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FERTILIZERS ON WHEAT GROWN IN FIVE-YEAR ROTATION,
View of Plots 27, 28 and 29, Section E., with parts of Plots 26 and 30 at the extreme left and right respectively. Taken in June, 1897.
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FIELD EXPERIMENTS WITH FERTILIZERS.
BY C. E. THORNE, J. FREMONT HICKMAN AND W. J. GREEN.

Bulletion 71* of this Station, dated April, 1896, gave the plan of the
field experiments in the use of fertilizers and manures then in operation
at the Central Station and Sub-stations, together with a report of the
results attained up to the close of the year 1895. In the present bul-
letin is reported the continuation of the work for 1896.

FERTILIZERS ON CROPS GROWN IN 5-YEAR ROTATION.

In this experiment, corn, oats and wheat are grown in succession,
‘one year each, followed by clover and timothy two years. The soils
under experiment are (1) the light, yellow clay of the Central Station in
Wayne county, (2) the heavy, white clay of the Northeastern Sub-station
at Strongsville, Cuyahoga county, and (3) the black upland (beech and
elm) of that portion of the farm of the State University at Columhus on
which this particular test is located.

The plan of the experiment at the Central Station and the North-
eastern Sub-station is the same, except that the latter test includes 10
additional plots. In this plan, “superphosphate’’ has hitherto meant
dissolved bone black, and is applied at the rate of 80 pounds per acre,
when used as the only carrier of phosphoric acid, or in quantities suf-
ficient to bring up the total application of phosphoric acid to that con-
taincd in 80 pounds of dissolved bone black on corn and oats and 160

#*ERRATA IN BULLETIN 71.

P. 115, between sixth and seventh lines from bottom insert: “ would be required
for this increase of wheat and nearly as much more as”

P. 117, fourth line from top: for “phosphoric acid” read “potash.”

P. 131, under “Explanation” in Table X, for “ Beric slag” read “ Basic slag.”

P. 174, Table ZX{XXVI, for heading ‘ Quality ” read “ Quantity,” and in Formula
- No. 3, under “available phosphoric acid,” for “142 and 202" read “147 and 207.”
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144 OHIO EXPERIMENT STATION.

pounds on wheat, when used in connection with other phosphatic mate-
rials. When other carriers of phosphoric acid, (wheat bran, acid
phosphate and slag meal) are used as the sole carriers of phosphoric acid
the quantity applied is intended to carry the same amount of phosphoric
acid as that found in the standard dressing of dissolved bone black.

Nitrate of soda is used as the standard carrier of nitrogen (“am-
monia”) and is applied at the rate of 160 pounds per acre when used
alone, or in quantities sufficient to bring up the total nitrogen to that
found in 160 pounds of nitrate of soda when used in connection with
other nitrogen carrying materials (wheat bran, oil meal, bone meal) ex-
cept on Plot 12, where the nitrate is increased to 240 pounds, and on
Plots 32 and 33 at Strongsville, where it is reduced to 80 pounds and 40
pounds respectively. i

Muriate of potash is used as the carrier of potash, and is applied uni-
formly at the rate of 80 pounds per acre on corn and oats and 100
pounds on wheat, except on Plots 17 and 21, where allowance is made for
the potash in the bran and oil meal; on Plot 30, where it is used at the
rate of 10 pounds only, and on Plots 85 and 36 at Strongsville, where
the quantity is reduced to 40 and 20 pounds respectively.

On Plot 17 wheat bran is used as the carrier 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 and part of tke phosphoric acid
and potash. On Plot 23 dried blood, and on Plot 24 sulphate of am-
monia is substituted for nitrate of soda. On Plot 26 raw bone meal is
used as the carrier of the phosphoric acid and part of the nitrogen, the
total nitrogen being brought up, by the addition of nitrate of soda, to
the quantity used on other standard plots. On Plot 26 acid phosphate,
- and on Plot 27 basic slag is used as the carrier of phosphoric acid. On
Plot 30 is used a mixed fertilizer, having approximately the composition
of the average ready mixed fertilizers sold in the state. For the crops of
1894 and 1895, at the Central Station, this fertilizer was mixed from dis-
solved bone black, nitrate of soda and muriate of potash. In 1895 a
ready mixed fertilizer, having approximately the same analysis, (“am-
monia, 3 to 4 per cent., phosphoric acid, 8 to 10 per cent., potash, 2 to 2}
per cent.”) was used at Strongsville, and in 1896 the fertilizer was mixed
from tankage, acid phosphate and muriate of potash for both experi-
ments.

In the tests here reported the corn was grown on old sod land at
Strongsville, and at Wooster in 1894, and on land that had grown cow-
peas and clover the preceding season at Wooster in 1895 and 1896-
The land at Wooster has been underdrained by tile drains laid 36 feet
apart. That at Strongsville had not been drained previous to the growth
of the crops here reported, but was plowed in narrow lands, giving par-
tial surface drainage. 1895 was a dry season, and the crop was excep-
tionally good for that land, but in 1896 it suffered from excess of xain.

et
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In both 1895 and 1896 the wheat crop on the thin land on which
this test is located at the Central Station suffered severely from winter
killing followed by Spring drouth, the average yield of the unfertilized
plots falling to three bushels per acre in 1895, and to one bushel in 1896.
The destruction of crop was only partially prevented by fertilizers. On
the heavy clay of the Sub-station the wheat was so completely de-
stroyed that no attempt was made to harvest it separately; the most
heavily fertilized plots showed but little if any more wheat than the un-
fertilized plots at the Central Station. At Columbus the wheat in both
the continuous and rotative culture was almost as completely destroyed
as at Strongsville. It was harvested carefully, but it was mixed with a
heavy growth of weeds, and the continuous rains of July rotted it in the
shock, and though an attempt was made to thresh it separately no trust-
worthy data as to yield could be obtained.

Table I gives the plan of fertilizing in this experiment; Tables II
and IIT give the average yields and increase for 1896 at the Central
Station. Table IV gives the average annual increase or decrease per acre
on the fertilized plots for the three years, 1894-96, together with the weight
of the total average increase on each plot, and Table V gives the esti-
mated value of the average increase, together with the quantity and cost
of the fertilizers used in producing it,

8 Ex. Sta. Bul. 80

-




146 OH10 EXPERIMENT STATION.

TABLE I—PLAN OF FERTILIZING IN FIVE-YEAR ROTATION, CENTRAL STATION
. AND N. E. SUB-STATION.

Fertilizers tn pounds per acre.

On corn., On oats. On wheat.
Plot
No. | Super- | ;i ate [Muriate | SUPEr- Nitrate [Muriate Super- lanitrate[Muriate
phos- phos. phos-
phate soda | potash. puate soda. | potash. phate. soda. | potash.

cesssessnnse

*On wheat, one-third dried blood, applied in the fall, and t wo-thirds nitrate of soda, applied
in April; all other fertilizers for wheat are applied in the fall.
‘Wheat bran, 500 pounds.
‘Wheat bran, 1,000 pounds.
Barnyard manure, eight tons on wheat and corn only.
Barnyard manure, four tons on wheat and corn only.
Linseed oil meal, 500 pounds.
Dried blood. 200 pounds.
Sulphate of ammonia, 120 pounds.
Raw bone meal, 55 paunds.
Raw bone meal, 110 pounds.
Acid phosphate, 85 pounds.
Acid phosphhte, 170 pounds. :
Basic slag. 65 pounds. ‘
Basic slag 130 pounds.
Mixed fertilizer. 210 pounds on corn and wheat only.
Mixed fertilizer, 420 pounds on wheat only.
Barnyard manure. 16 tons on wheat only.. -
lats 31 to 4V inclusive, at the N. E. Sub-station only. . -
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TaBLE II—FERTILIZERS ON CROPS GROWN IN FIVE-YEAR ROTATION AT
_ CENTRAL STATION.

Yield per Acre—1896.

Corn. Qats. Wheat. Clover. (Timothy.
Plot Section B. Section E. Section D. Sec. C. | Sec. A.
No.
- Grain. | Stover. | Grain. | Straw. | Grain. | Straw. Hay. Hay.
g Bushels. | Puunds. | Bushels. | Pounds. | Bushels. | Pounds. | Pounds. | Pounds.
1 55.64 1,870 31.56 1,410 0.87 127 1,370 3 800
2 54.21 1,480 - 35.39 1,427 4.00 530 2,360 3,000
3 53.89 1,610 32.65 1,415 167 230 1,600 4,550
. 4 47.57 | . 1,580 30.23 1,632 0.96 162 1,700 4,050
5 54.43 1,560 3391 1,215 1.37 277 2,460 3,500
6 61.68 1,790 4281 1,780 4.92 656 3,320 3,380
7 59 64 1,620 29.92 1,422 0.75 95 1,450 3,650
8 61.43 1,860 33.12 1,420 6.50 670 2,350 4,030
9 57.68 1,870 25.78 1,195 2.37 260 1,960 4,050
10 53.93 1,600 21.02 857 1.21 277 1,350 3,700
11 68.57 1,950 37.34 1,725 9.04 | * 1,067 3,050 3,450
12 63.32 2,030 4242 1,782 637 717 3,450 3,000
13 53.71 1,700 24.22 1,135 1.42 265 1,210 3.920
14 65.36 2,170 31.87 1,580 8.08 975 2,820 3,520
15 53.32 1,890 23.91 985 ‘4,00 510 1,980 3,570
16 49.71 1,810 24.84 1,155 1.41 215 1,140 3,750 .
17 56.89 1,700 35.¢0 1,540 6.04 767 2770 4,000
18 58.75 1,970 31.25 1,320 7.00 1,030 3,870 4,950
19 53.86 1,680 26.09 1,075 1.45 212 1,660 3,710
KRy . 20 55.68 1,940 26.56 1,060 4.79 612 3,400 4,650
- 21 54.86 1,950 30.31 1,590 8.54 937 2,560 4,150
- 22 44.79 1,630 20.15 935 . 0.75 256 1,050 3,840
23 55.00 1,850 31.56 1,140 6.58 665 2,750 4,100
24 62.00 2,200 36.94 1,617 6.70 847 2,700 4,030
26 50.96 1,660 21.41 1,025 1.16 160 1,580 4,350
26 59.43 2,240 36.09 1,585 6.16 920 4,000 4,100
27 62.04 1,950 37.81 1,620 5.16 890 3,650 3,930
28 50.16 1,850 20.94 900 0.66 70 2,400 4,380
Y 29 62.36 2,150 41.09 1,865 6.58 665 3,760 4,200
30 57.68 1,920 37.19 1,690 4.62 702 3,400 4,540
# 52.0( 1,700 2504 1,156 1.06 184 1,490 3,915

*Average of unfertilized plots.
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TABLE III—FERTILIZERS ON CROPS GROWN IN FIVE-YEAR ROTATION AT
CENTRAL STATION.

~

Increase or decrease (—) per acve—1896.

Corn. Oats. Wheat. Clover. |Timothy,
Plot Section B. Section E. Section D. Sec.C. | Sec. A.
No. - -
Grain. | Stover. | Grain. | Straw. | Grain, | Straw. | Hay. Hay.
Bushels. | Pounds. | Bushels. | Pounds. | Bushels. | Pounds. | Pounds. | Pounds. -
2 1.26 —293 4.27 —57 3.10 391 880 —883
3 3.63 —67 1.98 —143 0.74 80 10 583
5 2.84 —33 3.78 —347 0.48 137 843 —417
6 6.06 183 12.79 288 410 538 1,787 —403 .
8 3.69 247 6.17 186 5.60 514 933 363 .
9 1.85 163 1.79 150 1.31 44 577 367
11 14.71 317 15.25 775 7.76 784 1,647 —323
12 9.54 363 19.27 740 5.02 448 2,193 —847
14 12.98 433 7.4% 435 6.66 727 1,633 —343
) 13 20 U IR IRORPUIN RPN 2.59 278 817 —237
17 5.80 —67 9.74 412 4.62 553 1,460 263
18 6.27 247 5.58 218 5.56 817 2,390 1,227
20 5.02 277 2.45 32 3.57 386 1,950 897
21 7.05 303 818 | . 608 7.56 696 1,310 3564
23} 815 210 10.99 175 *599 442 1,623 90
24 13.10 550 15.95 622 5.68 655 1,297 —150
26 8.74 517 14.84 599 5.18 790 2,147 —260
27 11.61 163 16.71 678 433 490 1,523 —440
29 12.20 300 20.15 965 5.92 595 1,360 —180
30 7.52 70 16.25 © 790, 3.96 632 1,000 160
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TABLE IV—FERTILIZERS ON CROPS GROWN IN FIVE-YEAR ROTATION AT
CENTRAIL STATION.

Average annual increase or decrease (—) per acre for three years—1894-1896.

Plot Corn. Oats. Wheat. Weight
No. | Hay. | of total

Grain. | Stover. | Grain. | Straw. | Grain. | Straw. increase.

P Bushels. | Pounds. | Bushels. | Pounds. | Bushels. | Pounds. | Pounds. | Pounds.
2 1.9 —114 4.6 89 1.7 360 —127 501
3 1.0 —81 0.6 —142 1.8 224 493 691
5 0.1 —I8 2.7 —85 0.2 73 448 524
. 6 6.7 84 9.2 261 2.2 416 ~ 887 2,643
8 4.1 184 7.1 237 3.8 354 949 2,466
9 —1.6 96 1.0 —16 1.7 71 891 1,064
11 84 262 121 487 5.1 811 771 3,612
12 6.7 211 13.3 533 48 763 1,009 3,699
14 6.6 2563 8.4 324 3.4 734 960 3,206
T8 |ueiee ceveneneforeneencncise]eneneeannannnn 23 479 552 1,167
17 2.6 —9 7.2 304 4.5 571 1,277 2,825
18 14 182 7.0 360 2.6 714 2,803 4,537
20 0.8 7 2.9 205 2.5 526 2,071 3,188
21 4.4 261 5.5 304 5.5 875 1,123 3,377
- 23 5.3 182 8.1 193 4.8 655 955 2,903
24 7.2 365 10.0 405 5.2 651 658 3,215
26 48 354 90 299 20 653 1,160 3,210
27 5.1 124 9.0 440 3.5 734 540 2,693

29 7.3 277 9.7 532 4.1 690 640 3,206 \

30 7.8 153 8.2 405 3.0 507 533 2,586

*Average of two crops.
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TABLE V—FERTILIZERS ON CROPS GROWN IN FIVE-YEAR ROTATION AT CENTRAL
STATION.

Value of average increase and cost of ferlilizers per acre.

W | Value of average increase.| Quantity and cost of fertilizers. | Cost of fertilizer.

Plot

No.
Super- |\ o telMuriate Total (In home| In com-

Grain.[Straw.| Hay. | Total.| phos- quay- | mix- | mercial
phate. soda. | potash. tity. tures. |mixtures.

Pounds.|Pounds.[Pounds.[Pounds.

2 | $3.04 |$0.50 | -0.51 |$3.08 320
3162 0 | 1.97| 359 260
5| 087 |-0.05 | 1.79 | 2.61 480
6| 639 | 1.14| 3555 [11.08 | 773207| 480 |omiiii 800
8| 491 | 1.16 | 380 | 9.87 :

9| 077 | 0.23| 356 | 4.56

11{ 970 | 234 | 3.08 {1512
12 9.17 | 2.26 | 4.04 | 1547
14| 694 | 297 | 384 |12.75
151 1.52 | 0.72 | 2.20 | 4.44
171 591 | 1.30 | 5.11 |12.32
18 1 3.91 | 1.89 |11.21 !17.01
20 | 271 | 1.23 | 8.28 |12.22
21 | 6.68| 2.16 | 4.49 |13.33
23 | 7.29 | 1.54 | 3.82 |12.65
24| 7.77 | 213 | 2.63 |12.53

1116.88 .
260 940 | 1220.18 26.70
26 | 5.48 | 1.96 | 4.64 |12.08 260 915 | 1320.12 26.70
27 | 759 | 195 | 2.16 {11.70 3 260 | 1,080 | 142'.05 26.70
29 [ 8.00 | 2.25 | 2.56 {1281 260 480 260 | 1,000 21.10 26.70
301 7.081 1.60 [ 2.13 |10.81 6200 8200 20 420 | 14375 6.25

1Wheat bran. fLinseed oil meal. 3Dried blood. 4Sulphate ammonia. Bone meal. 6Acid
phosphate, 7Basic slag. 8Tankage. 9Bran @ $10. 00il meal@ $20. 1Dried blood @$25. 12Sulph.
ammonia @ $60. 13Bone meal @ $25. 4Acid phosphate @ $15. '
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In Table IV is given the average incrcase per acre for three crops
each of corn, oats and wheat, in the five-year rotation, for the years
1894, 1895 and 1896, and of two crops of clover and one of timothy,
harvested in 1895 and 1896. To complete the full series of 38 rotations
there should be one more crop of clover and two more of timothy.
These will be harvested in 1897 and 1898. The estimated increase given
in the hay column is based upon the assumption (which present appear-
ances justify) that these crops will show as large an average increase as
the three which have been harvested.

In computing the value of the increase as given in Table V, corn,
oats and wheat have been estimated at 38, 26 and 66 cents per bushel
respectively, these being the average prices of standard grades of these
grains in the Chicago market for the 5 years ending with 1896, as com-
puted by the Cincinnati Price Current. Straw and stover have been
estimated at $3.00 per ton, and hay at $8.00.

On the basis of these prices the total value of the increase on Plot 2
is found to be $3.03, all of which came from increase of grain and straw.
T'o produce this increase 320 pounds of dissolved bone black was applied
in three dressings, two of 80 pounds each (on corn and oats) and one of
160 pounds (on wheat). This total application carried the equivalent of

-about 50 pounds of available phosphoric acid, the cost of which, in

ordinary, ready-mixed fertilizers, is about 6} cents per pound, or, in its
cheapest form—acid phosphate or tankage—about 5 cents at retail. As
actnally bought for this test in dissolved bone black the cost was a little
less than 6 cents.

Plot 3 received a total of 260 pounds of muriate of potash, carrying
about 180 pounds actual potash. Muriate of potash may be bought at
retail in New York at about 2} cents per pound, and the freight to Ohio
is about } cent additional, making the cost of its actual potash to the
Ohio purchaser who buys direct from the New York importing houses’
about five cents per pound. It is ordinarily sold in ready mixed fertil-
izers at 6 cents and upwards. The increase from this application
amounts to a total value of $3.59, or a little more than half the cost of
the fertilizer. ‘T'he muriate is the cheapest source of potash now on the
Ohio market, as the pound of actual potash in kainit and Canada ashes
costs considerably more than that in the muriate, notwithstanding the
much lower price per ton at which these materials are sold, because of
their low percentage in potash and the correspondingly large quantity of
useless material upon which freight must be paid when they are used.
The actual potash in the sulphate usually costs about a cent a pound
more than in the muriate.

Plot 5 received a total of 480 pounds of nitrate of soda, in three
equal dressings. The value of the increase is found to be $2.61. This
application carries about 75 pounds of nitrogen, equivalent to 90 pounds

v
:
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of “ ammonia,” and its cost, when bought direct of importers, is about
2} cents per pound, freight paid, equivalent to about 13}% cents for
“ammonia”, which is fully 3 cents per pound less than the cost of
ammonia in the ready-mixed fertilizers of commerce. Dried blood may
be bought in Ohio at about $25 per ton, at retail, at which price its
ammonia will cost approximately 8 cents per pound. In tankage, as will
be shown further on,ammonia may be bought at 5 cents or less. Expet-
ments indicate, however, that the ammonia of dried blood or tankage is
only about two thirds as effective as that in nitrate of soda. ‘Tankage
is the ordinary source of ammonia in ready-mixed fertilizers.

Plot 6 received the same quantity of dissolved bone black as Plot 2,
and the same quantity of nitrate of soda as Plot §, raising the total appli-
cation to 800 pounds, costing $14 88 as applied, or equivalent to $18.00
in ready-mixed fertilizers. The value of the increase is $11.08, or double
the combined values of the increase from the separate applications, forci-
bly illustrating the importance of combinations in the use of fertilizers.

On Plot 8 the dressings of Plot 2 and 3 were combined, resulting in
a total value of increase of $9.87, which is considerably greater than the
combined values of the increase from the same fertilizers when used sep-
arately, and is a little larger than the cost of the fertilizers in home mix-
tures. .
On Plot 9 the dressings of Plot 8 and 5 were combined, but the in-
- crease on Plot 9 is not quite equal to the combined increase on Plots 8
and 5. ’

On Plot 11 the dressings of Plots 2, 3 and 5 were combined, giving a
complete fertilizer, containing nitrogen, phosphoric acid and potash, all
three, and here we have an increase 60 per cent. greater than the com-
bined increase from the three plots separately fertilized. Evidently this
soil, in its present condition, requires a complete fertilizer, in order to
produce the maximum yield of crop.

The total application on Plot 11 contained 480 pounds nitrate of
soda, 320 pounds cissolved bone black, and 260 pounds muriate of potash
per acre, and carried about 90 pounds ammonia, 50 pounds available phos-
phoric acid and 130 pounds of potash. The cost in the materials actu-
ally used was $21.38 and the cost of an equivalent ready-mixed fertilizer
would have been over $26.00, while the total value of the increase
amounts to but $15.12. The increase however, was not only greater
than the combined increase from the several constituents of this fertilizer
used singly, but greater than from that of either pair of constituents
with the addition of that from the third constituent used alone.

Three questions arise here: (1) May it not be that all the fertilizing-

constituents in this test have been used in larger quantity than could be
utilized to the best advantag=? (2) May it not be that one or two of these
constituents have been used in larger quantity than was needed for the
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complete utilization of the whole? (8) May it not be that cheaper car-
riers of fertility may be found than those used in this test?

On the first point we have the light given by Plots 14 and 15. Plot
14 receives the same fertilizers on corn and wheat as Plot 11, but none on
oats. ‘The cost of the application is thus reduced from $21.38 to $14.66
in home mixtures, a difference of $6.72, while the value of the increase
falls only $2.87 or from $15.12 to $12.75. On Plot 15 only the wheat
crop is fertilized, the cost being $7.94 in home mixtures, while the value
of the increase on that crop alone is $4.44, with the after effect on the fol-
lowing crops of the rotation yet to be ascertained.

Further light on all these points is given by Plot 30, which is
fertilized on the corn and wheat crops with a mixture of 100 pounds
slaughter house tankage, 100 pounds acid phosphate and 10 pounds muri-
ate of potash, a total of 420 pounds for the entire rotation, applied at an
actual cost for materials of $3.75. This dressing carries about the
same quantity of phosphoric acid as that given to Plot 11, but only about

-one-sixth as much ammonia and one-tenth as much potash. The total

dressing is but 100 pounds more than that given to Plot 2, and about two-
fifths that given to Plot 11, while the cost is less than one-fifth that on
Plot 11 and the increase thus far is two-thirds as great.*

These results would seem to indicate a smaller ration of fertilizers;
but on the other hand, in the work in continuous culture, reported further
on, it is found that an application of 1,500 pounds of fertilizer per acre,
distributed over three seasons, has produced more than double the in-
crease obtained from half that quantity of fertilizer.

Taken collectively, these results seem to justify the inference, either
that the soil upon which this test is being conducted is at present rela-
tively more deficient in phosphoric acid than in nitrogen and potash, or
else that the phosphoric acid in the fertilizing substances in common use
is so much less readily available to plants than the nitrogen and potash,
that it must be used in relatively large quantity in order to produce a
complete utilization of the other two constitutents.

On Plot 17 wheat bran is used as the carrier of the phosphoric acid
and part of the nitrogen and potash. With bran at $10 per ton the total
cost of the application is reduced to $19.00, while the value of the in-
crease is found to be $12.25.

On Plot 21 linseed oil meal is used as the carrier of the nitrogen and
part of the phosphoric acid and potash. With oil meal at $20 per ton the

#The latest official analysis, published by the Secretary of the State Board of
Agriculture, gives this tankage 8.20 per cent. ammonia and 14.26 per cent. total phos-
phoric acid, 8.32 per cent. of which is available, It retails at $17.00 perton. Adding
$2.00 for freight and allowing 34 cents per pound for the insoluble phosphoric acid
{the official rating for insoluble acid in animal matter) the cost of the 330 pounds
of ammonia and available phosphoric acid in the ton of tankage would be less than

$15.00, or less than 5 cents per pound.
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cost is raised to $22.28, or a little more than with nitrate of soda, but it is
still below the average cost of ready mixed fertilizers of similar com-

position. In effectiveness the oil meal compares well with other fertili-
zers. '
On Plot 23 the nitrogen is carried in dried blood, and with blood at

$25 per ton the cost of the dressing is materially reduced.

Sulphate of ammonia is used on Plot 24. At 3 cents per pound it is
slightly less expensive as a carrier of nitrogen than nitrate of soda, but it
seems to be somewhat less effective.

Part of the nitrogen and all the phosphoric acid are furnished by
bone meal on Plot 26. At $25 per ton there is no saving in cost.

The phosphoric acid is carried in acid phosphate on Plot 27. Our
work hitherto has indicated that a pound of phosphoric acid in acid phos-
phate is as effective as a pound of the same constituent in dissolved bone
black. In this test this conclusion is not supported, but it is possible that
there may be other reasons for the discrepancy in this case.

On Plot 29 the phosphoric acid is carried in basic slag. At prices
prevailing hitherto, this carrier has not materially reduced the cost of the
fertilizers, but it is probable that the price will be reduced in the future.

Plots 11, 17, 21, 23, 24, 26, 27, 29 are intended to receive the same
number of pounds each of nitrogen, phosphoric.acid and potash, but in
different carriers. For easier comparison the values of the increase on
these plots are regeated below :

Plot. i Fertilizer. Value of increase,

11 Nitrate soda, Diss. bone black, muriate potash............ $15.12
17 Nitrate soda, wheat bran, muriate potash.......ccccc.vuuens 12.35
21 Linseed oil meal, Diss. bone black, muriate potash........ 13.33
23 Dried blood Diss. bone black, muriate potash............. 12.65
24 Sulph. ammonia, Diss. bone black, muriate of potash... 12.53
26 Nitrate soda, bone meal, muriate potash .................... 12.08
27 Nitrate soda, acid phosphate, muriate potash............... 11.70
29 Nitrate soda, basic slag, muriate potash.... ........ ........ 12.81

AVETage... cvveureriiniraieniiniionieineionmmecieieenieniniesenes $12.82

It will be observed that there is a remarkably close agreement in
values on Plots 17 to 29 inclusive. To produce this increase it is esti-
mated that about seventy-five pounds of nitrogen, equivalent to over
ninety pounds of *‘ ammonia,” fifty pounds available phosphoric acid and
130 pounds of potash have been distributed over the three grain crops of
the five-year rotation. At the rate these materials have hitherto been
sold in the average ready mixed fertilizers sold in Ohio, the cost per acre
of this dressing would amount to about $27, or more than double the
value of the increase.

Plot 20 receives eight tons of barnyard manure in the course of five
years, in two dressings of four tons each, on corn and wheat. According

/e
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to average analyses this should carry about the same quantity of phos-
phoric acid as the 320 pounds dissolved bone black used in the standard
fertilizer mixture on Plot 11, with more nitrogen and less potash than are
carried in the nitrate of soda and muriate of potash. Theaverage increase
from the eight tons of manure has been nearly the same as from the com-
plete fertilizers used, and more than from the mixture used on Plot 30.
In other words, eight tons of barnyard manure on Plot 20 has produced
increase worth twelve dollars—a dollar and a half for each ton of manure
—and on Plot 18 the heavier dressing of sixteen tons in total has pro-
duced seventeen dollars worth of increase.*

On ordinary farms manure can be moved from barnyard to field and
- spread at 30 to 40 cents a ton, counting wages of man and team and use
of spreader at $3.00 per day. As the manure lies in the barnyard it rep-
resents no expenditure, under conditions of ardinary farm management
in Ohio, as it is expected that the food consumed by animals will be fully
accounted for in the milk, growth or wool produced.

When it is further considered that one of the most useful feeding
stuffs known to American agriculture—wheat bran—may be used directly
as a fertilizer in competition with the ordinary, mixed fertilizers of com-
merce (as shown in Plot 17) and that in its use as a feeding stuff much
the larger part of its fertilizing properties passes through the animal either
unchanged or improved, it would seem that the making and using ot
barnyard manure might well occupy the most careful attention and study
of those Ohio farmers who are purchasing fertilizers.

At the Northeastern Sub-station two crops of corn and one of oats
have been grown in this experiment. Wheat was sown in the fall of 1895,
but it was so completely destroyed by winter killing that no attempt was
made to harvest it. The first clover crop will be cut in 1897.

Table VI gives the yields and increase of the corn and oats for 1896,
with the average results for the two corn crops.

It will be seen from this table that the results in the main agree with
those for the similar rotation at the Central Station, in showing the rela-.
tive importance of phosphoric acid and nitrogen, and in emphasizing the
necessity for combination, if the highest yield is to be attained.

*In the experiments with crops grown continuously on the same land, reported
further on, a dressing of eight tons of manure per annum has produced more than
twice as great an increase as one of four tons per annum.




TABLE VI—FERTILIZERS ON CROPS GROWN IN FIVE-YEAR ROTATION AT N. E. SUB-STATION.
Yield and increase or decrease(—)per acre, 1896, and average increase or decvease, 1895 and 1896.

Plot No.

Corn, 1895 and 1896. -

Oats, 1896.

Yield per acre, 1896.

Increase or decrease(—)per acre.

Yield per acre.

Increase or decrease(—)

1896. 2-year average. per acre.
Grain, ‘Stover. Grain. Stover. Grain. Stover. Grain. Straw. Grain. Straw.
Bushels. Pounds. Bushels. Pounds. Bushels. Pounds. Bushels. Pounds. Bushels. Rounds.
22.50 1,800  |ieeereerenceeenies]onnnnenee covneensfoceenrnn vorernnns|ennrernnrmenenans 26.17 1,337 feverrrrrernnesennn]evennernncnennnes
27.21 1,270 3.95 —70 3.02 —111 30.23 1,782 4.89 363
25.79 1,350 1:76 —-30 1.79 31 23.36 1,472 —1.14 72
24.79 1,420 |....... L VRO FOUURURUURUURN RRURRRRUYSUU IPUORRT 23.67 1,432 [everererereeens|verneeninnnnenns
28.79 1,480 4.72 112 2.86 62 23.44 1,745 —1.85 268
32.29 1,585 8.93 268 7.64 62 35.94 1,815 9.04 293
22.64 1,265  |eeveecrrenrernneeforinnnnirenneccnne]issennnnsneceencesfonneerannneenennns 28.52 1,567 |euvvereneernnnenne]ernrnniernnionenes
21.29 1,100 —1.80 —128 1.05 —191 31.09 1,730 5.18 256
25.43 1,225 1.98 43 2.71 —98 26 09 3,035 2.78 655
24.00 1,140 |eeervecercerennnsfeoreoranrennecsane]ossernnnenianens fernreernnenenenans 20.70 1,287 |eeeerieevnnerneee|reernnennnnnnans
34.71 1,430 10.23 273 10.15 123 33.12 1,935 10.91 483
32.29 1,530 7.53 357 7.44 147 34.22 2,010 10.50 393
25.14 1,190 [eeeeenniieecncnes] concnrencncacricefsnsosacnsencecnnce]orresnronserencans 25.33 1,782 |ieveeveernennnns fornecneecnnennnns
33.71 1,440 4.69 75 6.59 72 31.33 1,872 6.98 238
25.14 1,265  [ieeerrene cirerenne|errnnnnereernenes]ennes veeeranrenens|orncerneceanenans 27.81 1,615 |..cceennenns N ORI
36.79 L7150 ... veserensernne|ererrncrnenecanees|sneeenanennernnserrnnsereniernnns 22.58 1,337 Jueeevererneernneee]ennnecennneennnns
30.36 1,615 —5.24 —50 0.72 —68 31.64 1,912 10.55 587
39.64 1,800 6.18 185 8.74 71 28 20 1,487 8.69 175
31.79 1,565 | ceeerennrenccenes]oneens ceereeensens|eereeraeesnneennes|osens veee veerenen 18.12 1,300 [cieevuer cerenes]ennncennennrnnans
33.50 1,575 1.71 10 2.91 —76 25.78 1,570 4.27 118
17.71 1,150 1.64 90 2.76 —38 27.87 2,087 2.98 484
16.07 1,060 |..... cevereneseane]iernanes veceerens|sannicennirnnecane]eereennnnneeseens 28.28 1,788 |eveeereernceerens [orvnnennnnn eeeene
18.36 1,120 3.36 67 6.04 —166 32.50 2,770 3.85 843
15.07 1,110 1.14 63 3.80 —43 35.69 2,847 6.68 749
Py » C 3
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> . .
TABLE VI—Concluded.
Corn, 1895 and 1896. QOats, 1896.
Increase or decrease(—)per acre.
Yield per acre, 1896. Yield per acre. Increase or decrease(—)
1896. 2-year average. per acre.

Grain. Stover. Grain, Stover. Grain. Stover. Grain, Straw. Grain. Straw.

Bushels. Pounds. | Bushels. | Pounds. Bushels. Pounds. Bushels. Pounds. Bushels. | Pounds
12.86 1,040 |....... N 29.38 2,270 |euvererneciisenend]s cresenresrerieans
14.21 1,190 1.83 41.25 2,525 11.72 399
16.50 1,180 4.59 37.03 2,640 7.34 657
11.43 950 | ...... TN 29.84 1,840 |eeeieereineiinnnn]e ersrsananens .
19.50 1,110 6.38 39.563 2,260 11.26 433
24.86 1,200 10.05 35.94 2,300 9.22 487
16.50 980 |.vrurerienreenns 25.16 1800 |.eeeierrernnnnnd]. Ceeserernnninaie
18.43 1,185 1.48 37.19 2,516 12,14 730
23.00 1,250 5.69 37.73 2,567 12,78 797
17.86 1,290 . 24.84 1,765 |ueeernnnn. verene et erreerene
29.50 1,625 9.14 36.80 2,392 13.13 665
32.57 1,650 9.71 36.87 y
25.36 1,470 |ieeeiernnnnnnnnnn. 21.33
26.93 1,490 |....... 27.73
29.21 1,460 33.67
28.29 1,500 22.97
22.56 1,277 e reenenees

*Average of unfertilized plots.

For plan of fertilizing, see page 146.
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FERTILIZERS IN THREE-YEAR ROTATION OF POTATOES,
WHEAT AND CLOVER.

This experiment was continued during 1896, on the plan described
in Bulletin 71, but the results were materially affected by the winter-
killing of the wheat, which completely destroyed the crop at the North-
eastern Sub-station and largely reduced the yield in both the other
tests. * The potato crop was also seriously injured by the excessive rains
of July. The potatoes at the Central Station were grown upon newly
cleared land, which has not yet been completely drained, as have other
portions of the field in which this test is conducted. The land was
plowed into narrow lands, each the width of a single plot, and the fur-
rows between gave partial drainage, but the outside rows were counsider-
ably affected and have been excluded from the computations which
follow, and which are based upon the four interior rows of each plot,
(as planted, each plot contained six rows). At the Northeastern Sub-
station the test was likewise conducted on undrained land, and although
this was also plowed in the narrow lands just described, the furrows did
not afford sufficient drainage, and the injury to the crop was so irregular
that no trustworthy conclusions can be drawn from the results.

The damage was not so great on the yellow sand of the Northwest-
ern Sub-station, although even there the results were somewhat ob-
scured by the season.

Table VII gives the plan of fertilizing in this experiment, and the
tables which follow give the results to date.
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TABLE VII—PLAN OF FERTILIZING IN THREE-CROP ROTATION,

Fertilizers in pounds per acre. -

On potatoes. On wheat.

S
“ Explanatio
8 [Super-| . . (Super-| . e
aci p‘;f:: Nitrate | Muriate gﬂffs_ Nitrate | Muriate
phate, | soda. |potash.| phate | soda* | potash.

A Barnyard manure, 4 tons

C Wheat bran, 500 lbs
(1} “ 1 000 [
E Lmseed 011 meal 250 lbs

G Drled blood 100 lbs

“ 2% "
I Sulphate ammoma, 60 lbs.
K. 20 ¢
L. Bone meal, 110 1bs, -
M. Acid phosphate, 170 1bs.
N. Basic slag, 130 lbs.

#0On wheat, one-third dried blood, applied in the fall, and two-thirds nitrate of
soda, applled in April; all other fertilizers for wheat are apphed in the fall,
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TABLE VIII—FERTILIZERS ON CROPS GROWN IN THREE-YEAR ROTATION AT
CENTRAI, STATION.

Yield and increase or decrease (—) per acre—1896.

Yield per acre. Increase or decrease (—) per acre.
Plot |Potatoes,| Wheat, Sec. B Clover. Wheat. Clover.
No. | Sec. C Sec. A
Total Potatoes.
yield. Grain, | Straw. Hay. Grain. | Straw. Hay.
Biishels. | Bushels. | Pounds. | Pounds. | Bushels. | Bushels. | Pounds. | Pounds.
1 161.26 16.67 1,540 5,250 |eeruemrnenn]eosrnnmrncen]esirenieniiin]erneneniinne.
2 200.20 17.83 1,780 5,000 23.56 4.52 708 33
3 202.90 11.50 1,030 4,150 11.58 1.56 227 --533
4 206.00 6.58 4,400 |...... . [ FOTUUTURUUR FOOTTPRTUN AN
5 235.83 8.79 5,000 30.50 2.63 455 400
6 259.09 10.58 5,430 54.42 4.83 417 630
7 204.00 5.33 5307071 0 DRI PORUURUPRPUIN DRRCRURUTN FOPTRN
8 218.28 10.29 4,850 1013 4.45 330 —67
9 221.00 11.76 5,030 8.71 539 400 197
10 216.44 6.87 -3 4511 N DOURUUUURN FOURUUUPRTIN PR U
11 228.48 15.20 4,450 12.79 8.14 505 —117
12 226 44 13.54 5,000 11.49 6.28 853 617
13 214.20 7.45 4,200 |ieueerieennenn]ioneenenriiia]eeneeenennien]enenininnenne
14 251.00 18.50 4350 | 38.50 11.13 673 407
15 240.72 1433 4,880 29.92 7.04 418 1,197
16 209.10 7.21 3,430 : SUURUUUR PORURPP RN AR
17 184.00 10.25 4.660 3.39 844 1,203
18 177.88 11.83 4,970 651 466 1,505
19 176.44 3,450 [.iies eeen wlevirriierieied e
20 218.88 4,600 38.63 3.42 338 1,150
21 208.08 4,200 24 01 5.37 314 750
22 187.88 8,450 | civiveeeci e e UORURPIN PO
23 218.28 3,380 33.69 3.33 290 147
24 189.72 3,450 8.43 2.96 53 433
25 178.00 2,800 |.vernerneens]eeerineiaeees [T O
26 178.13 3,050 —6.83 3.60 377 117
27 213.04 3,480 21.12 5.94 360 417
28 198.88 3,200 [.evveeveneen]eeneereni et e
29 198 86 4,650 4.61 5.62 442 1,677
30 255.00 : 35¢
31 185.00
32 174.80
33 197.86
34 186.00 | .......

*Average of Plots 31 to 34 inclusive,
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TABLE IX - FERTILIZERS ON CROPS GROWN IN THREE-VEAR ROTATION AT CENTRAL STATION.

Average annual increase ov decrease (—) per acre, 1894-1896.
Increase or decrease (—) per acre. Value of increase per acre Fertilizers per acre.
\
Plot No. Potatoes Wheat-2 years. Wheat.
3-years, Hay, 189. | potatoes. Hay. Total. Quantity. Cost.
Grain, Straw. Grain, | Straw.
Bushels. Bushels. | Pounds.| Pounds. Pounds.
2 26.87 4,04 545 33 $8 96 $2.67 $0.82 $0.13 $12.58 320 $288
3 6.51 1.31 40 -533 0.86 .0 —2.13 .96 200 5.00
5 10.50 2.30 235 400 1.52 35 1.60 6.97 240 6.00
6 37.74 7.43 441 630 4.90 .66 2.52 20.66 560 8.88
8 27.49 7.95 463 —67 5.25 69 —0.27 14.83 520 7.88
9 16.18 443 264 197 2.92 .38 79 9.48 440 11.00
11 25.11 8.08 485 —117 5.33 73 —0.47 13.96 760 13.88
12 38.06 8.96 902 617 5.91 1.35 2.47 22.42 920 17.88
14 49 22 10.69 679 407 7.06 1.02 1.63 26,12 1,100 19.82
15 54 04 8.94 509 1,197 5.90 .76 479 29.46 1,100 19.82
17 crrerenenanns 2.56 187 1,223 1.69 28 4.89 6.86 4 tons,
18 fivvverinnieennnnns 481 273 1,505 3.17 41 6.02 9.60 8tons.
20 41.54 2.93 154 1,150 1.93 23 4.60 20.61 1,785
21 33.07 7.50 484 750 4.95 73 3.00 19.70 1,165
23 42.53 6.39 370 147 4.92 .55 .59 19.54 820
24 34.47 6.25 206 433 412 31 1.73 17.65 700
26 15.11 5.53 389 117 3.65 .58 47 9.74 610
27 27.94 6.77 255 417 4.47 .38 1.67 15.83 780
29 16.91 8.45 491 1,577 5.58 74 6.31 18.27 600
30 40.66 1.52 0 1,653 13.55 1.00 0.00 6.61 21.16 8tons.

‘SYHZI'IILEEA HLIIM SINFWIYAdXHT aQ'1d14
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Table IX includes the average results ot three potato crops, two
wheat crops and one hay crop at the Central Station. Several of these
crops were grown under abnormal climatic conditions, and we must ex-
pect that present indications may be materially modified by the results
of future work.

In respect to the effect of the three fertilizing constituents, it
will be observed that phosphoric acid produced the greatest effect and
nitrogen next, while potash caused practiciiiy no increase where used
alone and relatively little when added to the combination of phosphoric
acid and nitrogen. The yield on Plot 6, fertilized only with super-
phosphate and nitrate of soda, is equal to the average yield from the
plots receiving the same dressings of super phosphate and nitrate, with
potash added, and greater than that on several of these plots, but some
of these irregularities, especially that on Plot 11 and possibly
that on Plot 26, should probably be ascribed to inequalities of soil
rather than to differences in fertilizing.

It would not be safe, from this one experiment, to draw the conclu-
sion that potash is not needed in a fertilizer for potatoes. On the con-
trary, in other localities potash has seemed to occupy the importance in
a potato fertilizer which must be given to phosphoric acid on this soil.

In one respect the results of this test differ widely from those
in the 5-year rotation described above, and that is in showing a profit
from the use of the fertilizer in nearly every case. The columuns
giving the value of the increase show clearly that this profit comes
from the relatively high value of the increase from the potatoes, when
rated at 30 cents per bushel. With potatoes at average price of the last
two seasons the profit would in most cases disappear. It is notable that
the increase from potatoes rises with the quantity of fertilizer used, until
that quaatity reaches 1,100 pounds per acre, applied to this crop alone.

Not only does this method of treatment give the largest increase of
potatoes, but the combined increase of the wheat and hay crop following
is larger than when the same quantity of fertilizer is divided between
the potato and wheat crops.

This experiment confirms the one on the 5-year rotation in showing
the relative value of wheat bran and oil meal. A ton ofaverage wheat bran
contains about 53 pounds of nitrogen, equivalent to 65 pounds of ammonia,
58 pounds of phosphoric acid and 32 pounds of potash. At the rates
paid for the nitrate of soda, acid phosphate and muriate of potash used in
these experiments, the ton of bran would be worth about $13.00 as a
source of ammonia, phosphoric acid and potash, as compared with the
carriers named; or, if compared with the ready-mixed fertilizers of com-
merce, its value would be about $16.50.

It will be observed that in these experiments the bran has been rein-
forced with superphosphate and muriate of potash. Itis probable that
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an addition of superphosphate at least (either dissolved bone black or
acid phosphate) will increase its effectiveness under ordinary conditions.

On Plots 17 and 18 the barnyard manure shows a total value
of increase amounting to $1.20 to $1.70 per ton, although the potato crop
is yet to be heard from. On Plot 30 the total increase amounts to more
than $2.50 per ton of manure, nearly two-thirds of the total coming from
potatoes.

With the potato crop of 1897 begins the second coursein this
rotation, in which the full plan of fertilizing comes into effect.

At the Northwestern Sub-station three crops of potatoes and two of
wheat have been harvested in this experiment, but no clover as yet,
through failures in seeding. Table X gives the results for 1896 and the
average results to date.

In this test irregularities in the soil have obscured the results on
plots 16 to 30 inclusive and it is deemed best to omit these plots from
the general average at present.

It will be observed that the increase, on both potatoes and wheat,
has been considerably smaller on this sandy land than on the loam at the
Central Station, and that potash is apparently of greater importance
here than at the Central Station.

As already stated, both wheat and potatoes were practicallya failure
at the Northeastern Sub-station in 1896, and the first clover crop in the
rotations there is yet to be harvested, consequently there is no report to
be made on the work there in this rotation additional to that given in

Bulletin 71.



TABLE X.—FERTILIZERS ON CROPS GROWN IN 3 YEAR ROTATICN AT N. W SUB-STATION.

Yield and increase or decvease(—)per acre.

Yield per acre—1896. Increase or decrease(—)per acre.
Potatoes. Wheat. 1896. Average—1894-1896.
Plot No. Wheat. Wheat.
Value of
Total, Grain, Straw. | Potatoes. Potatoes. average
Grain. Straw. Grain. Straw. | increase.
Bushels. | Bushels. | Pounds. | Bushels. | Bushels. | Pounds. | Bushels. | Bushels. | Pounds.

118.7 3.83 550

153.5 3.00 360

155.1 3.00 420

161.4 2.33 390

170.8 2.50 430

171.5 2.50 350

120.2 1.83 230

154.5 1.67 290

163.0 3.50 550

154.3 2.17 270

187.4 8.50 600

197.4 3.67 510

163.8 1.83 360

200.0 8.00 720

207.0 6.83 500

199.4 4.83 600

192.3 5.00 500

194.7 3.50 490

189.5 3.83 410

200.7 5.67 660

203.2 6.67 840

133.0 2.50 350

151.3 2.33 320
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TaBLE X—Concluded.

Yield per acre—1896. Increase or decrease(—)per acre.

Potatoes. Wheat. 1896. Average—1894-1896.
Plot No.
Wheat. Wheat. Vaiue of
Total. Grain. Straw. | Potatoes. Potatoes. average
Grain. Straw. Grain. Straw. | increase,
Bushels, | Bushels. | Pounds. | Bushels. | Bushels. | Pounds. | Bushels, | Bushels., | Pounds.
1385 2.50 350 —4.7 0.89
148.2 1.17 230 fueeerenernreere]osenennoanienn
176.9 1.50 410 28.7 0.16
183.7 4.67 420 35.6 8.17
148.1 1.67 800 |ivreeenerrnneic]ones creerereene
161.1 5.00 500 18.0 355
162.4 2.67 340 14.3 1.45
............ 1.00 200 fuieereerennierne]ornnnersiaeenns
153.7 2.45 354 153.7 2.45

*Average of unfertilized plots,
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166 OHIO EXPERIMENT STATION,
FERTILIZERS ON CROPS GROWN CONTINUOUSLY ON THE SAME LAND.

These experiments, begun at Columbus on corn in 1888 and on oats
and wheat in 1889 ; at East Liverpool on corn in 1888, and at Wooster
on corn, oats and wheat in 1894, were continued in 1896 according to
original plans. The results are summarized in the following tables, the
wheat crop at Columbus being omitted because of its complete destruc-
tion by winter killing, as already noted. ’

In the experiments at Columbus and East Liverpool there has been
practically no increase of corn from superphosphate or muriate of potash
used alone. Nitrate of soda has given a small increase when used alone
and a larger one when combined with phosphoric acid or potash, one or
both, but in neither of these tests has the increase from any fertilizer or
combination of fertilizers been sufficient to pay the cost of the fertilizer,
and this is also true of the results at Wooster, although the average
increase here has been several times as great as that in either of the
other tests.

The experiments on oats at Columbus have suffered from chinch
bugs and from errors in harvesting or weighing, so that a satisfactory
report can only be made on Plots 4 to 16, inclusive. The data thus far
accumulated do not show any wide divergence in the results on oats
from those on corn.

Both oats and corn, at Columbus, are grown on land underlaid with
gravel. The wheat land, however, has a hard-pan subsoil.

It will be observed that the increase on oats and corn in the continu-
ous work at Wooster is much greater than in that at Columbus.



TABLE XI—FERTILIZERS ON CORN NINE YEARS IN SUCCESSION AT COLUMBUS.

Yield per acre.

Increase or decrease (—) per acre,

Egt Fertilizers per acre. 1896. 1896. 9-year average.
Grain, Stover. Grain, Stover. Grain, Stover.
Bushels. Pounds. Bushels., Pounds. Bushels. Pounds.

1 | NOME cuvurennrrnenerensressssrosesressassosassssnssssnssrsesssssassssocans 44.93 2,200 |iuerirenrvannieere]oniennirannenenierirernnennes oo
2 | Superphosphate, 320 pounds ....ccceovvreiiissiiiniissnninnnn 49.86 2,000 2.48 —217 0.14 —74
3 | Muriate of potash, 80 pounds......ccceecovviinnnn 52.50 2,650 2.66 417 0.97 446
4 | NODE. sereuerreruiernrereresessssssnses sutenisssnsansrsssnsesasssssssses 52.29 2,250 [seereereniencencne|ivrerniniiiieniin]vennnnes e I
5 | Nitrate of soda, 160 pounds.......cceeeerennssnnerneeeeveneneens 53.79 2,650 2.48 450 2.91 614
6 | Superphosphate, 320; nitrate, 160.......covveinsiunnennnce. 47.57 2,200 —2.77 50 4.04 502
7 | NOD.uirrrereeeerrseneecersssererasscessssssnsass ssssncssnsesssssesarnses 49.36 2,100 | veeueecsocesennefossrsasrrcrnceeec]enncrnsrnreceeieseferirrnneriinanas
8 | Superphosphate, 320; potash, 80.....cccccerviisiunnnnnennen. 58.57 3,200 10.47 1,033 3.26 434
9 | Nitrate, 160; potash, 80.......iceeiieiiiviiiiininiinirrannnnee 54.71 1,800 7.88 —433 6.28 472
JO | NODEC.uuuierneeranerereesrsssrersarosrssmmsesrnssnniossases 45.57 2,300 |.uuierreeennceense]oreranss sorreesesfourssnaensnnirani]oriaenennniene.
11 | Superphosphate, 320 ; potash, 80; nitrate, 160.. 56,43 2,650 9.88 383 5.17 427
12 « « “ 320.cceeiinnen. 61.00 2,450 13.48 217 5.43 408
13 | N O ueuereeeeeernne sorsrncasnssrnsrsasssasnss eosssssssuessnnsnassaes 48.50 2,200 {iuuiienernnrieeneiforerenereeraneres|enseransreceasencs|onernasensianens
14 | Superphosphate, 320; petash, 80; nitrate, 480............ 52.00 2,980 5.43 820 3.98 593
15 | Sulph. ammonia, 120 . potash, 80; nitrate, 160............ 53 36 2,320 8.72 200 4.01 227
16 | NOME. evuue erenrereenrennssscrsssecesnensnnrarreosenssesssassasssnsosas 42.71 2,080 {1veerrurionnneees]onreescsennrneees|enenes veeneeernneslonsovarsanensnne
17 | Acid phosphate, 320: potash, 80; nitrate, 160.............. 53.43 2,650 9.29 490 7.30 749
18 | Slag phosphate, 320; potash, 80; nitrate, 160.............. 55.00 2,550 9.43 310 6.78 525
1O | NODE.. ceuveurereerecrnsionceseressess sonnnensansnsasesasrsssesssnsssane 47.00 2,320 |veeirnrronreneen]oerennrniernnenniafunes ORI FOTIRRR SN
20 | Barnyard manure, 8 tONS....c.oevcrusermsersissiiiisreniasinsnnns 47.86 2,100 1.96 —180 444 249
21 | Linseed oil meal, 1,000 pounds ....cccoeiveveimeemnuisicranene 47.14 2,300 2.33 60 6.46 568
22 | NONC.wvetrerereernnnnnnens eren ereeeeeeseeserenanne 43.71 2,200 |uvverrieenerrernenfesrsssrnnnionenene]nnrennnenciinesfosrenesnnennnns
Average of unfertilized plots.. .occovveiiiiieniiiiiininnan, 46.76 2,206 1ol 52.81 3032
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TABLE XII—FERTILIZERS ON CORN NINE VEARS IN SUCCESSION AT EAST LIVERPOOL.

Yield per acre Increase or decrease (—) per acre.
1;}0" Fertilizers per acre.* 1896. 1896. Nine-year average.
o,
Grain. Stover. Grain. Stover Grain. Stover.
Bushels. Pounds. Bushels. Pounds Bushels. Pounds.’
11 NOBC...citiiiiiirccri e ceerinierreeireseeneeesaeeesins 30.44 . R
2 | Superphosphate, 320 poUNdS.......eueveerereeeerievnennenieniens 27.91 1,093 —3.12 —268 —1.25 —34
3 | Muriate of potash, 80 pounds. 31.25 1,287 —0.37 —6 —0.13 126
4| None......oovvvmenenenviennninnnnens 32.21 8 O R P
5 | Nitrate of soda, 100 pounds........cceeeeveivereeeernerecenennees 29 45 1,770 —2.00 336 458 231
6 | Superphosphate, 320; nitrate, 160............ccceuverreeienees 33.05 2,608 2.36 1,063 6.51 396
T | NODE.coitiiiiiiiiiiiii et s 29.93 B UR2157: SN OUUURURN RUSURRITUUIY FORSOURUURURURIIN IRORIRIUUURN
8 | Superphosphate, 320 ; potash, 80......ccceeerueenenennceeennnnn 30.22 1,623 —0.09 —298 —3.13 71
9 | Nitrate, .60; potash, 80 .....cceceeerrruniviirinucrneeiorcreenennns 34.73 2,734 4.05 747 6.54 424
10 [ NOBE...oo. et cerieiiienis sttt e e saseaee 31,06 b/ 115 S N PO PO O SRR
11 | Superphosphate, 320 ; Nitrate, 160; potash, 80............ 43.54 3,969 1371 1,673 6.15 536
12 | Barnyard manure, 8 tons .......cceeevnreeenes 43.00 4,011 14.39 1,473 6.33 572
13 27.38 P24 SR IO TY IO FOUSUUR S ORN R
14 30.00 2,112 262 —669 —1.49 —154
30.20 1,869 [eeiieeiiinn e, 28.12 2,499
*Double these quantities, 1895 and 1896.
- »
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TABLE XIII—FERTILIZERS ON CORN THREE YEARS IN SUCCESSION AT WOOSTER.

Yield per acre, 1896.

Increase per acre,

}I:}g.t Fertilizer per acre,» 1896. 3-year average.
Grain, Stover. Grain. Stover. Grain. Stover.
Bushels. Pounds. Bushels, Pounds. Bushels Pounds
1 | NONCuiiiiieirtunnnenseiniennnnrmnmnniiiseiseenee cosernmnssasssenssnsens 51.93 1,670 [ueveverrienrnnenns]enecccninenieieensseninennnnnns fovvnnnniennnnnn .
2 Superphosphate, 160 nitrate soda, 160; muriate pot
T3 s (PP 73.18 2,380 21.17 727 11.42 539
3 | Superphosphate, 60; nitrate soda, 160; muriate pot-
ash, 30 67.96 2,000 15.86 363 6.68 221
4 52.18 1,620 |eereeerencnnnnennsfonee 0 boessessacs s0cesesseesassvoleesses cecsesarene
b 61.86 1,850 10.87 243 6.70 235
6 68.82 2,020 19.02 477 14.14 505
7 48.61 1,580 [ueeececenenennnnnsfonconsconereenenns]ocossnocannannnnnsfessisiiinnnnnnnai.
8
74.36 2,340 27.82 830 13:20 540
9
71.89 2,310 27.43 870 14.22 1,10
10 42.39 1,370 |[.ccvcrnnnnnnnn. ofeesense coverrenene| o0ee O I,
48.78 B R T N N (SR OU RN (SN
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TABLE XIV—FERTILIZERS ON OATS EIGHT YEARS IN SUCCESSION AT COLUMBUS.

Yield per acre, 1896.

Increase or decrease (—) per acre.

I;ql?)f Fertilizers per acre, 1896. 3-year average.
Grain. Straw. Grain. ll Straw. Grain. Straw.
Bushels, Pounds. Bushels. Pounds. Bushels. Pounds.
1 | Nomne....coveereerrenennnnniisiinosnnns Cemssssrerenieenttesenenansanaatnns 22.34 2,000 foooeerrrniinennne
2 Superphosphate, 320 poundS....icevueiiiieinnieiiiseennennns 25.47 2,085 1.57
3 | Muriate of potash, 80 pounds.. 27.50 2,720 2.03
4 | NoBe..veeriieieiennienieivocensenns 27.03 P S T,
5 | Nitrate ot soda, 160 pounds..... 35.94 3,425 9.29
| Superphosphate, 320; nitrate, 160....cccceveernrecereennnnaenes 42.03 3,655 15.75
7 ] NODE..covriiiiiiiitenreintinniieres svnsereeeessnsssssssnneessnnsosns 25.90 2,120 |eeveiriinnnnnene
3 | Superphosphate, 820; potash, 80.......ccecevvueriruerunrranenn. 29.38 3,010 3.31
9 | Nitrate, 160; potash, 80 cressnrernieranerianenanes 40.00 4,570 13.76
B I 3 TS 26,41 2,455  Jiveerenineneninns
11 Superphosphate, 320; potash 80; nitrate, 160............ 34.69 4,340 8.85
12 320, 80; “ 320..ceeennee. 45.23 5,052 19.97
R I [ L U PN 24.69 2,560 |eeeeenriiiinnnnns
14 Superphosphate, 320; potash, 80; nitrate, 480............. 41.81 6,012 17.88
15 20, “  80; sulp’te ammonia, 120 38.36 4,172 15.18
16 [ NODE...coviriiiiisriiiiiiiiciii e crrrses e et eeeeeeeenes 22.42 2,832 |..ceeiee
17 * | Rock phosphate, 320; potash 80; mtrate, 160.
18 | Slag phosphate, 320;  «“ 80; 160....
19 | Nome.wiiiiiiiiiiiiiniiriciiiniisisneniennninencenenneeneeeee.| 2884 | 8145 |icviiviircres [ e,
20 | Barnyard manure, 8 tOnS....c.ccveverrevecsvnessenenseennneens) 3219 | 3,920 | 480 | 672 |aeeeei e
21 | Linseed oil meal, 1,000 pounds o 2083 | 4080 | 0 458 | 678 leerriienn e
22 | NODC..wtreerrrirtrenreeerinrnnennniecensssnnnenennessssssssneesseeseess| 2280 | 8485 |ivveeiieeiininii|oninneneniinee e e e
Average of unfertilized plotS....ccceirereieeeeiveeenneeen] 2814 | 2656 [evveeeriiiiiin e
» ‘ - - )
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TABLE XV—FERTILIZERS ON OATS THREE YEARS IN SUCCESSION AT WOOSTHR.

Yield per acre, 1896.

Increase or decrease (—) per acre.

Fertilizers per acre. 1896. Three-year average.
Grain. Straw, Grain Straw. Grain. Straw.
Bushels. Pounds. Bushels, Pounds Bushels Pounds..

1 | NODE ceuvrirnnninniiiniereniienicrisiersossoseeeete ssvessener suncersssannse 22.19 =2 L O i PO G PR RN
2 Superphosphate, 160 potash 100; mtrate, 160 ........... 44.37 2,110 21.56 1,123 11.82 616
3 50; 160............ 39 2% 1,815 15.78 722 8.35 330
4 | NODEC.icotvrrernciuciennsiisesasonsones PR 24.00 1,200 leeeneeveeneerncenediornniiinicrcrns]senearesnenceences|eerneennencrnennns
5 | Barnyard mannre, 24 tOnS . ...ucveeveervrnereniseercenionienenenns 26.41 1,155 2.14 —42 1.39 —122
6 “ “ 5 “ ... 30.00 1,270 5.52 77 5.58 38
T | NODE wvrveiiiiniiininieniiiiiniie esneseeennsesrassiasseesssenns 24.69 1,190 |ouieeireeinrinnnsfoennnnnienniiiiins [ornerenensssernens[ennnncrnnannenens
8 Superphosphate, 160; potash 100; nitrate, 320..... 5437 2,700 29.84 1,528 18.42 837
9 110; 100; ¢ 320.... 52.19 2,650 27.81 1,497 16.79 720
JO | NODE..ciiiiitniiis eriirenniiniiruin i srereieienrenesssranssssenasacennes 24.22 0% 21 T PO FOUUUR PPN PRI
Average of unfertilized plots.....cccveeerrececirnnaivneen. 23.79 1,101 [eeiimreiirneiieeeeerennnennennnes | onnnnes veveeenne|ovssesssrnannnenne
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TABLE XVI—FERTILIZERS ON WHEAT THREE YEARS IN SUCCESSION AT WOOSTER.

Fertilizers per acre,

Yield per acre, 1896.

Increase per acre.

1896. Three-year average.
Grain. Straw. Grain. Straw. Grain. Straw.
Bushels. Pounds. Bushels. Pounds. Bushels Pounds.
T | NODE ciiiriiiiirriiiiie et s resanie e ee et ssssesaees 112 (o2 FOUNPI PO URURURUR FOTTURREUIRPrY RS
2 Superphosphate, 160 potaslr 100; nltrate 160.... 6.08 775 4.90 673 6.53 625
3 30, 160 3.08 315 1.23 112 3.28 296
4] Nomne.....cooovverrennrenennininennns 1.29 ) 525 O IO OO P PRI PR cecerereenes
5 | Barnyard manure, 2§ tons .... .. 2.83 380 1.65 258 2.04 369
6 R s T 5.29 692 4.22 570 3.74 594
L 3 I O O N 0.96 122 feveeerenneeereinnifonerencneenennees fovesasnnense sesene|ennennnnenieneenes
8 Superphosphate, 160; potash 100; nitrate, 320... 6.50 860 5.4/ 709 6.78 817
9 90, ; “320... 3.91 485 2.82 304 4.98 598
10 | NODE oot ceviiiriiieieretirniin s ereerens e ces e se srennnane 1.16 210 [eeeerrernnieeians]orenenannerernnns| seerererannerenee annenrneiaiesinnee
Average of unfertilized plots.....c.covmirerrirnees sreneenne 113 3 < T POUOUUUPRUTUPINN UURUUCUUIIIN PRUPCOURURRRRRRRRNN RN SRR
.
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FIELD EXPERIMENTS WITH FERTILIZERS. 173

TABLE XVII—FERTILIZERS ON CROPS GROWN CONTINUOUSLY AT WOOSTER.

Summary of Tables XI to XVI.

Average increase per acre. Value of increase.
Plot | Fertilizers
No. per acre.
. Straw or Per ton of
Grain. stover. | Total. Per acre. fertilizer.
Pounds. Pounds. Pounds. Pounds.
2 420 470 647 1,117 $4.75 $22 62
3 250 279 313 592 2.70 21.40
5 23 tons. 181 192 373 1.62 0.64
6 5 tons. 398 445 840 3.59 0.72
8 580 616 804 1,420 6.08 20.96
9 500 544 876 1,420 5.57 22.28




174 OHIO EXPERIMENT STATION.

In Table XVII the average results of the work in continuous cul-
ture at Wooster are collected in a summary giving the average quantity
of fertilizers applied to each plot each year for each of the three crops,
the average weight of increase each year, whether in grain or in straw,
cobs and stover, and the value of this increase per acre and per ton of
fertilizer or manure used in producing it.

It will be observed that thus far in this experiment the increase of
crop has been closely proportionate to the quantity of fertilizers applied.
Comparing Plots 3and 9, on which the fertilizers are of identical compo-
sition, the increase from 500 pounds per annum is proportionately larger
than from 250 pounds, and the same is true of the manured plots. The
increase in weight of fertilizers used on Plot 8 as compared with Plot 2
all comes from nitrate of soda, and the result indicates a less effective
application, pound for pound, although there is a greater total increase.

The effect from barnyard manure is considerably smaller in this con-
tinuous culture than in the long rotation, and this is explained by refer-
ence to Table V, which shows that of the total value of increase from
manure in that rotation, more than two-thirds is found in the hay crops,
whereas in the case of the chemical fertilizers, much the larger part of
the total value of the increase is found in the grain.

CONCLUSIONS.

On the clay soils, which have been under test in most of these
experiments, phosphoric acid seems to have been the most effective con-
stituent of a fertilizer for cereal crops and clover grown in rotation, but
the full effect of -the phosphoric acid was not attained until both potash
and nitrogen were added.

It appears, however, that the quantities of potash and nitrogen actu-
ally used in most of these mixtures were greater than was required for
the full utilization of the phosphoric acid, and that the most effective
fertilizer, in proportion to cost, would be one containing nitrogen and
potash in approximately equal quantities, with phosphoric acid largely in
excess.

In the continuous culture of cereals nitrogen appears to be the most
important constituent of the fertilizer, but, as in rotative cropping, it is
the complete fertilizer, containing phosphoric acid and potash as well as
nitrogen, which produces the maximum effect.

Potash seems to have a relatively greater effect on the sandy land
employed in one of the tests than on the clay, but further investigation
on this point is needed.

At the price at which ‘“ammonia,” phosphoric acid and potash are
sold in the fertilizer markets of Ohio, the cost of the fertilizer has
been greater than any increase produced from it in crops grown contin-
uously on the same land in these experiments. When the cereals have
been grown in rotation with clover the cost of the fertilizer has been
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FIELD EXPERIMENTS WITH FERTILIZERS. 176

recovered, with a margin to spare, provided nitrogen and potash were
used in small proportion relatively to phosphoric acid ; and when potatoes
formed one crop in a three-year rotation with wheat and clover, it has
been comparatively easy to secure a profit on the fertilizer.

In rotative cropping, ordinary barnyard manure has produced
increase to the value of a dollar to a dollar and a half for each ton of
manure, this increase being found chiefly in the hay crops, whereas the
increase from chemical or slaughterhouse fertilizers is shown chiefly in
the grain crops.

The nitrogen, phosphoric acid and potash in wheat bran and linseed
oil meal seem to be nearly or quite as effective in producing increase of
crop as the same constituents in the ordinary mixed fertilizers of com-
merce. Since the larger portion of these constituents passes into the
manure in feeding, the inference is justified that, by proper care of the
manure, a large portion—probably the larger portion—of the cost of
these valuable feeding stuffs may be recovered in the manure.

A ton of clover hay carries fertilizing constituents to the value of
more than eight dollars, as compared with the prices at which mixed fer-
tilizers are sold in Ohio, and assuming that these constituents are equally
available with those in mixed fertilizers. It is probable that they are
not quite so quickly available, but the apparent fact that commercial fer-
tilizers can be used with profit in the production of cereals only when
these cereals are grown in rotation with clover, and the high value as
fertilizers which bran and oil meal are shown to have, all combined, most
forcibly indicate that through the feeding of live stock, the careful sav-
ing of the resultant manure, and its intelligent employment in a scientific
rotation of crops, lies today, as of old, the road to the economical main-
tenance of fertility.
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