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FERTILIZERS ON CEREAL CROPS GROWN 
IN ROTATION. 

BY CB:AS. E. THORNE. 

The Ohio Experiment Station is now conducting experiments 
in the use of fertilizers and manure on various farm crops at four 
different points in the state, namely: at the main Station at Wooster, 
Wayne county; at the Northeastern Test-farm at Strongsville, 
Cuyahoga county; at the Southwestern Test-farm at Germantown, 
Montgomery county, and at the Southeastern Test-farm at Car
penter, Meigs county. 

The soil of the farm at Wooster is a somewhat sandy clay loam, 
lying upon one of the upper sandstones of the Waverly series, from 
which it is largely derived, though somewhat modified by glacial 
drift. That at Strongsville is a cold, heavy clay, lying upon an 
argillaceous shale of the same Waverly series, but also modified by 
the drift. These soils are both relatively deficient in lime, as are 
most of the soils on this formation. 

The soil at Germantown is a clay loam, of the character gener
ally found on the uplands of the Miami valley. It lies upon a deep 
bed of drift material, consisting chiefly of detritus from limestone 
rocks. That at Carpenter is quite similar in texture to the German
town soil, but it has been derived from the breaking down of a 
sandstone belonging to the coal measures. 

The Wooster and Germantown farms had been used chiefly in 
grain production for many years before the experiments were begun, 
with but little attention to fertilizing or manuring. That at Strongs
ville had lain in pasture for 20 to 25 years, and that at Carpenter 
had been the part of a large stock farm on which grain was grown 
for stock pastured on the remainder of the farm, and which had 
received considerable manure. 
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The experiments were begun at Wooster in 1894, at Strongs
ville in 1895, and at Germantown and Carpenter in 1904. We have, 
therefore, the results of 12 years' work at Wooster, of 11 years' at 
Strongsville, and of two years' at the other two test-farms. 

Each of these farms was selected because it contained certain 
areas of land more than ordinarily uniform in character, and these 
areas have been devoted to this work. They have all been under
drained with tile drains, laid 36 feet apart, and every fertilized or 
manured plot lies between two untreated check plots, with which it 
is compared. 

At Wooster and Strongsville the corn crop is followed by oats, 
wheat, clover and timothy, grown in a 5-year rotation. The corn is 
thus planted on timothy sod. At the southern test-farms corn is 
followed by wheat and clover, grown in a 3-year rotation, so that 
the corn will be grown on clover sod after the first rotation is 
completed. The two crops of corn herewith reported have heen 
grown on stubble land or timothy sod. The rotations are all so 
arranged that each crop is grown every season. 

On one plot in these experiments phosphorus, carried in acid 
phosphate, is the only fertilizing material used, being applied at the 
rates of 80 pounds per acre at Wooster and Strongsville and of 120 
pounds at the southern test-farms. In the 5-year rotation the oats 
crop receives 80 pounds of acid phosphate and the wheat, 160 pounds, 
in addition to that given the corn, and in the 3-year rotation the 
wheat receives 120 pounds, thus making a total of 320 pounds given 
.every .5 years in the longer rotation and of 240 pounds every 3 years 
1n the shorter one, the clover and timothy crops receiving no direct 
fertilizing. 

On another plot potassium, carried in the chloride (muriate of 
potash) is added to the acid phosphate, at the rate of 80 pounds 
each on corn and oats and 100 pounds on wheat, a total of 260 pounds 
in the longer rotation, and of 20 pounds each on corn and wheat, or 
a total of 40 pounds per rotation, in the shorter one. 

On a third plot nitrogen, as carried in sodium nitrate, (nitrate 
of soda) is substituted for the potassium, being used at the rate of 
160 pounds on each of the 3 cereal crops, or 480 pounds per rota
tion, in the longer rotation, and at the rate of 80 pounds each for 
corn and wheat, in the shorter one. 

On a fourth plot the three fertilizing materials are combined, 
being used in every case at the rates above given. The fertilizers 
are applied in all cases with the ordinary grain fertilizer drill, and 
are distributed over the entire surface of the ground, never in the 
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hill or drill. The fertilizing is done immediately before planti~g the 
grain, except in the case of wheat. This crop receives its full 
allowance of phosphorus and potassium in the fall, together with 
about one fourth its nitrogen ration, given in dried blood or tankage, 
the remainder of the nitrogen being given in April in nitrate of soda. 

!:'ertilizing 
Station 

P.!ement. 

P -osphorus I Wonster I 
Strong-~ ville 

alone Germanto\\n 
Carpenter 

I Wooster I Phosphorus Strone-sville 
an~ Germantown 

potass1um <.:arpenter 

P h I Wooster I hosp oru~ Strongsville 
nit:C,~,.~n Germantown 

e Carpenter 

!?hosphorus, I Wooster I potaqsium Strongsville 
and Germanto\\11 

nitrogen Carpenter 

TABLE !-RESULTS l.<'OR THE CORN CROP. 

Fertilizers per acre Increase or decrease (-)of corn per acre 

Acid l P~>tas-l Sodium I phos- s1um . 
phate chloride rutrate co,t 

First period r Seco, d period 

Grain j Stover I Value Grain I Stover\ Value 

L~o·l L~:.s··: ·1 L~~··1 $0.60 ~9~ 1 Lb3.1 $1 591 ~~oo 11~3·1 $4 32 
so .. 0.60 3.98 17 1 63 13:.·9:4· 28:7: 6:'.·.0·1: 120 .. 0.90 7 R8 227 3 49 

1~0 0.90 1.19 -45 0 41 

~~ I ~8 1 .. I u~ I n~ 1-i~ I Uij I i~::~:~: I ~§ I ~ ~~ 120 20 1.40 8.71 683 4.51 
120 20 1.40 2. 73 325 1 57 

1~~ I .. I i~~ I i H II.H I ~~ I H~ I }g:b~ I m I u~ 
-~ I ~ lli I i:fil'!i I m I ii 1-I~-}-:~-+1-b-~~----':-1-g-~-

FERTILIZERS ON CORN. 

In Table I are given the results on the corn crop to date. This 
table shows the quantity and cost of the fertilizing materials applied 
directly to the corn crop at each station and the quantity and value 
of the increase from the fertilizers, estimating corn at 40 cents per 
bushel and stover .(fodder) at $3.00 per ton. For the Wooster and 
Strongsville stations this increase is computed for two periods: the 
:first period including the 5 years of the :first rotation, and the second 
period covering the years since this :first period. During this later 
period the corn bas been grown o.o. land that has had :five ye. : ... : 
treatment under the plan of the experiment, this second perio 
including 7 corn crops at Wooster and 6 at Strongsville. It will be 
observed that the increase from the fertilizers has in every case been 
very much greater during the second period than during the :first. 

The upper section of Table I shows that the increase from 
phosphorus alone, applied in acid phosphate at the rate of 80 pounds · 
of this carrier per acre, has produced sufficient increase of corn to 
repay the cost of the fertilizer from two to three times over, except • 
at Carpenter. 

When potassium has been added to the phosphorus the increase, 
as shown by the second section of the tabl-e, has repair~ the cost of 
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the fertilizer in every case except during the first period at Strongs· 
ville. At Wooster the increase from the combination of phosphorus 
and potassium has been proportionally greater than that from 
phosphorus alone during both periods, but at Strongsville potassium 
seems to have added nothing to the effectiveness of the fertilizer 
for corn in either period, the increase f com phosphorus and potas
sium being smaller than that from phosphorus alone. 

When nitrogen has been substituted for potassium the increase, 
as shown in the third section of the table, has not been sufficient to 
cover the greatly increased cost of the fertilizer during the first 
period, except at Germantown, where the quantity of nitrogen added 
has been only half as great as that at Wooster and Strongsville. 
During the second period the cost of the fertilizer has been recovered 
with profit, but it appears again that the increase at Strongsville is 
no greater than that from phosphorus alone. 

When the three fertilizing elements have been combined the 
increase, as shown in the last section of th<- table, has only covered 
the cost of the fertilizer at Germantown for the first period, and 
only at Wooster for the second; the increase at Strongsville being 
again practica1ly no greater than that from phosphorus alone. 

'l'aking the results as a whole and considering the corn crop 
only, it appears that acid phosphate has been used with profit in 
every case except at Carpenter, and it is quite possible that the 
apparent failure to produce a profitable increase at Carpenter has 
been due to the inequalities in the plots, and not to lack of need for 
phosphorus, as the one wheat crop harvested at this station has 
shown a large increase on the plot receiving phosphorus alone. 

The corn, grown on old timothy sods or stubble land at Wooster 
and Germantown, has also given at once a profitable increase from 
the combination of phosphorus and potassium; but the addition of 
nitrogen to this combination has not produced a profitable increase 
during the first rotation in any case. During the second period of 
the test the addition of nitrogen has considerably increased the 
total yield at Wooster, but the greater cost of the fertilizer has left 
a smaller net return than where the nitrogen was omitted. Neither 
nitrogen nor potash has increased the yield of corn on the old 
pasture land at Strongsville during either period of the test. 

FERTILIZERS ON OATS. 

As has been stated above, the corn crop is followed by oats at 
Wooster and Strongsville, the oats being separately fertilized. The 
results for this crop are shown in Table II, oats being valued at 30 
cents per bushel and straw at $2.00 per ton. 
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TABLE II-RESULTS ON THE OATS CROP. 

~-I 
Fertilizers per acre Increase per acre 

Statton 
elements .Acid l P~tas-1 Sodi ml First period I Second period 

phos- "'urn . u Cost Grain J Stover J Value Grain 1 J Stover I Value phate chloride mtrate 

I I Lbs. I L~~·~ Lbs.l $ I Bus., Lbs., $ Bus., Lbs., $ 
Phosphorus Wooster 80 .. 0 60 5 34 83 1.68 10.44 412 3.54 

alone Strongsville SO .. 0 60 10.07 365 il 38 11 04 409 3.72 

Phosphorus I Wooster I 80 I ~I I 2.60 !18.~ I 277 I 2.34 14.70 I 623 I 5.03 
pot;~~m Strongsville 80 2.60 395 3.69 10.4.4 497 3 63 

Phosphorus I Wooster I 80 I .. I 160 I 4 60 I 8.26 I ~ l 278 19.621 789 I 6.67 
• and Stron~rsville 80 160 4.60 13.43 4.49 16.37 597 5.51 n1trogen 

Phosphorus, I Wooster I 80 I 80 I 160 I 6.60 
1 12 92 I 609 I 4.48 22 861:1.015 l 7.87 

pot":ss. and Strongsville 80 80 160 6.60 12.72 545 4.36 16.86 684 5.74 nttrogen 

This table shows that the oats crop, like the corn, has paid for 
the phosphorus, when used alone, with an ample margin. It has 
also paid for the addition of potassium, except during the first 
p·~riod at Wooster, but the net gain from the combination of phos· 
phorus and potassium, after deducting the cost of the fertilizers, 
has been smaller than that from phosphorus alone, and this is also 
true when nitrogen has been substituted for potassium, although 
this substitution has increased the total yield in a marked degree. 
The largest total yield has come from the complete fertilizer, but 
the additional cost of the fertilizer has lowered the net gain at 
Wooster and wiped it out at Strongsville. 

FERTILIZERS ON WHEAT. 

In the lona_· rotation at Wooster and Strongsville the wheat 
crop has received 160 pounds of acid phosphate per acre, or as 
much as the combined application to the two preceding crops in the 
rotation. and 100 pounds of potassium chloride, instead or 80 pounds. 
It has received nitrogen equivalent to that carried in 160 pounds of 
sodium nitrate. About one fourth of the nitrogen ration has been 
given in dried blood in the fall, togeth'er with the full ration of 
phosphorus and potassium, the remainder of the nitrogen being 
given in nitrate of soda, sown broadcast over the wheat in April; 
this method being adopted to prevent the waste of nitrogen which 
would probably occur were the whole ration given in nitrate of soda 
in the fall, as this is an easily soluble salt, and much of it would 
probably be leached out of the soil by the winter and early spring 
rains. When applied after the growth has started in the spring it 
is immediate-ly taken up by the plant, producing a marked accelera.· 
tion of growth. In the shorter rotations the wheat receives the 
same quantities of fertilizing materials as the corn, but here also 
'·lJ.e nitrogen is applied to wheat as in the longer' ones. 
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TABLE !II-RESULTS ON THE WHEAT CROP. 

. 

Fertilizing 
Fertilizers per acre Increa"e per acre 

Stathm 
I elements Fir't period Acid I Potas·jsod mm I Secnnd period 

phosa SIUffi • Cost (;ram / Straw / Total I Grain J Straw j Total phate chloride mtrate 

Pho':fnhdrus I st!~~~ille I fl2'~JO~ I .. I ~~0~ I ~2J9~0 I Ull ~ig I H~ I l~:~~ ~!,~~~ I i5 yg 
nitrogen ~~~;.~;~,;n _ 0 12 86 952 11.24 . . . . .. 1 ... 

-~-~-~-~-.~-~~-~-·+l-~!-f_£_;-~t-ii-~-~;-I-112~2-~0-+-I-ig2-gO-i-l-i-i8'go---71-7-~3.-i4'0~0--;l-1-~-i-~ _,1_1-,-~li I u~ I i~:~~ ll:~~~ 1 1~ ~~ 
and mtrogen Carpenter 12 65 924 11.04 . . . . .. 
------~------~---L--~----~--~---L--~----~--~---

Table III shows the results obtained m the wheat crop under 
this plan of fertilizing. This table gives the average increase in 7 
crops of wheat growu at Wooster and in 5 grown at Strongsville, 
and that in one crop each at Germantown and Carpenter. This 
table shows i.hat the wheat crop, valuing wheat at 80 cents per 
bushel and straw at $2.00 per ton, has paid for every fertilizing 
application and at every station, with a large margin in every case 
except where the complete fertilizer is used at Strongsville. Here, 
during the first period, the margin was small. At Wooster, however, 
the complete fertilizer has produced not only a larger total increase 
but a larger net gain as well, during both periods of the test, than 
any partial application. It is evident, moreover, that at both Woos~ 
ter and Strongsville nitrogen has been the most effective elemer.t 
in increasing the yield of wheat, next to phos'phorus, but at Strongs
ville the additional increase from nitrogen has thus far been so 
small that its use can hardly be justified. With wheat, as with 
corn and oats, it appears that phosphorus is the only fertilizing 
element that has been used with profit at this test-±arm. 

At both the southern test-farms the wheat apparently shows a 
marked increase from the addition of eith~r potassium or nitrogen 
to the phosphorus, but the work has not gone far enough at these 
statiofls to justify definite conclusions. 

RESIDUAL EFFECT OF FERTILIZERS 0~ GRASS CROPS AND 
TOTAL EFFECT ON ENTIRE ROT AT ION. 

As already explained, the fertilizers are applied only to thE' 
~rain crops; the Glover and timothy receive no direct fertilizhig, but 
simply get what is left from the treatment given to the previous 
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crops. In Table IV is sho\vn the increase found in these crops 
(that for the two years of clover and timothy in the longer rotation 
being added together) and also the total amount of fertilizers applied 
during the rotation and their cost; the total value of the increase, 
rating corn at 40 cents per bushel, oats at 30 cents, wheat at SO 
cents, stover at $3.00 per ton, str~nv at $2.00 and hay at $8.00; and 
the net value, as found aftet" deducting the cost of the fertilizers 
from the total value. 

TABLF: IV-RESULTS FOR THF: ENTIRF: ROTATION. 

Total fertilizer~ per acre 
Fertilizing 

Station 
elements Acid/ Potas-~Sodimnj phOR- Sillffi , -. 

·ph'tt chloride nttrat~._· Cost 

I ILbs., Lb:s:.l Phosphorus Wooster 320 
alone Str\mgsville 320 

1 Germantown 240 •• 1 

Lbs.l$ I .. 2.40 
.. 2.40 
.. 1.80 

Phosphorus I Wooster l 
and Strongsville 

potassium Germantowlil. 

Phosphoras I Woo!rter I 
and Strong-sville 

nitrogen Ger.rnantown 

Phosphorus ) Wooster I 
pota8~ .. an~ I Strong-sville 

nitroge"'!. Germantown 

32m I' 320 
240 

320 I 320 
240 

320 I 320 
240 

260 I 260 
40 

260 I 2(i0 
40 

1
8.90 I 8.90 
2.80' 

MlO [14.40 I 
4RO 114.40 
11)0 5.80 

J~ 1§~-~~ I 
160 6 80 

First period 

tn hay value of ~ !':'crease I Tot a! I N t 

crops in~..:rease gain 

Lbs. 
573 

1,090 
330 

1,027 
1,307 

680 

1,447 
1,017 

967 

1,808 
1,571 
1,303 

' I :; 8 50 
14.47 
H.99 

1 H.4o 
I 16 14 

1~.29 

I 19.09 
18.60 
12.73 

I 2G.39 
23.35 
17.45 

1
$ I 
6.10 

12.07 
7.19 

1
5.50 I 7.24 
9.49 

1
4.691 4.20 
6.93 

1
5.491 2.45 

10.65 

Second period 

in hay value of l. e. Increase I Total I N t 
crops increase gain 

Lbs. 
352 

1,485 I $ 18.35 
23.95 

967 l 26.08 
826 20.32 

1,702 
1,0R2 

20.81 
8.07 

I 35.24 
25.74 

I 42.47 
24.67 

. 
1
::;15.95 
21.55 

1
1'1.18 
11.42 

1
20.84 
11.34 

1

21.57 
3.77 

This table shows that with the hay crops, as with wheat, there 
has been at Wooster a much larger increase from the complete 
fertilizer than from any partial fertilizer, and that the increase has 
been much greater on the plots which had received sodium nitrate. 
It also shows that the hay crops, unlike the grain crops, have given 
a smaller increase during the second period than during the first. 
Other experiments have shown that this falling off in yield of hay 
is due to exhaustion of the soil stores of lime, causing an almost 
complete failure of the clover crop. It appears that lack of lime is 
also responsible for part of the irregularity in hay yields at 
Strongsville. 

Taking the total results of the experiment, we find that the 
application of 320 pounds of acid phosphate, distributed over the 
three grain crops, has produced an average total increase in the .5 
crops of the longer rotation at Wooster to the value of $8.50 during 
the first .5 years and $18.35 during the last 7 years. At Strongsville 
the average value of the increase has been $14.47 for the first period, 
and $23.95 for the second. Deducting the cost of the fertilizer, the 
net gain has been $6.10 and $1.5.95 for the two periods at Wooster, 
and $12.07 and $21.5.5 at Strongsville. 
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The addition of 260 pounds of potassium chloride, costing $6.50, 
to the above dressing of acid phosphate, thus increasing the total 
cost of the fertilizer to $8.90, has reduced the net gain at Wooster 
to $5.59 for the first period, but increased it to $17.18 for the second. 
At Strongsville this addition has reduced the net gain to $7.24 for 
the first period and $11.42 for the second. The substitution of 480 
pounds of sodium nitrate, costing $12.00, for the potassium chloride, 
thus increasing the cost of the fertilizer to $14.40 for the rotation, 
has reduced the net gain at Wooster to $4.69 for the first period, 
but has increased it to $20.84 for the second. At Strongwille this 
substitution has increased the total yield but has reduced the net 
gain to $4.20 and $11.34, for the two periods. 

When both potassium chloride, and sodium nitrate have been 
added to the acid phosphate, thus increasing the cost of the fertilizer 
to $20.90 for the rotation, the net gain at Wooster has been $5.39 for 
the :first period and $21.57 for the second, and at Strongsville, $2.45 
and $3.77 for the two periods respectively. 

At Germantown the highest net gains, thus far, are found on the 
plots receiving only phosphorus and potassium, although the com
plete fertilizer has given a little greater total gain. 

GENERAL RESULTS. 

It thus appears that on these soils an active carrier of phosphorus, 
such as acid phosphate (and other experiments indicate that steamed 
bone meal might have produced even better results) has been pro
fitably used on all crops and on all the soils under experiment, 
except possibly at Carpenter. 

It also appears that while the addition of carriers of phosphorus 
and potassium has seemed of doubtful utility for corn and oats in 
the earlier years of the work, yet when the results for the entire 
rotation are summed up, after time has been given for the fertilizers 
to perform their full service, we find that on the thin, hard run soil 
at Wooster, the fertilizer carrying these elements as well as phos
phorus has produced not only the greatest total increase but also 
the greatest net gain. 

On the Strongsville land, however, where phosphorus has pro
duced a larger increase than at Wooster, it has not been profitable 
to add potassium or nitrogen, at leaE.t not in the large quantities 
employed at Wooster. It will be remembered that the Strongsville 
land had lain in pasture for many years before the experime•t began, 
during which period it was being gradually depleted of its phos
phorus to build up the bony framework of the animals grown upon 
it, while the nitrogen and potassium consumed in the pasture grasses 
were nearly all returned to the soil. 
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Phosphorus alone, however, has not brought up the yield of 
this land to a satisfactory point, and there is reason to Ruspect that 
it has been depleted of lime as well as of phosphorus, and that this 
also must be returned in quantity not only sufficient to restore that 
taken away, but also to alter the physical texture of the soil. 

At Germantown the need of potassium as well as of phosphorus 
is indicated, not only by the experiments here reported, but al:;o 
by those on tobacco, reported in Bulletin 172 of this Station. 

Phosphorus is evidently, therefore, the fertilizing element first 
needed on the soils under experiment, and probably on most Ohio 
soils; but the maximum production has not been reached in these 
experiments until the phosphorus was reenforced with nitrogen at 
least, if not with both nitrogen and potassium. But when the<se two 
elements have been purchased they have so greatly increased the 
cost of the fertilizer that in most cases the net gain has been smaller 
than when they have been omitted, The question is naturally 
raised, therefore: Is there not some cheaper source of these elements 
than is found in commercial fertilizers? 

FARM MANURE AS A SOURCE OF NITROGEN AND POTASSIUM. 

As the cereal crops approach maturity there is a partial separ
ation of their chemical constituents; the nitrogen and phosphorus 
accumulating in the grain, until about three fourths of that held by 
the entire plant is found there, while the straw or stover contains 
the major portion of the potassium. Hence, when the grain is sold, 
it carries away from the farm an undue proportion of phosphorus 
and nitrogen, and there will in time result a deficiency of these 
elements in the soil, as coll"pared with potassium, unless the supply 
of this also is reduced by the selling of hay and straw, or of leafy 
plants, such as tobacco. 

If mixed farming be practiced, including the growing and fatten
ing of live stock, most of the potassium will be retained on the farm; 
but there will still be a heavy loss of phosphorus in that carried 
away in the bones of animals gro"n on the farm. 

In early Ohio practice wheat was grown and sold off the farm, 
while corn and hay were fed to live stock. Of recent years, however, 
less live stock has been kept and more grain sold, together with 
much hay and straw. The result is that there are few soils in Ohio 
in which the need o.f phosphorus is not becoming manifest, while 
some are also beginning to show deficiency in potassium. The 
nitrogen supply also is generally more or less deficient. 
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A ton of ayerage mixed farm manure, as taken from open barn~ 
yards, may be expected to contain 9 pounds of nitrogen, 10 of 
potassium, and 3 to 4 of phosphorus. Under average conditions 
Ohio soils would seem to require more phosphorus, in proportion to 
nitrogen and potassium, tb~n that contained in manure, and in 1897 
an experiment was begun at this Station in the reenforcement of 
manure with phosphorus, the materials used for this purpose being 
the finely ground phosphate rock, kno\'\ n as "floats", from which 
acid phosphate is made, and acid phosphate itself. 

In this experiment corn, wheat and clover are grown in rotation, 
the corn crop being manured at the rate of 8 tons per acre and the 
wheat and clover following without any further manuring or fertil
tzmg. Duplicate plots are treated with manure originally of the 
same character, but in cne case the manure bas lain in an open 
barnyard through the winter, w·bile in the other it bas been trampled 
under foot during accumulation and kept under cover until a shor1 
time before application, at which time both kinds of manure are 
mixed with the phosphatic n::aterials, using 40 pounds of eac'h to 
the ton of manure, after which the manure is spread on the clover 
sod and plowed under for corn. 'fhe land under experiment is 
divided into plots of uniform size, eyery third plot being left con
tinuously without manure or fertilizer of any kind, and in computing 
the increase due to the manures the yield of each manured plot is 
comlJared with that of the two unmanured plots between which it 
lies, not with the average of all the unmanured plots. 

TABLE V-RF.SULTS ON CORN AND WHEAT. 

'l'ota.! yield Total increase Gain 

MANURE AND TREAT:M:ENT . l Stover Gram or s<raw Grain 0~~"t~'iw Value treatm't I I for 

Bu~. Lbs. Bus. Lbs. $ $ 

CORN 

Average unmanured yield ............... 37.36 2,198 J4>7o Yard manure, untreated •...........•.... 51 43 2,936 

:: :: wi~~Voi~~::: ~:: :: ~: ::: 57.35 3,340 19.02 
5R 20 3,310 ]9.85 

" .. " acid phosphate, .... 59.05 3,234 24.40 

Stall manure, untreated ................. I 
·• '" w~th gypsum ........... .. 
·- • •~ floats ....... ....... . 
•· " " acid phosphate ...... . 

57 .]31 3,362119.38 59.40 3.556 22.37 
61 97 3.614 25 38 
62.28 3,522 27.81 

WHEAT 

Average unmanured yield.. . . . . ......... 8.90 1,022 
8:36 Yard manure, unt1eated ................. 16.27 1,805 

" " with gypsum .............. 22.09 2.445 11.96 . " ~• ftoi\ts .... 0 ••••••••••• 0 22 51 2.425 13 00 
" .. .. acid phosphate ....... 22.47 2,329 14.11 

" " with gypsum............... 22 17 2,429 13.17 Stall manure, untreated ....... · · · · · · .• · · ·117 92 I 1.9621 9 · 97 

" " '' floats.................. 1 24 77 2,627. 15 71 
•• " " acid phosphate........ 24 20 2,588 16 09 

'744 
1,014 
1.085 
1,142. 

1.076 
1,344 
1,448 
1,446 

'B.iJ7 
].211 
1.272 
1.374 

1.024 
1.374 
1,572 
1,634 

7:oo 
9.13 
9.57 

11 47 

9.37 
10.96 
12.32 
13.29 

7'58 
10 78 
11.~7 
12 66 
9 00 

11 91 
14 14 
14 51 

.... 
:l:i3 
2.57 
4 47 

i'59 
2.95 
392 

.... 
no 
4 09 
5.08 

2'9i 
5.14 
5.51 

-
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Table V shows the 9-year average yield of corn and wheat 
<. btained in this test, both without manures and with the variously 
treated manures, the manures for one pair of plots being treated 
with gypsum Uand plaster) because of the well known property of 
that material of arresting escaping ammonia. 

'l'he table also shows the increase from the manures, computed 
'lS above stated, and the additional gain due to the treatment of the 
manures with the various rn; t~rials, a gain which in the corn crop 
alone has more than offset the cost of the treatment, which has 
been $1.28 for the gypsum and floats, and $2.40 for the acid phosphate. 

TABLE VI--RESULTS ON CLOVER AND TOTAL OUTCOME. 

Yield and increa•e of clover Gain Cost Net value Net gain 

.l\fAli"URE AND TREATMENT for treat- or treat~ of total lor treat-
Total l Total [ Yalue of ment increaRe yield increase increase ment ment 

Lbs. Lbs. $ $ $ $ $ 
Average unmanured yield .... 1.963 "686 2>i4 

.... .... 
r7:32 

. ... 
Yard manure, untreated ..... 2,531 

i:35 ns s:4o u. ~~, with gypsum. 3,280 1,02"2 4 09 2'2.72 
" " H floats .... 3,866 1,727 6.91 4.17 1.28 26.87 9 55 .. " " acid phoR 3.533 1,826 7 30 4.56 2 40 29 03 1171 

" •· with gypsum.. 3,325 1,331 5.32 .08 1.2R 26 91 3"30 Stall manure, untreated •.... ·1 3,270 11,3091 5.241 . .. . I . . . I 23.61 I 
" " " floats..... 4,458 2.504 10.02 4.78 1.28 35.20 11.59 
" " " acid phos.. 4.291 2,603 10.41 5 17 2.40 35.81 12 20 

In Table VI is given the yield and increase of ihe hay crop, 
with the value of the increase, rating bay at $8.00 per ton. This 
table also shows the cost of treatment, the net value of the average 
total increase from the three crops of the rotation, after deducting 
the cost pf treatment, and the net gain due to the treatment. 

Tables V and VI show clearly that the phosphatic materials 
have been much more effective than the gypsum, the net gain for 
treatment due to these materials averaging more than double that 
due to the gypsum. They show, also, that yields of corn and wheat 
which have been brought up by systematic manuring to a 9-year 
average of more than 57 and nearly 18 bushels per acre, respect
ively, have been increased to 62 and 24 bushels, respectively, by 
reenforcing the manure with carriers of phosphorus. 

These tables also show that by adding 320 pounds of acid 
phosphate to 8 tons of stable manure and applying this to land on 
which corn, wheat and clover are grown in rotation, we have obtained 
a 9-year average increase from the three crops of the rotation to the 
value of $38.21, or $12.74 per annum, as against a 7-year average 
increase from corn, oats and wheat, clover and timothy, grown in a 
S·year rotation, worth $42.47 per rotation, or $8.49 annually, from 
the same quantity of add phosphate used in connection with 480 
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pounds of sodium nitrate, costing $12.00, and 260 pounds of potas
E>ium chloride, costing $6.50, or a total of $18.50. In other words, 
the 8 tons of manure has produced an annual increase greater by 
50 percent than chemicals costing $18.00. The 8 tons of manure, 
as used in this test, contained approximately the same quantity of 
nitrogen carried in 480 pounds of nitrate of soda, with somewhat 
less potassium than would be found in 260 pounds of potassium 
chloride. It is true that the manure has contained a considerable 
amount of phosphorvs besides that added in the :floats or acid phos
phate, but after making full allowance on this point it would seem 
that the nitrogen and potassium of the manure, when that has been 
reenforced with phosphorus, have been fully as effective, pound for 
pound, as the same elements carried in sodium nitrate and potassium 
chloride; but no more effective carriers than these are in use as 
fertilizers. 

The experiments above described have been made on soils of 
less than average fertility. They show that, after land bas been 
brought up to an average yield of 57 bushels of corn and nearly 18 of 
wheat per acre with stable manure, a further and profitable increase 
may be made by the addition of a carrier of phosphorus. In another 
experiment potatoes, wheat and clover have been grown in a 3-year 
rotation on land at the main station, part of which had been cleared 
from the forest for the purposes of this experiment, while the re
mainder was land that had been kept in good condition by manuring 
and crop rotation. For the last six years two of the unfertilized 
plots in this test have averaged 33:% bushels of wheat per acre, 
while a plot between, receiving acid phosphate only, has averaged 
40:% bushel,, and the one receiving the complete fertilizer has 
averaged bt1t 41 bushels, thus showing that phosphates may some
times be used with profit on very fertile soils. It is probable that 
the yield of corn may be similarly increased, especially on lands 
which have been 1n cultivation for a considerable time, even though 
they are still producing more than average crops. 

SUMMARY AND CONCLUSIONS. 

In these experiments corn and oats have profitably responded 
to applications of phosphorus in moderate quantities, 'and it is prob
able that the use of acid phosphate or steamed bone meal on these 
crops, at the rate of 80 to 100 pounds per acre, will be found profit
able on most of the soils of the state. 
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Corn and oats have sometimes, but not always, returned a 
profitable increase when potassium has been added to the phosphor
us in the fertilizer. The use of potassium seems to be especially 
indicated in regions where hay and straw, as well as grain, have 
been sold off the land for a considerable period, or where tobacco, 
cabbage or other crops in which the entire plant is taken off the 
farm, have been extensively grown. 

The complete fertilizer, containing nitrogen and potassium, as 
well as phosphorus, has nearly always produced a larger total in
crease of corn and oats than any partial fertilizer; but when the 
nitrogen and potassium have been purchased in commercial ferti
lizers their cost has usually been greater than the additional gain, 
over that produced by phosphorus alone, has been worth. 

'l'he complete fertilizer has invariably produced a larger increase 
in the wheat crop than that given by any partial fertilizer, and on 
the hard-run land at the main station, which has been exhaustively 
cropped with cereals for 60 to 75 years, the additional increase in 
the wheat and hay crops resulting from the use of the complete 
fertilizer has more than offset its largely increased cost, leaving a 
larger net gain than that obtained from any partial fertilizer; but 
on land that had been resting in pasture for many years or on land 
in a high state of fertility, the increase from the complete fertilizer 
has not yet been sufficient to justify its use, if the nitrogen and 
potassium must be purchased in commercial carriers; but in farm 
manure nitrogen and potassium may be secured practically without 
cost, and these experiments have shown that such manure may be 
made as effective a carrier of these elements of fertility as the most 
active forms in which they are found in commercial fertilizers. 

PRACTICAL SUGGESTIONS. 

I 

Phosphorus is relatively deficient in most Ohio soils, and may 
be applied at the rate of 80 to 160 pounds per acre to any crop and 
on any soil with assurance of a profitable return in the great majority 
of cases. The usual carriers of phosphorus are acid phosphate and 
steamed bone meal, and when no other element of fertility than 
phosphorus is used one of these carriers should be employed. 
Steamed bone meal costs more per ton than acid phosphate, but it 
carries more phosphorus, so that the pound of actual ph?sphorus 
costs about the same in both carriers. 
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Phosphorus alone will not produce a maximum yield on lands 
that have been subjected for a long time to exhaustive cropping. 
Such lands must have nitrogen always, potassium often, and lime 
sometimes, before they will yield a full return. Lime is seldom 
needed over the western half of the state, because the soil in that 
region ha~ been produced by the grinding up and weathering of 
limestone rocks and gravels; but in the eastern half it is often defi
cient. The need of lime may be determined by the growth of clover. 
So long as clover grow-; luxuriantly lime is not required, but when 
clover fails to grow on well manured land, dying- out the second 
season and being replaced by sorrel, then lime should be added. 
Lime should always be preceded and followed by liberal fertilizing 
or manuring, for lime used alone, while it may stimulate the land 
to extra production for a year or two, will in the end produce greater 
exhaustion; but by alternating lime with manure and fertilizers the 
land will be kept in a healthy condition and will steadily increase in 
fertility. This is why limestone soils are celebrated for their 
productiveness. 

Potassium is likely to be needed in soils which have been ex
haustively cropped, especially if hay and sfraw have been sold from 
the land as well as grain. It is also sometimes the chief element 
needed on muck soils. 

Nitrogen is invariably needed on hard-run lands, but it costs 
more, if purchased in fertilizers in quantity sufficient to meet the 
demands of the soil for full crop production, than phosphorus and 
potassium combined. Note the cost of the different elements in the 
fertilizer which has produced the greatest effect on the worn soil at 
the main station-$12.00 for nitrogen, as against $8.90 for phos
phorus and potassium combined-yet no smaller ratio of nitrogen 
in the fertilizer has produced an equal net effect. But this nitrogen 
may be procured absolutely without cost by growing clover, feeding 
that to live stock and returning the manure to the land. Such man
agement will also postpone indefinitely the necessity for purchasing 
potassium, the next most expensive constituent of the fertilizer. 

' As a temporary expedientthe purchase of nitrogen may be just-
ified, as for a crop which must follow clover at a dJstance of several 
years; such a crop, for instance, as the wheat crop in the 5-year 
rotation above described. And the reason, that the wheat crop has 
shown so much greater effect from the nitrogen in the fertil~zers 
in these experiments than the corn or oats crop, is probably chiefly 
because these crops, preceding the wheat in the rotation, have 
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consumed most of the surplus .nitrogen left by the clover. But 
when a crop responds to nitrogen as does the wheat crop in this 
long rotation, this fact of itself is evidence that our system of 
management is wrong, and that leguminous crops do not appear 
with sufficient frequency in our rotation. 

While clover, therefore, will supply a considerable excess of 
nitrogen for subsequent crops, it must not be expected that the 
growing of a crop of clo,·er once in 5 or 6 years will furnish enough 
nitrogen for all the other crops of the rotation. Clover, or some 
other leguminous crop, such as the Soy bean, should appear in the 
rotation not less often than once in three y~ars, and even then, on 
most Ohio soils, it will be found profitable to supplement the clover 
\Vith manure; and when this is done with manure that has been 
treated with the crude phosphate rock of Tennessee, which may be 
bought in carloads at about $8.00 per ton, delivered to average 
Ohio points, and which contains as much phosphorus as steamed 
bone meal, or twice as much as acid phosphate, the conditions will 
have been fulfiilled for the maintenance and increase of the fertility 
of the soil by the mo=>t effective and economical method that is 
now known. 
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