phoric acid, but makes the latter- and perhaps also the former-more 
quickly and compL;tely available. 

Bone Black is b:me charcoal, which is extensively used in the refining 
of oil and sugar. After it has served this purpose it is sold for use as a 
fertilizer. Untreated bone black should contain about 28 per cent. of 
phosphoric acid, (the nitrogen having all been driven out by burning) 
but in this oondi~ion it is but little used as a. fertilizer, bt-ing first treated 
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with sulphuric acid, at the rate of about 1,500 pounds of acid to the ton 
of bone black; this gives the material known as dissolved bone black, which 
analyses about sixteen per cent. phosphoric acid, and is one of the most 
efficient carriers of this plant nutrient known. Dissolved bone black is 
offered at retail in Cleveland at $16 00 per ton, a price which would make 
its phosphoric acid cost about five to five and one half cents per pound at 
wholesale rates, freight paid to the average Ohio railway station. 

Acid phosphate : Next to tankage, the material most generally used 
in American fertilizers is the phosphatic rock, found firat in South Caro
lina and more recently in Florida, Tennessee and other states, and which 
when treated with sulphuric acid, is known to the trade as acid phos
phate. In its crude condition this rock, which is in fact the fossilized 
remains of the marine life of past geologic ages, contains about the same 
percentage of phosphoric acid as that found in bone black. This crude 
rock is ground and used in the South under the name of floats, but its 
phosphoric acid, when in this condition, is found to be so slow in its ac
tion that practically no use of the untreated rock is made in the North. 
When treated with sulphuric acid, however, the phosphoric acid in the 
rock is rendered soluble, and it appears to be as effective, pound for 
pound, as bone derived phosphoric acid in the same condition. The 
average percentage of available phosphoric acid in acid phosphate is 
about fourteen, or two per cent. below that in dissolved bone black, hence 
the ton of acid phosphate is not worth so much as the ton of dissolved 
bone black. 

The wholesale cost of phosphoric acid in acid phosphate in the New 
York market in 1895 was about three and one-third cents per pound, 
corresponding to about four and three-fourths cents per pound in Ohio. 
During the same period it was offered in Baltimore at $9.50 per ton in 
small lots. The freight to average Ohio points would bring the cost up 
to $13 or $14 per ton, or five cents per pound for the phosphoric acid at 
the outside retail price. 

Basic slag is a by-product of the manufacture of steel from phos
phatic ores, under a patent controlled in America by Jacob Reese, of 
Philadelphia, who gives it the name of "Odorless Phosphate." In Eu· 
rope this material is extensively used as a substitute for both bone and 
rock phosphates, but the price has been so increased under the American 
patents that the pound of actual phosphoric acid may be procured more 
cheaply in other forms. When of good quality, it should analyze twenty 
to twenty-one per cent. of phosphoric acid. Our experiments indicate 
that the phosphoric acid in this material, where it is up to the standard, 
is of equal value with that in dissolved bone black or acid phosphate. 
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SOURCES OF POTASH. 

Muriate of Potash: This is the chief source of potash in Ohio fertil
jzers, being not only the cheapest but one of the most effective carriers of 
potash known. It is a coarse salt, mined chiefly in certain districts in 
Germany. It should contain, in its commercial condition, a little more 
than fifty per cent. actual potash, the average being about fifty aud one
half per cent. Its sale in America is controlled by the German Kali 
Syndicate, the style of which has been changed to "German Kali \Vorks," 
whose headquarters are in New York City. The price averaged about 
$38 per ton in New York in 1895 in twenty-five ton lots, or $40 to $42 in 
smaller lots, equivalent to four to four and one-half cents per pound for 
actual potash in Ohio, the freight being twenty-five cents per hundred in 
small lots and correspondingly less by the carload. Muriate of potash is 
the chief source of potash in the mixed fertilizers sold in Ohio. 

Kainit is a crude salt from which the muriate is manufactured. It 
is variable in composition, averaging about thirteen per cent. actual pot
ash. A ton of kainit contains about 1,740 pounds of material other 
than actual potash, and a ton of the muriate less than 1,000 pounds ·of 
such material; there is therefore an excess of about 750 pounds of such 
material to be transported in each ton of kainit, as compared with the 
muriate, and as it takes nearly four tons of kainit to furnish as much 
potash as is found in one ton of the muriate the extra transportation in 
the case of the kainit is a considerable item. In the eastern market the 
pound of potash usually costs about the same in the kainit as in the mu
riate; but when the difference in freight· is added, the $12 or $13 kainit 
becomes a much more expensive source of potash than the ·$40 or $45 
muriate. 

Sulphate of Potash is also used as a fertilizer, also a double salt, the 
sulphate of potash and magnesia. The cost of a pound of potash in 
either of these materials is usually about a cent more than in the 
muriate. 

Ashes: Wood ashes carry more or less potash, ranging from one per 
cent. in leached ashes to· five or six in unleached. A recent analysis of 
sixteen samples of ashes by the Connecticut Experiment Station, shows 
an average of 4.34 per cent. potash, 1.55 per cent. of phosphoric acid, and 
forty-five to fifty per cent. lime. 

Canada ashes, guaranteed to contain a minimum of seven per cent. 
potash and phosphoric acid combined, are offered, delivered at Northern 
Ohio points, at $10 to $11 per ton in car load lots. At this price the cost 
of the phosphoric acid and potash would be seven to eight cents per 
pound. 



170 OHIO EXPERIMENT STATION. 

In some cases lime serves a useful purpose on the soil,'and in such 
cases it would probably be economical to purchase it in ashes in connec
tion with potash. 

THE HOME MIXING OF FERTILIZERS. 

Wh~tt has already been said will have suggested to the attentive 
reader the propriety of purchasing the essential constituents of his fertil
izers and mixing them himself, and we feel that we cannot too strongly 
urge upon the farmers of Ohio the adoption of this course. 

As has been stated, the great bulk of the fertilizers now on the Ohio 
market are composed of slaughterhouse tankage and acid phosphate, to 
which is occasionally added a sprinkling of muriate of potash. All these 
materials are already manufactured products when their mixing into fer
tilizers begins. The tankage is made, dried and ground at the slaughter
houses; the acid phosphate is mined in Carolina, Florida or Tennessee, 
and ground and treated with acid, either at the mines or at northern cen
ters of distribution, and the muriate of potash is refined before it leaves 
the German province in which it is mined. Most of tbe so-called fertil
izer manufacturers, therefore, are simply mixers; they purchase the re
fined or treated materials named and mix them togethtr in certain pro
portions, put them into l:'acks and label the sacks with the brand and 
analysis required by law. Of course there are establishmentR which add 
the treatment with acid to the work of mixing proper; but these are com
paratively Jew. There is nothing whatever to prevent any farmer or 
group of farmers from purchasing the mattrials named and mixing them 
at hume in. any proportion d,.8ired. Of course, one farmer cannot do this 
and sell the mixed fertilizers to his neighbors, without coming in contact 
with the law requiring license fees !rom makers of or dealers in fertilizers, 
but there is no law to prevent a farmer from buyirg and mixing for him
self, or a group of farmers from buying and mixing in co·oper<~,tion. 

The iertilizer dealen; will, of course, claim tbat the mixing is a very 
delicate operation, which tlie ordinary farmer cannot per10rm, a claim 
which is simply without foundation in fact. For years this S,ation has 
been mixing its fertiliz•.crB in a small way, and there is no difliculty in the 
matter whatever; but hear what is said by other stations: 

The Connecticut Station, as has already been noted, has been urging 
the use of cottonseed meal as a carrier of ammonia in home mixtures, 
making up the phosphoric aeid with dissolved rock phosphate, and the 
potash with the muriate or kainit. Its last annual report* contains a 

• Annual report of the Conneetiou{ Agricultural Experiment Station for 1895, 
Part I, pp. 63-66. 
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table of formuJre used by farmers who have mixed their own fertilizers, 
with the following comment: 

"Co.nsiderab'e objoction has been made to home mixing, accondiug to such formulas 
as are given in the table, on the following grounds: 

"1. That mixtures made with dissolved rock phosphate would cake or set in the 
bags, making their application to land difficult. 

"2. That the soluble and reverted phoFphoric acid of diseolved reck phosphate 
was not so available to crops as that of di-solved bone black. 

"3. That the nitrogen of cotton seed meal was not so availalrle to crops as that of 
animal matter. 

"4. That cotton seed meal would not run through a fertilir.:er drilling machine. 
'' 5. Th~t no money could be sa.ved by home mixing. 
"As has been rep~atedly stated ib previous reports of this Station, there is no evi

dence nor any reason to suppo8e tha.t the solnble and reverted phosphoric acid of dis
solved rock is any less a.vailable than that of difsolved bone black. It is certain that 
most factory-mixed, goods are DlB.de with the former rather than the latter. 

"Careful experiments indicate that the niln'ogen of cotton seed mea.l is as readily 
available as the best forms of animal matter, and decidedly more available than that of 
fish or tankage. When the nitrogen of blood or of tankage costs fiiteen cents a pound, 
and that of cotton seed meal only twelve cents, it is a waste of money to use the former 
instead of the latter. 

"The other objections against these formulas may best be met by the statements of 
those who have bad some yPars experience in mixing their own fertilit!ers in this State." 

These statements are to the effect that there was no trouble in the 
use of the mixtures, and that home mixing had resulted in a large 
saving in the cost of fertilizers. 

The New Jersey Station reports1 that home rui·xing has been carried 
on with entire satisfaction by a. steadily increasing number of farmers 
for several years. The mixtures used were made up from high grade 
materials; their mechanical condition was in every respect equal to the 
best brands of mixed fertilizers upon the market, and an examination 
of mixtures, representing a. purchase of 1,000 tons, indicated a saving 
of $14,500. 

The Rhode Island Station reports• similar results. Farmers report 
a saving of $5 to $12 per ton by home mixrng, and state that the effe.ct 
from the home mixtures was in nearly every case equal to, and in many 
cases better, than that from ready mixed fertilizers costing m U<lh more 
money. 

These extracts should convince any doubter tha.t the home mixing 
bug~bear is simply a myth. \Ye do not advise any farmer to undertake 
treatment with acid; that does require special appliaaoes and special 
knowledge, but there is no occasion for doing this, as the materials caa 
be bought a.t fair prices, already treated with acid. 

1 Bulliltin 113, page 11. 
• Bulletin 34. 

EX:< ST. BUL. 71 
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The m1xmg may be done with a shovel on a tight floor, but in 
our work we have found it to be a more satisfactory way to mix in a 
revol_ving chnrn, having slats across the inside. If a large churn of 
this kind can be found second hand, it will be just the thing fo~ ordi
nary 1arm mixing; if not, a box may be made to rotate on the same 
principle. The Bulletin of the Rhode Island Station referred· to con· 
tains a photographic illustration of such a box. 

TUE COMPARATIVE COST OF HOME MIXED FERTILIZERS, 

To ascertain the comparative cost of home mixed fertilizers we col
ltcted, during the fall of 1895, the analyses and stdling prieta of twen
ty-five brands of fertilizers, as we found them offered for sale in differ
ent parts of the State. The average analysis and price of these is here 
given, together with the composition and cost of a fertilizer nquired to 
produce an equivalent analysis, ia the table below: 

TABLE XXXV-COMPOSITION OP AVERAGE FERTILIZER AND FoRMULA FOB 

EQUIVALENT. 

Composition of average fertilizer. Pt-r cent. 

Ammonia ......................................................................................... . 
Phosphor,c acid, available .................................................................. . 

·• " lnsoluble ..................................................................... . 
Potash ........................................................................................... . 

Average selling price per ton, $26.06. 

Formula for tquivaltmC fertilizer, 

I 

~.40 
1067 

2.i:l6 
1.2!1 

Essential constitut nts. 

Material, Quantity. Cost. Phosphoric acid. 

Am- Potash. monia. Avail- Insol-
able. uble. 

---------
Pounda. Pounds. Pound a. Poonda. Pounda. 

Tankage (7-30) ................. 7.00 $700 49 66 38 0 
Acid phosphate .................. 1,200 8.40 0 168 12 0 
Muriate of potash .............. 55 1.40 0 0 0 27 
Make weight ..................... 45 0.00 0 0 0 0 ---------------

Total ............•.•..••....... 2,000 $16.80 49 224 50 27 

Percentage ...•••••• ••••••••• ••••.. ............... ............... 2.45 11.20 2.50 1.85 
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It will be observed that the necessary cost of the materials composing 
this $26 fertilizer is but $16.80, and that when bought at retail rates and 
full allowance made for freight. In other words, more than one-third 
the money which the average Ohio farmer is paying for his fertilizers 
goes toward the cost of persuading him to buy. 

Farmers who feel like paying out their hard earned money for 
such purposes of courEe have a perfect right to do so, and those who 
must buy on credit or who do not wish to buy in largt>r quantity than 
the single sack tull must of course expect to pay for the carrying of 
tht:ir paper or for the storage of the material with which to su:ptply 
their needs. In many lines of business this last point seems to be a 
n.ecessity, and we cheerfully pay the grocer or the dry goods merchant 
the commission which he exacts as a compensation for keeping a 
large stock of many kinds of goods on hand from which to supply eur 
daj]y needs, but in so simple a matter as the fertilizer supply it does 
not seem that this is a business-like thing to do. 

FORUUI,JE FOR HOME MIXING, 

The formula already given is a suggestion as to the methods of 
home mixing. The "makeweight" given is simply to fill out the ton 
i-n order to simplify the calculation of percentagt>s. No makeweight or 
"filler" of any sort is reqaired for the m~terials named, since they 
are each in rondition to apply with the fertilizer drill, and mixing 
them together does not alter that condition, so long as they are kept 
dry. The essential point is to apply so many pounds per acre each 
of the desired constituents of fertility, and to apply them in the most 
effective ratio to each other. It will have been observed that the ratio 
used in our experiments as the standard on Plot 11 is a very different 
one from that found in the average mixed fertilizers on the market; 
the fertilizer used on Plot 11 containing about seve:ra. per cent. each of 
ammonia and phosphorit) acid and twelve per cent. of potash. It is 
quite possible that the proportion of potash is too large; but as to the 
ration between the. ammonia and phosphoric acid, it is observed that 
Plot 12, on which ammonia is used in still greater proportion than on 
Plot 11, generally gives a slightly larger return. 

Two points, however, should be considered here; one is that these 
fertilizers have not yet been used in a systematic rotation with clover for 
a sufficient length of time to determine the effect of the clover, and the 

·other that they ·have not been used in connection with barnyard manure. 
Barnyard manure is relatively poor in phosphoric acid, and it may be 
that a relatively large use of phosphoric acid, for a time at least, may be 
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found advantageous, where manure is regularly used in rotation with 
fertilizers. 

'1'he fact is that farmers generally use fertilizers in which phOBphorio 
acid is the dominant constituent, either because such fertilizers have 
given them the best return in proportion to cost, or because they are un· 
willing to pay the price asked for fertilizers high in ammonia. Consider
ing the price at which ammoniates may now be purchased, it would seem 
wise for farmers to experiment along the line of increased proportion of 
ammonia. 

Table XXXVI is given as a suggestion to those who wish to try home 
mixing. 

TABLE XXXVI-ll'oRllnn JE FOR HoME Mrxnm OF FERTILIZERS. 

Fm·111ula lio. 1. 

E9sen-tial constituents. 

-

I 
' 

Materia). :Quality. Cost. Phosphoric acid. 

,Am~onia.. Potash. 
Ava.ila bl(•. Insolublt>. 

· P01mds. Pou"ds. Pountb. l'OtJiTuls. Pounrls. 
Tankage (7 and 30) ......... 9ii0 $9.1'i0 66 7S 51 0 
Acid p.bosphate ............... 960 6.65 0 133 9 0 
)(uria.te of potash ............ 100 2.50 0 0 0 50 

-- -----------
Tot&l-...•.•.•••••••.••.... 2,000 $tS.65 66 209 63 50 

Percentage .............. , ............ .......... 3} 10l 
_j_, 

3 2l 

Fwm:ula No. 2. 
-

Tanliage (9 and 20) ........ 950 $9.50 85 50 35 0 
Ao'.d pbosphate .............. it 50 6.65 0 133 9 0 
Muriate of pot86h ............ 100 2.50 0 0 0 50 

----------------
Total .........•••••••.•.•••. 2,000 $18.65 85 183 44 50 

Percentege ............... ............. ........... 4! 9 2! 2! 

lt:ormula No. 3. 

Nitrate of soda .............. 100 $2 .... 00 20 0 0 0 
Tankage (7 and 30) ....... 750 7.~ 52 60 41 0 
Acid phosphate ............... 1,050 7. 0 142 9 0 
Mutiate of potash ............ 100 2:50 0 0 0 ·50 -- $19:86 ----------

Total ....................... 2,000 72 202 oo 50 

PeJCt~ge •••••• ••••••• ............ ............ 31 10 2j 2j 
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Formula No. 4. 

Tankage (9 and 20) .•••••••. 950 $9.50 85 . 50 35 0 
Di,solored bon" black_ ...... 9oo 8.55 0 152 9 0 
.lluriate of potash ............ 100 250 0 0 0 50 

---------------· 
Total ....................... 2,000 $21.05 85 202 44 50 

Percentage .............. ············ ............ 4l 10 2! 21 

Formula No. 5. 

Nitrate of Pod& ............... 400 $10.00 80 0 0 0 
Tankage (9 and 20) ......... 500 5.00 45 30 15 0 
Dis•olored bone btack- ...... 900 810 0 144 9 6 
Muriate of potash ............ 200 5.00 0 0 0 100 

---------------
Total-·- ................ 2,000 $28.10 125 174 24 100 

Percentage ............... ············ ........... 6l 8! ll 5 

Formulre 1 and 2 are suggestions for the mixing of either seven and 
thirty or nine and twenty tankage in equal quantities with acid phos
phate. For Spring use we should expect better results from a fertilizer in 
which part of the nitrogen was c!n'ried in nitrate of soda, and formula No. 
3 is suggested to cover this point. For those who prefer to use bone 
instead of Carolina rock as the carrier of phosphoric acid, we suggest 
formula No.4, and for a quick acting, powerful fertilizer for potatoes or 
vegetables, something similar to No.5. 

A fertilizer made after either of the first four formulre, would be rated 
at about $30 per ton in the Ohio market, and one following formula No. 
5 at not less than $40. 

No estimate has been made of the cost of mixing these formulm. In 
most cases the materials can be purchased in quantity at enough below 
the estim<J.tes to more tha.n cover the cost of mixing. 

Table XXXVI is given simply as a suggestion in home mixing. Of 
course the proportions of the different constituents may be varied at will, 
and other materials than those named may be substituted. 

One of the chief advantages of home mixing h,as not yet been men· 
tioned, and that is that the farmer who purchases the original materials 
and does his own mixing may know just what he is getting, whereas, if 
he buys only the ready m.b::ed goods he cannot know what has gone into 
their'composition. 

This point ii illustrated in & recent issue of a journal devoted exclu
sively to the interest of the fertilizer trade, by a. writer who is presumably 
thoroughly informed respecting that trade, and who says, in speaking of 
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the laws which have been enacted in various states for the prevention of. 
fraudulent adulterations of commercial fertilizers: "It is well understood 
that they utterly fail of thtir purpose." 

In another place in the Eame article this writer, referring to the well 
known fact that ground leather shows under chemical analyEis a high 
percentage of nitrogen, which, however, is so completely insoluble in the 
soil that that material has practically no value as, a fertiliz<Or, says: 

"One ton of actual ammonia as nitrate of soda or dried blood will cost $225; the 
same quantity of ammonia as fi>Xtracted leather will cost less than $90. The former is 
of the highest agricultural value, the latter almost valueless.'' 

Further on, the same journal editorially prophesies that" There will 
be mora shoe leather used in Ohio in 1896 than ever before," the mean
ing being that there will be a general adulteration of 1ertilizers sold in 
Ohio because of the recent reduction in valuations by the Secretary of 
the Ohio State Board of Agriculture, in his official report on analyses of 
fertilizers for 1895. 

These quotations are made as coming from those best informed re
specting the fertilizer trade, and are here published as a part of the duty 
of thi~ Station to the farmers of Ohio. 

It should be understood that the journal referred to strongly con
demns these illicit practices, and it should be also understood that the 
quotations given are not made for the purpose of condemning all en
gaged in the fertilizer trade, for we know that many of the persons so 
engaged are thoroughly honest; but with fertilizers as with Joods and 
drugs, the opportunities for fraud are greatly enhanced when they are 
made of various constituents and sold under proprietary names. 

WHAT MAY BE SAVED BY HOlliE MIXING. 

In Table XXXVII are given the official analyees and selling prices of 
the twenty-five brands of fertilizers previously referred to, t<gether with 
an estimate of the necessary cost of mattriahl, on the basis ot the cur
rent retail prices of tankage, acid phosphate and muriate of potash, 
freight pai:d to Ohio points. In these estimates available phoFphoric acid 
is rated at five cents per pound, potash at five cents and ammonia at ten 
cents. No allowance is made for insoluble phesphoric acid, as it has 
already been shown that thfse prices for available phosphoric acid and 
ammonra considerably more than cover the necessary cost of these mate
rials in tankage, insoluble acid included. 
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TABLE XXXVII-ANALYSES AND PRICES OF CoMMERCIAL F~BTI-LIZERB. 

F~rtilizing constituents. 

Cost of 

..: Phosphoric acid • ~lling price materials .. 
Ammonia. Potash . 

per ton. per ton • 
..0 
13 
= Available. Insoluble. z 

Fer cent. Per cent Per cen!. Per ce.,t. 
1 ............ 3.80 11.83 1.711 0.21 $28.00 $19.64 
2 ............ 4.16 1177 1.92 0.40 29.00 20.47 
3 ............ 235 11.!\8 2.49 ............... 2350 16.28 
4 ............ .................. 14 91 1.40 . .............. 18".60 14.!11 
5 ........... 3.30 9 91 6.31 ......... ~ ..... 25.50 16.61 
6 ............ ................. 14.71 1.118 . .............. 1800 14.71 
7 ............ 265 9.34 1.21 3.17 29.00 17.81 
8 ............ 2.85 10.05 1.59 ................... 24.00 15.75 
9 ............ 270 7.63 1.15 148 24.00 14.51 

10 ............ 1.40 10.80 0.84 ............... 2U.OO 13.60 
11. ........... 345 9 OL 7.17 0.24 25 ou 16.15 
12 ........... 3.60 831 3.00 2 z7 27.00 17.78 
13 ........... :t.20 10.119 1.53 2.!!4 27.00 20.33 
14 ... ., ...... 1.20 8.77 2.R7 J.RO 24.00 12.97 
15 ............ 0.60 13 89 274 OOti 2~.00 15.15 
16 ............ ................ 1388 1.02 2.f>9 26.110 1o 47 
17 ............ ................. 1420 1.53 . ............. 25.00 1420 
18 ........... 3.67 10.31 274 2:-20 . 3500 19.85 
19 ............ 2 15 845 3.19 2.10 25.00 14.85 
20 ............ 545 8'31 230 4 H) 33.00 2-1.01 
21. ........... 2nO 9.89 1.30 4.68 33.00 '19.57 
22 ............ 3.30 11.25 1.40 2 20 2S:OU 20.05 
23 ............ 3.30 10.17 l.M 0 61 3000 17.38 
24 ........... 1.50 8.62 1.53 0 61 25.00 12.23 
25 ............ 2.80 8.25 5.44 ............. 25.00 13.85 

---- ---- --- -----------
Average. 2.40 10.67 2.36 1.29 $26.06 $16.76 

It will be observed that there is a wide margin between the selling 
price of these brands of fertilizers and the first c:Jst of the materials of 
which they are composed, but it does not necessarily follow that the 
ordinary fertiliz"lr dealer is making an exorbitant profit. As this busi
ness is now conducted, the materials are produced or manufactured by a 
few large establishments, from which they are purchased by firms which 
mix them together and sell them under various brands. These firms are 
chiefly located in cities where rents are high; there 1\re various officers, 
clerks and assistants whose salaries and wages must be paid; they empioy 
traveling agents who must have salaries and traveling expenses, and 
local agents who must have commissions, and they are required to pay 
to the State an annual license fee of $20 on each brand of fertilizer 
off~red for sale in the State, so that it will be readily seen that the legiti
mate expenses of the trade, as that trade is now conducted, are. very great, 
and these expenses must all be paid by the farmer. 
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The point which is of interest is l!bat no farmer needs to pay any 
part of these incidental expenses, unless he chooses to do so. 

THE SO-CALLED "NATURAL PLXNT FOOD" A SOFT 
PHOSPHATE. 

BY AUGUSTINE D. SELBY. 

A highly praised and much advertised fertilizer is offered to the 
public with nume!ous testimonials as t() its worth. This is sold under 
the name of '·Natural Plant Food," and with the claim that the fertiliz
ing constituents are "all available to plants in the soil." Chemical ex
amination shows that, of the total phosphoric acid in the fertilizer, one 
to two per cent. only is soluble in the test solution, and therefore only 
that small portion can be regarded as immediately available to plants. 
In view of the claims made and of the true nature of the substance sold, 
which is in no way comparable with superphosphate or acid phosphate 
containing thirteen to fourteen per cent. of available phosphoric acid, 
it has appeared proper to issue a note of warning. This was done m our 
Newspaper Bulletin, No. 166, and fuller data are here added. 

Those who may wish to purchase "Natural Plant Food" should do 
so with full knowledge of its real character, na:mely, that it is a Florida 
soft phosphate without acid treatment. It is a matter for each one to 
decide, whether he will pay $17 per ton at the seaboal'd for this goods 
under a misleading name, or secure it at such points in its true character 
for about $7 per ton. It is sold in car load lots, f. o. b. cars, at Florida 
points at $5 per ton for goods guaranteed to contain sixty per cent. bone 
phosphate, equivalent to 28 per cent. total phosph()ric ~cid. 

The claims made for "Nat ural Plant Food" are: 
1. With respect to comp()sition and availability of fertilizing con

stituents. 
2. With respect to its superior effect upon germination. 
These are in part vouched for in th-e following language: 

"Farmers must now abandon the theories laid down for them by those in charge of 
chemical laboratories, when those theories come into direct conflict with a common 
sense view of practical results, from actual field test~, that have been made both by 
scientific and practical Farmera, in order to determine for themselves, which is the very 
best fertilizer tJn the market in every respect. 
. "With this end in view we have been sending out hundreds of samples of our 
Natural Plant Food every day, to farmers in every part of the world and particularly 

·to those in our own country, with the request that they make a perfectly fair test of the 
.Natural Plant Food in colijpetition with any other fertilizer they choose, and upon any 
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kind of crop they wish, and then to make a report to us, of the results they obtained. 
Thousands of these reports have been sent to us. 

".And what is indeed the most wonderful thing ever heard of, The Natural Plant 
Food came out ahead in every case both in the number of seeds that have germinated and 
in the vigorous and rapid growth of the crops. 

'l'hese tests have been made with the Nat ural Plant Food in the most exacting com
petition with every known grade of fertilizers, including the very highest priced brands 
that can be obtained, and yet the Natural Plant Food leads them all as a Quick Germi
nator and a Vigorous C1·op Forcer. In fact, its success as a powerful germinator is simply 
m:.rvelous, perfectly ineomprehensible, as the old line fertilizer men say. 

"Every intelligent farmer knows that fertilizer is the best which can soonest start 
the seed to growing and cause the largest number of seeds to sprout and grow, out of the 
whole number planted. This, the Natural Plant Food has done in every case. The 
Natural Plant Food makes more seed grow, out of the whole number planted, than any 
other fertilizer on earth. It makes these seeds come up much earlier and faster, grow 
more vigorously, withstand a. drouth much longer and finally produce a much better 
crop than any other grade of fertilizer yet known, as has been fully demonstrated and 
proven beyond all manner of doubt by the tens of thousands of witnesses, to its marve
lous germinating and forcing powers. This all goes to show that a Natural fertiliaer is 
of vastly more benefit to the soil than an artificial imitation; for, after all, a Chemical 
or .Artificial fertilizer is simply an attempt in an artificial manner, to supply the crops 
with a. chemical mixture which is simply an imitation of a first class Natu~al fertilizer; 
surely the .Almighty is a better chemist than the human race ha.S yet produced and better 
knows the neEds of all growing things.'' 

COMPOSITION OF SOFT PHOSPHA,TE AND A V AIL~BILITY OF ITS PHOSPHORIC 

ACID. 

'IADLE XXXVIII-Snown;G CoXl'OSITION o.r SoFT PHO!:!PHA7E AND oF FLOATS. 

I 
Compos~tiou claimed. I Composition found. 

--·· Selling tEsti'e 
Sample. Phosphoric acid. Phosphoric acid. price value 

d 

''Potash. Potash. per ton. per ton. 

I A. ""il' !e. 
•• 

Total. Total. A.vail'le. 

--- --·- ----- ---
Per cent. Per cent. Percent. I'er cent. Per cent. Per cenl. 

No. 1 ........... 1.00 21.60 "A.ll" ? 26.74 1.24 $20.00 +$11.44 
No. 2 ........... 1.00 21.60 "All" ? 15.92 1.92 2000 t7.52 
No. a ........... ? 29.94 ? 0 29 94 200 12.00 13.18 
No. 4 ............ ........ ~···r-···· ...... ··········· 0 16.54 0.32 ············ 670 
No. 5 ............ . ....................... 0 28.73 2.26 . ........... 13.05 
No. 6 ............ ............ ........... 0 16.22 0.19 . .......... 691 

• From Glauconite. t These valuations do not include pota•h. tV" I nations as 
per Ohio Fertilizer Report, 1895; 5 cents and 2 cents per pound. ** P,icts w:th freight 
added. 

No.1. Sent out by Natural Plant Food Co., to an applicant; ana· 
lyzed by the Ohio Experiment Station. 

No.2. Taken in the open market Sept. 19, 1895, at Lore City, 0., 
No. 322 of Fertilizer Report, Ohio State Board of Agriculture, 1895,: 
Official analysis. 
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No. 3. Average composition of 148 samples, Florida Soft White 
Phosphate-Wyatt's Phosphates of America, p. 77. 

No. 4. ''Florida Phosphate reduced to a fine powder similar to 
floats " Analysis from Bulletin 48, Ala. Exp. Sta., 1893, p. 6. 

No.5. "Floats" (South Carolina). Analysis also from Alabama 
Station, Bulletin 48. 

No. 6. Florida Soft Phoiiphate. Analysis from Bulletin 26, Georgia 
Experiment Station, 1894, p. 168. 

"The Natural Plant Food has been analyzed by the U.S. Government and almost 
every State Chemist in this country, and by many noted chemists bJth in America and 
in foreign countries; sometimes, however, under the name of its base, Soft Phosphate." 
[From circular, Form 302, of Natl!lral Plant Food Co.] 

The identity of thi3 socalled natural plant food or" its base," and the 
Florida, or possibly the Tennessee soft phosphates, r;:eems well shown 
from the preceding table and statements; since the opinions of others will 
come later, further comment here is n~t needed. 

Careful field tetJts have not been made in the North to determine the 
comparative value of the soft phosphate as a crop producer. This fertilizer 
has been tried to some extent at the Georgia Experiment S·ation for two 
years.* The \lonclusions reached from results upon cowpeas may be 
stated by quoting one sentence: . ":r'here is not a sufficient differ~nce in 
price between the two forma of phosphate to rend,Jr Soft Phm:ph~te at 
pre"ent an active competitor to Acid Phosphate, unless the a;:;certained 
results were more emphatic in its favor." 

Since the compoeition of Soft Phosphate is not diirerent from finely 
ground phosphate ruck or "floats," the results obtained. with this ground 
raw rock phosphate may be taken as offer:ng a fu~·ther comp:.trison. It is 
observed that the ground phosphate rock and soft phosphates are con
sidered of the same tJssential character, and have about the same com
mercial values in proportioa to the amount of total phosphoric acid con
tained in them. The unground Ca.rolina rock phosphate is now quoted 
at $2.75 to $3.50 per ton, f. o. b. Charleston, evidently for goods with 
about 28.5 per cent. of total phosphoric e.cid (fifty-nine per cent. of bone 
phosphate); adding the cost of fine grinding, $1.50 to $2.00 per ton, we 
have $5.00 to $5.50 :>s the c.omme:::ci.:tl :ating of these goods. In general it 
may be stated that results obtained hy the use of these ground raw phos
phate rocks give them a comparative fertilizing value quite close to their 
commercial quotations or ratings, as compared with acidulated goods. 

It should be said, with reepect to the estimated values given in the 
foregoing table (p. 182), that these include freight for points in Ohio; 

•see Bulletin 26, Georgia Experiment Station, 1895, pp. 165-170. 
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this added freight cost will be about $.5.00 per ton from Cbarl€ston, an 
amount to be counted in conmct-ion with the quotations before made. It 
is not very clear that the official State valuation of insoluble phosphoric 
acid at two cents ppr pound is equitable here; the weight of opinion 
would possibly demand a still lower price than two cents per pound in 
these goods, which would affect the estimates accordin_gly. 

The glauconite referred to as the source of the potash said to be con
tained in the'' Nat ural Plant Food" in our hands, is also a natural product, 
and used for that reas<m, probably, among other equally cogent ones. It 
is the "green sand" of New Jersey, and contains about one and one-half 
times as much potash as granite rock (about eight per cent. for glauconite 
compared with 5.11 per cent. for granite), and there is no evidence at 
hand that the potash is more available or soluble in the- one than th9 
other. 

II. EFFECT OF SOFT PHOSPHATES UPON SEED GERMINATIONS WITH WHEAT. 

The above quoted claims for this material, as a seed germinator, are 
supplemented in the advertiserlients by directions "How to Make a Trial 
Test with Seeds." The directions are to sow rows of wheat or other 
grains, two feet long, with one tablespoonful of the fertilizer to a row, 
placed in the bottom of the furrow, the wheat to be placed directly upon 
it. One hundred seeds are recommended to be sown to each row of two 
feet in length. With slight modifications as to number of kernels these 
directions were followed in two sets of trials in the Botanist's greenhouse; 
samples of soft phosphate (No.2 of the table), no fertilizer, acid Carolina 
phosphate, Basic or Thomas slag, and dissolved bone black in adjacent 
rows, were compared with each other, using wheat as the test grain. 

Following are the results of the seconu trial~ 



TABLE XXXIX-SHOWING GERMINATION OF WHEAT SowN WITH DrFFERENT FER'l'ILTZER8. 

----- - ------ -- - ---. 
Number of grains germinated at end of- Per cent. oi total .. germinations. 

0 .. - Fertilizer. 0 .. 
Qj 

,J;J. 
5th day. 6th day. 7th day. 8th dny. 9th day. lOth day. 11th day. 14th day. 7th day. 9th day. 13 

:::1 z -- --
tl Nothing .................................... 00 18 150 2i)Q 321 4'5 480 630 238 52.1 
t2 B:1sic slsg .. : ................................ 00 66 16'\ 310 463 525 559 6~9 26.2 736 
3 Natural plant food ...................... 00 137 2i·'> 500 564 589 5~6 627 43 9 90.0 
4 Nothing .................................... 30 268 475 510 5t8 t82 587 618 769 88.-7 
5 Acid phosphato> ......................... 00 63 160 * 283 36-1 415 619 30.8 545 

t6 Dhsolved bone black .................. 00 189 216 * 438 500 563 574 37.6 763 
7 ' Nothing .................................... 00 163 35~ * ~ 540 053 678 624 57 5 865 
8 Natural plant food ..................... 00 215 416 * 56!} 590 627 . 643 64.7 88.5 

Averages: 

4 &7 Nothing .................................... 15 216 417 • 544 568 583 621 67.2 ......... ··~·· 
3 &8 Natural plant food .................... 00 176 346 • 567 590 6i2 635 54.5 ······-······ 

tRows 1, 2 and 6 showed spots of delayed germination. For this reason Row 1, is not counted in averaging results of "nothing" rows. 
• Not counted eighth day. 
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In the first similar trial, the soil was very unequally watered at the 
start, not having been in use immediately before the sowing; three rows 
adjacent gave: 

I I Row3, Row4, I Row5, 
N. P. Food. .N·Jthing • Basic slag . 

------
6th day ....... 90 102 125 Germinations out of 250 seeds. 
7th " 195 206 216 " " 

,, ........ 
8th " 230 230 230 " " " ········ 9th " 244 231 238 " " " ········ I i ---- ·-

From the table it will be seen that tho claim made for soft phosphate 
as a quick g~nuinator is rather ra6h, and that as o. matter of fact it is 
inferior to the greenhouse soil witho~1t fc:::tilizer. 

The soft phosphate evidently retarded germination slightly while 
some of the other fertilizers used showed a more marked retarding effect 
upon seed germination compared with germination of seed in unfertilized 
rows. There is a suggestion of possible value in these results. 

Commissioner Nesbitt of the Georgia State Department of Agricul
ture bas issued an edict against the sale of soft phosphates in Georgia as 
"Natural Plant Food." The following extract is from a letter by him to 
the farmers of the State, printed in the Sav~znnah News and reprinted in 
the Oil, Paint and Drug Reporter,'from which it is taken: 

" There is a material now being sold in Georgia which is attracting considerable 
attention on account of the e:o.tton~ive advertising which has been given it and the broad 
claims which have been made. This material is the soft phosphate of Florida. These 
pho~phates contain only two or three per Cf nt. of available phosphoric acid, and in no wa.y 
represent the acid phosphates of the market, which contain from thirteen to fourteen per 
cent. of available phosphoric acid. Thi~ material has not been tried sufficiently to 
demonstrate whether it is in any way superior to ordinary floats. 

"These phosphates contain from fifteen per cent. to twenty-seven per cent. of total pho~t
phoric acid. They usually, however, run about tw<-nty per cent. Thi~, ite promoters claim, 
can all be secured by the plant the first season. The evidence thus far has not been of 
a conclusive nature. The claim certainly appears an unwarranted one, as positi"fe proof 
is wanting. Acid phosphates of the market usually contain from fourteen to eighteen 
~er cent. of total phosphoric acid, of which from thirteen to sixteen per cent. is available, 
and the soft phosphates only about twenty per cent. of total phosphoric acid, with about 
two and one-half per cent. available. The law of Georgia recognizes, as commercial 
p(ant food, available phosphoric acid, and does not se recognize insoluble phosphoric 
acid. If the farmers of the State desire to try the soft phosphates on their lands the 
depaPtment of agriculture wishes them to .do so with their eyAs wide open, and on this 
11ccount has forbidden the sale of this material under a name which indicates that it is 
of the s-ame character as (acid) phosphate, which it most certainly is not. It more 
closely approaches in character a finely ground phosphate rock. We have permitted 
the sale of these seft ph•)sphates under their corrfct name as 'soft phosphate' just as we 
would any crude fertil-izing material. There has been a !Krong etfor' made by sneral 
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parties to secure permission to sell this material, mixed with potash and ammonia, as a 
complete fertilizer. The sale of such a mi:x;ture has always been forbidden, if it con
tained less than ten per cent. of plant food, as clearly a violation of the State laws. Any 
material which wi'll furnish plant food to our farmers cheaply will be welcome to us, 
but many cannot afiord to use such unproven materials and wiK not use them if they 
are aware of their unproven character; hence we have ruled and insisted that soft plt.os
pha.tes must be sold as' soft phosphates' and not masquerade as something else." 

It has appeared tlaat the farmers of Ohio, am<mg whom soft phos
phate is now masquerading a:s something else, are entitled to the informa
tion in possession of the Experiment Station upon this subject. This 
information is accordingly given as a matter of duty. 

SUMMARY. 

The experiments herein reported, which have now extended over 
eight seasons on two separate tracts of land, and over two seasons on two 
other tracts, all widely diverse in locatciqn and cltaracter of soil, indicate 
that the highest efficiency of a fertilizer for cereal crops or potatoes is only 
attained when it contains all three of the chief constituents of fertility, 
nitrogen as well as phosphoric acid and potash. 

In the absence of clover or other !eg.uminons crops, the maximl'lm 
increa<e has been produced when the qaanUty of nitrogen applied was 
equal to or greater 1lban that of phosphoric acid. 

The work bas not yet gone far enough to give definite information 
concerning the eflect at C<lover or other leguminous crops in the rotation, 
but at the present stage of the work it seems doubtful whether clover can 
be relied upon to furnish suffieient nitrogen for maximum crops, grown 
in rotations of five years or more. 

It appears that corn, and possibly potatoes, have a far greater capacity 
for obtaining plant Jood than wheat or oats, the statistics of crop produc
tion showing that an average crop of corn may obtain nearly twice as 
large a total quantity of nitrogen, phosphoric acid and potash as an aver
age crop of wheat or oats, grown under the same conditions of soil and 
climate. 

'Vhere the cereal crops have been grown in continuous culture for 
seven or eight years in succession, the total recovery of plant food, applied • 
in chemical fertilizers, by the crops to which they were applied, has been 
about one-third the nitrogen and one-eighth the phosphoric acid and 
potash. Where they have been grown in rotation with clover, fifty per 
cent. more nitrogen was recovered in the increase than was applied in the 
fertilizer, but only one-sixth as much phosphoric acid and half as much 
potash.· 
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The immediate increase from barnyard manure has been much 
smaller in proportion to its chemical constituente, than from tht chemical 
fertilizers used in these tests; but the residual etlect of manure is shown 
to be much greater than that from ceemicals. 

Nitrate of soda has been the most dfective carrier of nitrogen in these 
experiments, with sulphate of ammonia, dried blood and linseed oil meal 
but little inferior. Of the various carriers of phosphoric acid, dissolved 
bone black, acid phosphate and bat>ic slag seem to produce practically 
equal results, pound for pound of phosphoric acid contained. 

It is shown that persons may save from thi-rty to fifty per cent. of the 
cost of their fertilizers by purchasiug the materials and mixing them 
(when mixing is neceEsary) at home. 

A so called "Nat ural Plant Food" is shown to be a crude rock phos
phate. 

With fertilizers rated at the prices which Ohio farmers have been 
paying for them, and with the increase valued at the a:verage market 
pricEs of recent years, the cost of the fertilizer bas never been recovend in 
tbe direct increase, when used on cereal crops, except ·in a few :.nstanc~s 
which have not been repeated in subsequent crope. 

·when the cereals have been grown in rotation with clover, there has 
been a larger increase, from one-third to one-half the total recovery of 
plant food being found in the hay crops, and when fertilizers have been 
used on potatoes there has been a good profit, with ordinary yields and 
average _prices of potatoes. 
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