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FIELD EXPERIMENTS WITH COMMERCIAL AND OTHER
FERTILIZERS IN 1893.

[By C. E. THORNE AND ]J. FREMONT HICKMAN.]

The general plan of these experiments is as follows:

A tract of uniform land is divided into plots containing one tenth or
one-twentieth acre each; the plots are 16 feet wide and are separated by
alley-ways 2 feet wide. Under every second alley-way a tile drain is
laid. In the case of the wheat plots the soil is clay, lying upon the
bowlder clay of the drift, and that upon Huron shale at a depth of 15 to
20 feet. It was formerly covered with forest, in which beech and elm
predominated, and was wet and heavy before being drained. The plots
on which corn and-oats are grown have a gravel sub-soil, which gives
partial drainage. i

Twenty-two tenth-acre plots are devoted to the continuous culture
each of wheat, corn and oats, each plot receiving the same treatment
each year. Table 1 gives the order in which the plots are arranged,
the quantity and cost per acre of fertilizer applied to each plot, and
the quantity per acre of essential ingredients contained. The cost is
computed on the basis of the present price per ton in eastern markets,
with five dollars per ton added for freight.



2 OHIO AGRICULTURAL EXPERIMENT STATION.

TABLE 1L—EERTILIZERS ON WHEAT, CORN AND OATS GROWN CONTINUOUSLY.—
Quantity and cost per acre.

Iissential Ingredients.

f‘:"‘c()),t Fertilizers. Quantity. ' Cost.
Nitrogen. |[Phos. acid.| Potash.
Pounds. Pounds. —1:.'_11:11!\\‘.~ Pounds.
1 | Unfertilized .oioiiiiiiiiiiieiiiie eeeeeees [oeiieeiii et eeeeeteevesnees v rnieieereees eeenneenesrannnnee breine i,
2 | Superphosphatel.........ccccviiinniinnnnns B 320 AMSO T 4 00
T Muriate of Potash .....ococviennvevennnnne 804 04 175
4 | Unfertilized ..oooiiiiieivinnecnineinnrecenenes oo e fevvvecnens ] vvvenecnenc e e,
—'g Nitrate of Soda........ccvveveeneciniiieninen 1602 252 425
6 Nitrate of Soda.... 160# 452 ‘ } 8 2
Superphosphate... 320 50

7 | Unfertilized

8 Superphosphate ... 320 50
Muriate ot Potash. 804 104
itrate of Soda. 1602 252 40 -
80 6 G0

Muriate of Pola

10 | Unfertilized ......ooooooivviviiininierieecennes

Superphosphate ...
11 Muriate of Potash .
Nitrate of Soda

Superphosphate
12 | Muriate of Potash .
Nitiate of Soda.......

13 Unfertilized

Superphosphate . 320
14 Muriate of Potash. 804
Nitrate o1 Soda 4808 758
Superphosphate ., 320
15 | Muriate of Pot:sh. 80
Sulphate of Ammom 120 25

50

16 | Unfertilized

Dissolved S. C. Rock 320 45 :
1/ Muriate ot Potasl 84 40 8 5h
Nitrate of Soda... 1602 252
Basic Slagb. ............ 300 60
18 | Muriate of Potasl 804 40 9 45
Nitrate of Soda...... 1602 252
19| Unfertilized oot e e | e L
20 | Barnyard manure.. Y] 25 50
21 | Linseed oil-meal ... .........eeeee. 1000 50 20 15 13 00
22 Unfertilized s fersrneseneeneenes | cononsnee con aens OUTOTR T, [T SUPT

1 “'Superphosphate’ in all cases is dissolved bone-black.

2480 and 75 pounds in 1888,
3160 and 25 pounds in 1888.
4160 and 80 pounds previous to 1892,

5 Alto known as “odorless phosphate.”
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Stated in another form, plots 11, 15, 17 and 18 of this experiment
each receive at the rate of 520 to 560 pounds per acre of a fertilizer con-
taining about 5% to 6 per cent. ammonia (ammonia being about 80 per
cent. nitrogen), 8 to 9 per cent. available phosphoric acid and 7 to 7% per
cent. potash. On plot 6 the same quantities of nitrogen and phosphoric
acid are used, but by omitting the potash the percentages are changed to
the equivalent of 6} per cent. ammonia and 10} per cent. phosphoric acid.

FERTILIZERS ON WHEAT GROWN CONTINUOUSLY ON THE SAME LAND.

This is the fifth successive crop of wheat grown on these plots.
The history of the previous crops is given in Bulletin 49 of this Station.

Immediately after a crop is removed the ground is plowed to the
depth of 8 or 9 inches, and it is rolled and harrowed six or seven times
between plowing and seeding, the surface being reduced to the condition
of a garden and no weeds being allowed to grow.

The fertilizers are spread broadcast, just before drilling the wheat,
except the nitrate of soda. This is a coarse, easily soluble salt, and to
apply it all'in the fall would involve the leaching away of a large part
of it before the plant could make use of it.

In 1890 it was all sown in the spring, about the middle of April.
For the crop of 1891 the application was divided, half being sown in the
fall and half in April. For the crops of 1892 and 1893, dried blood was
used in the fall at the rate of forty pounds per acre, and nitrate of soda
was sown in April in quantity sufficient to bring the total application up
to the desired amount. The sulphate of ammonia is all applied in the
fall.

The result of the harvest is given in Tables II, IIT and IV, together
with those of the four preceding harvests, and the average results of the
five years’ experiments.

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



TABLE IL—FERTILIZERS ON WHEAT FIVE YEARS IN SUCCESSION.

Vield and increase of GRAIN in bushels per acre.

Yield per acre.

Increase or decrease (—) per acre.

S S

4 Fertilizers. - z

~ -

Eo'.? 1889. 1 1890. | 1891.| 1892.| 1893.| Av. | 1889.| 1890.| 1891.| 1892. | 1893.| Av. ,E

1| NODE woiiiviiriiiieieeeiniee e, 50.5 | 319 | 31.8 | 26.2 | 321 | 345 [ceeinn | eevvinii]ivrinnnn ] e 1
2 | Superphosphate (dissolved bone-black) 35.6 | 29.3 | 8L2 | 352 | 36.3 2.9 3.7 | —2.6 4.7 5.6 29| 2
3 | Potash (muriate) 321 | 302 282 | 27.7 81| 85| 03 |—1L7| 13| 07| 08| 3
4 | None.......oovvrvrennnn. 31.8 | 320 | 272 | 245 | 3L3 |.eeeeeriileniiiiiiiniiiindrnenins Jovvinen] ceeenns 4
5 | Nitrate of s0da....ccccceeririiiiniinniinns 365 | 3837 | 279 | 316 | 339 |—3.0| 43| 06] 02| 63| 17| 5
6 | Nitrate and superphosphate 386 | 312 289 | 33.5| 346 |—45 6.0 | —3.0 0.8 7.4 12| 6
7 | NOBE coviviiiiiiiiiniiee et 83.0 | 853 | 286 | 268 | 342 |.veiiiifieiiiiinifiniienn i e 7
8 | Superphosphate and potash.......cc.ooooiiiiiiinn.l, 364 | 305 | 302 | 36.0| 349 |—4.7 | 3.6 |—34 17 88| 12| 8
9 | Nitrate and potash ...ceceuviiiiiiiniiiiinniinnn. X 36.8 | 334 | 29.1 | 354 | 36.1 0.4 42| "0.8 0.8 7.9 281 9
JO | NOBE sttt e e ee 44.0¢) 324 | 312 | 281 | 27.7 | 327 |.eiifivniinni e i e 10
11 | Superphosphate, potash and nitrate 160...........(1)!1 49.5 36.9 | 2881 29.1| 38.6 | 36.6 5.4 53 | —2.5 14| 109 40 | 11
12 | Superphosphate, potash and nitrate 320............... 49.3 357 | 297 | 292 | 427 | 373 5.2 5.0 | —1.7 20| 151 51| 12
18 | NOCuitiiiie ettt e 442 | 299 | 315 | 26.8 | 27.5 | 320 |..eooiiifvviniiifirennei i e e 13
14 | Superphosphate, potash and nitrate 480.......... (¥)147.0 | 349 | 288 292 | 397 | 89| 49| 42 |-25| 21| 180 | 43|14
15 | Superphosphate, potash and ammonia..........coeeeeee. 47.0 33.8 | 298| 304, 348 352 7.1 2.2 1 —1.2 3.0 8.8 4.0 | 15
16 | NOME coitiiiiiinieiiieeiii e et e e 37.8 | 324 | 308 | 27.8 | 252 | 30.8 |.eeeeiiiiliviiiinii]iiiin i e e 16
17 | Rock phosphate, potash and nitrate...... ...(1)]40.0 374 | 3321 311 | 326 | 34.9 13 5.5 2.2 4.1 8.1 42117
18 | Slag phosphate, potash and nitrate....... 39. 37.3 1 317 | 31.6 | 352 85.0 | —0.3 58| 04| 54| 115 | 4.6 18
19 | NOHE wovviviiiiiiei e ees ceeeveeeee e 1405 | 310 | 315 | 254 | 228 | B80.0 |.eeeeeriiliieiiiiiifirneennni e e 19
20 | Barnyard manure .| 44.5 347 | 273 | 254 | 87.3 | 33.8 5.3 52 | —27 1.1] 138 4.5 | 20
21 | Linseed cil meal TR 38.7 334 | 347 | 275 355 | 341 0.7 59| 6.1 42| 113 | 56 | 21
22 | NOTICuuoiiitiiieiieiiiiin e e e e e e e e e e 36.7 205 1 271 2220 247 | 274 | e e e e 22

Average of unfertilized plots...cc.cccviiiiiiiiniinnn. 42.8 31.1 | 314 | 265 | 264 | 31.6 |.eeeeeinifivindininonnis lovveiineeeennens
Average increase from fertilizers...........oooovviiiioi oo v e L 1.7 44 | —-038 2.3 9.2 3.3
(1) 480 pounds nitrate in 1889, (3) Estimated.
(*} 160 pounds nitrate in 1889.

'NOLLVLS INANWINHIXH TVINLIADIYOV OIHO



TABLE IIL—FERTILIZERS ON WHEAT FIVE YEARS IN SUCCESSION.

Yield and increase of STRAW in pounds per acre.

s Yield per acre. Increase or decrease (—) per acre. s
“ Fertilizers. ® “
§ ¢ ) o | Aver- 0 Aver-| B
& 1889. | 1890.| 1891.| 1892. 1 1893. age 1889.1.1890. | 1891.| 1892.| 1803. age. >
D B 3 T PP 4,070 3,602 4,540 | 3,015) 2,495 3,644 ||......... et e 1

2 | Superphosphate (dissolved bone-black)...... 4,208 3,885 | 4,995 | 4,265 | 3,270 | 4,125 | 264 390 642 1,372 11,120 757 2

3 | Potash (MUIiale ).eemeererenieeeruuonreerseneenennnn, 3,850 | 3,062 | 3,740 | 3,190 | 2,175 3,203 32 |—327 |—427 | 418 | 355 10 3

4| None....ooevuvenenn.. . 3,692 8,232 3,980 | 2,650 | 1,490 | 3,019 ||ceeeuenec]reneriinfivmnrenei]oevnrenen]vrieeneeddeennanes 4

5 | Nitrate of soda.............. . 3,56 3,980 | 2,710 | 2,705 | 3,377 ||—251 630 |— 83 |— 13 995 256 5
6 | Nitrate and superphosphate.................... 5,330 3,830 | 2690 3,949 ||—419 | 1,064 11,183 | 1,033 ! 800 | 732 6

T | NODE oot trivvun e eeeeeeiiiiins ceeeeean 4,230 | 2,870 | 2,090 | 3,316 [|.eevueveidveeeenia] cvenees]eerneenas]vineened]eeeenns 7

8 | Superphosphate and potash 4,570 | 3,625 | 3444 3,819 ||—563 | 703 | B57 | 778 1,372 70 8

9 | Nitrate and potash.............. 4,395| 2990 2,975] 3,743 | 821 294 | 598 | 167 922 | 560 9
10 | NOB@ e iiteeeei e eeee e ee e e e £ 3,680 | 2,800 2,035 | 3116 | eeccuceaferrereiiominnenneieinnitiveinniidnnennnn. 10
11 | Superphosphate, potash and nitrate 160...(Y)| 4,270 | 4,725| 5,675| 4,390 | 3,985 4,609 754 11,250 | 2,047 | 1,582 {1,912 | 1,509 11
12 | Superphosphate, potash and nitrate 320....... 42621 4,835| 5,965 | 4,360 | 3,540 | 4,592 730 [ 1,551 | 2,208 | 1543 | 1,428 (1,610 | 12
13 | NOME cvueiiit i 3,548 | 3,092} 3,710 | 2,8251 2,150 | 3,065 ... cooilveeenidiin i Lot 13
14 | Superphosphate, potash and nitrate 480...(%)| 3,920 | 4,592 | 5,820 | 4,235| 3,515| 4,416 344 11,428 | 2,280 | 1,447 | 1553 | 1,410 14
15 | Superphosphate, potash and ammonia......... 3,920 | 3,720 4,660 | 3,860 | 3,310 3,894 || 3i6 | 485 | 1,290 {1,108 | 1,537 | 947 | 15
16 | NOBE.oiiite et e e teee e eere e e, 3,632 8,307 | 3,200 2,715 1,585 2,888 !]..... TS ST FOPSUPUUE PUPUUUR FOUOPRUUIN PUPPRUPIN 16
17 | Rock phosphate, potash and nitrate........(1)| 3,460 | 4,175 | 4,860 | 3,720 | 2,845| 3,812 |l—153 | 987 11,607 11,090 {1,192 | 945 | 17
18 | Slag phosphate, potash and nitrate 1) 4,800 3,870 2,790 | 3,863 [|— 49 1,243 | 1,193 1,325 {1,082 {1,017 | 18
19 | NONE .coiiiiiiiiins ceiiiiiinee veneteeeei et eeeneens g 3,360 | 2,460 | 1,790 | 2,826 ||...cceurefeeeenneni]vmnnrinei)inviiiieveienn e 19
20 | Barnyard manure... 4,810 3,110 3,490 | 3,858 770 991 | 1,645 787 11,648 | 1,168 20
21 | Linseed oil-meal............... 4,670 | 2,835 | 3,154 | 3,610 668 | 1,007 |1,700 | 648 1,234 |1,051 21
22 | NOME cereinenernenrierseerenciereenesisneennenes eveeeene 2,775 2,060 | 1,985 | 2,425 || cceciu] covrennifieiinicevvininan]eeeenein s 22

Average of unfertilized plots..........coviuunneen. 3,088 | 3,240 [ 3,672 2,673 1 1,951 3,025 | ..o ]eeieiii i e L
Average increase from fertilizers............... i 9331835 L1202 17 049 1,225 1 889

(') 480 pounds nitrate in 1889.  (*) 160 in 188y,
() Corrected weight. The weights reported for “straw” in the bulletin for 1890, page 52, include total produce.

SYHZUIILETS HIIM SININIYIIXHT d'Td1d



TABLE IV.—FERBLIZERS ON WHEAT, FIVE YEARS IN SUCCESSION,

Pounds of STRsW to one bushel of grain.

{
i
}

S Straw to bu-hel. S

“ S “

2 Fertilizers. : } =

= 1889. | 1890. | 1891. | 1892. | 1893. | Av. &
O £~ U O PP PRV 80 | 113 | 140! 115 78 1 105 1
2 | Superphosphate (dissolved bone-black)........cooo 82 169 | 170 137 93 | 118 2
3 | Potash (1MUriate ). iiveiiiiiiies ciiriii s 80 95 124 113 78 98 3
S e 1 P T P 90 | 103 | 124 98 61 95 4
5 i (N 89| 108 1 118 97 s6 1 100 5
6 | Nitrate and superphosphate.. . A st 118 | 171 | 152 80 | 116 6
Tl NOII®.. ciitit e e 85 101 120 100 78 97 7
8 | Superphosphate and potdsh... ........ 80| 114 | 150 | 120 t3 ] 11i 8
9 | Nitrate and potash...........c..coooninnn. 99 1 1056 | 132 | 103 84 | - 105 9
10 | NODC..oviviiis it e 30 | 113 | 114 | 100 73 V6 10
11 | Superphosphate, potash and nitrate, 160 86 | 128 | 197 | 151 103 |- 133 11
12 | Superphosphate, potash and nitrate, 320... 86 135 | 192 ) 149 831 129 12
I3 ] NODe.i.tveiiiiiieineea e i . ..l 80| 104! 118 106 78 97 3
14 | Superphosphate, potash and nitrate, A80 o M 83 13 202 1 145 S8 1 130 14
15 | Superphosphate, potash and ammonia.. [T 81 110 | 156 | 127 45 | 114 15
16 1 NOTCu i s 96 102 104 97 63 92 16
17 | Rock phosphate, potash and nitrate.. . 86 | 112, 146 | 119 87 | 110 17
18 | Slag phosphate, potish and nitrate................. 90 | 116 | 151 | 122 790 112 18
19 | NOMC . pniient e eeeieereat e e e e e 88 95 | 107 97 78 93 19
20 | Barnyard manure... 90 | 111 176 | 122 94 99 20
21 | Linseed oil-meal.....coveun veieriiiiiniiniiiiiiiiiiiree 03 0 11 124 | 103 89 | 106 21
22 | NON€uerierniieriiiieneiieeeene P SN 72, 101 102 90 80 89 22

Average of unfertilized plots......ccooeiiiiiiiiiiiiiiiiiniiies e 84| 104 | 116 | 100 74 95
(') 480 pounds nitrate in 1889,
(*) 180 pounds nitrate in 1889.
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FIELD EXPERIMENTS WITH FERTILIZERS. T

The crop of 1898 has shown a larger increase from the fertilizers
than any other crop of the series. In one case (plot 12) the yield prac-
tically reaches the average unfertilized yield on clover sod in 1889, the
increase amounting to fifteen bushels per acre. This increase, however,
was produced at a cost of $14.25 in fertilizers.

On the plot fertilized with barnyard manure the increase this year
gives nearly fourteen bushels of wheat for eight tons of manure, or a
bushel and three-fourths of wheat to the ton of manure.

In the five-year average, however, the increase from manure has
been but little more than half a bushel to the ton, and in the most favor-
able outcome it has been less than three-fourths of a bushel to the dollar’s
worth of chemical fertilizers.

In the following diagram is shown the relative increase of grain and
straw for the five years, the increase of grain being shown in shaded
lines, that of straw in open lines. Table IV shows that in the general
average it has required ninety-five pounds of straw to carry a bushel of
grain on the unfertilized plots. Had thé fertilized plots carried grain in
the proportion of ome bushel to 100 pounds of straw the lines showing
increase of grain would have coincided with those showing increase of
straw, giving a very different result from that actually obtained.



8 OHIO AGRICULTURAL EXPERIMENT STATION.
FERTILIZERS ON WHEAT IN CONTINUOUS CULTURE.

Average annual increase per acre for five years.

Grain ; Straw ———————,

Increase per acre in bushels of grain and hundsed

:.5 Fertil'zers per acre. pounds of straw.
&
2 4 6 8 10 12 14
Lbs. l
2 | Superphosphate .............. 320 @
(Dissolved bone-black,. S

3 | Muriate of potash............ 80 |
5 | Nitrate of soda .....cu....... 160 !&_

Nitrate of soda.... ... 160 | SETHRR ‘
6 Superphosphate .. e 320 |-

Superphosphate. ... 32 |(EEH
8 | Muriate o potash .. 80 | -
9 Nitrate of soda.....

Muriate of potash....

Superphosphate.....
11 | Muriate of potash
Nitrate of soda ....

Superphosphate
12 | Muriate of potas
Nitrate of so.a ....c..coeeuee E

Superphosphat
14 | Muriate of pot
Nitrate of soda..

Superphosphate
15 | Muriate of potas
Sulphate of ammo

Rock phosphate 320 J
17 | Muriate ot potas 80

Nitrate of soda ....

Basic slag.....
18 | Muriate of p

Nitrate of soda..
20 | Barnyard manure ........ & '
e I
21 | Linseed oil-meal............ 1,000
I |

| ! I !
‘ 200 400 60 SO0 1000 1200 1400

Attention is called to the effect of the different fertilizing constit-
uents, as graphically shown in this diagram, and especially as manifested
in the increase of straw. The great increase of straw following the use
of phosphoric acid in any form, and especially in the form of bone-black
superphosphate, is most conspicuous, as well as the fact that while
nitrogen and potash, used without phosphoric acid, have produced com-
paratively little increase, yet when both nitrate of soda and muriate of
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potash have been added to superphosphate they have more than doubled
the yield of straw over that given by superphosphate alone, or super.
phosphate in combination with either the nitrate or muriate, but not
with both.

Apparently the rock superphosphate and the basic slag are produc-
ing quite as large an increase of grain as the bone superphosphate,
although the increase of straw is considerably snraller.

COST AND VALUE OF INCREASE.

During the five years over which this experiment has now extended
the cash price of No. 2 spring wheat (the standard grade) has averaged
83} cents in Chicago, as reported by the Cincinnati Price Current. 'This
would represent an average value in Ohio not exceeding 80 cents.

Table V. shows the financial outcome of this attempt at maintaining
fertility by the use of chemical fertilizers; the cost of fertilizers being
estimated at the present retail cost of fertilizing chemicals in Ohio
(which is considerably less than the average cost of the ordinary mixed
fertilizers of equal quality, as sold to the farmers) and the value of the
product being based upon 80 cents per bushel for wheat and $3.00 per
ton for straw. Barnyard manure is valued at 50 cents per ton, a price
which will considerably more than cover the cost of getting it from the
harnyard to the field on the ordinary farm; but if the manure is pur-
chased in town and hauled several miles its cost may equal that of the
chemical fertilizers.

TABLE V.—FERTILIZERS ON WHEAT IN CoNTINUOUS CULTURE.
Average value of increase and cost of fertilisers for five years.

Values per acve per annum.

. Value of increase.

;2 Cost of Profk (+)
o fertilizer. or loss (—).
é Grain. Straw. Total.

2 $2.32 $1.13 $3.45 $4.00 $—0.55
3 0.64 0.01 0.65 1.75 —1.10
5 1.36 0.38 1.64 4.5 —2.61
6 1.04 1.10 2.14 8.25 —6.11
8 0.96 0.85 1.81 5.75 —3.94
9 2,24 0.84 3.08 6.00 —2.92
11 3.20 2.26 5.46 1€.00 —4.54
12 4.08 2.26 6.34 14.25 —7.91
14 3.44 2.11 5.55 18.50 —12.95
15 3.20 1.42 4.62 10.2¢ —5.63
17 3.36 1.42 4.78 8.55 —3.77
18 3.68 1.52 5.20 9.45 —4.256
20 3.60 1.75 5.35 4.00 +1.35
21 4.48 1.58 6.06 13.00 —6.94




10 OHIO AGRICULTURAL EXPERIMENT STATION.

It should be distinctly understood that the problem in this case is
not the restoring of fertility to a worn out soil, but it is one of not
less importance, namely: the maintenance in productiveness of an
already fertile soil. Of course, no intelligent farmer would attempt to
solve this problem by the continuous culture of wheat manured only
with chemicals; but it is only by this method that the actual capacity of
the plant for securing its sustenance can be determined. This experi-
ment shows that a method which would at once be condemned as irra-
tional, from the farmer’s standpoint, may yet be followed with profit
when barnyard manure is substituted for chemicals.

FERTILIZERS ON OATS GROWN' CONTINUOUSLY ON THE SAME LAND.

In Tables VI and VII are given the yield and increase of grain and
straw for five years in the experiments with oats. It will be observed
that each of the three fertilizing substances has apparently produced
about the same increase of crop, and that no combination of these sub-
stances has added materially to the yield which followed their separate
use. The explanation of this is partly to be found in the fact that the
oat plant does not find in the climate of southern Ohio the conditions
suited to its normal development. It will be noticed that not one of the
five erops under review has given what would be called a good yield.



TABLE VL—FERTILIZERS ON Oars, FIVE YEARS IN SUCCESSION.

Yield and increase of GRAIN in bushels of 32 pounds.

I Plot No.

ST Tt 1 —

—d ke
T OIS — O T e

16

—
S w1

20

Vield per acre.

Tucrcase or decrease (——) per acre.

k)
Fertilizers, ‘ l ] i
1889. | 1899, 1891 [ 1802, 1893 1889.1 1890. | 1861, | 1892.| 1893.| Average. : .2
! | =
! | -
NONE .ot 44.2 ] 16.0 (i, 1
Superphosphate (dissolved bone black)......| 469 | 19.4 | 46.6 | 29.4 |'...... 2
Potash (muriate).....ccooevveiiieiiiniiii e, 59.5 | 19.7 | 459 | 325 339 :
NONE woiviiiniiiiiit e 4821 16.0 | 40.2 | 288 | 29.8
Nitrate of soda....ccoecvuveiiiinniiiiiii. 472 211 | 45.6 | 327 | 39.2
Nitrate and superphosphate..................... 484 | 223 | 51.2| 322 | 37.6
NONe .oviveviciiiiiiicinviiieen 45.0 | 19.7 | 40.6 | 243 | 329
Superphos (fhate and potash... 45.0 | 21.6 | 40.6 | 322 | 327
Nitrate and potash.............. 48.4 | 23.7 | 46.6 | 403 | 386
Do 5 T PN 475 | 184 | 456 | 344 | 36.1
Superphosphate, potash and nitrate, 160....| 529 | 24.7 | 50.9 | 40.9 | 43.9
Superphosphate, potash and mtrate 320....] 47.8 | 25.3 | 523 | 431 | 445
NOME vvviiriiins crieiiii e 46.8 | 152 | 43.4 | 43 4
Superphosphate, potash and nitrate, 480'...| 45.0 | 20.8 | 484 | 433 | 46.2
Superphosphate, potash and ammonia...... 51.8 | 23.9 | 49.4 | 40.1 | 887
NONE .ooiiiiiiiiiiii e e 365 | 19.2 | 466 | 37.5 | 320
Rock phosphate, potash and nitrate 473 | 21.6 | 49.7 | 41.1 | 447
Slag phosphate, potash and nitrate........... 457 | 228 | 51.6 | 436 | “......
NOE coviviiiieiecii e 37.9 | 145 | 447 | 364 | ¢
Barnyard manure.. 42.8 | 191 | 50.3 | 36.9 | 30.8
Linseed oil meal... 50.6 | 14.8 | 46.7 | 258 | 33.3
NOIE wevriiiiiiriiiiiiiiie e e 46.1 | 184 | ... R 28.1
Average of unfertilized plots............ 44.0 | 17.2 | 435 | 341 | 337 331 | e
Average increase from Fertilizers..c....lsvoverrloveveennlevcveees Lo oo ediennans 4.7 4.5 5.3 2.9 4.9 4.4

'Dried blood, 160 pounds, instead of nitrate in 1892,

2 This plot cut into by opening of street.

3 Injured by grasshoppers.

* Record lost.
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TABLE VIL—FERTILIZERS ON OATS, FIVE YEARS IN SUCCKES5ION.

Yield and increase of STRAW in pounds per acre.

> ‘
O ~1 S Of s 2 b l Plot No.

Yield. Increase or decrcase (—).
Fertilizers. :
c Aver- . o Aver-
1889. | 1890.| 1891. | 1892.| 1893. age. | 1889. | 1890. | 1891.| 1892. | 1893.

N OB e ctitins ettt it et eieet tereeeeeeaeaaanns tenenenanananns 3,180 [ 1,900 | () ceeere] cerennnn
Superphosphate .. ...1 3,620 | 2,370 | 3,310 | 2,960
Muriate potash.... 14,220 12,270 {2,680 | 3,100
None............... ... 3,800 | 1,980 | 2,465 | 2,780
Nitrate soda....coeeivieeeennen ouns ...| 3,980 | 2,680 |2,540 | 3,155
Superphosphate and nitrate.... ...1 4,068 | 2,900 |2,160 |3,020
NONE ceniviiniiiiiciiicc e ... 3,640 | 2,120 | 2,400 | 2,472
Superphosphate and potash...... .. ...| 3,660 12,580 | 2,910 |3,170
Potash and nitrate . 4 ,040 {3,070 | 2,810 | 2,960
NODE ovviviiiiiiiii e e . 3900 2,600 | 2,640 | 2,950
Superphosphate, potash and nitrate, 160.. ...| 4,400 | 3,210 | 24620 | 2,940
Superphosphate, potash and nitrate, 3: 0.... 4,3()0 3,320 | 2,875 |3,020
NODE. .. eiiiiiiiiiniii e cciiee et 3,820 | 2,670 | 2,560 |3 125
Superphosphate, potash and nitrate, 480.......... .(] 3,830 {2,930 | 2,550 | 3,665
Superphosphate, potash and ammonia........ ......... 4,060 {3,270 {2,670 |2,965
NONE eteeiiiit ittt et e e aaes 3,200 2,100 | 2,360 | 2,550
Rock phosphate, potash and nitrate............. .. ...| 3,800 {2,910 {2,110 | 3,435
Slag phosphate potash and nitrate... ... 8.500 | 3,120 | 2,200 | 3,205
NODE .oeievrnii et e e ...1 3,060 | 1,950 | 1,970 3,285
Barnyard manure........... 3,140 2,650 | 2,540 3,420
Linseed oil meal....... ..... .| 4,100 | 2,470 | 2,215 | 3,675
3 G PN 3,800 |2,700 | @)......| 3,260

Average of unfertilized PlotS.coeiiiiiis 3,757 12,252 12400 {2,917

Average increase from fertilizers............ccoee.s B Y PO

('} Dried blood, 160 1bs. instead of nitrate, in 1892 and 1393.

() Plot cut into by opening of street,

() Record lost.
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TABLE VIIL—FERTILIZERS ON CORN SIX VEARS IN SUCCESSION.

Yield and increase per acre.

‘ Plot No.

Fertilizer,

Yield per acre.

Inc. or dec. (—) per acre.

O ~T T Ctbs OO

Grain. Stalks. Grain. Stalks.
g2 |Av. 6 Av. 6 \ Av. 6 o |AV. 6
1893. yrs. 1893. yts. 183 yrs. 1893. yrs
Bu. B Lbs. Lbs. Bu. Bu Lbs. Lbs
NODC .t 35.6 | 60.0 | 2,050 | 3,769
Superphosphate (dissolved bone black)... e 383 H9.7 12,225 | 3520
Potash (muriate)....ooiviiiiieniinieneinieieeeieinns 40.7 | 61.3 [ 2,550 | 4,120
NOBE .ottt 38.2 | 623 12,225 | 3,676
Nitrate of soda.....cccvevvnnnnn. 376 | 650 (2475 | 4,443
Nitrate and superphosphate... | 389 | 66.4 12,550 | 4,294
NOIE ittt e e 37.0 | 59.4 12225 | 3,751 |l el
Superphosphate and potash... 40.0 | 61.6 |2,550 | 4,067 26 1.8 | 3201 298
Nitrate and potash .............. | 407 66.6 {2,610 | 4,464 2.8 6.3 578 678
NOME vttt e 38.3 | 60.7 12,240 {3804 [l
Superphosphate, potash and nitrate 160... sl 4120 657 (2,750 | 4,216 1.6 4. 490 383
Superphosphate potash and nitiate, 320............... 40.2 | 66.8 | 2,900 | 4,298 | —0.8 47 | 620 | 441
NODC.coiiiiiiiiies i 424 1 628 2,300 3,883 |..ecoii]eereiiiilienieni i,
Superphosphate, potash and nitrate. 430... | 402 64.9 (2,800 14,355 | —0.4 4.3 | 5831 707
Superphosphate, potash and ammonia.................. 42.0 | 61.4 {2,500 | 4,274 3.2 3 367 821
NOTIE ot viivti ittt e e 37.0 | 56.1 12,050 | 3177 |eoooieiifivneniilevniinn i,
Rock phosphate, potash aud nitrate.... ... 404 | 63.0 | 2,275 |4105 2.8 317 | 867
‘Slag phosphate, potash and nitrate..........c.oo. .o, 38.2 | 624 {2525 |3,985 0 7 658 | 6-8
NOTIC thttiiiii ittt e e e 3871 55.0 11,775 8,359 [.eooeviuifiveeninliniiiiind i
Barnyard mManure.. ...ooooieeeiiiieniineninennenennennanan. 39.8 | 63.0 [ 2,425 | 3,737 0.1 5.2 550 322
Linseed oil meal ... Fu evacierededens de 424 | 68.4 |2,525 14,320 1.7 7.6 450 850
NI ittt ettt e e e eaaeeees 41.7 | 63.7 12,075 3,626 |.ecevveiifiininnni]erenns T RN
Average of unfertilized plots...........cceeeiuinnnii. 38.6 | 60.0 | 2,117 |3,618 |.cecveeeiorerernnifieeeeennidienennns
Average increase from fertilizers.............l oo v, 1.2 3.8 | 361 | 472
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14 OHIO AGRICULTURAIL, EXPERIMENT STATION.

A striking feature of this test is the small increase of crop from the
fertilizers in 1893, the sixth year of successive cropping. This is partly
explained by the generally low yield, due to the severe drouth of the
summer.

In the six-year average the corn on this land has apparently received
no benefit from phosphoric acid or potash, used separately or in combina.
tion with each other only; but when nitrogen has been added a decided
though small increase of crop is shown in every case. The increase in
corn has not been so regular as that in wheat, but it will be observed that
the general average increase in the three erops, corn, wheat and oats, is
approximately the same—about four bushels per acre.

FERTILIZERS ON CROPS GROWN IN ROTATION.

Parallel with the experiments in continuous cropping, an experiment
has been conducted on the Columbus farm in which corn, oats and wheat
are grown in rotation with clover and timothy. In this experiment five
blocks of lamd, each containing seven plots of one-twentieth acre each,
are cultivated in these crops, the cropping being so managed that each
crop is represented each year.

Following is the plan of fertilizing each block:

Plot 1. Unfertilized.

Plot 2. Superphosphate, 300 pounds per acre; muriate of potash, 80 pounds
per acre, * on corn only.

Plot 3. Superphosphate, 300 pounds per acre; muriate of potash, 80. pounds
per acre, ¥ on wheat only. ’

Plot 4. Unfertilized.

Plot 5. Superphosphate, 300 pounds per acre; muriate of potash, 80 pounds
per acre; * nitrate of soda, 160 pounds per acre, on wheat only.

Plot 6. Barnyard manure, 8 tons per acre, on wheat only. -

Plot 7. Unfertilized.

#160 pounds, previous to 1892.

In 1889 and 1890 the crops in this rotation were not grown under
such conditions as would make them fairly comparable with the contin-
uwous cropping. In 1891 and subsequently, however, the crops grown in
rotation have received the same treatment, with respect to preparation of
soil, seeding. variety used, etc., as that given the crops in continuous
culture. Tables IX and X give the results for wheat of the harvests of
1801, 1892 and 1893, with the average for the three years:



FIELD EXPERIMENTS WITH FERTILIZERS. 15
TABLE IX.—WHEAT GROWN IN ROTATION.

Yield and increase of GRAIN per acre.

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

1891, 1892, 1893, ‘;‘j 1891, | 1892, | 1893 A‘;‘Zr
Plot| Bushels. | Plot| Bushels. | Plot{ Bushels. ()‘14 shels. | Bushels. | Bushels. | Bushels. | Bushels.
o5 1 567 1 1] 342 | 8| 852 | 854 e e e,
o6 | 878 | 2| 324 | 9| 870 | 857 0.2 0.1 1.0 0.1
o7 | 862 | 3| 357 l10| 412 | 377 | —24 5.4 14 24
o8 | 305 | 4] 9284 | 110 876 | 352
0| 363 | 5| 356 |12| 431 | 883 | —18 ; 6.7 7.6 42
30| 880 | 6| 284 | 13| 869 | 344 1.2 ‘ 09 15 06
st w55 | 7] 207 |14 342 | o831 ISR IO e s

® | 379 30.8 357 | 346 | g

# Average of unfertilized plots.
TABLE X.—WHEAT GROWN IN ROTATION.

Yield and increase of STRAW per acre.

Yield per acre. Increase or decrease (—) per acre.
1891. 1892. mos. | AT 1son | 1se2 | oases | AN
Ploti Pounds. | Plot| Powunds. | Plo!| Pounds. | Pounds. | Pounds.| Pounds.| Pounds.| Powunds.
25 | 4,800 1| 3530 | 8| 5,18 BRT2 L
26 | 3,730 21 3,040 9 3380 3583 | —918 | —220 48 | —362
27| 5,830 | 3| 3440 | 10 | 3,950 4,407 | 1,343 477 572 97
28 | 4,330 41 2680 | 11 3,425 BATE e
20 | 6,120 51 3,550 1121 4,075 4,582 | 1,877 923 723 1,174
50| 4,520 1 6 2,980 | 13 3,385 3,62 363 457 107 292
311 4,070 | 7| 2520 | 14 | 3,205 3,260 |evve i L, PR
4,400 2,510 3,305 3,538

# Average of unfertilized plots.
2 Ex. Sra.—5H3.



16 OHIO AGRICULTURAL EXPERIMENT STATION.

Comparing the average vields of the plots similarly treated in the
continuous and rotative cropping, we have the results given in
Table XT:

TABLI XI[-—CoxTtinvors, COMPARED WITH ROTATIVE CROPPING OF WHEAT.

Yield of grain per acre.
Festilizer. Culture,

Aver-
i 1891.| 1892.1 1893. age.

Bus. | Bus. | Bus.| Bus.

Continuous...| 31.4 , 265 | 264 28.1

Rotative ........| 37.2 | 30.8 | 35.7 34.6

Continuous'...; 305 | 30.2 | 36.0 32.2
Superphosphate.........ooooini i
Rotative........ | 36.2 1 35.7 | 41.2 37.7

Continuous®...] 28.8 | 29.1 | 38.6 32.2
Superphosphate, potash and nitrate.......
P Rotative......... 36.3 | 35.6 | 43.1 38.3

Continuous®...| 27.3 | 254 | 37.3 30.0

Barnyard manure.. ... U
Rotative........| 38.0 | 284 | 36.9 | 344
|
l .
Continuous..... 295 | 27.8 | 34.6 30.6
AVerage ..ooooiiiiiiiiin - i
Rotative......... ! 36.9 | 326 | 39.2 | 236.2
i -
Average increase for rotatioll...............ccoooviii. ‘ 7.4 4.8 4.6 5.6

!

1Plot 8; 2 Plot 11; 3 Plot 20, in continuous cropping.

It will be observed that not only in the general average, but in
every single instance except that of the plots dressed with barnyard
manure in 1893, the plots upon which wheat is grown in rotation have
exceeded in vyield the similarly treated plots upon which it is growsn
continuously.



FIELD EXPERIMENTS WITH FERTILIZERS. 17

Table XII shows the ratio of straw to grain in the rotative cropping
and for the plots similarly treated in continuous cropping :

TABLE XIL—Rorarive, CoMPARED WITH CONTINUOUS, CROPPING OF WHEAT.

Pounds of STRAW fo one bushel of grain.

Rotative. Continuous.
Plot ‘1 1891 1892, | 1893, | Aver Plot. | 1891. | 1892. | 1893. | Aver
1 - i e . QL. Qdo., age. . . -, . age.
1 133 103 93 109 ST ORI T
2 99 94 91 95
3 161 96 96 117 120 93
4 110 94 91 98 || eeeeeend oo e e
5 169 99 94 119 11 197 151 103 150
6 119 105 91 105 20 176 122 94 131
7 115 g5 94 99 M revveeec e e
Av. un-
tertil- | 119 94 93 102 || .evieenn.| 116 100 74 97
ized.

This table shows that wherever fertilizers or manure was used more
straw has been required to carry a bushel of grain in continuous than in
rotative cropping. In 1891 and 1892 the wheat lodged badly on severaj
of the plots in continuous culture; but there was little or no lodging
on the similarly fertilized plots in rotation.

FERTILIZERS ON OATS GROWN IN ROTATION.

The experjments on oats grown in rotation have been still less satis-
factory than those on oats grown continuously, only one crop having
thus far been brought into the full plan of fertilization. The results of
the three harvests, 1891, 1892 and 1893 are given in Tables XIII and
XIV. 1In 1891 none of the plots had been fertilized, but the vield is
given for comparison with the yields of the unfertilized plots in continu-
ous cropping. In 1892 the plots had all been fertilized according to plan.
In 1893 only the second plot had been fertilized; and the yields of the
last three plots are omitted because of discrepancies.

Apparently, the application of phosphoric acid and potash to oats, either
directly or to the preceding crop of corn, is of considerable advantage,
while the use of nitrogenous manures has been of doubtful benefit; but
it is evidently unsafe to draw any general conclusions as yet from these
experiments.

The variety of oats called Japan has been used in these tests in 1891
and subsequently, both in the continuous and rotative cropping.



I8 OHIO AGRICTLTURAL EXAERIMENT STATION.
TABLE XIIL—OaTs GROWN IN ROTATION.
Yield and increase of GRAIN in bushels per acre.
Rotative cropping. Continuous cropping.
Increase or de-
Yield per acre. crease (—) per Yield per acre.
acre.
1891. 1892. 1893. 1892. 1803. 1801, | 1892 | 1893,
1| 468 8| 29.2 15 29.8
21 46.8 91 37.3 16 | 37.0 6.7
¢ 46.2 10 | 33.0 17 | 27.6 1.
4| 45.6 11| 333 18
5| 45.0 | 12| 358 19 L3
6| 437 13| 27.7 20 —43
71 418 14| 314 21 [T i
o o )
* 447 31.3 304 R S s 341 33
i

* Average unfertilized

TABLE XIV.—0ATs GROWN 1IN ROTATION,

Yield and increase of STRAW in pounds per acre.

Rotative cropping.

Yield per acre.

Increase or de-
crease (—) per
acre.

Straw to 1 bushel grain.

1891, 1892, 1893. 1892. 1893, 1891. 1503
11 2,700 8 | 3,665 15 | 1,745 | 58 125 58
2 2,400 91 4,205 16 | 2,015 ST 51 113 54
3 2,320 10 | 3,945 17 | 1,415 | 868 ... 50 120 51
41 2,740 11 | 8,535 1,575 60 106 46
5 | 2,460 121 4,85 BH) 107 |l
6 | 2,300 15| 2,915 H3 105 |oe.
7 2,660 14 | 2,995 64 95 |
2.700 3,308 1,669 |oevieieis foveninnnns 61 109 H2
% Average unfert lized.

FERTILIZERS ON CORN

GROWN IN ROTATION.

In the rotation experiments no corn has yet come fully under the
plan of the experiment, because of the irregularities in cropping incident

to getting the rotation regularly started.

The crop of 1890 followed oats,

and received the application of superphosphate and muriate of potash on
the second plot; the crop of 1801 followed wheat, and both the wheat
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and the corn were fertilized according to plan, but there was no intervening
crop of clover and timothy; the crop of 1892 followed clover and received
phosphoric acid and potash as planned, but the preceding wheat crop
was not fertilized; the crop of 1893 followed two crops of clover and
timothy, aud received phosphoric acid and potash as planned, but the
wheat crop was not fertilized. Tables XV and XVI give the yields of
these crops:

TABLE XV.—FirRTILIZERS ON CORN IN ROTATION.

Yield and increase of GRAIN in bushe's of 70 lbs. ears.

Increase or decrease (—)'

Yield per acre.
per acre,

I i |
1840. 1391, 1‘ 1892, 1893. 1890. 1 1891. ' 1892, | 1893.
[ i I
Plot. Bu. Puot. Bu. Plot. Bu. Plot.
1] 440 8 1 55.0 15| 674 32
2| 438 9| 66.4 16 | 70.6 33
© 3| 469 10 | 71.8 17 | 72.0 34
4| 454 11 | 66.4 18| 71.1
5 41.1 12 | 71.6 63.1
6| 41.7 13 | 74.1 70.9
T 447 14 66.9
44T .. 68.5
B 466 .. 65.4
#Av.rage unfertilized. **Average of unfertilized crops in continuous culture, for comparison.
TABLE XVL-—FERTILIZERS ON CORN IN ROTATION.
Yield and incrvease of STALKS tn pounds per acre.
Yield per acre Increase or decrease (—)
p : per acre.
i S
1890. 1 1891. 1892, 1893. 1890. | 1891. | 1892. | 1893.

i
|
Plot. L.bs. Flot. Lbs. Flot. Lbs. Plot. Lbs. Lbs. Lbs- Lbs. E Lbs.

12411 812,680 | 15 [3.600 | 322,300 |cceovrrifeennnn..
2 | 2,000 932801 16 4,100 | 33 2700 467
302039 | 10 [3540° | 17 (3500 | 34 200 593
4 (1,800 | 113,080 [ 18 {3,420 | 35 |2400 |.eveeriiloeenn.
511,964 | 123540 | 19 |2,800 | 36 | 2,800 LT
611,708 | 13 /8,080 | 208100 | 87 |2.200 |weene.| 207
711646 | 14 {2,800 | 21 | 2,800 | 38 | 2,000 |eeeruitveennnn.

1,952 {oone... 2,853 {.ounn.. 3,978 |oveenne 2933 [oeveeein] e
2478 | 3,533 1ooeea, 3720 | e 2117 [eeeens e, L. R
| | | |

#Average unfertitizen. ““average of uufertilized crops in coutinuous culture, for comparison.




20 OHIO AGRICULTURAL EXPERIMENT STATION.

In 1891 the corn seems to have been benefited by the residue of
fertilizers applied to the preceding wheat crop; but with tiis exception,
the fertilizers have had practically no effect. It appears that the yield of
grain on the unfertilized plots has been slightly greater from the corn in
rotation than from that in continuous culture (except in 1890), while the
reverse has been the case, except in 1893, with regard to the stalks.

CLOVER AND TIMOTHY AFTER FERTILIZERS.

Only one hay crop has thus far come under the complete plan of
fertilizing, namely: the first crop of 1893. 'T'he first crop of 1892 and
the second crop of 1893 have received the bencfit of the fertilizers
applied to wheat, but not of those designed for corn. In Table XVII are
given the yields of all the hay crops harvested. '

TABLE XVIL—CLOVER AND TIMOTHY AFTER IFERTILIZERS.

Yield of BAY in pounds per acre.

1891, 1802, 1803, | Average
- for fer- g
tilized 3
crops. | ©
1st crop.! 1st crop.? 2d crop.! 1st crop.? 2d crop. .

Plot. Lbs. Plot. | Lbs. Plot Lbs. Plot. Lbs. Plot. Lbs

32 13,270 25 14,600 32 ]6.120 1 14,040 25 1t 4,320 .
33 [2,850 26 | 5.000 33 | 5,400 2 16,100 26 1t 6,100
34 | 3,650 27 15,000 34 | 5,800 3 16,360 27 14,000 5120 ¢
35 | 3,400 28 14,920 35 | 5,280 4 15,200 28 14800 4,807 |
36 | 3,200 29 15,200 36 | 5,720 5 15,100 29 1 4.300 4,867
37 | 3,100 30 | 57120 37 15,400 6 15,300 30 {3,900 NIt
38 12,700 31 | 4,680 38 | 5,600 7 14,800 31 13,000 4,160
* 13,123 |......... 4733 |oins 5,667 |......... 4,680 |......... 3,650 4429

“Average unfertilizad.
1Unfertilized.
%Fertilized, except plot 2.
8Fertilized in full.

4Data unreliable.

SUMMARY OF INCREASE IN ROTATED CROPS.

In Table XVIIIis given the average increase from fertilizers in the
crops of this rotation, with the total value of such increase per acre,
corn being valued at 35 cents per bushel, oats 33 cents, wheat 80 cents,
hay $8.00 per ton and straw and corn fodder $3.00 per ton:
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TABLE XVIIL—AMOUNT AND VALUE OF INCREASE PER ACRE IN 5-CROP
RorarioN.

- ;
Grain. Straw. Total val- !
Hay. ue per ! Cost of
o acre. | fertil.zers.
£ Corn. Oats. | Wheat-| Corn. Oats. | Wheat- !
|
_ ,‘ o
"Bus. Bus. Bus. Lbs. Lbs. 1.bs. Lbs. |
20 %25 | W2 | 04 | 419 | 60 | 562 | 6T i
{ i
3 19.2 .1 924 593 1368 TO7 BATD e e
— ;l ) e ——
“ 1 3.8 4.5 14 454 429 217 775 bRV Y047
! {
. _ _ B ey | o -
) 5.3 13.1 ‘4.2 1553 11500 1174 RO 12.17 9.72
i
6 81 | —4.3 0.6 1207 | —1260 292 307 3.97 [ 4.00
| !
| 1

*Averace of Zand 3. ! Onecrop. 2 Average of two c1ops. ‘JVA“\ng‘c ot ;m‘).\. 1 Average
of four crops.

These figures will doubtless be considerably modified by the results
of future cropping. The work in continuous culture has forcibly
illustrated the danger of drawing general conclusions from the results
of a single harvest; but in the majority of cases the figures in this
table represent but one season’s outcome. They are published as a
report of progress, and for future reference. So far as they go they
support the general and reasonable belief that a large vart of the
benefit from commercial or other manures is to be realized in the crops
not directly fertilized, in a well planned rotation.

CO-OPERATIVE EXPERIMENTS WITH FERTILIZERS ON CORN.

Co-operative experiments with fertilizers on corn were made in
1893, as in 1891 and 1892, in Columbiana, Washington and Butler
counties, thus representing the extreme eastern, south-eastern and
south-western parts of the State. ’

Tables XIX to XXIV give the plan and results of these experi-
ments, the superphosphate being in all cases dissolved bone black and
used at the rate of 320 pounds per acre, the muriate of potash being
used at the rate of 80 pounds per acre in 1891 and ’92, and 160 pounds
per acre previous to 1891; the nitrate of soda at the rate of 160 pounds
per acre, the barnyard manure at the rate of 8 tons per acre and the land
plaster at the rate of 400 pounds per acre.
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FARM TEST IN COLUMBIANA COUNTY.
Slade by H. V. Bentlev.

This test has been repeated six years in succession on the same
land and under the personal superintendence of the Agriculturist of the
Station. ‘The land is high upland and underlaid with slaty rocks, which
give partial drainage. Previous to 1888 it had been in pasture for
several years, but the growth of grass (chiefly blue grass) had becom:
quite uneven. Tables XIX and XX give the yield of grain and
stalks for the six years:



TABLE XIX.—FERTILIZERS ON CORN IN COLUMBIANA COUNTY.

Yield and increase of GRAIN in bushels of 70 lbs. ears

| B
t Yield per acre. Increase or decrease (—) per acre. 5
Fertilizers. i , | \ :[_:
% 1888 {1889 | 1890 | 1891 | 1892 | 1893 § % 1888, | 1889, i 1890. 1 1891, | 1892. | 1893. ; 02
‘ < ! (1 v ~
Notfl€. oot i 5291204 2t 3] 160 571 253 ...l . l ................................. RV PP 1
Superphosphate ..... . 56.4 | 18.3| 224 | 157 41| 255 —23 1.8 | —2.6 | —2.0 | —2 —2.0 —1.5 ] 2
Muriate of potash......................... ; 56.2) 195 27.3| 1811 59| 277 —1.6 0} —187 —03| —1.8.| —05| —10 3
NOIC. vttt iiiciien e 57.91 21.8| 30.7| 21.3] 6.8} 304 ..ol PSSO PPN PRSI RN PRSPPI 4
5 | Nitrate of soda.....cccceeeeeeeiii. 585 30.2| 38.2] 26.5| 54| 383| 181 | —20 8.1 6.4 51| —1.8 561 5
6 | Nitrate and superphosphate... 62.21 3801 37.5] 238 6.7 . 7.6 B 2.2 4 6
7 NOBC...oiiviiiinreieieceeeeiice - 65.8 | 22.8| 34.1| 21.7| 81 7
8 | Superphosphate and potash............ 6| 62.8] 149] 23.7| 156.9| 7.3 8
9 | Nitrate and potash..........c...... oo 0.4] 67.01 31.71 39.0] 26.5] 96 9
10 | NOBe cvvvvei e, 2| 62.2| 235 293 227| 94 {
11 | Superphos., potash and nitrate........| 748 66.1] 24.9] 31.9} 243} 9.3
12 | Barnyard manure....c................ .| 61.8) 73,81 30.6| 285 227! 6.9
13 | None ..ooveieneiennnnes ... 60.8] 57.8|23.6] 20.1| 19.1 7.9
14 | Land plaster.......ccoooeiiniiinnnnnnn, 60.01 59.91 20.5| 23.5| 154 6.3
Average of unfertilized plots......... 56.21 59.3 ! 2251 289 202| 7.6
Average increase from fertilizers...|.......]...... ] ...... B PN U N freeesens
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TABLE XX —FERTILIZERS ON CORN IN COLUMBIANA COUNTY.

Yield and increase of $Tasxs, in powunas, per acve.

Plot No.

L ST O e WO

10
11
12

14

Yield per acre.

Increcse or decrease (—) per acre.

Fertilizers. — — e
1888. | 1889. 1890. 1801.| 1892 1893, i‘;fer 1888. | 1880, | 1890.| 1801, 1802, | 1893 | AVer
i . Loast.
NOBE cvvviiviii 4,520 2,797 | 1,914 | 2,170 | 2,285
Superphosphate................ 4,640 2,778 2,064 | 2,592 2,175
Muriate of potash... 5,050 | 3,001 2,125 | 2,934 2,282
NOBE evvviviiiiiiviiin e 4770 2,987 1,627 | 2,321 | 2,371
Nitrate of soda....cceevveiiiiiiiiiii i . 5,800 | 8,030 | 2,585 2,868 | 2,531 55 : ¢ 7
Nitrate and superphosphatc.............. 6,030 | 3,167 | 2.555| 3,180 2,406 | 1,520 | 3,143 (1,387 | — 15| 751 | 607 | 53 | — 8| 463
NOBE wevnivinieriii e 4,580 | 3,280 1,803 | 2,699 | 2,344 | 1,550 | 2,724 [.....oooofieiiiindinnn ol
Superphosphate and potash.... 53901 3,502 2,417 3,833 | 2,153 1,240} 3,089 683 | 253 | 431 [ 1,111 {-—209 |—360 | 326
Nitrate and potash................. 6,590 | 3,549 2,762 3,102 2,607 | 1,600 3,383]1,757 33 783 | 446 228 |— 50 | 582
NONE wuvereiiiiiiiiiiiiine il 4,960 | 3,188 2,022 2,770! 23971 1,700} 2,840 (... e [ UPRRT PR PR
Superphosphate, potash and nitrate...| 6,500| 3346 | 2,285| 3,188 2,538} 1,620 | 3,246 11,350 | 210 | 40t 3931 186 | — AT | 44
Barnyard manure..........c.ooooiiies o 5,140 | 3,757 2,595 | 3,828 | 2,474 1,570 | 3,227 | —200 673 | 969 | 1,009 168 |— 83 | 422
None 3 2,844 1 22611 1,630 | 2,787 | eveveeeifiiveeeees]iveineeesiiinenen i v e
Laud plaster 2,480 2,080 1,480 | 2,733 | 280 |— 4 42 1--364 |—I181 |—150 54
Average of unfertilized plots.......... 48721 3,067 | 1,777 | 2,561 | 2,882 | 1,606 | 2,682 .oeveueiluvrreren]errnennifiineendloinniiii oo
Average increase from fertilizers....|.........l.ceeee i e, 750 | 231 | 561 | 518 24 |—128 | 316

No.

s
L

' >
O ST D 22— ,llu

124
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rIELD EXPERIMENTS WITH FERTILIZERS. 25

These tables show that there has been a steady decrease in the yield
of corn in this experiment, and that both chemical fertilizers and barn-
yard manure have utterly failed to maintain the land in a profitable state
of productiveness. Of the general character of this soil the owner of
the farm on which this test has been made (Mr. Hickman) states:

“ A fair crop of corn may be grown on the shaly hills—on one of
which this test is located—ouce in six or seven vears, by following a
rotation of corn, oats and wheat, followed by one year in meadow and
two to four years’ pasturing with sheep. Blie grass ( Poa pratensis) is
native, and when the hills are well set in this grass they furnish the best
of pasture, which will last indefinitely. One field on this farm has been
grazed continuously for thirteen years, and gives promise of continuous
good pasture.”

Corn grown on sod on this farm in 1893 yielded a fair crop—sixty
sheiled bushels per acre—while that grown in continuous culture was
practically a total failure.

FARM TEST IN BUTLER COUNTY.
Illade.b.r B H. Brown.

Mr. B. H. Brown, of Oxford, Butler county, has made this experi-
ment in 1889, 1891, 1892 and 1893, but each time oun fresh ground, the
tests of 1889 and 1893 being made on wheat stubble, and those of 1891
and 1892 on timothy sod. The soil is a heavy clay of drift origin. O
the test of 1893 Mr. Brown writes:

“’The corn was planted June 10, on stubble ground where grasshop-
pers had killed the clover. The field was plowed early and was har-
rowed and laid off’ twice in May, ready to plant, and then heavy rains
came and the work had to be done again. When it was planted the
ground, naturally wet, was run together and was hard as the road. The
fertilizer was applied around the hill on June 20 and cultivated in, but
after this time we did not have enough rain to dissolve all of it, so it did
very little good.”

The results of the four tests are given in Tables XXI and XXII;
from which it will be seen that in the average of the tests made on this
farm potash has seemed to produce exceptionally good results, but no
form of chemical manures has equaled barnyard manure in the average

increase.



TABLLE XXL—FERTILIZ:RS ON CORN IN BUTLER COUNTY.

Yaeld and increase of GRAIN 112 bushels of 70 pounds of ears.

' Plot No.

He SO0 = SO TS U L2

e bt

Yield per acre. Increase per acre. |
Fertilizers.
188 Q 369 Qoy | Aver- 38 : () q
889, 1 1891, | 1892, | 1893. age 1889. | 1891, | 1892 | 1893.
Notie wuvveivineees 21.4 42.6 23.6 26.5
Superphosphate...... 39.6 42.9 26.7 36.3 3.9
Muriate of potash .. 32.3 62.1 28.6 41.2 6.5
None ....oo. v, 29.9 42.6 21.3 29.9 e
Nitrate of soda...c.ccceeunenens 41.4 51.3 27.1 36.6 4.8
Nitrate and superphosphate. 41.6 52.1 30.0 30.8 . 3. 6.7 :
Notte oioninii 27.9 424 24.3 30.6 o SOPTRUUUUR FVORRURN VPR R N
Superphosphate and potash... 37.5 51.0 28.3 41.7 23.7 8.7 9.5 4.3 115 3
Nitrate and potash................. 47.7 51.4 29.3 41.6 13. 18.1 10.3 5.6 11.8 Y
NONE woiiiiieeei 30.5 40.9 234 295 N P P 19
Superphosphate, potash and nitrate... 51.4 45.9 25.0 42.6 227 22.6 4.4 24 131 11
Barnyard manure............o.... .. .67, 60.7 60.7 29.6 54.6 40.0 336 8.7 7.9 5.0 12
None......oooovneeee e 20 25.4 426 20.9 296 oo e 13
Land plaster..........ccoeiiviiiiiniiniiniiieiieis | 383.8 30.3 44.3 21.7 32.4 39 | 4.9 1.7 08 28 114
27.0 42.2 22.7 292 L SO TN FOUR RN NN
................ o) 1622 14.9 9.2 4.8 11.3
|

92
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TABLIS XXIL--FERTILIZERS ¢ CORN IN BUTLER COUNTY.

Yield ¢rd increase of STALKS tn pounds per acre.

[sgtceLie

Gl

.
N

A LI — DD W ST T GY1E l Piot No.

Yield per acre. Increase per ccre. s
Fertilizers, Z
1880, | 1801, | 1802 | 1803 | AVET | qsso. | ogsor | o1s02 | 1weg, | AV B
age age. |
N OIIB . ittt ettt ettt e e e e e e e e, SO 1,320 | 1,652 | 2,710 | 2,200
i Superphosph:te... 2,690 | 1,952 | 2,650 | 2410
Muriate of potashi....coceuieiieviniiiieiiiiienie e, 2,700 1,683 4,210 2,900
NONE.ciivi vt 1,850 | 1,300 | 2500 | 2000
Nitrate of soda. ......... 2,600 | 1,447 | 2860 | 2,100
Nitrate and superpliosplate... 2,650 | 2,020 | 2,050 | 2,390
NODE . .uvitiirians eeeeeeeeaeeeaenann, 2,100 1,800 | 2,250 | 2,000
Superphosphate and potasii........ 3,400 | 1,761 | 3,250 | 2200
Nitrate and potash...................... 2,550 2,034 3,200 2,400
NONE. i iiivii i e 1,750 1,963 2,490 2,190
Superphosphate, potash and nitrate 3,370 | 2173 1 2,990 | 2,050
! Barnyard manure ............cooeeennnnnn. 4,680 2,835 3,980 | 2400
None...ooovvvrvvnrenneins 2,0 0| 1,977 | 2,500 | 2,000
Land plaster....ccoooivieiiiiiiiiiiiniiiiininneiinnn, 2,380 | 1,869 | 2,700 | 1,980
Average of unfertilized plots.........evevvivuvinnnns 1,808 | 1,738 | 2472 | 2,078
Averrge increase from fertilizers....coovvvveeiiivienninnindceee [STTUON R
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28 OHIO AGRICULTURAL EXPERIMENT STATION.

FARM TEST IN WASHINGTON COUNTY.
Made by Orlando Troiter.

Mr. Orlando Trotter, of Layman, Washington county, made this
test in 1891 and 1892, but on different land each time-—a timothy sod in
1891 and a wheat stubble with one year’s growth of clover in 1892, In
1893 the test was repeated on the same land on which it was made in
1892. Following is Mr. Trotter’s description of the treatment of the
land and of the crop:

“ After the corn was taken off in 1892 the ground was sown to rye,
with commercial fertilizer at the rate of 200 pounds per acre. It was
sown late and did not make much growth last fall owing to drought.
It thickened up in the spring and was a good stand; was plowed under
May 20, when in full bloom; the ground was prepared at once and
planted, 3 grains in a hill, 42 inches apart. One-half of the fertilizer was
applied in the hill, the other broadcasted on the lots and worked in. The
corn was cultivated four times and hoed. It was cut September 22 and
husked October 30. The corn was very poor, not more than half a crop,.
compared with last year. The entire crop of this section of country is
about the same—on low ground about two-thirds of a crop, on the hills
from one-third to half a crop.”

The results of this test are given in Tables XXIIT and XXIV:



TABLI XXIIL—FERTIFIZERS ON CORN IN WASHINGTON COUNTY.

Yield and increase of GRAIN 1n bushe s of 70 pounds of ears.

| Plot number.

— ’ Plot number.

—

Yield per acre. Increase or decrcase (—) per acre.
Fertilizers. L !
| |
1891, 1892. 1893, |Average.| 1891. 1892, 1893. | Average.

NONE .oeiiiii e 33.9 28.3 13.5 25.2 |
SuBerphosphate .. 50.5 25.7 15.7 30.6 15.5 —2.0 5) 5.3
Muriate of potash ..........ccoooooieiii 47.3 22.6 14.2 28.0 11.6 —46 1.2 2.7
None 37.3 26.6 12.7 25.5 |eieiii ]
Nitrate of soda........c.veenn.n. 46.1 31.7 16.2 31.3 8.6 6.4 2.7 5.9
Nitrate and superphosphate. 51.2 414 23.3 38.6 1.5 175 Y0 133
None...coooviviiniiinniiinns e
Superpliosphate and potash ...
Nitrate and potash............
None...oooviviii
Superphosphate, potash and n.trat_
Barnyard manure............coooiiiiiiii
Nomne. i
Land plaster......oo...oooiiiinin.
Bowker’s superphosphate, 100 pounds ...

X3 3 20(’ “

Average of unfertilized plots..........o..oooie.

Average increase from fertilizers ...

{33

e —
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TABLLY N5 IVe— FERTILIZERS ON CORN IN WASHING /ON Cot . ay

Yield and increase of $1YALKS 1 pounds per acre.

%

b3

g Fertilizers,

o

9

Ay

1] Nofte oo,
2 | Superphosphate.....
3 | Muriate of potash............cccooiiiin.
I O P
5 | Nitrate of soda......ccoooeeviiiniiiin
6 | Nitrate and superpliosphate..

T None...ooos e
8 | Superphosphate and potash............ ...........
0 | Nitrate and potash......cccooooiviiiii !

10 | NOBE ..ouviiiniiiiiniiin et ieeii s aeviieee s !

11 | Superphosphate, potash and nitrate............
12 | Barnyard manure........ooooveiiieiiins e
3| None...oooovneennnnnnn,

14 | Land plaster

15 | Bowker's superphosphate, 100 pounds.

16 “ “ 200 "

Average of unfertilized plots....... ........
Average increase from fertilizers............

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

o

’ g

1891. 1892. 1843 Average. 1801. 1892 1893, Average. \ *g

— i -

1,731 2,780 1,450 1,987 {evereeeeeeees o] e e I

1,913 2,520 1,450 ¢
1,890 2,700 1,175
1,520 2'500 1125
1,905 2,160 1185
1771 2,860 1,325
> 1,1

263

0g

‘NOLLVIS INANIYAIXH TVIALIADIEODY OTHO



FIELD EXPERIMENTS WITH FERTILIZERS. 31

THE SOURCE OF PHOSPHORIC ACID IN FERTILIZERS.

In the experiments at Columbus, phosphoric acid has been applied
to the crops in continuous culture in three different forms, namely:
dissolved bomne-black, acid phosphate and basic slag.

Dissolved bone-black is bone charcoal which has been treated with
sulphuric acid, thus making a superphosphate containing about 16 per
cent. of phosphoric acid. The object of treating the charcoal with
sulphuric acid is to make the phosphoric acid readily soluble in water,
as in the condition in which it is found in raw bone or untreated bone
ash or charcoal it dissolves very slowly.

Bone-black is largely used in the refining of oil and sugar, and is
ordinarily treated with acid and sold for a fertilizer after having been
used in the refineries. It can be bought in Ohio markets at an average
cost, including freight, of about $22 per ton, making its phosphoric acid
cost about 7 cents per pound.

Acid phosphate is a superphosphate made by treating the crude
Carolina rock with sulphuric acid, the object being the same as in the
making of superphospate from bone-black. It should contain about
14 per cent. of phosphoric acid.

Acid phosphate is largely distributed from Baltimore, and may be
bought there at $12 per ton. The average freight to Ohio in less than
car-load lots is about $5 per ton, which would increase the cost in Ohio
to $17, making the phosphoric acid cost about 6 cents per pound.

Basic slag, otherwise known as ‘odorless phosphate,” is a fine
meal made as a by-product in the making of steel from ores rich in
phosphoric acid. It should contain about 20 per cent. phosphoric acid.

Basic slag is controlled by a patent, and is sold in Philadelphia at
$18 per ton, or $23 with freight added to Ohio, making its phosphoric
acid cost 5% cents per pound.

In car-load lots each of these materials may be bought at a re-
duction of one to three dollars per ton, and the freight will also be
reduced. By the single bag the price is one or two dollars per ton
higher.

In Table XXV is given the average increase per acre on Plots 11,
17 and 18 of the tracts devoted to the continuous culture of corn, wheat
and oats, the tests extending over six seasons in the case of corn, five
seasons for wheat and four seasons for oats:

*3 Fx. Sra—>53.



32 OHIO AGRICWLTURAL EXPERIMENT STATION.

TABLE XXV.—INCREASE FROM DIFFERENT FORMS OF PHOSPHORIC ACID. .

Increase per acre.
Fertilizer, Grain. Straw.

3
= Corn. | Wheat.| Oats. | Corn. | Wheat.| Oats.

Bus. Bus. Bus. Lbs. Lbs. Lbs.
11 | Dissolved bone-black.....cees.. 4.3 4.0 5.6 383 | 1,599 253
17 | Acid phosphate........cceeeeee. 7.3 42 5.5 867 945 507
18 | Basic Slag.....cccovevirniervenenns 7.2 46 7.0 686 | 1,017 444

The plot receiving basic slag has had a somewhat larger total
quantity of phosphoric acid per acre and that receiving acid phosphate
a somewhat smaller quantity than that applied in the bone-black, but ap-
parently the phosphoric acid found in the ancient, fossil bone of the Caro-
lina rock is equally efficacious, pound for pound, with that found in the
bones of modern animals, when both have been converted into super-
phosphate, and the mineral phosphoric acid of the basig slag is not
inferior to the most active forms of the same substance as derived from
bones. ‘

Attention is called, however, to the relative increase of straw of
wheat as shown in the diagram on page 8. Should some way be discov-
ered by which the greater growth of straw, produced by the boue-black
superphosphate, may be made to bear a proportionate quantity of grain a
greater value would have to be assigned to that form of phosphoric acid
than the results thus far attained will justify; but at present this exces-
sive production of straw must be looked upon as a disadvantage, in the
light of the results in 1891, when every plot dressed with bone-black
superphosphate gave a dhaller yield of grain than the unfertilized plots
adjoining, although the straw was enormously increased, while the rock
and slag phosphates gave a more moderate increase of straw with a small
increase of grain.

FIELD EXPERIMENTS WITH FERTILIZERS IN WAYNE COUNTY.

It is intended that the field study of the general problem of the
maintenance of fertility shall continue to be one of the leading features
of the Station’s work, and for this purpose about twenty-eight acres of
land has been prepared by thorough draining and plotting on the general
plan hitherto followed. In this work special attention will be given to
rotative cropping, and two rotations are being started, in one of which
corn, oats, wheat, clover and timothy are to be grown in a five-crop rota-
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tion, and in the other, potatoes, wheat and clover in a three-crop system.
In addition to these rotations, corn, oats and wheat will be grown in con-
tinuous culture.

Oats and corn were planted in the five-crop rotation apd in continu-
ous culture in the spring of 1893, but the experiments were rendered of
no value by the excessive drouth of that season, the average unfertilized
yield of corn being but twenty shelled bushels per acre, and the average
vield of the fertilized plots less than two bushels more. It is hoped that
the climatic conditions may be more favorable in 1894.

SUMMARY.

The experiments reported in this bulletin cover five years’ continu-
ous culture of wheat and oats on the farm hitherto occupied by the Sta-
tion-at Columbus and belonging to the State University; -six years’ con-
tinuous culture of corn on that farm and in QOIunlbiana county, and three
to five years’ intermittent culture of corn in Washington and Butler coun-
ties. In previous bulletins other co-operative experiments have been re-
ported from five other counties of the State.  In all, twenty-one sepa-
rate experiments have been made with corn, eight with wheat and five
with oats, each including fourteen to twenty-eight plots. ‘The experi-
ments have been made on soils varying widely in character, and includ-
ing some of extreme poverty.

We are as yet only at the beginning of this work. Each year’sre-
sults serve to emphasize the necessity for long continued, systematic
investigation before attempting to formulate any general law; but our re-
sults thus far point most forcibly to the conclusion that:

At present prices of cereal crops and of fertilizing materials vespect-
ively, the profitable production of corn, wheat and oals wpon chemical or
commercial fertilizers, or upon barnyard manure, if its cost be propeortion-
ate to that of the chemical constituents of fertility found in commercial fer-
tilizers, is a hopeless undertaking, unless these crops be grown in a system-
atic votation with clover or a similar nitrogen-storing crop; and the poorer
the soil in natural fertility the smaller the probability of profitable crop
production by means of artificial fertilizers.

Drainage and thorough tillage are the logical preliminaries to any
profitable system of agriculture. When these agencies of amelioration
have been systematically employed, the great sheet of drift clay which
covers so large a part of Ohio is found to be a mine of fertility.
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