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Vor. v, No. 2. } 
\YHOI.E NUMBER 49 SECOND SERIES MAY, :1!898. 

FIELD EXPERIMJ!£NTS WITH COMMERCIAL AND OTl!ER 
FERTILIZERS IN 1892. 

[BY C. E THORNE: AND J. FREMONT HICKMAN.) 

The general plan of these experiments has been described in pre­
vious issues of this bulletin.* 

Brle:B.y stated, a tract of uniform land is divided into plots containing 
one-tenth or one-twentieth acre each; the plots are 16 feet w1de and 
are separated by alley-ways 2 feet wide. Under every second alley-way a 
ti1e 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 wh1ch corn al!d oats are grown have a gravel sub-soli, 
which gives partial drainage. 

Twenty-two tenth-acre pl.Qts are devoted to the continuous culture 
each o{ wheat, corn and oats, each plot rece1ving the aame treatment 
each year. Table 1 gives the order in which the plots are arranged, 
the quantity and cost per acre of fertilizer applied to ~ach plot, and. 
the quantity and cost per acre of esse~al ingredients contained. The 
cost is computed on $e basis of the present prlee per ton in, ~t~rn 
markets, with :five dollars per ton adQ.ed for freight. 

"'Voll Il;t, l89Qt p.. 2.0; Vol. IV, 18911 1:)1 58; Vo1 'V, ~92, p 85. 
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TABLE 1.-FERl'II,IZERS ON WHEAT, CORN AND OATS GROWN CON'l'INUOUSI,Y.­

Quantity and cost Fer acre. 

Plot 
No. :Fertilizers. 

Essential Ingredients. 
Quantity. 1------------- Cost. 

Nitrogen Phos. acid Potash 

Pounds. Pounds. Po~<>~ds. Pvunds. 
1 Unfertilized. ............. , ........................................................................................................ . 

2 Supei'phosphate' ................................ . 

S Muri-ate of potash ............................... . 

Unfertili2ed .......................................... .. 

ll Nitrate of soda ................................... .. 

6 Nitrate of Soda .................................. . 
Superphosphate ................................ . 

320 

81J4 

]602 

lfiQ2 
820 

50 

41)4 

50 

1 Unferti:Uzed .. , ........................ , ............................................................................... .. 

1 ~~~~~ff~tt,:sh:::::::::::·:.::::::::::::::::::·:. 320 
80' 

50 
40' 

$4 00 

200 

5 20 

920 

} 6 00 

- -'--I-N-i-tra--te_o_r_s_od __ a._ .. _ ... _ .. _ ... _ .. _ .. _ ... _ ... _._ ... _ .. _._ ... _ .. _ ... _.l---1-602---l----~---l-•• -.. -.•• -.• -•• -•.• -... ~40 ~-···7···20··· Muriate of Potash ......... .. . .................. 80 

10 Unfertilized....... .. .......................... .. ................ .. ............ .. 
. ' 

~~!o~f~.;~:~h·::: .. :::·:::::::::::::::::::: :: 3ful 50 41)4 } 11 20 11 
Nitrate of Soda........... . .... .................... 320 252 

12 
Superphosphate ............................... .. 
Muriate of Potash .......................... .. 
:i<itrate of Soda .............................. . 

320 
BO 
320 

18 Unfertili:oed ......................... ,... ........ . ., ............ . 

320 
14 ~()4 

4803 

320 
80 

120 
l5 

Su'~";l:ph<;>lfJ)hate ................................. .. 
MUrl.<l~ otPo.tash ................................. . 
'Sulphate of AJ:!l'lll'fnia. ..................... .. 

16 Unfertilized ............. .. , .. : ••...•. •...........•.•... 

Dissolved S. C. Rock .......................... . 
17 Muriate of Pota;h ............................ .. 

Nitrate of Soda ....................... , ....... . 

50 

733 

25 

50 
40 } 16 40 

50 
41J4 

50 
40 } 12 40 

404 } 9 75 

Thomas STag (ground) ....................... .. 
1.8 Muriate of Potash ............................ .. 

Nitrdte of Soda .. .. . ...................... .. 
} 10 35 

---r--------------~--~~------1---~~------1---·---~ 

300 
804 

1002 

60 

19 Unfertilized .................. . ................ 
20 BaTnyard manure .......... .. 8 tons 75 

l!! Linseed oil-meaL .............................. .. 1000 50 20 15 1~ 00 

22 Unfertilized .................................... .. 

1 Dissolved boue bl;lck. 
J 480 and ?5 jlOUrlds in !SSS. 
• 160 and 15 pounds in 188'· 
• 160 and bO pounds previous to 1892. 
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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 
containing about 5} to 6 per cent. ammonia (ammonia being about SO 
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 phos­
phoric acid are used, but by omitting the potash 'the percentages are 
changed to the equivalent of 6! per cent. ammonia and 101 per cent. 
phosphoric acid. 

FERTILIZERS ON WHEAT GROWN CONTINUOUSLY ON THE SAME LAND. 

This is the fourth successive crop of wheat grown on these plots. 
The field was in clover in 1887; it was drained in the spring of 1888, and 
the first crop was sown in the fall of that year. Immediately after a 
crop is removed the ground is plowed to the depth or 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 the greater' 
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 crop of 1892 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. 

We have not discovered that the fall application, whether of nitrate 
or dried blood, has been any advantage. 

In the crops of 1890 and 1891 the nitrate of soda produced a very 
marked effect on the growth of the plant, producing a dark green, rank 
growth of foliage. This eftect was less marked this season, possibly' 
because of the constant rains. Where nitrate and superphosphate werel 
used in combination the wheat lodged badly, both in 1891 and 1892. 

~ 
Where they were used separately the tendency to lodge was not so great, 
and where nitrate was used in combination with Carolina rock or Thomas 
slag, instead of bone superphosphate, the wheat stood fairly well. 

It would' seem that the nitrate and superphosphate are equally 
responsible for thro"wing the wheat down. 

The ~effect of superphosphate in stimulating an early and hea'Vj 
growth o£ stt:aw has been as marked this year as in previous seasons. 
The superphosphate plots could be distinguished within a few weeks 
after seeding, and th,sir superior growth; 'Was more and more ~nifest 
unti1 :th'e wheat haQ. heaq~ out. Before harvest good judges e$timated 
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the increased product of grain on these plots at from :five to ten bushels 
per acre. The result of the harvest is given in table II and III, together 
with those of the three preceding harvests, and the average results of 
the four years' expe:::iments. 

[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 25 and 28 bushels, respectively, the unaided yield 
of the fertilized plots between, 2 and 3, would have been 26 and 27 bushels. The 
"average yield of unfertilized plots" is given in each table for general comparison, 
but is not used in calculating the increase.] 



TAM.Jl n.~ OK 'WBJtA'l' Fotrll ~ m Su~SION. 

Yteld tmd incretrse of GllAIN in ~kels per acre. 

Yield per acre. Illcreue 01" cleaease H per sere. 

Plot 
No. Fertilizers. -----,-----.----::---.---! Plot 

1889.,1890.,1891 11892.1Aver-~~188911890 1891 1892.1 Aver- No. ' age. ' · · age. 

-1~--------------1---------- --------·--·--
1 None.................. ......................................................... 50.5 31.9 31.8 26.2 35.1 ........................... ,_ .............. . 
2 Superphosphate (dissolved bone-black).......................... 5'0.2 35.6 29.3 31 2 36 6 2.9 3 7 -2.6 4.7 2.2 
3 Potash (muriate) ........................................................... 47.5 32.1 30.2 ~8.2 34.5 3.5 0.3 -1.7 1 3 0.8 
4 None .......................................................................... 40.8 31.8 32.0 27.2 33.0 ............................................ . 
5 Nitrate of soda ........................................................... ( 1 ) 40.0 36.5 33.7 27.9 34.5 - 3.0 4.3 0.6 0 2 0 5 
6 Nitrate and superphosphate ....................................... (1) 40 8 38 6 31 2 28 9 34 9 -4 5 6 0 -3.0 0.8 - 0 2 
7 None .......................................................................... 47.5 33.0 35.3 28.6 36.1 ............................................ . 
8 Superphosphate and potash........... ..... .... .... .. .. .. . .. ..... .. . .. 41.6 36.4 30.5 30.2 34.7 - 4.7 3.6 -3.4 1. 7 - 0 7 
9 N1trate and potash .................................................... { 1 ) 45.6 36 8 33 4 29.1 36.2 . 0.4 4 2 0 8 0 8 16 

10 None ........................................................................... 44.0(3) 32.4 31.2 28.1 33.9 .......................................... .. 
11 Superphosphate, potash and nitrate 160 ....................... (1 ) 49.5 36.9 28.8 29.1 36.1 5.4 5.3 -2.5 1.4 2.5 
12 Superphosphate, potash-and nitrate 3"0 ........................... 49.3 35.7 29.7 29 2 36.0 5.2 5.0 -1.7 2.0 2.6 
13 None .......................... :.................... ....... .... ............ ... 44 2 29.9 31.5 26 8 33.1 ......... ........ ......... ......... .. .... . 
14 Superphosphate, potash and nitrate 480 ....................... ( z) 47.0 34.9 28.8 29.2 35.0 4.9 4.2 -2.5 2.1 2.4 
15 Superphosphate, potash and ammoma ............................. 47.0 33.8 29.8 30 4 35.2 7 1 2.2 -1.2 3.0 2.7 
16 None............................................. . .. ...................... 37 8 32.4 30 8 27 8 32.2 ....... . ............................... .. 
17 Rockphosphate,potashandnitrate ............................. (1 ) 40.0 37.4 33.2 31.1 35.4 1.8 Z!.5 2.2 4.1 3.3 
18 Slag phospnate, potash and nitrate .............................. (') 39.3 37.3 31.7 31.6 35.0 -0 3 5.8 0.4 5.4 2.8 
}9 None.................................................. . .. .. .. .. .. .......... ... 40.5 31 0 31.5 25.4 32.1 ........................................... · 
20 Barnyard manure .................................................... : ..... 44.5 34.7 27.3 25.4 33.0 5.3 5.2 -2.7 1.1 2.2 
21 Linseed oil meal. ........................................................... 38.7 33.9 34.7 27.5 33.7 0.7 5.9 6.1 4.2 4.3 
22 None ........................................................................... ~6.7 26.5 27.1 22 2 281 ......... - ............................... .. 

Average ?f unfertilized pl<?ts .......................................... 42.8 31.1 31.4 26.5 33.0 j' ........................................... .. 

, Aver~ge 1ncrease from fertlhzers..................................... ......... ......... ......... ......... ......... 1.7 4.4 -0.8 2.3 1.9 

( 1 ) 480 pounds mtrate in 1889. ( •) Estimated. 
{ '} 160 p9llnds nitcate in 1889. 
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TABLn ll.-F:aa'l'~U O.K WHI$A'l' FouR Y:aAU IN Succ:aSSION, 

Yield and increqse of STRAw in poutzds per acre. 

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

Plot 

__ 188~.)~1890.11891.11892.l~~~~-~~1889.,1890.,1891.11892.,~;:.-. No. 

I I ---------·-

Plot 
No. F~rs. 

1 None ..................... , .................................................... 4,070 3,602 4,540 3,015 3,807 
2 Superphosph .te ( dts,olved bone-black) ........................... 4,208 3,885 4,995 4,265 4,338 
3 Potash (muriate) ........................................................... 3,800 3,062 3,740 3,190 3,461 
4 None ............................................. , ............................ 3,692 3,282 3,980 2,650 3,401 
5 Nitrate of soda ........................................................ { 1 ) 3,560 3,930 3,9BO 2,710 3,545 
6 Nitrate and superphosphate.............. .. . . ................. (!) 3,512 4,385 5,330 3,88(}- 4,264 
7 None ......................................................................... 4,050 3,340 4,230 2,870 3,622 
8 Superphosphate and potash ............................................ 3,304 4,152 4,570 3,625 3,913 
9 Nitrate and potash. .................................................... ( 1 ) 4,504 3,852 4,395 2,990 3,935 

10 None............................................... . .. .. .............. 3,500 3,667 3,580 2,800 3,387 
11 Superphosphate, potash and mtrate 160 ...................... ( 1 ) 4,270 4,725 5,675 4,390 4,765 
12 Superphosphate, potash and nitrate 320........................... 4,262 4,835 5,965 4,360 4,855 
13 None ............ ................ .............. ...... ...... ... ............... ... 3,548 3,092 3,710 2,825 3,294 
14 Superphosphate, potash and ui~r.tte.48!) ...................... ( 2 } 3,920 4,592 5,820 4,235 4,642 
16 Superphosphate, potash and ammoma........... ................... 3,920 3,720 4,660 3,860 4,040 
16 None ........................................................................... 3,632 3,307 3,200 2,715 3,213 
17 Rock phosphate, potash and nitrate ........................... ( 1 ) 3,460 4,175 4,860 3,720 4,054 
18 Slag phosphate, potash and nitrate ...................... _ ..... ( 1 } 3,542 4,312 4,800 3,870 4,131 
19 None ........ _ ................................................................. 3,670 2,950 3,360 2,460 3.085 
20 Barnyard manure ........................................................... 4,030 3,850 4,810 3,110 3,950 
.21 Ltnseed oil-meal............................................................ 3,6!8 3,77Ji 4,670 2,835 3,724 
22 None ........................................................................... 2,640 2,677 2,775 2,050 2,535 

Average of unfertilized plots .......................................... 3,588 3,240 3,672 2,673 3,294 
A-verage increase from fertilizers............... .. ............................................................. .. 

( 1) 480 pounds nitrate in 1889. P) 160 in 1889. 

264! 390 I 642 11,372! 667 
32 -327 -427 418- 75 

-2;)11 630 ,_ 831- 131 70 
-419 1,064 1,183 1,0h3 715 

-~r 1 ~g: l .... ~~r, .... t~~T ... i~x· 
····~~~-,·r::~-,-~:~~-,·r:~:~·,·r;:gx· 

.... ~tfl i'·i~T~:~~g·l H~H1·~~t 
::·i53'j""987'1'i',6ii7'l·i·,o;;o·l· .. ·ssa· 
- 49 1,243 1,493 1,325 1,003 

770 I 991 11,64;) 
668 1,007 1,700 

78711,048 
648 1,006 

233 I 835 I 1,202 I 949 I 805 

( 8 ) Corrected weight. The weights reported for" sfraw" in the bulletin for 1890, page 52, include total produce. 
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FIELD EXPERil\IE~TS WITH FERTILIZERS. 21 

The crop of 1889 was grown on clover sod, thoroughly underdrained. 
The yield of the unfertilized plots averaged almost 43 bushels per acre, 
which is nearly three times the average yield of the state for that season 
< 14.6 bus.) Our method of calculation shows an apparent increase of 
yield on plots 2 and 3, dressed with superphosphate and potash singly; 
but the fact that the actual yields of these plots were both smaller than 
plot 1, and the close agreement in subsequent years in the yields of plots 
1, 4 and 7, give ground for the suspicion that the apparent increase on 
plots 2 and 3 th1s sea&on is due wholly to an abnormally low yield in plot 4, 
and not to any effect of the fertilizers. Tkis suspicion is strengthened by 
the low yields of plots 6, 8 and 9, on which superphosphate and potash 
were used in combination with each other or with nitrate of soda. 

On the plots receiving a complete 'fertilizer, that is, one containing 
nitrogen, phosphoric acid and potash, all three, there seems to have been 
a general increase of crop. The low yields on plots 17 and J 8 may possi­
bly have been due to the slower action of the rock and slag phosphate 
than of the superphosphate, a surmise which is supported by the marked 
superiority in yield of these plots in subsequent years. This may possibly 
explain the small increase in plot 21, also. 

Considering the results of this season's experiments as a whole, it 
seems that the clover sod has furnished a very large supply of available 
plant food in just the condition and proportion required to most effect­
ually meet the needs of the wheat plant, and that no increase of crop be­
yond what the clover sod was able to produce has b~n. obtained until a 
complete fertilizer was added. 

In the crop of 1890 the average yield of the unfertilized plt>'ts was 
31.1 bushels, the average yield of the state for that year being 11.4 bushels. 
This season there was apparently an increase from every applicc1.tion of 
fertilizer, the increase being generally larger where a complete fertilizer 
was used, but it would seem that the combination of phosphoric acid and 
nitrogen has been as effective in grain production as the complete ferti­
lizer. It should be noted, however, that the ~traw yield appa.reatly rises 
when potash is added to the combination of nitrogen and phosphoric acid. 

In the crop of 1891 the average yieJ.d of the unfertilized plots was 
-31.4 bushels, a slight increase over the yie~d of 1890, although this was 
the third season of continuous cropping. The average yield of the state 
that year was estimated by the Secretary of the State Board of Agriculture 
in Octo'Oer, at 17.5 bushels, a yield surpassed only once since 1850, 
namely, in 1879, when it was 17 8 bushels. 

The experiments of 1891 present the remarkable phenomenon of a 
uniform decrease in yield of grain wherever bone-black superphosphate 
was used, 'the plots receiving rock and slag phosphates show no de­
crease, and little or no increase. Nitrate of soda seems to have had no 
effect on the grain yield, whether used alone or in combination, and if 
potash had an,y effect it was unfavorable. In the case of the stravr yield, 
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however, the very opposite effect is observed; wherever phosphoric acid 
was used the yield of straw was largely increased; when nitrogen was 
added to the phosphoric acid a still greater increase of straw was ob­
tained, and when, in this combination, the phosphoric acid was used in 
the form of bone black supherphosphate the increase of straw reached a 
ton to the acre-straw enough to have borne nearly twenty bushels of 
wheat, had it earned grain in the same proportion as the straw of the un­
fertilized plots. 

In the crop of 1892 the average yield of grain on the unfertilized 
plots fell to 26.5 bushels, the yield for the state at large being about half 
this quantity. The yield of plot 2, taken alone, would indicate a consid­
erable increase from the use of bone-black superphosphate this year; but 
this indication is not supported by the yields of the other plots upon 
whjch the same superphosphate was used, hence we must conclude that the 
increase indicated on plot 2 is accidental. Nitrogen seems to have had 
little or no effect this season, and although an increase is indicated in 
every case where a complete fertilizer was used it is extremely small. In 
the case of the straw yields, a decided increase is shown wherever phos­
phoric acid was used, and this increase was greatest where the phosphoric 
acid was used in the form of bone-black superphosphate. 

Considering now the four years' work as a whole, we find that no 
chemical fertilizer or combmation of such fertilizers has, in a single in­
stance, produced sufficient increase of grain to pay the cost of the ferti­
lizer, except, pos'Sibly. in the case of plot 2 in 1892, a case which, as has 
already been stated, was probably accidential. What is much more re­
markable is the fact that the fertilizers have apparently had. in many 
cases, a smaller effect in the fourth season of continuous c1'opping, the 
fertilizers being applied every year, than they had on the clover sod. 
'Phis is shown in the case of the plot dressed with barn-yard manure, and 
in those of the four plots, 11, 12, 14 and 15, dressed with a complete fer­
tilizer containing bone-black superphosphate. The average increase from 
these plots is collected in tables IV and V in order to give a more com­
prehensive view: 

1' ABLE IV-INCREASE OF GRAIN FROM COMPI,E'l'E FERTILIZER CONTAINING BONE­

BLACK SUPERI'HO'>PHA'l'E. 

Increase or Decrease ( - ) per acre. 
Plot Fert!hzer. No 

1889. 1890. 1891. 1892. Average. 

------------
Bushels Bushels Bushels. Bushels. Bushels. 

11 Chemical, complete ......... 5.4 58 ...,-2.5 14 2.5 
12 " " 5.2 50 -1.7 20 2.6 ............. 
14 " " 49 4.2 -25 2.1 2.4 .......... 
15 " " 7.1 22 -1.2 80 2.7 ............ 
20 Barn-yard manure ............. 5.3 52 -27 11 2.2 

.J\verage 1ncrease ........... 5.6 4.4 -2.1 19 2.5 
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TABLE V-INCREASE oF STRAW FROM CoMPI.ETE FERTII,IZER CoN'l'AINIKG BoNJt· 
B!,ACK SUPERPHOSPHATE. 

Plot 
~ncrease per acre 

No. FertJhzers. 

1889. 1890. 1891 1892 Average. 

-- ------------------
Pounr's Pounrs Poun<1s. Pounds. Pounds. 

11 Chern~ cal, con:;p'' t~ • •w• '/).J, 1,2->0 2,017 1,5,2 1,409 
l..l ..... 7)) 1,5-·1 2,:!'i'l 1,543 1,530 
H .... 3! i 1,4 ' 2,:' ') 1,4:17 1,'375 
15 ,. . .. 3 b 4"-i 1,::' ) 1,11 8 800 
:!0 Barnyard mant. 7/u 9'1 1,( -, 7,7 1,0.,18 

Ave1age lnc,c. ' ... 5i:u 1,1-H 1 ,t;l2 1,2!)J 1,232 

It would seem from tables IV and V that, by use of barnyard 
manure, or of a complete fertilizer containing bone-black superphosphate, 
the normal yield of 43 bushels per acre given by the clover sod iu 1889 
was increased by a larger quantity than the yield of 26!i- bushels g1ven by 
the same land in the fourth year of success1ve croppmg, the same dress­
ing of fertilizers or manure being repeated each yea;. 

Whether the increase of crop indicated when a complete fertihzer 
was used on the clover sod was actually due to the fertilizer, or was only 
the result of irregularities m the soil, it is impossible to tell. This point 
is worthy of farther investigation. There seems no reason to doubt, 
ho\Vever, that the increase indicated in 1890 was actually due to the fertl­
lizers, and this, it will be seen, was more than double that obtained two 
years later from the same plots and in a much smaller average yield. 
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THE LODGING OF WHEAT. 

The yariety of wheat grown in these tests-Velvet Chaff (Penquite's)­
is among those least subject to lodging of all the varieties yet tested by 
this Station, but it will go down sometimes. In 1889 the entire plot un­
der experiment stood perfectly; in each of the three following years more 
or less of the grain went down, the relative lodging being shown in 
table. VI: 

Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

TABLE VI-FERTILIZERS ON WHE>\.'1' THREE YEARS IN SUCCESSION. 

Percentage of STRAW lodged 

Fertilizers. lS!JO. 1891. 18:'2. 

None ......................................................... ·············· ········· ····· ··· ........ . 

~~~~eh~~p::::sh::::::::::::::::::::::::::::::::::::·::::::::·::::::::· ::::::::: ...... ~ .. ::::::::· 
None ...................................................... ································ 
Nitrate of soda......................................... . .• ..... .. . . . . . .. ..... 20 ........ . 
Nitrate and superphosphate......................................... ......... 80 50 
None ................................................................................................ . 
Superphosphate and potash........................................ ... . .... 5 40 
Nitrate and potash............................. .. ...... .. .. .. ....... . .... .... 5 50 
None .................................................................................................. . 
Superphosphate, potash and nitrate 160 .... .................. ......... 10<1 100 
Superphosphate, potash and nitrate 320 ....................... ......... 100 100 
None ............................................................................................... .. 
Superphosphate, potash and nitrate 480 ....................... SO 100 100 
Superphosphate, potash and ammonia........... ........... ... ......... ......... 20 
None ..................................................................... · ................. . 
Rock phosphate, potash and n trate ........ ....... ...... ........ . ........ 5 5 
Slag phosphate, potash and nitrate .............................. ,........ 5 5 
None ............................................................................................... . 
Barnyard manure.................... ................................... ......... GO 100 
Linseed oil-meal. .................................................... ,. ......... 20 50 
None .................................................................................................. . 

The increasing tendency to lodge manifested in 1891 and 1892 is 
probafuly not altogether due to the fertilizers, as the wheat grown on un­
fertilized land has manifested this tendency to a greater degree during 
these two seasons than during the two preceding; but it is plainly partly 
due to the fertilizers, and whether a smaller application would produce a 
better proportionate result is a question which cannot be satisfadorily 
answered until the Station has more land at its disposal for this work. 
The Aesults obtained on plots 17 and 18 suggest the possibility of over­
coming this tendency by the use of other fertilizing materials; but this 
point cannot yet be fully investigated, for the reason already given. 

In table VII is given the weight of grain per measured bushel for 
the last three seasons, and the pounds of straw required to carry a bushel 
of grain for each plot for each of the four seasons: 



Plot 
No. 

TABLE VII-FERTILIZERS ON WH!!;AT, FouR YEARS IN SuccESSION. 

~Veig!zt of GRAIN per nzeasm ed bztshel, and pounds of straw to o11e bushel of graitt. 

Straw to bushel. 

Fertilizers. 
·weight per bushel. J J Plot 

1 No. 
1890. I 1891.1 1892. I Aver·j1889.,1800.jJ.891.118!J2., Aver-age. age. 

---· ---------1---1---1---1-~-1---1---1---·---1---·---

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

None ..................................................................................... . 
Superphosphate ( dissolve.l bone-black) .................................. . 
Potash tmnriate) .................................................................. .. 
None .................................................................................... . 
Nitrate of soda ................................................................. { 1 ) 

Nitrate and superphosphate ................................................ ( 1 ) 

None ..................................................................................... . 
Superphosphate and potash .................................................... . 
Nitrdte and potash ............... ; .................. :: ........................... ( I) 
None ..................................................................................... . 
Superphosphate, potash and nitrate, I60 ................................ (') 
Superphosphate, potash and nihate, 320 .. ........................ . 
None ..................................................................................... . 
Supel])hosphate, potash and nirate, 480 ................................ (') 
Superphosphate, potash and ammonia ...................................... . 
None .................................................................................... . 
Rock phosphate, 1:1otash and nitrate ...................................... ( 1 ) 

Slag phosphate, potash and nitrate ....................................... ( 1 ) 

None .................................................................................. .. 
Barnyard manure ................................................................... . 
Linseed oil-meal .................................................................... .. 
None .................................................................................... .. 
Average of unfertilized plots ................................................. .. 

(1) 480 lbs nitrate in 1&,89. 
(') 160 tbs nitrate in I889, 

64! 
64! 
65 
64! 
64 
64 
64! 
().!} 
64} 
64 
641 
64J 
63! 
62! 
63-t 
63! 
63!f 
64 
64. 
63~ 
63 
63! 
64~ 

62~ 
61 
611 
61 
62 
6lt 
62;{ 
62! 
61~ 
6It 
60 
60 
61! 
60~ 
61~ 
62~ 
62·~ 
62! 
62~ 
60~ 

62t 

59~ 
61 
oorr 
60~ 
59rr 
5tl} 
59} 
6I 
60 
61 
58~ 
58 
60i 
56t 
6orr 
59~ 
60 
60 
59! 
57! 
58 
59l 
60 

62t 
62! 
62! 
62 
6li 
6lrr 
62} 
62~ 
62 
62{ 
6I 
61 
62 
60 
62 
62 
62 
62} 
62 
60! 
601 
62 
62 

so 
82 
80 
90 
89 
86 
85 
80 
99 
80 
86 
86 
80 
83 
83 
96 
86 
90 
88 
90 
93 
72 
84 

113 
I09 
95 

103 
108 
113 
lOI 
114 
105 
113 
1.28 
135 
104 
131 
110 
102 
112 
116 

95 
111 
Ill 
101 
104 

I40 
170 
124 
124 
118 
171 
120 
150 
132 
114 
197 
lll2 
118 
202 
156 
10! 
146 
151 
107 
176 
13·1 
102 
116 

115 
137 
113 

98 
97 

132 
100 
120 
103 
100 
1.51 
149 
106 
145 
127 

97 
110 
122 

97 
122 
103 

90 
100 

112 
124 
103 
104 
103 
12;) 
101 
116 
110 
102 
140 
140 
102 
140 
119 
100 
116 
120 

97 
1?;) 
110 

91 
101 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
I7 
H! 
19 
20 
21 
22 

"1 
H 
trJ 

G 

~ 
tr; 
::0 
1-< 

~ 
J:rl z 
~ 
(/; 

§ 
~ 
p:: 
"1 
trJ 
::0 
~ 
H 

t'"' 
H 
N 
trJ 
::0 
!Jl 

t<> .,, 



26 OHIO AG.R.IC:UI/l'URAL EXPERIMENT STATION. 

CD-OP:SRA'l'IVP; ltXPltRIM:S:NTS WITH F:S:RTILIZltRS ON WHEAT. 

At the time the experiment just described was begun, a similar test 
was started in Columbiana county, on a thin soil, derived from slaty 
rocks and partially drained by the cleavage of the underlying rocks. 

The fertilizers were applied to plots 1 to 11, inclusive, in the same 
quantities as to the similarly numbered plots in the test at the Station 
farm, and barnyard manure was used on plot 12 in this test in duplica­
tion of plot 20 at the Station. As at the Station, nitrate of soda was 
used in all cases at the rate of 480 pounds per acre on the crop of 
1891, but only 160 pounds per acre since. Muriate of potash was 
used at the rate of 160 pounds per acre in 1889 and 1890, and 
80 pounds per acre in 1891. Plot 14 received common salt in 1889 in­
stead of land plaster. Both salt and plaster have been used at the rate 
of 400 pounds per acre. In tables VIII and IX are given the results of 
this experiment for 1889, 1890 and 1891, t4ose for 1891 not having pre­
viously been published. In 1892 the experiment was a failure, owing to 
the total failure of the crop. Velvet Chaff wheat was grown in this test 
in 1889 and 1890, and Fultz in 1801. 



TABLE \ ili-FERTrr.rznns ON WHEA.T m Cm:,uMBIA.NA. CoUNTY, 'l'HREE YEARS IN Sucl!nssroN. 

0 z 
+' 
0 

p:; 

.Fertilizers. 

1 None .•..........•.•................................•• 
2 Snperpho&phate ( . .u:.:.olve·Lo. e-:,.ac1.) ... 
3 Potash (muriate) ...•..•..•••............••..•.... 
4 .~one ............................................... .. 
5 Nitrate of soda ................................ .. 
6 Nitrate and superphosphate ................ . 
7 None ............................................... .. 
8 Superphosrhate and pot sh ................ . 
9 Nitrate and potash ............................. . 

10 None ............................................... .. 
11 Superphosphate, potash and mtrate ..... . 
12 Barnyard manure .............................. .. 
13 None ................................................ . 
14 Land plaster ............ :7:" ....................... . 

Average of unfe~ilized plots ......... .. 

Yzeld attd iller rase o.f GRA.IN in bushels per acre. 

1889. 

9.3 
13.3 
11.0 
10.1 
13.3 
15.0 
9.6 
9.3 

10.6 
6.0 

10.6 
4.1 
2.0 
1.6 

Yield per acre. 

1890. 

13.8 
21.0 
18.7 
20.2 
21.5 
222 
17.2 
15.8 
19.0 
14.8 
18.3 
17.2 
10.3 
11.li 

1891. 

11.8 
16.2 
17.0 
16.8 
19.8 
22.1 
21.2 
17.5 
18.8 
15.7 
21.3 
16.8 
16.3 
13.0 

A vet age. 

11.6 
16.8 
15.6 
15.7 
18.2 
19.8 
16.0 
14.2 
161 
12.2 
16.7 
12.7 

9.5 
8.7 

Increase or decrease (-) per acre. 

1889. 

a.7 
1.2 

34 
5.3 

1.1 
34 

5.9 
0.8 

--0.5 

1890. 

ii.l 
O.f.l 

23 
4.0 

-06 
3.4 

.J.O 
')3 

1.2 

1891. I Average. 

~8 
1.9 

l..J 
24 

-18 
1.3 

5.4 
07 

-3.3 

38 
1.3 

24 
3.9 

-0.5 
2.7 

5.4 
23 

-O.h 
------•------•------•------ •------•-----l------1 I 

7.4 15.3 16.4 13.0 , .......................................................... . 

llj 

t;J 
t" 
t:1 

0 tr. 
z ~ +' l:r1 0 
p:: ~ 

~ 
tr. 1 z 

2 >-:l 
3 UJ 

4 :'E 
5 H 

>-:l 6 1!1 
7 

llj 8 lTJ 
9 ~ 

10 >-:l .... 11 t" 
.:~ ~ 
1a tr. 
14 )';) 

rn 



'tABLE IX-FER'l\r,IzERS ONWHEA'r IN COLUMBIANA COUNTY, 'tHREE YEARS IN SUCCESSION. 

Yield and i~tcrease of S'l'RAW m pounds per acre. 
~ -- -

c:i Yield per acre. Increase or decrease (-) per acre. 
z Fertilizers. .... .. 
0 1889. 1890. 1891. Average. 1889, 18!JO. 1891. Average. p:; 

~ 

1 None ................................................. 1,475 2,240 1,590 1,768 •••aooooaooooo .............. .............. .............. 
2 Superphosphate (dissolve bone-black) ... 1,740 3,320 1,730 2,263 207 89"i 73 392 
3 Potash (muriate) ................................. 1,5-!0 2,920 1,770 2,077 -52 307 47 101 
4 None ................................................. 1,650 2,800 1,7UO 2,080 . ............. .............. .............. ........ ... 
5 Nitrate of soda ................................... 2,140 3,9-!-0 2,370 2,817 523 J ,2·17 473 748 
6 Nitrate and superphosphnte ................ 2,160 4,080 2,500 2,!)13 577 1,49.~ 497 855 
7 None ................................................ 1,550 2,480 2,110 2,047 .............. .............. .............. ............. 
8 Superphosphate and potash... . ........... 1,300 2,520 1,790 1,870 -127 213 -237 -50 
9 Nitrate and potash .............................. 1,665 3,300 2,210 2,392 362 1,167 267 5!J8 

10 None ................................................. 1,180 1,960 1,860 1,667 ............... . ............. . ........... oooooou•••••• 

11 Superphosphate, potash and nitrate ..... 1,5{)0 3,000 2,360 2,307 580 1,193 50" 787 c< 

12 Barnyard manure ... ~ .......................... 945 2,300 2,060 1,768 165 647 373 395 
13 _None ................................................. 580 1,500 1,600 1,227 oooooouoooooo ·············· .............. .............. 14 Land plaster ....................................... 495 1,480 1,'720 1,232 -95 -20 120 5 

---------------- ----
Average of unfertilized plots ........... 1,287 2,196 1,790 1,758 .............. .............. , .............. , ............. 

- --~---------------- -----------
F 

0 z .... 
0 

p:; 

1 
2 
3 
4 
5 
6 
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9 

10 
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12 
13 
14 
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The tables sh0w that ahhough the average yield of thi:s land is only 
about half as great as th3:t o·1 which the experiments at the Station aTe 
co•1ducted, yet the increase from fertilizers has b'een practica!ly no gr6ater 
in Columbiana than in Franklin county, ex~Hept that in 1891 the 
su,perphosphate seems to have produced a slight gain in Colum·bial!l.a, 
instead of a loss, as in Frank1in. 

FERTILIZ~RS ON CROPS GROWN IN ROTATION. 

Parallel ;vith the experiments in continuous cropping an expe-riment 
has beeR cond.uc~eGJ. l!>n t~i! Col-umbus fa<rm in whieh wh~tat i5 grown in 
rotation with otiher erops. In this e~eriment fi\·e bl'ockrs of land, each 
block cGJntaining seven ple>ts of o:ae-twentieth acre each, are .ultivated 
in wheat, clover, timothy, corn and oats, the cropping being so manag-ed 
that each crop is represented each year. 

Following is the plr.:110 of fertil'izing each block: 

Plot 1. Unfertilized. 
P'k>t 2. Superphosphate, 300 pounds per acre; murrate of potask, SO pounds 

per a.:re,~ on corn only. 
Plot 3. Superphosphate, 300 pou~1ds per acre; muriate of potash, 80 pounds 

per acre," on wheat only. 
PJG>t 4. ~illrtilized. 

Plot 5. Superphosphate, 300 pounds per acre; muriate of potabh, SO pounds 
per acre;* nitrate of socla, 160 pounds per acre, on wheat only. 

Plot 6. Barny~M"nd manure, 8 tons per acre, on wheat only. 
Plot 7. Uafertilized. 
'160 pounds, prevwus to 1892 

Table X skows the yittlds for 1892 of the· crops of wheat, clover, 
timothy and oats grO\vn in this rotation; the corn crop has not yet come 
under the rotation. 

2 Ex. ~'!'A. 



30 

ci z 

OHIO AGRICULTURAL EXPERIMENT STATION. 

TABLE X-FERTILIZERS ON CROPS GROWN IN ROTATION, 1892. 

Yu:ld and zncrease per acre. 

Wheat-Block C. 
Clover-Block A. 

Grain. Straw. 

Yield. Yield. Yield. 

Oats-Block D. 

ci z ..., 
0 -P-1 

Grain. 

:field. 

--1----l--·1----1·-- --1----1·--- ----1·-----

.~~~~..!.~:~. 1 
2 
3 
4 
5 
6 
7 

Bush. 
34.2 
324 
35.7 
28.4 
35.6 
28.4 
29.7 

Bush. 

01 
5.4 

67 
-•-o.9 

Pounds 
3,530 
3,040 
3440 
2:680 
3,550 
2,9RO 
2,520 

Pounds Pounds. 
........ 25 t ........ . 
-220 26 5,000 

477 27 5,000 
......... 28 4,920 

963 29 5,200 
487 30 5,120 

......... 31 4,680 

Pounds 
........ 8 

9 
40 1{l 

........ 11 
360 12 
360 13 

......... 14 

Bush 
29.2 
37,.3 
330 
33.3 
35·8 
27.7 
31.4 

67 2 08 
11 4.82 

31 8 47 
-4.3 .23 

"'Decrease tThe clover on part of this plot was destroyed by acc1dent, hence 
it is not mcluded m the test of this year. tThe value of increase 1s computed on 
the bas1s of the following prices: \Vheajjj 70 cents per bushel; straw, $2.00 per ton, 
hay, $10.00 per non, oats, 33 cents per bushel. 

It will be observed that the apparent increase of grain from the 
superphosphate is greater in this rotated wheat than in that grown con­
tinuously, and that the fertilizers have apparently expended the greater 
part of their strength on the crops to wpich they were applied, leaving 
but little surplus for the following crops. 

We cannot say that the case might not be different were the phos­
phoric acid applied in a form not so quickly available as superphosphatE', 
such as bone meal or basic slag. 

The average yield of the unfertilized plots in this rotation is 30>8 
bushels per acre; that of the unfertilized plots where wheat is grown 
continuously is 26.5 bushels for the same season, 1892,-a difference 
almost as groot as any produced by fertilizers. Moreover, the wheat 
grown in rotation stood almost perfectly, the only patch of lodged grain 
being a small part of plot 1. 

In table XI is given the average yield of grain and straw and the 
average number of pounds of straw required to produce a bushel of grain 
under continuous as compared with rotative cropping for the two seasons, 
1891 and 1892; the treatment being alike in other respects: 



FIELD EXPERIMENTS WITH FERTILIZERS. <>1 

TABLE Xl-CON'l'INUOUS, COMPARED WI'l.'H RO'l'A'l.'IVE CROPPING OF WHEA'l'. 

Average results for two seasons. 

Yield per acre, 
Straw to one 

bushel. 
Fertilizers. Grain. Straw. 

Con tin- Rota- Contin- Rot~- Con tin- Rota-
uous. t!ve. uous. tlVe. uous. tive.;:. 

------------------
Bushels Bushels Pounds Pou?tds Pounds Pounds 

None ......................................... 2,9.0 34.0 3,172 3,655 -109 107 
Superphosphate and potash ......... 303 35.9 4,122 4,635 136 129 
Superphosphate, potash & nitrate 28.9 359 5,032 4,835 174 13,1? 
Barnyard manure ....................... 263 &'3.2 3,frGO 3,750 150 113 

This table shows that the rotation employed in this experiment has 
added from five to seven bushels to the crop of wheat, the treatment 
being similar in other respects, and it shows that, while the actual 
produce of straw, in the absence of nitrogenous fertilizers, has been 
greater under rotative than under continuous cropping, yet it has invari­
ably required less straw to carry a bushel of g,rain under rotation, the 
treatment being otherwise the same. 

FERTILZERS ON OATS GROWN CONTINUOUSLY ON THE SAME LAND. 

Adjoining the section devoted to the continuous culture of wheat is 
another of the same size on which oats have been grown continuously for 
four seasons. 

The soil of this section differs from that on which wheat is grown in 
being underlaid with gravel, whicn gives partial drainage. This drainage 
has been supplemented, however, by tiles, laid on the same plan as under 
the wheat plots. 

The plan of fertilizing is the same for the oats as for the wheat, 
except that in 1892 dried blood, at the rate of 160 pounds per acre, was 
substituted for the large dressing of nitrate of soda on plot 14, the exper­
ience of the three preceding seasons having shown that such excessive 
applications invariably cause the oats to lodge and thus reduce the yield. 

Tables XII and XIII give the yield and increase of grain and straw 
for eaeh of the four seasons, 1889 te 1892, and the average yield and in­
crease for the entire period, 



TABLE XII-F~R'.l'II,IZERS oN OA'l'S, FouR YEARS IN SuccESSION. i§ 

Yi~d and lnct·ease of CRAIN in bushels of fJ!e pou11ds. 

~ Yield •~ •cro. j Inc~~ o< """"" H P'' ~·~ J ~ 
Fertilir;ers. 0 ..., 

I 1800. I 1891. I 1892. ,.Ave-rage 1889. 1 1890. 1 1891. 1 1£02. IAveragu £ t.I: 0 1889. H ~ 0 
t'J> 

1 None ...................................................... :«.2 16.0 1 0 
··········· ............. ............ . .......... ~ ............ ............ ............ ··········· ~ 2 Superphosphate ( dis5olvecl bone black) ..... 46.9 19.4 46.6 29.4 95.6 1.4 3.4 64 ('-6 2.3 2 () s Potash (muriate) ..................................... 59.5 1'9.7 45.9 325 39.4 12.6 3.7 5.7 3.7 6.1 3 

~ 4 None ...................................................... 48.2 16.0 40.2 28.8 33.3 ............ . .......... 4 
(i Nitrate of soda ........................................ 47.2 21.1 45.6 311.7 36 .. 6 0.1 8.9 5.3 5A 36 5 ~ 
6 Nitrate and superphosphate ..................... 48.4 1!2.3 51.2 3Z.2 38.5 2.3 3.8 10..7 M 5.8 6 ~ 7 No~e ...................................................... 4'5.0 19.7 40,6 24.3 32.4 7 
8 S.uperphosghate and pot..!Sh ..................... 45.0 21.6 46.6 32.2 36.3 -0.8 23 4.3 4.5 2.5 8 !:" 
9 Nitrabl an potash ................................... 48.4 23.7 46.6 40.3 39.7 1.8 4.9 2.7 9.3 4.6 !J ~ 10 None ..................................................... 47.5 18.4 4M 34.4 36.5 ············ ............ ············ ············ ············ HJ 

1l Superphosphate, potoe1t and nitrate, 160 .... 529 24.7 50.9 40.!) 42.3 5.B 7.4 6.0 3.6 5.6 11 w 12 Superpbospllate, potasH. and nitrate, 320 .... 47 8 25.3 52.3 43.1 {2.1 0.8 9.0 8.2 3.0 li.!:l J.2 ~ lS None ...................................................... 46.8 15.2 43.4 43.9 37.1 i3 
14 Superphosphate, pobs11 and nitrate. 4,,0 ... 45.0 20.8 48.4 43.3 39.4 1.6 4.3 3.0 2.1 3.0 H ~ 

tl1 15 Superphosphate, potash antl ammonia ....... 51.8 22.9 49.4 40.1 41.3 11.9 6.0 3.9 0.8 @.G 15 z .\.fS None.""'"""""""''""'""''"''"'''''''''"'''' 36.5 19.~ 4:6.6 37.5 34.9 16 ~ 
17 Rock phosphate, potash an<1nitrate .......... 47.3 21.6 49.7 41.1 39.9 10.3 4.0 3.7 4JJ 5.§ 17 (/) 
18 Slag phosphate, potash, and mtrate .......... 4a.7 22.8 51.6 43.6 409 8.4 6.7 6.3 6.8 7.0 18 ~ 1~ None ................................. :-. ................... 37.9 14.5 44.7 36.4 33.4 ............ ............ ............. ············ ··········· 19 :'4 ~ Barnyard tnanure ................................... 42.8 19.1 50.3 36.9 37.':3 2.2 3.8 5.6 0.5 2.9 20 
~1 Linseed-oil meal. .................................... 5.0.6 14.8 46.7 29.8 H4.@ 7.~ -2.8 2.Q -10.6 1.1 21 0 
~ Notte ..................................................... 46.1 18.4 22 ~ ........... ~ ............. ············ ............ ············ ............ ............ ············ ------------ --------------------

Average of unf(irtilized plots.............. 44.0 17.2 42.8 341 34.6 ..................... ~ ..................................... 
Av~trage increase from fertilizers ................................ '!' ........... .......... . 4.7 4.a 5.3 2.9 4.3 

I 

*Dried blood 160 pounds, instead of nitrate in 1892. 



TABLE Xlll-FER'I'ILiv.r:>:RS ON OATS, FOO'R YJtARS IN SUCCESSION. 

Yield and increa!& ofS'tRAw in fiJtMds p'Cr ure. 

Yield. Inctease or decrease (-). 
0 Fertilizers. z .... 1889. 1890. 1891 .. 1802. A'l'eragt> 18S9. 180Q. 1891. 1892. ..Sl p., 

-- -------- ---- ---
1 None ................................................... 3,180 1,900 ............ ············ ............ ············ ............ ............ ........ , ... 2 Superphosphate_ .................................... 8,520 2,370 8,310 2,000 3,040 138 348 845 180 
3 Muriate potash ...................................... 4,220 2,270 2,680 3,1<0 :1,082 627 317 215 380 
4 None ..................................................... 3,800 1,980 2,465 2,780 2,756 
5 Nitrate soda ........................................... 3,9t30 2,680 2,540 3,HJti 3,039 233 653 1'00 478 
6 Superpho!>phJle and nitrate ...................... 4,068 2,900 2,160 3,020 3,@37 375 82Y -260 445 
7 None ...................................................... 3,640 2,12(} 2,400 i,4'f2 2,658 ··········••' 8 Superphodhate and potash ...................... 3,660 2,580 2,910 3,170 3,080 -87 300 4~30 539 
9 Potash au nitrate ................................... 4,040 3.,1'170 2,810 2,900 3,220 1117 63\l 250 169 

10 None ...................................................... 4,960 2,600 2,640 2,950 3,037 ............ ············ ············ ············ 11 Superphosphate, potash and tutrate, 160 ...... 4,400 3,210 2,1520 2,1l40 3,292 487 587 5 ---{)8 
12 SuperpllosphaLe, potash and mtmte, 320 ...... 4,300 3,320 2,875 3',020 3,379 433 Glt3 290 --47 
13 None .................................................... 3,820 2,670 2,5..60 3,125 3,0"!4 ············ ............ ............ ............ 14 Superphosphate, potash aud nitrate, 480* .... 3;880 2,930 2,550 3,665 3,256 267 450 57 732 
15' Superphosphate, potash and umllloma. ...... 3,().60 3,27'() 2,670 2,9% 3,241 653 980 243 223 
16 Non~ ....................................................... 3,20Q 2,100 2,8GeJ 2,5b0 2,552 ............ ........... ············ ............ 17 Rock. phosphate, potash and mtrate .......... 3,800 2,910 2,110 3,435 3,064 647 860 -120 640 
18 Slag phospll.at , potash aml mtrale ............ 3,500 3,120 2,200 3,205 3,006 363 1,120 10(') 165 
HJ None ...................................................... 3,-060 1,950 1,\.170 3,285 2,5{16 ............ ............ 
20 Barnyard manure ..................................... 3,140 2,65'Q 2,540 3,420 2,937 -167 450 570 143 
21 Linseed oil meal ..................................... 4,100 2,470 2,215 3,.(}76 3,115 547 20 245 407 
22 None ...................................................... 3,800 2;700 .... , ....... 3,200 ············ ············ , ........... ---- -----------

Average of unfertilized p'ots ................ 3,557 2,252 2,400 2,917 2,768 ············ """5'~6' Average im:rease from fertilizers .......... ..... , .. , .. ., ... , ...... ,., 338 212 313 
~ -~ --

*Dri-ed blood, 100 lbs , Instead of mtrate in 1892. 

Average 

----
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It appears from this table that in the case of oats there has been a 
constant increase of grain following the use of fertilizers, the only case 
where there was any marked falling off in the yield of grain being on 
the plot where oil meal was used, and this may be explained by the early 
lodging of the oats on this plot. 

It appears that each of the three fertilizing materials used-super­
phosphate, muriate of potash and nitrate of soda-has in nearly every 
case produced an increase of crop. It would seem that potash is 
having a more favorable effect upon the oats than upon the wheat, and it 
seems that the combination of nitrogen with either phosphoric acid or 
potash has on the average produced a larger increase than that following 
the separate use of either of the three materials, but no single fertilizer, 
nor no combination of fertilizers, has produced an increase in the aver­
age crop sufficient to pay the cost of the fertilizer. 

In the case of the oats straw it will be observed that, while there is a 
general increase of straw following the use of the fertilizers, this 
increase is usually much smaller than in the case of wheat. 

FERTILIZERS ON CORN GROWN CONTINUOUSLY ON THE SAME LAND. 

The section devoted to fertilizer experiments with corn grown contin­
uously on the same land at the Columbus farm lies immediately north of 
that devoted to similiar experiments with oats, and the plots of the same 
number are continuous through both sections, being crossed by a narrow 
roadway which separates the sections. The soil of both sections lies 
over gravel, the gravel being a little nearer the surface (within three to 
five feet) under the corn than under the oats. As there are areas where 
the gravel drainage is not perfect it has been supplemented by tile 
drains, laid 36 feet apart. 

Five successive crops of corn have been grown on this land, and 
the results are given in tables XIV and XV. 



TABLE XIV-FER'I'II,IZERS ON CoRN, Fnr~ YEARS IN SuccESSION. 

Yiefd and ittcrease of GRAIN in bushels of 70 founds of ears. 

Yield per acre. Increase or decrease (-) per acre. 
0 Fertilizer. z 
..... 

1888. 1889. 1890. 1891. 1892. Aver'ge. 1888. 1889. 1890. 1891. 1892. Av'ge. £ ---- -------------

1 None ............................................... 86.0 64.6 51.3 56.4 66.3 64.9 ........... ......... ......... . ........ ......... ......... 
2 Superphosphate (disolved bone black) 83.0 65 0 49.4 61.1 61.4 64.0 -5.7 -0.8 -2.0 4.1 -3.9 -1.6 
3 Potash (muriate) .............................. 89.4 60.0 50.3 61.7 65.7 . 65.4 -2.1 -7.1 -1.2 4.0 1.4 -1.0 
4 None .............................................. 94.2 68.3 51.6 58.3 03.3 67.1 ......... ......... ......... . ........ ......... ········· 5 Nitrate of soda ................................. 91.4 67.7 50.4 68.1 74.9 70.5 -2.'1 2.4 1.3 9.8 11.1 4.4 
6 Nitrate and superphosphate ............... 96.8 68.9 50.3 69.7 73.6 71.9 3.4 6.0 3.7 11.5 9.3 6.9 
7 None .............................................. 93.0 59.3 44.1 58.2 64.7 63.9 ........ ......... ········· . ........ , ........ ......... 
8 Superphosphate and potash ............... 89.5 63.7 48.4 54.2 74.0 66.0 -3.2 3.8 3.2 -4.4 8.9 1.7 
9 Nitrate and potash ........................... 93.1 67.6 53.9 68.0 76.4 71.8 0.7 7.1 7.6 9.0 10.9 7.1 

10 None .............................................. 92.1 61.1 47.4 5!).4 66.0 65.2 ......... ......... ......... . ........ ········· .......... 
11 Superphosphate,potash and nitrate,l 60 85.7 71.1 50.5 69 .. 5 76.0 70.6 -5.9 7.8 2.9 10.0 9.3 4.8 
12 Superphosphate, potash and nitrate 320 93.7 63.9 54.1 71.6 77.4 72.1 2.7 -1.6 6.2 12.0 9.9 5.8 
13 None ............................................... 90.5 67.7 48.1 59.7 68.3 66.9 ......... ........ ········· . ........ ......... ......... 14 Superphosphate,potash and nitrate,480 89.2 01.4 50.3 68.2 79.9 69.8 -0.3 -2.6 3.7 11.6 13.9 5.2 
15 Superphosphate, potash and ammonia .. 88.0 57.4 45.7 -65.6 69.6 65.3 -0.4 -3.0 0.6 12.1 5.8 3.1 
16 None ............................................... 87.4 56.7 43.6 50.4 61.4 59.9 ......... ......... ......... . ........ ......... ·······""· 17 Rock phosphate, potash and nitrate ... 89.2 57.3 47.8 67.1 '76.0 67.5 4.7 1.0 5.4 16.3 134 8.2 
18 Slag phosphate, potash and nitrate ..... 89.4 61.0 47.5· 63.2 75.0 67.2 7.9 5.2 6.5 11.5 11.3 8.5 
19 None ............................................... 78.6 55.4 39.9 52.3 64.9 58.2 ......... ......... A0000000 . ........ ........ ......... 
20 Barnyard manure ............................... 93.9 66.4 45.1 62.7 70.3 67.7 8.2 9.0 2.9 6.7 4.2 6.2 
21 Linseed oil meal ...... : .. ..................... 105.2 72.6 46.2 70.2 73.7 73.6 12.3 13.3 1.6 10.5 6.4 8.8 
22 None ............................................... 100.0 61.3 47.0 63.4 68.6 68.1 ......... ......... ......... ......... ......... .......... 

-------------
Average of unfertilized plots ..... 90.2 61.8 46.6 57.3 65.4 64.3 
Average increase from fertilizers lA 2.9 3.0 8.9 8.0 4.9 
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TABLE XV-F.a.R'l':.t,IzitRs oN CoRN, FIVJi; Y~s IN SuccnssHm. 

Tield and i?u:rease of Sl'AI,Ks·• itt pomtds per acre. 

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

1888. 1800. 1890. 

1---·-

None ............................................... 7,600 3,472 2,436 
Superphosphate (ulso,ved bone black) 6,195 3,276 2,514 
Potash {muriate) ............................. 7,250 3,300 3,t46 
None .............................................. 6,195 3,5"64 2,503 
Nitrate of sgda ................................. 8,256 3;788 2,932 
Nitrate and superphosphatfl' ... .. .. . .. .. 7,171 3,604 2,790 
Non,e ............................................... 6,68? 3,441 2,480 
Superpho,phate and potash ............... 6,661 3,162 2,780 
Nitrate and p:Jtash .......................... 7,305 4,1()-1 3,{)4'() 
None .............................................. 7,271 3,774 2,~80 
Superphos., po.tash and nitrate, l.UU ..... 6,959 8,488 2,966 
Superphos., potash and nitrate, 320 ..... 6,456 4,028 2,857 
None .......................................... 7,2.69 3,675 2,465 
Superphos., potash and mtrate, 480 ..... 7,087 3',660 3,141 
Superphosphate, potash and ammonia 7,475 3,270 3,276 
None ............................................. 5,6011 2,743 2,352 
Rock phosphate, potash and mtrate ... 7,235 3,780 2,71U 
Slag phosphate, potash and nitrate ..... 6,670 3,392 2,003 
None ............................................... 6,538 ZJ~ 2,405 
Barnyard manure ............................. 5,865 3,1H9 2,802 
Linseed oil meal .............................. 7,W3 3.8.30 3,304 
None ............................................... 6.601 3,103 2,909 

-~~- -~---~~-

Average ofun.fertilized fe1ots ...... 
A~erage increase from erli1~ers 

6,720 3,342 2,478 

*Stalks and leaves the oorn being cY.t about four inches abovG t-he ground 
>1'1< Stalks burned by trespassers. 

18!H. 1892. Avar'ge. 1888. 

---~ --

3,MO 8,420 4,114 .......... 
3,820 3;!!9Q 3,779 _g37 
3,800 4,5@0 4,438 592 
3,000 4,070 3,966 . ........ 
4,260 4,950 4,837 1,896 
4,350 5,300 4,643 1347 
3,570 4,100 4,0M . ........ 
3,930 4,720 4,371 -222 
4,020 5,210 4,835 728 
3,41,6 3,&50 4,117 ········· 4,100 4;000 4,507 -301! 
4,2~Q 5,350 -4)578 -800 
3,670 3,930 4,200 . ........ 
4,040 l'i,4QO 4,666 378 

-~'-~ ......... ~ 4,'118 1,318 
2,000 3,300 3,4ll2 ......... 
3,900 4,660 4.;411 1,318 
3,720 4,700 4,277 443 
2,970 3,500 ~6'76 ......... 
3,1580 3,930 4,000 -693 
3,84{) 4,95"0 4,700 993 
2,920 3,5'50 3,;:,Jt; ......... 

t-·---
3,833 ~.720 3,919 ......... 

............ ,............ 382 

1889. 1890. 1891. 1892. j.Av•ge. 

----------
......... .......... .......... ......... ......... 
-227 56 ~73 -247 -286 
-143 765 253 647 423 
......... ......... ........ , ......... ............. 

265 437 737 870 841 
122 30:l 804 1,216 614 

......... ........ .......... ......... ......... 
210 3CY7 412 703 295 
438 61H 557 1,277 73B . ........ ......... ········· ......... ......... -253 624 693 1,053 300 
320 454 617 1,447 406 

......... ......... ......... ········· ......... 206 714 600 1,670 732 
216 886 ......... 1,320 935 

. ........ ........ ......... ········ ········· 962 411 9:;4 1,273 978 
500 516 747 1,:!.67 695 . ......... ......... ......... ......... ......... 
506 230 927 413 277 
772 5ffl} 903 1,417 931 

········· ......... ......... ......... ......... ----------
········· ········· 285 &41 579 929 
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Consid~mg tables XIV and XV, it appears that there has b€en a loss 
of crop in four seasons out of five on the plot dressoo with superphos­
phate alone, and in three of the five seasons on the plot treated with pot­
ash alone, wh1le the plot on whieh these two substances have been used 
together shows practlcally no gain in the average of the five seasons. It 
seems quite clear that, in this series of experiments, superphosphate and 
potash have added nothing to the crop of gram, and but little ro the 
growth of stalks, until combined w1th nitrogtm. · 

The plot dressed with nitrate of soda shows a small gain in every 
seasoa e.xc~pt the fir~t, and that dressed with mtrate and superphosphate 
shows an increase every year, the average gain for the five seasons 
amounting nearly to seven bushels, a gain which is not increased by the 
addition of potash. Practh::ally th~ same increase is shown by the com­
bination of nitrate and potash, however, without any superphosphate, 
hene~e -we must conclude that nitrogen is the controlling factor in produc­
ing an increase of the corn crop on this soil. 

It will be observed that in the case of the corn the fertilizers seem 
to be havi11g a greater effect duri'llg the latea- years of the experiment, and 
this appears to be dne, not to the exhaustion of the unfertilized plots­
foc th@lr aver.age yi"eld in the fifth season of the test was gr€ater than for 
4l.ny other season €Xcept the first, and fbr the fourth season it was bat 
littie behind that of the second-but to a gradual acc:umulation of ava:il­
ab}e plant food in the fertilized plots. It is interesting to note that the 
yield of plot 14, receiving 88{) pounds per acre of a complete fertilizer, 
480 pounds (j)f whi.<;:h was nitrate of soda, reached a total yield of almost 
eighty ~nshels of shelled com per acre in 189~, although this is still ten 
bushels below the average yield of the unaided clover sod in 1888. 

It will be observed that, even in those seasons when the effect of the 
fertilizers was most strongly marked, it has in most eases required a dol­
lar's worth of fertilizer, or more, to produce a bushel of incrmse in the 
c;rop. 

Of the various complete fertilizers used, the one containing Carolina 
~ock as the source of phosphoric acid has produced the largest aver-age 
increase of corn in proportion to cost of fertilizer. 

FERTILIZltRS ON CORN IN W A YN!t COUNTY 

It is designed to continue the study of soils and fertilizers at the new 
home of the Station in Wayne county, and it is hop!!d that the larger area 
of land at our disposal may enable us to investigate some points mofe in 
detail than has been possible hitherto. The use of fert1lizers OR crops 
grown in rotation will hereafter occupy a leading position in these inves­
tigations, although wheat, oats and corn will still be grown in continuous 
culture. 



38 OHIO AGRICULTURAL EXPERIMENT STATION. 

The work in the continuous culture of corn is the only branch of this 
investigation that it was possible to start in 1892. The land selected for 
this work was a piece of "run out" grass land, originally seeded with 
clover and timothy, but which had not been cultivated for several years, 
and the grass had been replaced by plantain and other weeds in many 
places. It is considered one of the poorest fields on the Station farm. 
Table XVI gives the plan of the experiment, with the results for 1892. 
The number following the name of each fertilizer indicates the number 
of pounds used per acre. It will be observea that, as a rule, the fertili­
zers are used in smaller quantities in this test than in those heretofore 
described, although certain plots are fertilized to the full amount for com­
parison. 

Plot 

No. 

TABLE XVI-FER'tii,IZERS ON OoRN IN WAYNE COUNTY, 1892. 

Yield and increase of GRAIN, per acre, in bushels of 70 pounds ears. 

Fertilizers per Acre. 
Yield. Increase or 

I---,--- decrease (-) 

Grain Stalks Grain Stalks 

Busk'ls Pounds Busll'ls Pounds 

1 None ............................................................. 49.1 2,100 
2 Superphosphate, (dissolved bone black} 160... ..... 59.!.1 2,420 12.5 363 
3 Potash. (muriate) 100......................................... 52.0 2,290 6.4 277 
4 None.............................................................. 43.9 1,970 
5 Nitrate of soda, 160 ........ ........ ........... .............. 32.0 1,790 -9.6 -143 
6 Nitrate, 160; superphosphate, 1tiO .................. ... 42.9 1,860 3.6 - 37 
7 None............................................................... 37.0 1,860 ................. . 
8 Superphosphate, 160; potash, 100.............. ......... 58.3 2,400 22.2 517 
U Nitrate, 160; potash, 100................. ......... ......... 42.4 2,080 7.2 137 

10 None ............................................................. 34.3 1,930 ................. . 
11 Superphosphate, 160; potash, 100; nitrate, 16 1... 51.9 2,420 14.7 440 
12 Superphosphate, 160; potash, 100; nitrate, 3211 ... 56.9 2,620 16.9 590 
13 None........................... ................. ................. 42.9 2,080 
14 Superphosphate, 160; potash, lOll; nitrate, 48 1... 49.6 2,390 8.8 360 
15 Superphosphate, 320; potash, 100; nitrate, 160. .. 55.4 2,400 16.9 420 
16 None.................................... .......................... 36.4 1,930 ................ . 
17 Superphosphate, 160; potash, 50; nitrate, 100..... 54.0 2,370 14.2 390 
18 Superphosphate, 160; potash, 10; nitrate, 80 ...... 59.1 2,440 16.0 410 
19 None.............................................................. 46 4 2,080 ................ . 
20 Open yard manure, 5 tons................................. 53.7 2,380 7.5 257 • 
21 C:oyered y~rd manure, 5 tons ..................... _....... 51.7 2,320 5.8 lii3 
22 None .............................................................. 45.7 2,210 ................. . 
23 Superphosphate, 160; dried blood, 80................. 50.4 2,340 4.9 157 
24 Superphosphate, 160 ; sulphate ammonia, ti4 ... .. 58.9 2,640 13.4 4S3 
25 None ............................................................. 4-5.3 2,130 ................. . 
26 Carolina rock, 160; nitrate, l:lO........................... 54.9 2,390 11.3 248 
27 Basic slag, 140; nitrate, 80......... ....................... 46.3 2,070 2,7 -160 
28 None.................................. ............................ 40.1 2,280 ................ .. 

Average of unfertilized plots ........................ 42.1 2,057 
Average increase from fertilizers ................ .. 9.7 261 

'l'he results shown in table XVI indicate that phosphoric acid was 
the most important factor in a fertilizer for corn on this land in the season 
of 1892, for wherever superphosphate was used there is an increase of crop. 
Potash seems to have come next to superphosphate in increasing the 
yield, but nitrogen seems to have had little or no effect, whether carried 
to the crop in nitrate of soda, dried blood, or sulphate of ammonia. In· 
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deed, there is a considerable loss of crop indicated on plot 5, where nitrate 
of soda was nsed alone, but this may have been due to variations in the 
soil. 

It was not possibl~ to drain this land before beginning the experi­
ment, and thus the irregularitles due to unequal drainage have much to 
do with the irregularities in yield shown in the table, and this source of 
error was greatly aggravated by the excess1ve rainfall of May and June. 
At Wooster there were 21 rainy days in June, with a total precipitation of 
15.58 inches, nearly evenly div1ded between the two months, whereas the 
average rainfall for ten years during these two months in this sectlon of 
the State is but 8.46 inches, 4.37 inches for May and 4 09 inches for June. 
Under such condttions it is not surprising that so eastly soluble a salt as 
mtrate of soda should have failed to produce any mcrease of crop. It was 
probably all washed out of reach of the corn roots at the very beginmng 
of the season. 

There were as many rainy days in May and June at Columbus as at 
Wooster but the total rainfall at the University farm was but 11.36 inches, 
while the ten-year average for that section of the State is 8.58 inches, so 
that the excess of precipitation amounted to 84 per cent. of the ten-year 
average at Wooster, and only 32 per cent. of that average at the Statton 
farm at Columbus. This 1s probably one reason why the nitrate has made 
so much better showing in the experiment at Columbus than in that at 
Wooster. 

CO-OPERATIVE EXPERIMENTS WITH FERTII.IZERS ON CORN. 

Co-orperative experiments with fertilizers on corn were made in 1892 
by H. Y. Bentley in Columbiana county, Orlando Trotter in Washington 
county and B. H. Brown in Butler county, thus representing the extreme 
eastern, south-eastern and south-western parts of the State. Tables 
XVII to XXI give the plan and results of these experiments, the super· 
phosphate 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 barn­
yard manure at the rate of 8 tons per acre and the land plaster at the 
rate of 400 pounds per acre. 

FARM TEST IN COLUM:BIANA COUNTY. 

Made by H Y Bmtley. 

This test has been repeated five "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 become 
quite uneven. Tables XVII and XVIII give the yield of grain and 
stalks for the five years: 



TA:BLE XVII-FJliRTILIZERS ON CORN IN COLUMBIANA COUNTY. 

Yield anti im:"rease of GRAIN i11 bushels of 70 lbs. ears. 
~------- -- ~- ---

6 
Yield per acre. Increase or decrease (-) per acre. 

Fertilizenr. z 
..... 
0 1888. 1889. 1890. 1891. 18-~. Av'age. 1~88. 1889. 18ll0. 1891. 1892. Avg'r. 
~ 
- ----------------- ------ ------ --- ------------
1 None ............................................... 85.5 52·9 20.4 21.3 16.0 29.!l ......... ......... ......... . ........ ......... .......... 
2 Superphosphate .............................. 35.9 56.4 18.3 22.4 l~.'l 29.7 -2.3 1.8 ---£.6 -2.0 -2.1 -1.5 
3 MIJ.riate of potash-. .......................... 39.4 N\.2 19.5 27.3 18.1 32.1 -1.6 0 -1.8 -0.3 -1.8 -1.1 
4 Non~> .............................................. 43,7 5'79 21.8 30.7 21.3 85.1 ········· ... ·~· ... ......... ......... ........ . ........ 
5 Nitrate of soda ................................. 70.8 58.5 30.2 38.2 26.5 44.8 18.1 -2.0 8.1 6A 5.1 7.1 
6 Nitrate and supurpho· ph!l.te ............. 9_9.0 62.2 30,1 37.5 23.8 48.7 28.4 -1.0 7.6 4.5 2.2 8.3 
7 None ................................................ 70•6 65,8 22.8 34.1 21.7 48.0 .......... ......... ......... ......... ......... . ........ 
8 SuperphO!lghate and potash ............. 706 62 8 14.9 23.7 Hi9 37.6 -0.1 -1.8 -8.1 --8.8 -6.1 -5.0 
9 Nitrate an pot:lsh ........................... ll0.4 rn.o 31.7 39.0 2ti 5 50.ll 20.0 3.6 8.4 8.1 4.1 8.8 

10 None ............................................... 70.2 62.2 235 293 22.7 41.6 ········· ········· ......... ········· ......... ......... 11 Supurphos, potash aud ILitrdte ......... 74.8 66.1 U9 3L9 24.3 44.4 7.7 5.4 1.4 2.7 ~.5 4-0 
12 Barnyard mlmure .............................. 61.8 73.8 30..t» 28.5 22.7 4S.5 -2-1 14.5 1.0 -0.7 2.4 4.2 
13 None ............................................... 60.8 1)7,8 23.6 !:9.1 Hl.l 38.1 ......... ......... . ........ ·::._'-'3:7" . ......... 14 Land plaster .................................... 60.0 59~ 20.5 23.5 liH 35.9 -{),8 -2.1 -3.1 -!\.6 ~2.2 

-----------~ --------
Average of unfertilized plots ... ..... 56.2 59.3 22.5 !.!'1."9 20.2 37.4 ......... ......... ········· ......... ......... ........ Average increase from fertilizers .............. """'""'!'"•""'''" 7.5 2.5 1.9 o.s 0.3 ········· 
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TABLE XVIII.-FER!&LJZERS ON CORN IN Ce>LUMBIANA CouNTY. 

Yteld a4«! increase of STALKS, in pomzds, per acre. 
-

Yield per Acre. Increase or Decrease (-) per Acre. 

~ Fertilizers. 

:s 1888 1889 lSW 1891 1892 Av01r'ge 1888 1889 l89G 1891 1892 Av'ge 
~ 

--------1---·----------:---

c5 z ..., >1j 

.8 
H 

ll< 
t:zJ 

G 
1 None .............................................. 4,520 2,797 1,914 2,170 2,28'5 2,7$ ......... ......... ......... . ........ ......... ········· 
2 Superphosphate .............................. 4,640 2,778 2,0li4 2,592 2,175 2,350 37 -82 2'16 372 -]30 8'1' 
3 Muriate of potash .. ... . . .. . . . . .. . . . ... 5,050 3,001 2,125 2,!134 2,282 3,078 36~ 77 402 6G3 - 6(') 2M 
! None ......................................... 4,770 2,.987 1,627 2,321 2,371 2,815 
5 Nitrate of soda ................................ 5,8QO 3,030 2,585 2.868 2,531 3,36a 1,093 -55 869 421 169 500 
(I Nitrate and oouerpho;.phdte.. ....... .. 6,010 3,167 2,555 3,18(') 2,406 3,468 1,387 -15 751 601 li3 &57 
7 None ............................................... 4,580 3',280 1,893 2,699 2,344 2,9fi!l ......... ........ ········· ......... ...... 

"4'fi4'1 ll Superphosahate and putaoh .............. 5,390 3,502 2,417 3,833 2,153 3,459 683 253 481 1,111 -209 
9 Nitrate au potash .......................... 6,.590 3,5.49 2,7112 3,192 2607 3,?'4.0 1,7!)'}' 3:30 78~ 446 228 709 

10 None ............................................... 4,!160 2,188 2,022 2,770 2,:W7 3,0(;17 
11 Superphophate potash aN.d mtrate ...... 6,500 &,346 2,285 3,188 2,538 i,!i71 1,350 wo 4J)l a~a 181i 520 
1~ Barnyard manure .............................. §,140 3,757 2,595 3,828 2,474 3,559 -200 673 !)69 1,009 168 524 
13 None ............................................. 5,530 3,0112 1,428 2,84.4 2,261 3,019 ~ ........ ········ 
14 Land Plaster .................................... 5,.810 3,028 1,520 2,480 2,080 2,984 280 - 4 92 -364 -Hn -35 

---- ---------------------- - --------
Average of u nfertilizlld plota ......... 4,872 3,057 1,777 2,561 2,332 2,920 
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From these tables it appears that the use of superphosphate and pot­
ash, either singly or in combination with each other, but without nitro­
gen, has been followed by a decrease in yield of grain in every year 
except one, and in thirteen out of fift~en tests, although there has usually 
been an increase in yield of stalks. On the other hand, the use of nitrate 
of soda, either alone or combined with phosphoric acid or potash, one or 
both, has been followed by an increase in crop, both in grain and stalks, 
in every year but one, and in eighteen out of twenty tests. It appears, 
therefore, that, next to climatic conditions, nitrogen is the controlling 
factor in determining the yield of corn on this land. In this respect the 
results of this experiment are in close accord wi~h those of the experi­
ment at Columbus. In both experiments there has been an absolute 
loss on plots 2 and 3, while the small gain indicated in the average on 
plot 8 at Columbus amounts to nothing. 

BW: the most surprising feature of these experiments is that while 
the effect of the fertilizers is evidently increasing at Columbus, it is as evi­
dently decreasing in the Columbiana county test, althvugh the average 
unfertilized yield at Columbus, smce the second year of the test, has 
been twice or three times that in Columbiana county, and in 1892 the 
average increase over the unfertilized yield of sixty-five bushels per acre 
at Columbus was from two to four times as great as that on the similarly 
treated plots in Columbiana county, where the unfertilized yield was but 
hventy bushels per acre. 

FARIII TEST IN BUTLER COUNTY 

llfade b;v .B H B> ozw 

Mr. B. H. Brown, of Oxford, Butler county, has made this experi­
ment in 1889, 1891 and 1892, but each time on fre!>h ground, the test of 
1889 being made on wheat stubble, and those of 1891 and 1892 on timo­
thy sod. The land was selected because of its lack of natural fertility, 
the soil being a heavy clay of drift origin. Tables XIX and XX give 
the results of the three crops: 



TABLE XIX-F'nR'rn:,rzERS oN Corm IN llU'fLHR CouNTY. 

Yiold mtd b1crease of GRAU~ in buslzels of 70 pounds of ears. 

0 Yield per acre. 
z Fertirizers. .... 

I I 
0 1889. 18\Jl. 181J2. Average. 188\J. p:; 

-

1 None ................................................. 18.3 21.4 42.6 27.4 ....... 
2 Superphosphate ................................. 35.9 31J.6 42.\J 31J.5 15.1 
3 Muriate of potash ............................... 41.7 32.3 62.1 45.4 18.3 
4 None .................................................. 25.9 29.9 42.6 32.8 
5 Nitrate of soda ... .. . .. ... . .. .. .. .. . .. . .. . .. .. ... 26.7 41.4 51.3 39.8 0.2 
6 Nitrate and superphosphate ................. 35.7 41.6 52.1 43.1 s.u 
7 None ................................................. 27.7 27.9 42.4 32.7 
8 Superphosphate and potdsh ................. 49.9 R7.5 51.0 462 23.7 
9 Nitrate and potash .............................. 37.tl 47.7 51.4 45:7 13.1 

10 None ................................................ 23.3 80.5 40.1:) 31.6 
1'1 Superphosphate, potash and !lltrate ...... 48.0 51.4 45.9 48.4 22.7 
12 Barnyard manure ............................... 67.4: 00.7 60.7 62.9 40.0 
13 None ................................................. 29.4 25.4 426 32.5 
14 Land,p1aster ...................................... 33.3 30.3 44.3 36.0 3.9 

------------------------ -----
Average of unfertilized plots ........... 24.9 270 42.2 31.4 ....... 

f 

Increase per acre. 

18\Jl. 1892. 

15.'1 0.3 
5.3 19.5 

12.2 8.8 
13.0 9.6 ....... 

8.7 9.5 
18.1 10.3 ....... 
22.6 4.4 
83.6 18.7 

4.9 1.7 

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

c z . .... 
Average. c 

p: 
-

0400000 

10.3 
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TABLE XX-FER<rn:,IZERS oN CoRN rn BuT~R CouN'.rY. 

l't'e!d a1ld mer ease of S'I.IAL-KS P~~~' acre. 
= 

~ 
Yield per acre. E Incr~" pcr ~~. 

Fertilizers. 
:Q 1889. 1891. 189~. Average. . 1891. 1892. 
ll< 

-
Pouuds Pounds Patuuts Pou41ds Pounds Pound.r Pounds 

1 None ............................................... 1,320 1,652 ~.'llO 1,8!)4 
2 Superphosphate............................ . .... 2,690 1,952 2,61i{) 2,431 1,}93 415 10 
3 Muriate of potash .............................. 2,700 1,683 4 .. 21<@ 2,864 1,027 2M 1,640 
4 None ................................................. 1,850 1,-300 2,500 1,883 ""'383" 5 Nitrate of soda.................... .. ........... 2,000 1,44f 2,800 2,0R2 67 -20 
6 Nitrate and sup~rphosphate ................. 2,650 2,020 2;950 2,540 638 387 617 
7 None ............................................... 2,100 1,800 2,250 2,01i1) 
8 Superphosdhate and potar.h ................. <MOO 1,761 3,250 2,804 1,417 -0-3 1150 
9 Nitrate an potash .............................. 2,550 2,Q34 3,200 ~,595 683 125 850 

10 None ................................................. 1,750 1,963 2,400 2,038 .. 1;5w .. 11 Superphosphate, potash a~d nitrate ...... 3,370 2~73 ~990 2,/344 205 557 
12 Barnyard manure......................... . ..... 4,68fJ 2,835 3,980 3,832 ~.7~0 863 1,51~ 
18 None ................................................. 2,020 1,9?7 2,500 2,16'6 ········ a Land plaster ....................................... 2,380 l,l:l69 2,700 2,316 360 -108 200 

---------·------ --- ----
Average of unferti1ized plots ........... 1,808 1.,138 2,472 1,076 ... ······· ........... ............ 

---

--~-
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FIELD EXPERil\IE~TS WITH FERTILIZERS. 

Mr. Brown has succeeded in obtaining a much larger average in­
crease from the use of potash and barnyard manure than has been 
obtained on the Station farms. The average increase on plots 2 and 3, if 
it can be maintained, will pay the cost of the superphosphate and potash, 
used separately, corn being valued at forty cents per bushel ; but this in­
crease is no great~r on plot 8, where the superphosphate and potash are 
used in combination, than on plot 3, where potash only is used. Nitrate 
of soda has been used at a loss in the average, but the barnyard manure 
has certainly yielded a handsome profit. 

FAR~! TEST IN WASHINGTON COUNTY. 

Jllade ov 01'lando Trotter 

Mr. Orlando Trotter, of Layman, Washington cour.ty, has made this 
test in 1891 and 1892, but on different land each time-a timothy sod in 
1891 and a wheat stubbl& with one year's growth of clover in 1892. The 
land in both cases has been under cultivation for many years. 'l'he re­
sults of both experimetlts are given in table XXI. 

3 B:x:. STA. 



'I'ABLE XXI.-PER'.riLIZERS ON CoRN IN WASIUNG'rON Cou. 'J':Y, 

1 bus/iel=70 pmmds of ears. 

Y 1dd per acre . Increase or decrease (-) per acre. 
..: . ., 

1l J:i'ertilizers, Gwin, bushels. 8L1lks, pounds. Grain, bushels. Stalks, pounds. 
p 
l=l ..., 

Aver- Aver- Aver- Aver-0 
1891. 1892. 1891. 1892. 1891. 1892. 1891. 1892 1i:: age. age. age. age. 

-------------------------
1 No11e .......................................................... 83.9 28.3 31.1 1,73:). 2,780 2l255 
2 Superf.ho('hate ......................................... 505 25.7 38.1 1,\JlS 2,520 2,216 15.5 -2.0 6.7 ~2 -167 42 
3 Muria e o potash ........................................ 47.a 22.6 35.0 1,890 2,700 2,29)) 11.6 --4.6 3.5 300 107 203 
4 None .......................................................... 37.3 26.6 3l.9 1,520 2,500 2,010 
5 Nitrate of soda ........................................... 46.1 31.7 :JSH 1,905 2,160 2,032 8.6 6.4 7.5 330 -267 31 
6 Nitrate and superpho«phate .......................... 51.~ 41.4 46.3 1,771 2860 2,315 13.5 17.5 15.5 141 507 324 
'l None ......................................................... 37.9 22.6 : 0.~ 1,685 2:280 1,982 ......... ........... ......... ········· '''28i"' 8 Superphosphate and votash ........ : ................. 47 2 21.4 3-1.3 1.970 2,640 2,305 7.9 -3.0 2.4 222 3<1.0 
9 Nitrate and potash ...................................... 47.8 13.1 45.4 1,8SO 2,640 2,245 7.1 16.9 12.0 40 R20 lSO 

10 None .... , .................................................... 421 28 0 35.0 1,873 2,340 2,106 ...... ~. 
11 SJ;_perphospbate, potash and mtrate ............... 48.3 603 54.5 1,8Hi 3,020 2,417 8.0 31.2 19.6 -11 Q47 318 
12 Barnyard manure ......................................... 480 37.1 42.a 1,062 ~680 2,321 8.6 6.8 7.7 184 273 228 
13 None .......................................................... 381 31.4 3{.7 1,731 2,440 2,085 ......... .......... ....... , . 
14 Land plaster ................................................ 48 g 2G 6 37.'1 1,802 2,520 ............. •10.8 -4.8 3.0 161 80 120 
15 Bowker's superP.hospbate, 100 pounds ............ 20.3 ......... ············ 2,3&0 ............ ········· -5.1 ......... .......... -90 .......... 
16 « "il 200 II ,,..,, .... ., 25.() ......... ............ 2,030 ........... ......... -6.4 . ......... . ........ 190 ......... 

Average of unfertilized plots .................... rru ---- --- --- ------- . ' ------
27.4 1,708 2,4.68 
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FIELD EXPERIJYfENTS WITH FERTILIZERS 

The results of the two experiments are contradictory, so far as the 
apparent effect of superphosphate and potash is concerned. In 1891, on 
sod, every plot upon which these were used showed an increased yield of 
grain, even in the absence of nitrogen, while in 1892, on stubble, the re­
sults are in harmo.ny with the average results at Columbus and in Colum­
biana county, in showing a loss of grain from the use of superphosphate 
or potash uncombined with nitrogen. Every plot treated with nitrate of 
soda, however, shows some increase of grain in both seasons, and this 1s 
the rule in all our experiments, although there are some exceptions, but 
the increase is seldom sufficient to pay the cost of the fertilizer. 

CONCLUSIONS. 

In almost every instance in all our field experiments on corn, an in­
crease of crop has followed the use of nitrate of soda m combination 
with muriate of potash or superphosphate, one or the other, and it seems 
to make very little d1fference which, but the increase has frequently been 
reduced when both superpho,phate and potash have been added to the 
nitrate. 

In ali our work with fertilizers, upon wheat and oats as well as corn, 
the effect of phosphoric acid seems to be chiefly shown in the stalk and 
straw. When plants are grown in selected soil in boxes, superphosphate, 
when used alone, produces a tall, pale, spindling growth of plant, and 
this may be observed to some extent in the field; but when nitrogen is 
added the color of the plant is immediately changed to dark g(een, the 
leaves appear broader and the entire plant manifests greater vigor. 

Apparently, an excess of phosphoric acid stimulates the growth of 
stalk and straw at the expense of the grain, and thus in wheat the weight 
of straw may be increased and that of the grain at the same time dimin­
ished, while in corn both stalk and grain may be reduced by the less per­
fect development o.f leaf. '!'his phenomenon has been manifested so fre­
quently in our experiments that there is no longer room to doubt that 
the yield of grain may be actuall.J' 1'educed by the use offertilizers contain­
ing phosphoric acid r>r po'ash but no n#rogen. 

But it does not follow that the extensive purchase of nitrogen is 
necessary. A careful study of these experiments will show that nearly 
if not quite every case, in which a profitable increase of grain has fol­
lowed the use of superphosphate without nitrogen, occurred either on 
sod or on soils which had been cropped in systematic rotation, whereby 
a good supply of decaying vegetation had been maintained; this decay­
ing·vegetation apparently furnishing the nitrogen required to balance the 
phosphoric acid added in th,e fertilizers. · 

It would seem, therefore, that if chemical fertilizers are to be used 
with any prospect of profit in the production of cereal crops it must be 
in connection with the culture of some nitrogen-storing crop, such as 
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clover, grO\VU as frequently as possible in order to secure the greatest 
possible accumulatwn of vegetable matter in the soil; for at the present 
pnces of ferttlizers and cereal grains respectively it is a hopeless under­
takmg to attempt to supply, in chemical fertilizers, the quantity of phos­
phoric acid, potash and mtrogen, all three required to produce a crop or 
any increase in crop. 

A bushel of Ohio grown wheat, with its straw, should contain about 
three-fourths of a pound of phosphene acid, a pound of potash and a 
pound and three quarters of nitrogen. In a bushel of Ohio grown corn, 
·with its stalks and cobs, may be found about three quarters of a pound 
of phosphoric acid, two-thirds of a pound of potash, and a pound and 
one-tenth of nitrogen. 

At present pnces of fertilizing materials in Ohio, the phosphoric 
acid and potash in a bushel of wheat would cost about 9 cents and the 
nitrogen about 33 cents, a total of 42 cents. The phosphoric acid and 
'potash in a bushel of corn would cost about 8 cents and the nitrogen 
about 21 cents, total, 29 cents. 

If, now, it were possible to recoYer in the crop all the fertilizing 
materials applied to the soil we might raise wheat and corn at a profit on 
purchased fertility; but this is not possible, for the soil is so constituted 
that it immediately seizes upon and converts into insoluble combinations 
a coneiderabl~ proportion of the phosphoric add and potash; while of 
the nitrogen, if applied as nitrate, a larger or smaller proportion, owing 
to the season, is sure to be washed out of the soil by rains. Thus, in 
the expenments at Rothamsted, where chemical fertilizers have been 
used continuously for fifty years, under the most favorable conditions 
less than half the phosphoric acid, potash or nitrogen applied in the fer­
tilizer has been realized in the increase of crop, and in our experiments 
the return for the fertilizer is far below that of Rothamsted. The 
Rothamsted experiments show that a portion, at least, of the anused 
phosph0ric add and potash may be simply stored in the soil to be given 
up to future crops; but they also show that it will require many years of 
cropping, to get back all that has been given to the soil. 

SUMMARY. . 
The experiments of this Station with fertilizers now include four 

years' continuous culture of wheat on the same land, with and without 
;fertilizers, on the farm hitherto occupied by the Station in Columbus and 
belonging to the State University; three years' similar culture of wheat 
in Columbiana county; four years' continuous culture of oats on the 
Columbus farm; five years' continuous cultttre of corn on the Columbus 
farm and in Columbiana county, and fourteen co-operative experiments, 
made in 1889, 1890, 1891 and 1892 by farmers in Ashtabula, Holmes, 
Miami, Huron, Licking, Butler and Washington counties, besides several 
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years' study of crops grown in rotatwn and of plants growm in boxes. 
These experiments must be contmued farther before posit1ve con­

clusions can be drawn, but at the present date the following tentative 
conclusions seem to be justified: 

(1.) The use of superphosphate and potash, ~eparately or m com­
bination, but without nitrogen, has frequently caused a loss of grain m 
crops of com and wheat on soils deficient in vegetable matter. 

(2.) The yield of straw or stalks has almost invariably been in­
creased by the use of superphosphate. 

(3.) The use of superpho51phate has frequently, and that of potash 
has occasionally been followed by a considerable mcrea<;e of crop, both 
of grain and straw or stalks, on sod ground or land contaming an abund­
ance of decomposing vegetable matter. 

( 4.) An increase of grain in the crop has generally followed the 
use of nitrate of soda, and this has happened in almost every case 
wheE. the nitrate has been used in combmation with superphosphate or 
potash. 

(5.) When a complete fertilizer has been used, eontaining both 
phosphoric ac1d and potash, in combination with nitrogen, the pho&phoric 
acid being carried in less active forms than bone-black superphos­
phate, an increase of crop has resulted in practically every case; but at 
present prices of fertilizers and grain respectively, this increase has in­
variably cost more than its value in the market. 

( 6.) While, therefore, these experiments demonstrate the possi­
bility of producing a regular and certain increase in the yield of cereal 
crops by the use of a complete chemical fertilizer, yet they show that if 
such fertilizers are to be used with any prospect of profit in Ohio in the 
production of cereal crops and as a part of a regular S'JStem of agricul­
ture, that system must provicle for the accumulation in the soil of the 
largest possible quantity of organic nitrogen, through the culture, in 
short rotations, of plants which have the pow~..1 of obtaining nitrogu 
from sources inaccessible to the cereals. 

*4 E:x. STA. 
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