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FIELD EXPERIMENTS WITH COMMERCIAL AND OTHER 

FERTILIZERS IN 1893. 

[BY c. E. THORNE AND ]. FREMONT HICKMAN.l 

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 con-1 and oats are grown have a gravel sub-soil, which gives 
partial drainage. 

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. 



OHIO AGRICULTURAL EXPERIMENT STATION. 

TABLE 1.-Fl_\R"flr~rzr,RS O'-' \VH8AT, CoR:"f AND OATS GRow:-; CON'l'!xuousrs.­
Quantity and cost per acre. 

Plot I Fertilizer:-;. Quantity. , I Co~l. 
-T -~~--- ---· I:-s:-:utial Ingredients. 

?-;o. I I 1\rtrogen.IPhos. acid., Potash. I 
--1 J ~Pouud,::-i Pvu~~-;:~~,t~r P.mnds.~---
_1_1 Unfertilized::.: . .:.·::~-:.:·::-:: .. ..:_-·_:::::_:::_·_-:_-·:------··_:··:······~~-~-_:__:_~~~~~:-~.:~:~ 

Superphosphate1 ····~~:~~====~··:! -~=o __ l_"_"·~-- ~-~-~~-~~--~~ 
Muriate of Pot"' h ......................... I 804 i I i 40' ! 1 75 

- -~,~7';~;; .·:::····························.1······ ;;;; i ;~~ c•·········i·· =: =j······, ;; 
6 ~tl~ar\~h~s;~~~'~ ......... ·.·.·::.".'.'.''.'.·.·.·.·::::::::: ~~~--~-~~--- i--:--~~--- I}-;~~ 

__ ~ferti~zed ...................................... ~:.::.:-_:_ .. :·..:_-:::~"".::_~: •. ~.~:::-~1·::_ ...... ~ ... ~~-.---~ 
-8~- ~~'rei:~~o~-;pl;;:~~Rf,h·:. ------···-- -~~g, ____ : __ :__! __ '~--~} 5 7'J 

itrote of Soda ... ............................. lGO' ~52 I 40 1.} . 
:;'\-Tnriate of Pc!la~h ........... ........... ~0 • b t.(l 

-·-~ ............................... :. ==~--... ~.--· .. ...:1 ....... .. 

~111tfr~~~~'':;[P{;~\~,h . · .... :·:::::::·::::."::::: ::~, ''0 
I' 4U4 11 J)~ lO UO 

Nitr:tte of Soda.. .... ........................... 820 2iJ' 

10 Unfertilized .... 

11 

. :: .. ~:~~~:1~~:,,··=·· >,. :~I=: I ~~=I ~·"I}"" 
Superphospha~~-- ... ~ .... :~.::~.::~.-:::. --3~ I ,-~ I 40, ll 18 ... '.0 
Muriate of Potash. ........ .................... o ,. 
Nitrate ot Soda.................................... 480" 7.",3 I 1) 

--I-S~u~r~,e~r~p~h~o~s~pl~t~a le-.. ~ .... -~ ... ~ .. ~ .. ~ .. ~ .. ~ .. ~ .. -.. ·~ .. ~ .. ~ .. -.. -... --3~20-~ 
1

1 -• - .. ·,,;;-- '1/-.. -4~ 1!1 1
1
. JIJ .,,., 

lC) l\inriate of Pot,,sh.............................. bO -~ 
Sulphate of Atnmonia........................ 1:20 :2:-l 
1--~-~----~~---- ~-- ~~~---- .·---1--

Unferlilizcd ...................................... ·.:.:=l:.~·~.·(OJ··~.:__ ...... --2.'12 :l.li'····~:".:4 . .___,•, :.11 --40' ~.~1} ..... 8 ....... , .. ). 
Dissolved S. C. l~ock........................... ~-
Muriate of Potash .............................. . 
Nitrate of Soda ...................... . 

HI 

300 I ', ··o -~--~---
18 

Basic S1ag5........ .......................... I v } 
Muriate of Pornsh.......... ......... 804 I 40 !I 4;> 

____ l'\_._i_tr_a_t_e_o_r_s_o_'_la_ .. _ .. _ ..... __ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _._ .. _ .. _ .. _
1 
___ 1_6_0_' ____ 25_'_, _______ ~----- ----

~ -~~:~,;::.,:.: .. :!·································· ···;:::···· 1~-~_:_ ..... ·.:_···11················.~.~.~.·.·.·.·.·.·.1 ... = ... ·.··········~···5·····:__···· =.·. '·
3··· 00 . 

.............................. .................. 1......... . 

1 .. Superphosphate'' in all cases is di9Solved bone-black. 
2 480 and 75 pounds in 1888. 
'HiO and ~5 pounds in 1888 . 
.f lf.O and 80 pounds previous to 1892. 
fi Al~o known as ''odorless phosphate." 



1°lELD EXPBRil\lENTS \\Tfll FERTILIZERS. 

5tated in another form, plots 11, 15, 17 and 18 of this experiment 
each receive at the rate of .SSW to 560 pounds per acre of a fertilizer con­
taining about 51J 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 G~ per cent. ammonia and lOt per cent. phosphoric aCid. 

FERTILIZERS ON WHEAT GROWN CONTINUOL:SLY ON THE SAMB 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 wa~ 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, III and IV, together 
with those of the four preceding harvests, and the average results of the 
fiye 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.] 
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TABLE Il.-FERTILIZERS ON WHEAT FIVE YEARS IN SUCCESSION. 

Yield and increase of GRAIN i1t bushels per acre. 

Yield per acre. Increase or decrease (-) per acre. 0 
Fertilizers. 

------------------] 1889.11890.11891.11892.11893.1 ~v. 1889.11890.11801.1189211893.1~ ~ 
~~;:rpi;~~ph;·t~··(·di~~·~i~~d·b;~;~~bi~~k·):::::::::::::::· ~~·~ ~k~ ~k~ ~g ~~:~ ~g '"iii 1'"3:7'' ·:.:_:2:;,·· ····4:7·· ···5:.6· ... "2:9' ~ 
Potash (muriate) ................................................ 47.5 32.1 30 2 28.2 27.7 33.1 3.5 0.3 -1.7 1.3 0.7 0.8 3 
None .................................................................. 40.8 31.8 32.0 27.2 24.5 31.3 ................... ......... ........ ......... ........ 4 
Nitrate of soda ............................................... ( 1 ) 40.0 36.5 33.7 27.9 31.6 33.9 -3.0 4.3 0.6 0.2 6.3 1.7 5 
Nitrate and superphosphate ............................. ( 1 ) 40.8 38.6 31.2 28.9 33.5 34.6 -4.5 6.0 -3.0 0.8 7.4 1.3 6 

7 None ................................................................ 47.5 33.0 3.5.3 28.6 26.8 34.2 ......... ......... ......... ......... ......... ......... 7 
8 Superphosphate and potash ................................. 41 6 36.4 30.5 30.2 36.0 34.9 -4.7 3.6 -3.4 1.7 8.8 1.2 8 
9 Nitrate and pota,sh ......................................... ( 1 ) 45.6 36.8 33.4 29.1 35.4 36.1 0.4 4.2 · 0.8 0.8 7.9 2.8 9 

10 None ................................................................. 44.0(') 32.4 31.2 28.1 27.7 32.7 ..................................................... 10 
11 Superphosphate, potash and nitrate 160 ........... ( 1 ) 49.5 36.9 28.8 29.1 38.6 36.6 5.4 5.3 -2.5 1.4 10.9 4.0 11 
12 Superphosphate, potash andnitrnte 320 ............... 4(1.3 35 7 29.7 29 2 42.7 37.3 5.2 5.0 -1.7 2.0 15.1 5.1 12 
13 None .................................................................. 44.2 29.9 31.5 I 26.8 27.5 32.0 ...................................................... 13 
14 Superphosphate, potash and nitrate 480 .......... (') 47.0 34.9 28.8 I 29 2 39.7 3,3 9 4.9 4.2 --2.5 2.1 13.0 4.:> 14 
15 
16 
17 
18 
19 
20 
21 
22 

Superphm;phate, potash and ammonia .................. 47.0 :~:~.8 29.8 80.4 34.8 35.2 7.1 2.2 -1.2 :"1.0 8,8 4 0 11b 
None ................................................................. 37.8 3~.4 80.8 27.8 25.2 30.8 ........................... 1 .......................... 16 
Rock phosphate, potash and nitrate ................. \ 1 ) 40.0 37.4 33.2 31.1 32.6 34.9 131 5.5 2.21 4.1 8.1 4.2 17 
Slag phosphate, potash and nitrate .................. ( 1 ) 39.3 37.3 31.7 31.6 35.2 35.0 -0.3 5.8 0.4 5.4 11.5 4.6 118 
None......................................... . .................. 40.5 31.0 31.5 2•).4 22.8 30.0 ...................................................... 

1
19 

Barnyard mannr<' ................................................ 44.5 34.7 27 8 25 4
1 

:17.3 33.8 5.3 5.2 -2.71 1.1 m8 4.5 20 
Linseed oil meal ................................................ :58.7 :1:i. J 34.7 27.5 85.5 34.1 0.7 5.\1 6.1 4.2 11.3 f,.fi 1 21 
None ................................................................. :\6.7 1 :!0 .) 1 27.1 22 2 I 24.7 27.4 ............................................ 1 ......... , 22 

-~--~--~----1-1--~-A.verage of unfertilized plots ............................... 42.8 81.1 314 :!G•'i 2().4 31.() .................. ! ......... [ ........................ .. 
Average incre.1se from fertilizers ................................... 1 ............................................ , 1.7 4.4 ~-0.8 1 2.3 9.2 3.3 

( 1 ) 480 pounds nitrate in 18S9. 
I') 1110 pounds nitrate in 188\J. 

( 3 ) Estimated. 
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Fertilizers. 

TABLE III.-FERTH,IZERS ON WHEAT FIVE YEARS IN SUCCESSION. 

Yield and increase oj STRAW in pounds per acre . 

Yield per acre. Increase or decrease (-) per acre. 0 z 
18~~! 1890. 18(!1. 18D2. 18~):). Aver-111188(!.1 1890. 1891. 1892. 18e3. Aver- ] 

age. j 1 age. p... 

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

1 None........................................................ 4,070 3,602 4,540 3,015. 2,495 3,5441...... ... .... .. .. . ......... . ........ ......... ...... ... 1 
2 Superphosphate (dissolved bone-black) ...... l4,208 0,885 4,99.5 4,265 3,21'0 4,1:!5 1 :2li4 I WlO 642 1,:172 1,120 707 2 
3 Potash (muriate) ....................................... 3,8.50 3,062 3,740 3,190 2,175 3,203 · 32 1-327 -427 418 355 10 3 
4 None ...................................................... 3,6D2 3,282 3,D80 2,650 1,490 3,019 ......... 1......... ......... ......... ......... ......... 4 
b Nitrate of soda ..................................... ( 1 ); 3,5GO 3,930 3,980 2,710 2,705 3,377 -~?iil I 630-83 -13 995 2ii6 5 
6 Nitrate and superphosph~te .................... ( 1 1 3,512 4,385 5,330 3,830 I 2 690 3,949 -41\) 11,0(H 

1

1,183 1,033 800 732 6 
7 None ...................................................... 4,0.50 3,340 4,200. 2,870 2,090 3,:>16 ......... j......... ........ ......... ......... ......... 7 
8 Superphosphate and potash ........................ 3,304 4,152 4,570 3,G25 3,444 3,819 -fiG:> I 70 i 567 778 1,:)72 570 8 
9 Nitrate and potash ................................ ( 1 ) 4,504 3,852 4,3{)5 2.990 2,975 3,743 821 291 ,)US 1Gi 9:!2 560 9 

10 None ........................................................ 3,i"J00 3,667 3,580 2,800 2,035 :i,l16 1 ......... 
1

......... ........ .... .... ......... ......... 10 
11 Superphosphate, potash anilmtrate JG0 ... (1 J 4,270 4,725 5,67<) 4,::JHO 3,985 4,60H /.)4 1,2.-,0 I ~.Ot"i 1,08: 1,912 1,009 11 
12 Superphosphate, potash and nitrate 3z0 ....... 4,262 4,835 5,965 4,860 8,540 4,5921 'i:iO 1,-'J-51 12,~\Jd I,.j43 1,428 1,510 12 
13 None ........................................................ 3,548 3,092 3,710 2,825 2,150 3,065 1 ........ '......... ......... ........ ......... ......... 13 
14 Superphosphate, potash and nitrate 480 ... (2 ) 3,9:20 4,592 5,820 4,2:{.5 3,515 4,416 · c!H i 1,428 j2.~il0 1,417 l\553 1,4!0 !' 14 
15 Superphosphate, potash and ammonia ......... 3,\!20 3,720 4,660 3,860 3,:310 3,8941 3 i 6 i 480 ! 1,290 1,108 1,5:{7 1:147 Vi 
16 None ........................................................ 3,632 3,307 3,200 2,715 1,585 2,8S8

1 

......... 1 ....... .,! ......... 1 .................. [.......... 16 
17 Rock phosphate. potnsh amlnitrate ........ ( 1 ) 3,460 4,175 4,860 8,720 2,845 3,812 -l•:,:J \JC'7 \ l,GOI j1.0\JO 1,1H2 D4-) 17 
18 Slag phosphate, potash 8ni1nitrate ......... (') 3,542 4,312 4,800 8,870 2,790 3,863~~- 4\J 1,243 11,1!)3 11,325 1,082 1,017 18 
lJl None ...................................................... 8,570 2,?50 3,3GO 2,460 1,790 2,826 .................. 1 ......... 1 ................... 1......... 19 
20 Barnyard manure ....................................... 4,030 3,850 4,810 3,110 3,490 3,858 770 9H1 :1,045 787 1,648 1,168 20 
21 Linseed oil-meaL. ..................................... ;3,618 3,775 4,670 2,835 8,1-54 3,610! U68 1,00711,700 648 1,2:34 1,051 21 
22 l None ....................................................... 2,640 2,677 2,775 2.050 1,H85 2,425 i =:..:.:.:._- == ~-~·.-.:·~~_:-~=:..:.:.:._- :.-.:.-.:.-.:.: -==-

I Average of unfertilizerl plots ...................... 3,088 :1,2401 3.672 2,fi73 1,951 3,025 11 ................. 
1 
.................................. .. 

Average increase from fertilizers ............... , ....... --..-~~=.::.:.:~ .. ----......... 2:l:l 1-\:J.j l 20:l H4!l 1,225 889 

(I) 480 pounds nitrate in 1889. (') 160 in 188:). 
( 3 ) Corrected weight. The weights reported for "straw" in the bulletin for 1890, page 52, include total procluC"e. 
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TABtE IV.-~FJ~R':CILIZERS ON \VHEAT, F1vr.; Y•·:ARS IN ~U•XESSION. 

Pounds of STR nv to 1111£ bus!Jd of grain. 

I • I i ~trccw to ;u,.hel. , o 
I I 1': 

Fe-rtilizers. 

' I I I I 1
118HIJ.

1

118UO. I ~~91. 1-1;92. 1189:3. I Av. : ~ 
---------~~---1~-1--~-I---

NotJ.e ............................. :............................. ........... ................. 80 113 140.· ! 110 1 7.8 j 10~-~~~--~-
Superphosphate (<lissoh·e•l hone~hl<±ek)...................... ................ ti2 IC9

1 

]/0: J:li !H 118 :2 
Potash (muriate)....................................................................... tiO 9f> 124 11:1 78 1 HS :J 
"'?ne ...................................................................................... ) DO 103 124 \!8 Gl 1 u.~, [ 4 
"'"1trate of soda ..................................................................... ( 1 ) S:J 108

1

118 \17 bfi i 1UiJ i .~, 
Nitrate and superphosrihate .................................................. ( 1 ) 8ti 113 171 1:12 SO ' 1\li ' li 
None......................................................................................... 8•) 101 120 100 IS !I/ 7 
Superphosphate and potash......................................................... 80 114 1:,o 1:l0 ~ ;; 111 8 
"'itrate and potash .................................................................. ( 1 ) \1\l 105 1 l:"l:l JO:l 84 · I 0.5 U 
None...................................................................................... 80 118 114 100 i:l \Hi 10 
~uperphosphate, potash and nitrate, I CO ................................... (;)I 86 I :!S ! 1()7 1:>1 1(18 U:l 11 
Superphosphate, potash and nitrate, :;:!0 ...................................... , bli J:l:j ! 1\l:l 14\J s:; 1:2!1 12 
None................................... ..................................................... 80 104 1 118 lOti IH 91 1:: 
Superphosphate, potash and nitrate, 480 .................................. ( I )I 8:) 131 :2(J2 14<) HS 130 I 14 
Superphosphate, poLish and ammonia......................................... '3 110 1i)(i 127 \15 114 1i) 
None............................................ . .. ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 96 I 021 104 97 li:l !12 16 
Rock phosphate, potash and nitrate ........................................ 11 )! 8ti 112 I 14ti 1HJ 87 110 11 
Slagphosphate,pot.shHndnitrate ..................................... (')1 \JO 116 1.51 1~2 79 112 18 
~one .. ,.................................................................................... 88 9.) I 107 97 78 tl:l li_J 
Barnyard manure ................................................................... 

1 

\10 111 176 122 941 99 211 
Linseed oil-meal........... .................. ....... ......... .......... ...... .. . ...... \l:l 111 I '4 10:3 89 106 21 
None ....................................................................................... _2~~~-102 ~ ~ ~ :!2 

Average of unfertilized plots ..................................................... [ S4 I 104 116 100 741 U5 

( 1 ) 480 pounds nitrate in 18~9. 
(') 160 pou nels nitrate in 1889. 
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FIELD EXPERIMENTS WITH FERTILIZERS. 

The crop of ] 8!=13 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 a\·erag-e, 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 bnshel to the dollar's 
worth of chemical fertilizers. 

In the following di8gram 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 the fertilized plots carried grain in 
the proportion of oRe bushel to 100 pounds of straw the lines sho\\'ing 
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. 

FER'l'Ir;IZERS ON WHEAT IN CONTINUOUS CULTURE. 

Average annual increase per acre jor five years. 

Grain •••••••; Straw ====== 
Fertil' zers per acre. 

Increase per acre in bushels of grain and hundced 
pounds of straw. 

2 4 

I-(bs. 

Superphosphate ............... 320 ~~~~~~==b==b 
(Dissolv(:d bone-black1. 1-= 

3 Muriate of potash............ 80 -

5 Nitrate of soda ................ 1CO I 

Superphosphate .............. 3"0 _ 6 Nitrate of soda ................. ltiO I-=WMJ=~='==~==~== 
Superphosphate ...•......... H2' liB I I 
Munate of potash........... 1\0 ·===:;:==~=== 

Munate of potash ............. 8U · 

8 10 12 14 

Nitrate of soda ................. 16!1 ·~1 '::1. ="==;; ~1='=' ==='=== 
Superphosphate .............. 3:!0 [Ill!!!~~~~~~ ==d==d==J==d==d= 11 Muriate of potash ........... ~0 f= 

::~:::h:::::~e·::::.:::::::::: ~:~ fl&WW~~~~~ ~~~~ ~~=~~ =~d~ ==== 
U Muriate of pota,h.. ......... &1 1:- - .. ===~======= 

..... 1-:-:~-re_a~-:-h-:f-sp_s:-~-:-~-·:-:·::-.. ·-·:.-·:.-·.·:-.--;~-::-, ~~~~~~j~~=~~==-==:: I 
U ~\~~~c~~eof1 fad~.~ ... .".'.~:·.:·:.::. 4~ i: =========== 

-1-5-l-~-~-~f-re-i:-~-~-~-~p-~-~-{-:.-h-... -.... -.:·.-.... -..... -.... -h-,~-3·· 1 al I I 

17 

Sulphate of ammoni" ...... 120 
1 

I I I 
Rock phosphate ............... 3211 ~~~~!~~~==~==~•= Muriate ot potash ............ .SO 

Nitrate of soda ................ lGJ I I. 
Basic slag .......................... :mo ~~~~~~~~~=b==b=~ 18 Muriate of potash ............ !-10 J:::: 

Nitrate of soda ................. ltiU ~~~~-~~ ~~~~=JI ==JI ==J== 
20 Barnyard manure ........ 16,000 I: 

21 Unseed oil-meal ............ 1,000 ~~ I 
=t:::=========C=]:I == I I ··-· __ _I 

--··---~ __ ~l:.... ~·-c~u--{;,,o -- .'ll · Jr~·"'U("I ---,;;l2""o""o--c;1-.40;;;o;--

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 ac.id, have produ~ed com­
parati:vely little increase, yet when both nitrate of soda and muriate of 



FIELD EXPERIMENTS WITH FERTILIZERS. 9 

potash have been added to superphosphate they ha1·e more than doubled 
the yield of straw over that given by superphosphate alone, or super. 
phosphate in combination with either the nitra1!e or muriate, but not 
with both. 

Apparently the rock superphospkate and the basic slag are p!"Oduc­
ing quite as large an increase of gra1n as the bone superphosphate, 
although the increase of straw is considerably smaller. 

C~ST AND VALUE OF INCREASE. 

During the five years over \~hich 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 valne 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 i>eing 
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 
barnyard 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 CmnrNuous CuLTURE. 

Average value of increase and cost of fertilizers for five years. 

Values per acre per annum. 

ci 
Value of lllCrcase. 

z ---·-----· Cost of Prot'k (+) 
...., I fertilizer. or loss(-). 
0 Grain. 

I 
Straw. Total. p:; 

-; 

2 $232 $1.1~ $:).41) $4.00 $-0.55 
8 0.64 0.01 0.();) l./i) -1.10 
-~ 1.:)6 0.38 Ui4 4.~5 -2.61 
6 1.04 1.10 2.14 8.25 -6.11 
8 0.9(i 0.85 1.81 5.75 -~.94 

9 2.21 I 0.84 3.08 6.00 -2.92 
11 0.2<) 2.:2.() 5.46 10.00 -4.54 
12 4.us ~.:2G ti.34 14.2.5 -7.91 
14 3.44 2.11 5.50 18.50 -12.1!5 
ID :i.20 1.4:2 4.62 10.25 -5.63 
17 :i.:3G 1.42 4.78 8.55 -3.77 
lk 3.()~ 1.52 5.20 9.45 -4.25 
:20 2.60 1.75 5.35 4.00 +1.35 
21 4.48 us ti.OG 13.00 --·6.94 
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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 ploot 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 follo\ved 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 eac!I 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 oue of the 
five G£ops under review has given what would be called a good yield. 



'L\ BLE VI.-FERTruzERS ON OA'r;;, FrYE YEARS I='~ ~t:ccESSION. 

Yield and increase of GRATN in bushels of Sf'! pounds. 

:.=~-~-=-::::-.=:____~_..::::.::::;:-..:_::::;_ __ ~_ ~------ --~ ------·------ --------------=-=--===--.:..::-==-====-~======---------

0 
~ 

.. ,, 
·1 
;) 
() 

I 

8 
!) 

10 
1l 
1~ 
I 0 

" H 
Iii 
](i 

li 
18 
19 
20 
21 
22 

Yield per acre. lucre ase or decrease 1----) per acre. 0 
Fertilizers. --~--- r. 

188!1. 18!10.' lS~•I. 18:l~.llsfl:l.l chcrag<'. 18S(l. Average. ~ 
- i --- ......... ------- --- ·-- .... . 

None ...................................................... ~ 44.2 16.0 ' .......................... , ............ .. 
Superphosphate (dissolved bone blad:) ...... , 4fi.9 IDA 41i.C\ 2\l.4 '....... ............... 2 
Potash (mu·iate) .................................... ' 5P.5 19.7 4-'i.U 8:?.5 3:).\J :l8.3 ii.D :l 
None .................................................... i 48.2 lG.O 40.2 28.8 2}J.8 :i:!.li ·l 
N't t f d I .I-•) ''11 4'6 "')~ '""2 3-·) ' "1 rae o so a ....................................... 

1 
-..1.~ ~ . 0. "~-• '""· 1.~ ., 

Nitrate and snperphosp!Jatc ..................... 
1 

48.4 22.3 51.2 32.2 37.6 :lS.:i ll 
None.............................. ................... ... 45.0 19.7 40.() 24.3 32.9 :~1:?.~) 7 
Superphosphate and pot3sh ..................... l 45.0 21.6 40.6 32.2 32.7 :l:'i.G S 
Nitrate and potash................................... 48.4 ::3.7 46.6 40 :i :01-\.G ;l!)_5 !l 
None......... ............................................ 47.5 18.4 45.6 34.4 :06.1 :lli..-, 10 
Superphosphate, potash and nitrate, 11;0.... 52.9 24.7 50.9 40.9 48.!l ·12.7 5.6 11 
Superphosphate, potash an•l nitrate, 3:20.... 47.8 2:\.3 52.3 4:u 44.-5 42.1i O.H I I :l 
None ............. ....................................... 41i.8 15.2 4:3.4 4:l.O 43.6 :l8.5 l:i 
Superphosphate, potash aud nitrate, 4SU'... 45.0 20.8 48.4 4:3.:3 46.2 40.7 l.li i 14 
Superphosphate, potash and ammonia...... 51.8 23.9 4ll.4 40.1 ;-;s.i 40.8 1UJ i L'i 
None ......... ... .. ... . ........ ...... .... . .. .. .... ... .. .. . 36.5 1 ll.2 46.6 :i/.0 32.0 :o-H ......... j. ... . . ... ..... .... . . I G 
Rock phosphate, potash aud nitrate ......... 47.3 21.6 4\l.'i 41.1 44.7 40.9 10.3 / 4.0 , ;;_; 4.0 1:2.7 (i.!) II 
Slag phosphate, potash and nitrate........... 4i7 22.8 51.6 4::l.6 •....... ............... SA 6.7 1 G.:-; G.R ....................... IS 
None .................................................... 37.9 14.5 44.7 :>6.4 • ..... 

1 

....................... 1 ......... 1 .......................... 1 ............... I!) 
Baruyard mannre ..... ................... . ........ 42.8 1\11 50.3 :itl.9 30.8 :lll.O 2.2 :i :; i 5.6 0.0 I 2.71 2.\J 20 
l,inseed oil meal...................................... fJ0.6 14.8 46 7 2.5.8 :>8.:-l 34.2 7:2 , -2.3 l 2 0 ~-10.ti 3.2 o.:l :.'1 

Noue~~~-;~·~~-~·;·~~~~·;~~;;~~~·~;~-~~::::::::::::1 :::~ I ~ ~:: ·-~~·_;·, "-:~~--~ .. ~ :::~ ._._ .. _ ... ~~--~ .... ::::::::1! .:::::::::::::::::: .:::::::·1~1 :::::::::1::::::::::::~~ ·• • 
Average increase from fertilizers ...... l ................. 

1 
................ '1" .................... ~- 4.5 j 5.3 2.!l 4.9 __ 4.4 I 

'Dried blood, 160 pounds, instead of nitrate in 1892. 2 This plot cut into by opccning of street. 3 Injured by grasshoppers. • Record lost. 
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TABLE VII.-FERTIUZERS ON 0A'l'S, FIVE YEARS IN SUCCESSION. 

Fertilizers. 

None ........ 
Superphosphate ...................... . 
Muriate potash ...................... . 

Yield and increase of STRAW i1z pounds per acre. 

Yield. Increase or decrease (- ). 0 z 
1889.11890. 1891.1 1892.! 1893. Aver- 1 

1889. 1890. I 1891.11892. 1893. Aver- .£ I age. , age. p.. 
_, __ . __________ ! ___________ . -------

1,900 (') ............... (") .............. .1. ........ 1 •••••••••••••••••• !......... ......... ......... 1 

None ................................................................ .. 

2,370 3,310 2,960 ......... ········· i 1331 343 84-'i 180 ......... ......... 2_ 
2,270 2,680 3,100 l,36fi 2,727 i 6:l7 . 317 215 380 240 300 3 
1,~80 2,465 2,780 1,125 2,430 :••••••••• •••••••••1•••••oo• ,.,,,: ... ""'''"' •••••""' 4 
2,680 2,54.0 3,155 1,395 2 750 2;131 653 100 478 263 34.5 5 
2,900 2,160 3,020 1,405 2,711 375 827 -260 445 267 331 6 
2,120 2,4GO 2,472 1,14.5 2,356

1 
......... 1......... ......... ......... ......... ......... 7 

2,580 2,910 3,170 I ,\!0.5 2,705 -87 300 4:-JO 541 77 251 8 
3,070 2,810 2,960 1,3\15 2,855 197 630 250 169 283 305 9 
2,60) 2,640 2,950 1,095 2,649. ' ......... , ................. 1......... ......... ....... 10 
3,210 2t6M 2,940 1,575 2,949 4871 587 5 -68 393 281 11 
3,320 2,875 3,020 1,875 8,078 438 673 . 290 -47 607 391 12 
2,670 2,560 3 12ii 1,35.5 2,706 : .......................... 1 ........................... 13 
2,930 2,550 3,66.'i 1,752 2,S56 II 267 4.)() 57 732 450 391 14 
3,270 2,670 2,96.) 1,370 2:867 653 980 243 223 122 444 15 
2,100 2,360 2,550 1,195 2,:181 i .......................... , ......................... 16 
2,910 2,110 3,435 1,455 2,740 i 647 860 -120 640 260 457 17 
3,120 2,200 3,205 (3)...... ......... 363 11,120 100 165 .................. 18 

2,470 2,215 3,675 1,935 2,879 i 547 20 245 407 770 400 21 
~:~~g g~g ~:~~g fki5 .. 2;ii73.; ... i67 .. 1 ... 4io·· .. 5.7o· ... i43 .... 45o· ···29o· ~~ 
2,700 (J) ...... 3,260 1,080 ......... 1 ......... ......... ......... ......... ......... ......... 22 

Average of unfertilized plots ........................... l3,55712,252 2,400 2,917 1,166 2,484 i=1= = = ~ = 
Average increase from fertilizers ............................. T .................................. : ......... ! 338 586 212 313 350 350 

11) Dried blood, 160 lbs. instead of nitrate, in 1892 and 18(13. {') Plot cut into by opening of street. (') Record lost. 
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TABLE VIII.-FER'l'ILIZERS ON CORN Srx YEARS IN SUCCESSION. 

Yield and increase per acre. 

Yield per acre. I Inc. or dec. (-} per acre. 

Grain. Stalks. Grain. I Stalks. 0 
------ z 

1893., Av. 611893., Av. 6 18\ 31 Av. 61! 1893., Av. 6 .£ 
yrs. yrs. yrs. yrs "-' 

-------1--.--------· ------.-

Fertilizer. 

Bu. Bu. Lbs. Lbs. Bu. Bu. I Lbs. Lbs. 

2 ~~;:;ph;·~ph~t~ .. {~ii·~~~i;~d·i:;~~'b'i~~:k·;::::::::::::::: ~~:~ ~~:~ ~:~~~ ~:~~~ ""i:~· -~i:i" "'i'i7" ~2ii' 1 
2 

3 Potash (muriate}................................................ 40.7 61.3 2,5:,o 4:,120 3.3 -0.3 I 863 413 3 
4 None................................................................. 3!!.2 fi2.3 2,225 3,676 ............................. _........ 4 
5 Nitrate of soda................................................... 87.6 ti.j 0 2,475 4,4-i;{ -0.2 3.71 250 742 5 
6 Nitrate and superphosphate......... .. .. . ... ... .... ..... .. 38.9 66.4 2,5.50 4,2\JL! 1 4 6.0 :~25 568 li 
,., N "'"' 0 "'I 41 '> 22· 3 -51 . -~ s~;:rp·i;~~ph~t~·~;;;l·p;·t~s·i;.:::::::::::::::::::.:::::::::::: ~b:o ~i:ti 2_ :553 4;b67 ... '2';; ..... 'i8.1 .. ;,·~o ..... ~.us.. ~ 
9 Nitrate and potash ................................ .. ... ...... 40.7 66.6 2,610 4,404 2.8 6.3 c.7~ 678 9 

10 None................................................................ :38.3 60.7 2,240 3 804 .................. i .................. 10 
11 Superphosphate, potash and nitrate. JtjO.......... .... 41.::! 65.7 2,750 4,2lti Ui I 4.:l 

1 

490 38:1 11 

:~ ~~~~~:.~~.~:.~I.~:.e .. :.~:.~~~.~l·l·t: .. ~~:.~.~.l-~:.:~:.l~ .. ·::::::::::::: !~:; ~g:~ ~:~i;g ~;~~~ .~~:~ ...... :.: ..... ~.~~ .. ... :.~~. g 
14 Superphosphate, potash and nitrate. 480......... ...... 40.2 64.9 2,800 4,355 -0.4 4.3 51-!3

1 

707 14 

i~ ~~~~r.:.~~.~p.~~~~:.~~~~~~~.~~~~.~l~~~~~~I-i.~:::::::::::::::::: ~~:g ~~:1 ~:g~g i:gi .... ~:~ ..... ~:: ..... ~.~: ..... ~.~~ .. }~ 
17 Rock phosphate, potash and nitrate..................... 40.4 63.0 2,275 4105 2.8 7.8 317 867 17 
18 'Slag phosphate, potash and nitrate................. ..... 38.2 62.4 2,525 3,985 0 7.2 658 6i8 18 
1!) 
20 
21 
22 

None................................................................. 38.7 55.0 1,775 3,359 .................................... 19 
Barnyard manure... ............................................ 39.8 68.0 2,425 3,737 0.1 5.2 550 !'l22 20 
Linseed oil meal............... .............. ................. 42 4 68.4 2,,;2'> 4,320 1.7 7.6 450 850 21 
None................................................................. 41.7 .63.7 2,075 3,526 ........................... 

1 

......... 22 
---- -------------

1 
Average of unfertilized plots......................... !'!8.6 60.0 2,117 3,618 ........................... , ........ . 
Average increase from fertilizers ............................ : ................. 1......... 1.2 3.8 361 472 
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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 smal'l increase of crop is shown in every case. The it1crease in 
corn has not been so regular as that in wheat, but it will be observed that 
the general average increase in the three crops, corn, wheat and oats, is 
approximately the same-about four· bushels per acre. 

FERTILIZERS ON CROPS GROWN IN ROTATION. 

Para11el with the experiments in continuous cropping, an experiment 
h~;s been conducted on the Columbus farm in which corn, oats and \vheat 
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 

J..Jer acre, o:: on corn only. 
Plot 3. Superphosphate, 300 pounds per acre; muriate of potash, iO. pounds 

per acre,* on wheat only. 
Plot 4. L:nfertilized. 
Plot 5. Superphosphate, :100 pounds 11er acre; muriate of potash, SO ponmls 

per acre;''' nitrate of soda, 160 pounds per acre, on wheat only. 
Plot o. Barn) ard manure, S tons per acre, on wheat only. 
!'lot 7. Unfertilized. 

::=JOO ponnds, preYious to H392. 

In 188tl and 18!10 the crops in this rotation were not grown under 
such conditions as would make them fairly comparaE>le with the contin­
uous cropping. In 18D1 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 
18~ll, 1892 and 1893, with the average for the three years: 



30 

:n 

* 

Plol 

25 

:.'() 

:!.7 

:28 

~\) 

::o 

:n 

<) 

1881. 

3G.7 

3/.S 

8t).2 

3D.5 

:'lti.3 

:i8.0 

37.2 

2 

3 

4 

() 

FIELD EXPERI:\lE~TS WITH FERTILIZERS. 15 

TARLE IX.-\VHEAT GROWN IN ROTATJO~. 

Yield and iucrrase of GRAIN per acre. 

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

18\l:!. 
i 
1 Aver-
! age. 

30.4 

9 :37.0 3-1.7 

10 41.2 :31.7 

28.4 11 37.(-) a.J.:: 

1:! 4:l.l 38.8 

2S.4 13 :itUI :3-1.4 

:~:~.] 

q- -
,) ),/ :l-1.13 

18[)1. 1892. 18H3. 

Nto1zds.l Rusllds. 

··'·········!············ ..... . 

0.:! 0.1 

-:!.t 0.4 

--1.8 G.7 7.13 

l.:l ---11.8 1.0 

' ..... ··········· ············ . . 

An.:r­
age. 

0.1 

•) I 

4.:l 

(I li 

......... 

AY<:r:t;;c of unLrtillzerl plots. 

T.-\.BLE X.-WHEA1' C!W\';N IX RoT.\TIO:<!. 

}'icld and iJt(I·ozsc o_f STRA\V Pt!r a,T('. 

I 
Yielrl per acre. I 

1 In<'rcasc or decrease (-- ) per acre. 

I 

------,-----,-----1 

I ·~ ~:~r- [ I 8\) I. 118H:l 18H:3. ·;~~~-
~--h • 1--·-· -----
1 Pounds. I Pmuw'.•. Pounds. I Puuud.1. Pounds. 

I :i.-"7:! I ....................... ; ....................... . 

I "'"'' I ')I'' l-''''11 ·,' 10 "6·) 

I ;;:; I ~~,: I ;;, I ,;; -;,; 
3,-1/S ; ............ ! ...................... . 

4/JS~ I I ,877 
I 

IH\Jl. 18H2. IHU:l. 

Pounds. Plol Pounds. j>,',,, Founds. 

4,800 1 3,530 R :J,~Ht5 '-

3,7il0 2 3,0-10 H :l,:lSO 

5,830 3 3,440 10 3,000 

4,330 4 2,ti80 11 :l,-!~5 

13, 1~0 5 3,500 1:! -1,075 

4,5:.'0 () ~,HSO 1" " 3,;)85 107 29~ 

4,070 7 2,.)~0 J.l :~.20;j 

-1,400 2,;)10 :;,:30;') 

3,265 
············1···· .. ······ 

Average of unfertilized plots. 

Ex. STA.-5!L 



It) u!IIU AGRICULTCRAL HXPERil\IENT STATION. 

Comparing the average yields of the plots similarly treated in the 
continuous and rotative cropping, we have the results given 111 

Table XI: 

TABLE xr. ~-Co:-;TE\TOl~S. CO:\IPARED WITH Ro·l'.~'l'I\'E CROPPI:-IG OF \VHEAT. 

I Yield of grain per acre. 

Cultute. I 

: 11891.11802.:1893.1 ~~:~-
~~~--- ~---~-~-~ ---~-~~-~~-~---

Bus. i Bus. I Bus. J Bus. 

Fedilizer. 

C t . "1 ' 96 5 ! 26.4 '?8.1 011 lnUOUS ... a .'> 1 - . i -
None .......... . 

34.li . .................... ' RotatiYe ........ 1 37.2 I il0.8 j 80.7 

---- ·----~------- ---- __ l __ l ___ , ___ ~ 

I (• . 1 I "I) ' I ''0 ) I ,''6. 0 3:!.2 I .on tunwu.' .. ·I ·'· ·'' 1 ,, .:.. I' ' 

Superphosphate.................................... . I , 
Rotatl\-c........ i3G.:! iFi.l 41.2 37.7 

----------------- --------------- :------------' -----'--.--'-

Contint.ous' ... 1 28.8 29.1 I 88.ti j 83.2 
Superphosphate, potash alHl nitrate....... I 

1 Rotative ......... 86.3 35.6 ~ 43.1 88.3 

---------- i Continuous' ... li :!7 :3- 2-JA :-:37.3~- 80.0 

Barnyard ~11811\lH' .................................. i I I 1 

1 Rotative ......... 
1 

:38.0 I 28.4 [ 36.9 I 34.4 

--------- - -----------
- ------~ Continuous .... ~-:W-.0-j-27-.8-' ~-3-4-.6- --3-0-.6 

Average ............................................. 1 R . . ''6 9 I "'! (j I' ''9 ') '>6" 
otatJve .... o) • ·>-· " ·- " ·-

1 I I 
Average increase -f~,r~>:ati~~t~~==--==- ~~r-~~-1----:;)---5~~ 

. 
--------~---· 

1 Plot 8; 2 Plot 11 ; " Plot :!0, 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 yield the similarly treated plots upon which it is growli 
continuously. 
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Table XII shows the ratio of straw to grain in the rotatiYe cropping 
and for the plots similarly treated in continuous cropping: 

T.\BLE XII.--ROT.\TI\"J·:, Co:--rPARED WITH CONTINUOUS, CROPPI:\'f~ OF \\'HEAT. 

!'o1111ds of STRAW to one bushEl of gra.n. 

=--=------=c·_-___ ·.::..::c-'-'--'-===-==== ============= 
Rotative. I Continuous. 

--~~, -----,------------ I 
Plot. ! 1 H!ll. j 18D:!. I 1110!). I Aver- I Plot. 1891. 18!l:!. I 18!l3. I Aver-

' i ------·~-----~! ----------~---1~ 
1 13:3 103 ?3 10~ 1 ................................... ! ...................... .. 
2 99 94 91 9n .................................... 1 ....................... . 

;-; 161 96 96 117 8 150 120 9:> 121 
4 llO 94 91 98 ........................................................... . 
. , 169 99 94 119 11 197 151 103 J.'io 

,c-;:,;::l_lii ! 'W,: ~l_l_ 1gg 1 ..... ~~--- .... ::.~ ... =~~~---~~~-~~--- ........ ~.~-~ 
1ert1l- 119 ' !H 0:l 102 116 100 74 1!7 
ized. 1 I 

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 several 
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 experiments 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. In 1891 none of the plots had been fertilized, but the yield 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 omitteC. 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 t.:alled Japan has been used in these tests in 18!11 
and subsequently, both in the continuous and rotative croppin:s. 
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TABLE XIIL-OATS GROWN IN ROTATIO:'<. 

Yir!d and increase o.f GRAI:-< in bus!zcls ft'r acre. 

==== ·-···-----~=-======== 
Rotative cropping. 

Yield per acre. I Increase or de­
crease (-) per 

I acre. 
-------------·----~------ --

Con tin no us cropping. 

Yield per acre. 

lSfJl. llSD.!. I 18[)::. 1801. 1 Sfl:Z. 1 ilH:l. i 1 80~. 

-1- 41).8 -8 ---;;;~ ~ 29.8 I= --,---t---
1 I 

::. ~:~:y:: .1· ::~:~:~:::I::::·.-.-:·:·~:; :Z 4.G.8 9 87.:{ 16 37.0 I (i.i f>.8 
3 46.2 10 a:w 17 27.6 i 1.1 
4 4.5.6 11 33.3 18 a:~.n ! ........... . 

,5 4fi.O 12 35.8 19 I ;).J 

~ :u n ~i:~ ~~ 1::::·.-.-.-.::::i .. ~.:::~ ... 1:::::::::::: 
------- -~~--- ~-- '---:---1 - -

44.7 I I 31.3 I I 30 4 I············/· ......... . * 
-> Averag...:· unfertilized 

. ........... : ............ i .. ·•····. 

::::::::::::! ~:u; 
•••••••••••• ! •••••••••••••••••••••••• 

::4.1 
_:____ __ _ 

l)o\­
i)d I 

'L\BLE XIV.-OATS G!W\\'"1 I:-< RoT.\TH>:-;. 

} 'idd a1U! increase of STRAW i11 poul!d.1· per an· e. 

Rotatjve cropping. 

Inc-rease or cle- j 
cn·ase (-) per 1 Straw to 1 bushel 

I 

Yield per acre. 
acre. 

graill. 

----------·- --~------ --~T- -----~---

1S!ll. JSH:!. 

2.700 s 1 3,6()ii 
2 2,400 () 4,20;) 
:> :l,:l:W 10 I 8.94ii 
4 :Z,/40 11 3,5:-lii 
5 :!,460 J :_] 4,815 
l.i ~.:-;oo 1:: I :!,~n:, 
7 I :l,l.iliO ! 141 :2,HU5 

-~~~:-0 ~---~--::-~L' 
-·' ,t I d,.,. \) 

I I 
:;: Average unfert lized. 

18:13. 1 802. ).Q$);;, i 1 8!1 1. I 1 S!!2. 1; :J:i. 

15 
1l.i 
17 
18 

1,74ii 
2,0lii 5:-<:; 

1,57;) ........... . 
1,4!iJ I :ws 

!H ............ 11 .~>IIi; 

~~ :::::::::::: -~~~;:~ ... ' 

------1 -- i 
I ,Gli'J 1 ........... ·I 

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

;)k l~t) !JK 
f>1 11 ;-) fJ·l 
fiO 120 fil 
lW 10ii 4tj 
;,ij 107 
;,;) 1 (),) 
l.i l U-5 I ::: ~:: ::·:: 

.. 1-:-1-- ;,~ 

FERTILIZERS ON COR:\' GKCJ\YN IN ROT.\'1 I:JN. 

In the rotation experiments no corn has yet come fully und:or tlle 
plan of the experiment, because of the irregularities in cropping incident 
to getting the rotation regularly started. The crop of 18~0 followed oats, 
and received the application of superphosphate and muriate of potash on 
the second plot; the crop of 18Dl f,)lJO\Yed wheat, and both the wheat 



F~ELI) EXPFRIMENTS WITH l·ERTILIZERS. HI 

;md the corn were fertilized according to pbn, 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, and received phosphoric acid and potash as planned, but the 
wheat crop was not fertilized. Tables XV and XVI give the yields of 
these crops: 

'fABLE XV.- Fi•:R'fll,IZERS O" CORN TN ROTATIO". 

------- ------------~-- ------------· -------------------- ----------- - ---------~--------· 

Yicl<l per acre I Increase or decrease (-)' 
I per acre. 

I -·--------------------,------ i ! ' I 

18\10. l S!ll. lS!l:!. 18\1:3. ! 18fJO .• 18fll. [18\12. : 189:-l. 
--···-- _____ ! ___ r __ _l __ l __ 

Plot. Bu. Plot. Bu. Bu. I Bu. I B11. I Bu. 

------ i---····---~-----

Plot. Bu.. PLOt. Bu. 

i i i 

i~ n:~ ~~ ~r:~ ·_:_--o:7""1""""7:7·r·iil+···o:ii" 

il !H ~ El I ;;: I 
21 66.9 ;:;s :37.2 ......... 1 ••••••••• ' ••••••• 

1 
...... .. 

44.0 8 -~•).0 
2 43.8 9 (j(j.4 
" 4().9 10 71.8 " 4 45.4 11 ()6.4 
.s 41.1 12 71.6 
6 41.7 1:-l 74.1 
7 44.7 14 6.5.8 

68 .. 5 ......... . 
(i;)_-1 I· ....... . 44.7 ......... 1 62.4 

** 46.6 ········· 57.0 
I 
I 

~~:~ 1:::::::::!:::::::::!:::::::::!::::::::: 
I I I I ------

':'Av~-rage unfertilized. =:·=:'Average of unfertilized crops in continuous culture, for comparison. 

18UO. 

Plot. 
J I /JJS. 

I :2,411 
2 2,0\JO 
3 :2,08\1 
4 l,SOO 
5 1,\!64 
6 1,708 
7 1 G4G 

1:952 
2,478 

I 

'l'ABLE XVI.--FERTIT,IZERS ON CoRN IN ROTATION. 

Yield and increase of STALKS in pounds per acre. 

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

·-~·---·----

-- Jsn~ ~s~~--_ --~-s~~--~~s9o.f~~~~8H2.! 1893. 

Plot. I Lbs. 

8 2,680 
f) :3,:280 

10 a,54o 1 

11 :3,080 
12 3,540 
18 8,080 
14 2,800 

'-' s-·, ........ 'I ~,')~~) 
... ······I .J,t)•)i{ 

I : 

I I , Plot~ 1 "L~s. PI~:- 'Lbs~ Lbs. I Lbs- Lbs. Lbs. 

lu j .),600 82 2,300 ......... 1 ....... . 

]() 14,100 :03 2,700 -117 I 4()7 Glil) :llili 
17 :>.5oo 34 2, ~oo ......... i :in:> ............... .. 
11 cgR I .,2",· "8Lo''0o I 3365 22,,480000 ......... i . .. .. . . . . . .. . .. .. . .. ...... . 

......... ! 55:~ ......... ········· 
20 =~,100 37 2,200 ......... j 201 ········· ....... . 

21 12,800 3812,000 :::::::::!-::::::::1::::::::: .:::::::: .:::::::: ~:n~ r·:::::::· gr~ ....... ..11 ......... ~ ......... · ........ . 
I ' : : 

----'--
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In 1891 the corn seems to have been benefited by the residue of 
fertilizers applied to the preceding wheat crop; but with ti:1is exception, 
the fertilizers have had practically no effect. It appears that the yield of 
grain on the unfertilized plots has been slightly greater fr.om the corn in 
rotation than from that in continuous culture (except in 1890), while the 
reverse has been the case, except in 1890, with regard to the stalks. 

CLOVER AND TIMOTHY AFTER FERTILIZI'}RS. 

Only one hay crop has thus far come under the complete plan of 
fertilizing, namely : the first crop of 1893. The fir;-;t crop of 1892 and 
the second crop of 1893 have received the benefit 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 XVII.~CLOVER AND TIMOTHY AFTER FERT!T,IZERS. 

Yield of HAV in poullds jl!!r arrc. 

--

1891. 18P2. 

1st crop.' 1st crop.2 

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

Plot. Lbs. Plot. Lbs. 

32 3,270 25 4,600 
33 2,850 26 5.000 
34 3,().)0 27 i ,,_ooo 
35 3,400 28 1 'l.!l20 
36 :l,200 :.>9 : G.:.:oo 
37 3,100 30 15~120 
38 2,700 I 31 

1
4,<i8cl 

* 3,12:3 ......... 4,183 

*Average unfertiliz::::d. 
lUnfertilized. 
'Fertilized, except plot 2. 
•Fertilized in full. 
•nata unreliable. 

2d crop.1 

Plot 
I 

Lbs. 

32 6.120 
3" 0 5,'±00 
34 5,SOO 
35 i>,2oO 
36 5,720 
37 5,400 

......... 5:667 
3815 600 

18D3. : :\yen1ge 

: 
1st crop.'3 

Plot. I Lbs. 
I 

1 4,0~0 
2 6,100 
3 6,:lGO 
4 .5,:.:00 
5 -~,100 
6 5,800 
7 4,800 

......... l4,<i80 
I 

:!d crop. 

· fur fer­
tilized 

! crops. 

----·-- -~~---

1 Lb\ I Plot 

~ i '. " ... ..1 2. 
2f i ~ : 

··••••··I 

- 4,0(1() • :li 
s 4.:>oO I 
) 4))(1() i 

:!. 
~~ 
B 
:) 
o :3.~l00 I 
l 3,00:) 

3,650 . 

4,:120 
1),1011 
::>.12•• 
~.807 

1 ,H7:-l 
41'> 

-!.8H7 ~7H 
4.7~·;t j :1H7 
4,Hi0 , ........ . 
·Ll~!l i ...... .. 

! 

STil\11\IARY OF INCREASE IN ROTATED CI<UPS. 

In Table XVIII is given the average increase from fertilizers in the 
crops of this rotati0n, with the total value of such increase per acre, 
corn being valued at 3.5 cents per bushel, oats :;3 c~nts, wheat 8il ccJJh, 

hay $8.00 per ton and straw and corn fodder $1.00 per ton: 
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TABLE XVIII.-AMOUNT AXD VAI.UE OF !X CREASE PER ACRE IN 5-CROP 

ROTATION. 

Grain. Straw. Total val-
Hay. ue pu· Cost of 

..; I · 
1 

.

1 

acre f...-rtil.zers. 
£ I Corn. Oats. Wheat·[ Corn. 

1 
Oats. Wheat· 1 • ; 

-~-. -----.--~--~----~---_, -----
~ ~ ~ ~~~~~ ~~ : 

21 ·~.5 213.2 40.4 '419 2460 -'06~ '!Hi:: r .•.•••••.•.•.•.•.••••••••••••• 

:; I 1!!.2 11.1 42.4 15!)3 1868 I 'i!Ji "41;) 1 ......... ······ ............... . 

' : 
-- , ____ ---- --------------____ , -- ~~-~--~ -----

' .:: .:: I .:: .:;,~ ·~:: 1·~::: ~:: ! ::; I ~:: 
6 18.1 - 14.3 I '0.6 1207 - 1260 ! ·~U2 ":l!li :l.fl7 I 4.00 

·----- ·-------'---------- I _________ . -··-----·· --'-----
*Avera.~e of:2 aud :J. 1 One crop. 2 Avernge of two ('.lOps. a A\'~ rage ot ;: lT0 1J:-.. 4 Av ... rage 

of four crops.· 

These figures will doubtless be considerably morl!lled by the results 
of future cropping. The work in continuous culture has forcibly 
illustrattd the danger of drawing general conclusions from the results 
of a single harvest; but in the majority of cases the fig-ures 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 part of the 
benefit from commercial or other manures is to be realized in the crops 
not dire~tly fertilized, in a well planned rotation. 

CO-OPERATIVE EXPERIME;"~;TS WITH FERTILIZEHS ON CORX. 

Co-operative experiments with fertilizers on corn were made in 
1893, as in 1891 and 1R92, 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 b.lack 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 '9.:2, and HlO 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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FAR~I 'l'EST I:'-< COLU.!\-TBL\XA COl:xr;. 

This test has been repeated six yea;-s in succession on the same 
bud and under the personal superintendence of the Agriculturist of the 
Station. The land is high U?land and underlaid with slaty rocks, which 
give partial drainage. Previous to 18&8 it had been in pasture for 
several years, but the grovYth of grass (chiefly blue grass) had becom<· 
quite uneven. Tables XIX and XX g-ive the yield of grain and 
stalks for the six years : 



TABI<E XIX.--FERTIUZERS 0:-< COR'-' !:-< COI,U::VIBIAK,\ Cour.:·l'v. 

Yield and increase of CRAl::<~ iu bus/Jds of ;o f/Js. cars 

===-=======------=====-==----===::-::----:::-~ =--·-=--=--~-..r= ::=-:::::::...-=--=-=~· --~---
-----~----------

.o Yield per acre. I Increa:e or decrease (-) per acre. ' ,o 
L; Fert1llzers - · I ;?; 

_9 I . 18881188911£90 llt-:Dli18D211lt'D3 I ~~I lSSI\ I 18S'l. ! 1800. ! 18!!1.11892. I 18(1:3.1 s ~~ ~ 
H 'I 1.:::", I I I I ;;, '" H I '--~ I I ' ' ; I 

-~[ Non ----------- ----- -.---_- -.--- -,·:-~ - .. --~---_- -~~--T ---~--- ----~--T--~----~--
2 is e.: .......................................... , :~·!.0 ~~·~ 20.~1 ~·)··'111!-~l 0.1 ~~:;, .. ._-_:_; .. _;·r····" -- ..... ·:;·;"1""".)"" ..... :; .. --· .... ;;""!'"""":"• -~ 

1 up~rphosphate ............................. .,.,.91 o(J.i 18.a __ .4 liJ.t i 4.1 -•J.·): :Z .. ,, LS 1 -~.h 1 --.0 --.1 I -_.0 --!."I -
B ! Munate of potash .......................... : ::\1.41 0G.2 1U.51 27.3 lSI 1 ;;_!I :Z/.7 -Ui I 0 i -LS 1 --0.:; -L8.1 -0.-i 1 --1.0 , :-; 
4 I None ................................ _ ....... 43.7 57.91 21.81 ::0.7 2L:> I U.S ::o.4 ........... ! ........... · ........... ! ........... · ..................... 1 ............ 1 I 
•i i N~tmte of soda .......................... _ .. ' 70.tl 5P..f> I 30.2 :-\8.2 ~(;_;, i 0/J, 38.3 18 I I --2.0 1 8 1 I ()_-! ~- 5.1 i -1 " 1 .j_(j ' .-, 
() : N1trate au,] superphosph.1te .......... 90.0 G2.'2 30.1 3/ .. 5 2::8

1

' 6.7 41.7 28.4 i -1.0 . 7.u 4 5 :! :! I -0 l t!.S 1 () 

7 ,... . , ... ' •>•) ' ? ,... <) ' I I I I ... 
1 None .......................................... dl.6 uv.SI ~-.8 .i4.1 .1., 81 ,,7_2 1 .......... '1' .................... .!. .......... •.......... ........ .. ......... 

1 
1 

8
1 

Superphosphate and potash ............ ' 70.6 62.8 14.9 23.7 15 \J 7.:; 32.5 -01 i -1.8 1 -8 l I -8.8 [ -ti 1 I --1.~ ~ l :l , 8 
f) Nitrate and potash ......................... !lOA 67.0 31.7 ;;u.o 2{) 51 !i 6 44.0 I 20 u I :l.G 8.4 I 8.1 i 4.1 0 (j 7.5 I n 

lO None ............................. _ ............. 1 70.2 W3.212il.0 2H3 22.i I 11.4 36.2 , ........... 1 ........... 
1 ........... 1 ........... , ................................. lli 

II Superphos., potash and ntt! ate ........ 
1 

74.8 ()(i.l 24.H ~ll.H 2·!.3 1 \!.:; 08.51 7.7 I 5.41 l 4 I 2.:- I 2 .) : o 4 :q i 11 
1'' B " d 61 8 ~3 8 30 (j 28 - ')')- I D I) .,_ 4 _') 1 1 ( - - () 0- I •) I I l - ., .. 1 ') ,_, arny ar tnauure. .. .. . . .. . . . . . . . . . . . . . ... ' . 1 u ,.,.....,, I n • •)J. ..... ":1.•> i. 1 - • ' -·• -- ,,) d,., -· 

l:l None .......................................... (i0.815i.8 1 2:36 2V.l 10.1 I '/.n :;a.l ........... 1 ........... 1 ........... ' ......... .J ......... , ...................... 11:: 
14 J4 and plaster ................................... :_ 60 0 51H~! 20.5_ 23.5_1_15.4 1_~ ~: _ -0.8 --=-:J -:U I - ;).6 -I' - :;~_1- -J.tJ ~~22._1_~~ 

-. I -. ') I - q ., I 'J'> •) ~ ') I I I I Average ?f un fertJLzul plots......... .Jb _ .,, _., __ f) _f\.9 20.21 1 .6 3~ 4 , ..... ;. .. :" ...... .. :.. ...... . ............................ + ......... _ 
Average mcrease from le1tlhzers ........... j ............... j ........ 1 ....................... 1 1.0 2 .. J I l !i o .. ) I u.:; -0.:1 [ :.'.IJ 

I I I I I I i 

~ p 
e 
tr: 
~ 
~ 
tr: 
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'L\BLE XX.--F!CRTII.IZKKS o:-; LOR:-! IN COIX;'.IJJlANA Ct>l'::-ITV. 

Yield and inrTrilSt' of s·nu:s, 111 pmmas, per acre. 
----------··- ----·-cc---------- -------· -·----~--- -·-- --------------- ,---------==--=:--=-------=-------==-=--=-- --~~------==-:::::==-=---- :.:=::..::-.::: ·==--=--===-=--===- --=----=--- ---- ~--=-::___---:-::-::_:_ -:::::-.:::.:.--:-::-_ _:::-_=----------

Yield per acre. lncre:•se or deere"''" (-- ) per acre. 
0 

Ferti.1izers. -------- --------------~~-- ---------------------------- -- ~ 
' I I I ' I ' 

11888.[1889. 18[)0. ·1 l!:i!ll.l iS!I:Z. I 18[):~. i Aver-[' 1888. 1l 1889. i 18\JO. IS~II. I Ave!-, 1 
[ age. I ' age. I ;:.. 

1 None................ . ..... ~~~.--.. -~. 1! 1,520 2,797[11,914 ~-2,17~~~-;285 1,200 12,481~=~=.~~~~~~.~.~~. 11~~.~~ .. -.1.~~~~~~.~.~.~-. , s h ' I' t 4 640 ') 7~8 ') 064 2 "()•) ') 175 1 14() I ') 5"" "~ I "·J I ''41' ' .. -., 1''<) I 14'' 4~ •) ~ ... 11perp osp Lt e ... _ ........... ···, ) ...... , ; ..... , ,·)u...., .... , , .<:.!,• uo vJ ~-- o.... - ) 1 ,)/ ... -- .). - ,, • ,-, j -
:\ Muriate of potash ............................. 5,0.50 3,001! 2,125 2,0:041 2,282 1,820 :2,785 3():3 1 Ti 41,2 I llli8 ! (i0 - 41 I :!.n , :: 
4 None .............................................. 14,77.0 2,\18.71 1,627 2,32112.:l71 1,400 2,588 ......... 1 ......... 1 ........ \ ......... 1 ......... 1 ......... \... ..... 1 

~ 

5 Nitrate of soda .............. ' .. " ...... " .... "I 5,800 3,030 r' 2,585 2. ,868 z,;,:l1 1,220 ::!,006 1,093 ,_ 5.) I ii(JH I ·1:21 : 1 GD ,-26;) I 8/:) I ,) 
ti Nitrate and superphosphate.. .. ......... , 6,030 8,167 2,555 3,180 2, JOG 1,520 :3,143 1,887 i - 1.) /.)1 ()(17 I :1:3 1 -- 3 4G:\ n 
1 None ............................................. [ 4,fi80 3,280 1 1,893! 2,69912,844 1,050 2,724 ......... , ......... 11 ........ I .. _. ... ..I. ...... .J ................. 1 7 
.~ Superphosphate aud potaslL. ............ , 5,3\JO 3,.502! 2,417 3,833 2,153 U40 3,0~9 l:i8':l I 2,),) 4i'l1 \1,111 1~--20\1 1- HGO I B:2G 8 
\) Nitrate and potash ........................... ! 6,590 3,549 2,762 3,1!12! 2,607 !,GOO 3,383 1.757 3:)0 I 71-18 I 4-Hi :!:!ll 1- iiO :,82 !J 

11J None .............................................. [4,960 3,188 2,022 2,770 I 2,iln7 1,700 2,840 ......... ] ........ 1 ......... 1 ....... 1 ....... ..1. ................. : 1 1 

11 Superphosphate, potash and 11 itr ,ttv ... 6,500 3,846 2,285 8,188 I 2,0:>8 I 1,620 8,246 1 ,3:,o :! I 0 I 41i I I :;!) : I l c\) '1- 57 I 4 4 11 
1:! Barnyard manure ......................... 1 .'i,l40 3,757 2,595 3,8~8 1 2,•114 1,570 3,227 -200 ti7:3 1 \JU9 1,00\l HiS - S::l 4:!:! 1 12 
1:1 None ............................................ 1 .5,530 :3,032 1,428 2,81412,261 1,6:30 2,787\ .......................... \ ........ 

1 

.......................... I 1:: 
14 Land p1aster ................................... ..i

1
5 810 3,02~ 1,520 2,4~0 I 2,080 1,480 2,733 280 - 4 \12 l--:l64 ~181 ~150 .)4 

1 
14 

.. . ~ -.--~ -:::::: -.,--1~ --. -')--, -- -- -----------1 Avera~e _of unfertil!zedi:.1oi'-..·: ..... 4,81:., 3,051 1,111 1 ~,561\ .,a32 1,506
1 

.,682 ........... ; .............. ~ ......... ~ ..... , .... ..... :·;· ... ;·,;· .. .. 
Avera,e Increase from JeniLzeJs ..... [ ......... 1 ........ .1.. ....... 1................... ......... ......... 750 231 .~61 .)18 24 -128 1 .Lb I 
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These tables shovv 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 mav be grown on' the shaly hills-on one of 
which this test is locateG.-once in six or seven years, by following a 
rotation of corn, oats and wheat, follovved by one yoor in meadow and 
two to four years' pasturing with sheep. Bltie 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 
shelled bushels per acre-while that grown in continuous culture was 
practically a total failure. 

FARM TEST IN BUTI.ER COUi'iTY . 

• lfad(' hi' R 11. Brown. 

Mr. B. H. Brow1,1, of Oxford. Butler county, has made this experi­
ment in 1889, 1891, 1892 and 11)93, but each time on fresh ground, the 
tests of 1889 and 1 8lH being made on wheat stnbble, and those of 1891 
and 1892 on timothy sod. The soil is a heavy clay of drift origin. Oi 
the test of 1898 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. \Vhen 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 fom- 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. 
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TABLE XXI.--FERTILIZ Hs u:-. CoR:-> IN BFTI.EH Cou~'fv. 

} 'ze!d a11d inn·ease oj GR.\ r~ in bushels of 7'0 pounds o/ ears. 
------~~--=-=--=----=--=--=-==----=----~~--=-=-=~--====--===---===..---~--- ---~- -- ----·-------- --- -----"·--~------------------

c_~== ------------
1 Y idtl pe-r acre. I I ncrcase per acre. 
~----------, --,-------~ I I ----1 -------

1

. len<) I lc"l I. ]O!J•> I !~''" ( .-\ye_r- ~._' 1 c~<) · l~·l] I ]''')·> I 1 uq3 I AY_e_r-
,,10, · I OV • I 0• -· I uVo>. , 0<.,, , ' , . 

1 
o, -· o. . 

I--------------------- ----------------- age. __ ' ____ j ___ , ________ 

1 
age._ 

None............................................................ 18.3 21.4 42.6 23.6 2().5 .......... ..1. ......... ..1. ........... , ............ 1 ... . 

Sup~rphosphate....................................... :15 .. \) 39.6 4:-.~.9 26.7 8G.:i 10.1 I 15.4 !_. o.:3 I ;),\) I 8.7 
Munateofpotash ............................................ 41.7 :-!2.3 ()2.1 28.6 41.2 18:1 1 5.:3 [. 1\l.ii (i)) 124 

~J?tlti~ .............................................................. , ~~-~ 29.\l ~2-~~ ~~-;j ~\~.~ ........ ; ... , ..... :) ... ; ...... ··;; ...... 'i"''"'","'i'""";·;_...; 
·' .. te of soda ................................................ 1 2G.i 41.4 c>L> _, .1 ,,() (j (1._ , L._ , ,,_s 4.8 b... i 
~itrate and snperplwcphatc.............. . ..... ........ i)•).7 41.G G2.1 :30.0 .

1 
:m.s I S.H ! ]g_o j !llj 6.7 !lii : 

None ·)- ,..., n-, ') 4'' 4 ° 1 3 ''() l' 
Snper.pi;;·~j;i;~t;·~;~;j·p~t;;~i;::::::::·:::.: .. ::.: .. ::. ' 4;l·!l ~~:.~ .)f:o 2s'a I 41:~ 1'"2i.'7''i"'''ii.'7···1·--··u_·;;· .. :· .. ··4 .. :i"'l""j·l·.·.~ ... ~, 
N1trate a!Hl potash............................ . .. ... :l/.9 47.7 51.4 2[;.:3 I 4Ui 13.1 1 18.1 ' 10.:1 1 5.(i 11.8 

-J~la~r;l:~·j;i{ol··~i;il'~t~:;·p~t~-~i;·~;;~i·;;i·~;;;;~·-::::::.·::·::.::: i('~-~ ~001:; ~(.?(?)):~ ?,~:6(' r4t~ 1 .... 24-:lil.'/,"'1"' ~:;)2.-~ .ll ... l.:t:.-r·l"''{\'"i""!j'oj'"ll 
") 1yan tllanure ............................. ........ ,,,'-I o.t )./ ... v.> d,\_) ·'- •> u ::'l.1 Lu _), 

None........................................................... 2\1.4 2;'),4 I 42.6 20.H I :w.H ........................ , .......... ..!. .......... 
1 
......... .. 

Lancl plaster .................................................... : _ 80.:1 _ 80.~ _ 44.8 _ 21.7 ~--~2.:.':.__ ~--~-~~-...:2_~-~~-~~ 
Average of unfertilized plots ...................... ~ :29.4 I 2;.0 I 42.2 I 22.7 I 29.2 1 ...... ; ..... ] ............ 1 ..................... ..1. ........... !

1 Average mnease from tert1l!ze1' ............................... 
1 
............ 1 ............ ( ........... 1 

............ 1 1li.2 I l--UI I 9.2 j 4 S [ 11 :i 
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TABLE XXII.--FERTILIZER:i n:; Cof:N IN Bt·TI.ER COUNTY. 

ric/d mid increase of ST AI,KS in pomu/s /'Cr af'l;~. 

::::::::::::.-==-:-=.:-_---- ---- ---------- ~--=-=========-==~===:::·..:·:~ 

I . I c ! Yte1<1 per acre. Increase per cere. 0 
~ I Fcrlilizcrs. z 
~ 188!!. I 18tll. 118!!2. I 1803. Aver- l88!l. 1801. I Jt!O:!. 11KIJ3. \ Aver-~~~ 
P.. 1 age. age. ;1; 

--~-- --·--------------1----~---
1 :None .................................................. ,............ 1,3:!0 1,(i52 2,710 2,200 1,!!70 ............ ············!··· ................... ' ............ ! 1 
:2 I Superphosph,:te ................................................ 

1
1 2,6HO 1,!!52 2,()ii0 2,410 2,425. 1,Hl:l 4171 10 '2.77 , 474'' 2 

8 1 Muriate of potash............................................. 2,700 J,(i83 4,:!10 2,!!00 2,873 1,0:27 266 1,640 83:J I !l42 3 
,1 I None ............................................................... ! 1,1-J.jO 1,30.0 2500 2,000 1,U12 ............ 

1 

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

1 

.......................... 1 ............ 4 
,-, Nitrate of soda ................................................ ! 2.100 1,447 2.800 2,100 2,0~7 67 -20 38:> I 100 I 133 5 
ti I Nitrate and superplwsp!Jate ............................. 1 2,650 2,020 2,!!50 2,390 2,502 ()3;{ 387 617 3!l0 007 6 
7 None ............................................................. , 2,100 1,8l0 2,2ii0 2,000 2,0::>7 ................................... 1 ............ 1 ............ 

1 7 
8 Superphosphate and potash.............................. 3,400 1,701 3,2;)0 2.200 2,662 1,4171 -9:1 (l.~O ' 1:n I' 608 8 
!l Nitrate and potash............................................ 2.550 2,0:34 8,200 2,400 2.M6 683 125 850 I 274 48;{ \l 

10 I None.............................................................. 1,7.50 1,968 2,400 2,190 2,076 ..................................... j ............ ' ............ 10 
11 , Superphosphate, potash and nitrat('.................... 3,870 2,17:{ 2,9!!0 2,0ii0 2,(i46 1,530 I 205 5571 -7G i).i4 11 
12 i Barnyard manu.re .............. ................. ............ 4,680 2,835 3,980 2.400 3,474 2,750 863 1 ,;jJ3 3:l7 1 ,<>Gti 12 
l:l 1 None............................................... ............... 2,0 0 1,\!77 2/JO:l 2,000 2,124 ............................................................ ! 13 
14 I Land plaster..................................................... 2,880 1,869 2,700 1,980 2,232 360 I -108 200 -20 lOS : 14 

Average of unfertilized plots ........................ l
1 

1,808 1

1 
1,738 

Aver<·ge increase from lertilizers ......................................... . 2,472 ~ ... ~:~:~ . .1 ... ~::~:: .. 1· "i".<i74 .. 1·····~27"1· .... 747"1· .... ~5o .. i ..... 574 .. 
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'28 OHIO AGRICL'LTUZAL EXPERIME:\"T STATION. 

Jfadt> br Orlando Trotlt>r. 

Mr. Orlando Trotter, of Layman, \Vashington 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 189:2. In 
1893 the test was repeated on the same land on which it was made in 
!892. Follo\\·ing is Mr. Trotter's description of the treatment of the 
land and of the crop : 

"After the corn was taken off in 18!12 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 hroaclcasted on the lots and worked in. The 
corn was cultivated. four times and hoed. It was cnt September :22 and 
husked October 80. The com was very poor, not more than half a cro~,.. 
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 XXIII and XXIV: 
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TABLE XXIll.-FERTIJ>IZERS oN Coux iN WASHL";-GTON CuL::-;TY. 

Yield and ino·ease o.f GRAIN in buslie s oj 70 pom1"<4_ o; cars. 

Yield per acre. Iucrease or decrease (-) per acre. I b 
Fertilizers. .g 

I I I § 
1891. I 1892. 1~93. Average., ~ 
--~--- l-
······i:5:5·r···:.:~2:i)' ········2:;;· ·········5::~· ~ 

...... ~.~:~> .. ! .... ~~-~ .. ! ....... ~:~ . .!. ........ ~:~.. ~ 
8.n ·I li.4 1 :!..7 5.9 5 

].,.:) i 17 :) !J 0 18 3 6 
•••••••••••• 1 •••••••••••••• 1' .............. ·············· 7 

7.9 I --:w a. a 2. 7 8 

....... :.:~ .. 1 ....... ~:::~ .. \ ....... :.::i ......... ~-~:~ .. l~ 
Superphosphate, potash and n:trat.......... ....... ...... 48.8 60.3 21'.3 45Jl I 8.0 :112 1 1:"\.!1 I J7.4 11 
Barnyard manure.................................................. 48.0 37.1 I 2:3.:.! :>6.1 1>.6 6.8 II 7.4 I 7.6 l 2 
None................................................................... 38.0 31.4 Hi4 2>:\.(l .............. ' .............. ··············J·············· 1:.; 
I4and plaster....................................... ................. 48.9 26.6 18.3 81.3 10.8 -4.8 UJ 2.7 14 
Bowker's superphosphate, 100 pounds.................... .............. 26.81 ............. 

1 

............ J_ .............. I -5.1 ............. 
1 
.............. ~ J,) 

" " 200 " ............................... ''I 25.0 , .............. ············· ········ ...... --6 4 I········ ·····'·············· 16 

Averarie of unfertilizerl plots........................... 37.9 --27.4 ~---]3:;31' . :!.G.~-~~ ....... -::~.~=~~.~i~==~~~~~.~~~~~ 
Average iucrease from fertilizers ..................... , ··············;··· ........... 

1
.............. .............. 10.21 7.2! 5.4 7.6 

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

I 

i I j 

1891. 1892. 1893. I Average. 1 

------------ -----· 

33.9 28.3 13.5 25.2 
50.5 25.7 15.7 30.6 
47.3 :.!2.6 14.2 28.0 
:~7.3 26.6 12.7 25.5 
46.1 31.7 16.2 31.3 
51.2 41"4 23.B 38.6 
37.9 22.6 ],).] 25.2 
47.2 21.4 18.3 29.0 
47.8 43.1 22.4 37.8 
42.1 28.0 14.7 28.8 
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TABLE =-'-~· .. r\·.- l'r~r~'l'ILiz:~..:ks o:-; CdR~ I~ \VA~-.IlL\(~,1}:~ \._\;L ,'JY 

}'zdd and increase of STAI,KS in pounds per no·e. 

=======================--=-=====~·================ 

..; 

.5 

~ 
.... 
0 

~ 

2 

·' 
4 
f) 

6 

s 
!l 

10 
II 
12 
] •.> 

o) 

14 
1.5 
IG 

FcrUizcrs. 

None ......................................... . 
Superphosphate ...................................... .. 
Muriate of potash ..................................... . 
None ..................................................... .. 
Nitrate of soda ....................................... .. 
Nitrate and superphosphate ...................... . 
None ..................................................... . 
Superphosphate and potash ..................... . 
Nitrate and potash .................................. .. 
None ............................................. . 
Superphosphate, potash aU<] nitrate .......... .. 
Barnyard manure ..................... .. 
None ....................................................... . 
r~and plaster ........................................... . 
Bowker's superphosphate, JU() ponnds ........ . 

" " 2U(J '' 

I 

Yield per acre. I Increase or dccrcnsc (-) per cc1 c . ,_; 
,g 

~--~,-~~ ~,--~----~ ---~--------~----- -- ·----

--=~~~-1~~~-1811 I '"'''' I '"'- __ 18" ~~-~~""''' 
1,731 
1,913 
l,S90 
1,5:!0 
1,90.'"i 
1,771 
1,685 
l,fl70 
l,i-:;}0 
1,873 
1,815 
1,9G2 
1,731 
1,892 

0 
p:; 

2,780 1,4'>0 1,!187 ··············· ···············!·•············ ............... ' 1 
2,-'i20 1,4-'iO 1,~61 252 I --]1·7 Hiil I (il ' 2 
2,700 1,17.5 1,!l22 300 ]1)/ --58 i 111i ;j 

2 500 1,120 1,71.5 ..... ········I···············~ ·············j······ .... 4 
2,1GO 1,13-5 1,73:) :-;:-\0 I -2h7 I ]!) 28 5 
2,8GO 1,325 1,!l85 111 507 ~17 ~88 6 
2,280 I 1,100 1,ii1"l8 ...... ........................ ............................... 7 
2,640 I 1,8iii 2,1G2 222 ! :>40 I 7~2 I 4:l.) 8 
2,G40 I 1,350 1 ,\J--17 40 I :>20 18;\ I Ui1 !) 
2 840 1,2oo 1,804 ............... , ............... ( .............. 

1 

............... 10 
3,020 l,72ii 2,1-Si -11 I G47 I ].)1) :-l(i:) 11 
2,G80 I l,!l?-? 2,2~!~ 184 ::7:{ ' li.!-) I :>Gl 1 ~ 
2,440 I 1,420 1.8\)•) I •••••••••••••• ••••••••••••••• ••••••••••••••• ••••• •••n••• ],) 

2,520 1,-510 1,\171 1 1G1 '! 8o 1 s:-, 1 109 J.! 
' '.. q< I ,.. 2,8->0 ..•............ • .............. 

1
............... -. ,J •.•••••••••.••. ...•• : ......... lo 

2,680 ···············I········· ...... :............... 1\10 1 ............................. Hi 
~--~-i--~-1~--- ~----1---- ----------------

Average of unfertilized plots ........ ········1' 1.708 I 2,4G8 1 1,2GO I 1,812 
1

1 
.............. 

1
1 ............... , ............................. [ 

Aseragc increase from fcrt!lize1s .......................... 
1
'" ............. 

1 
............... , ••••••••••••• ~. 1~0 204 1 2G:i l 216-~~-
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'l'HE 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 bone-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 
y6st, 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, makil'lg t)le 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 sbg is controlled by a patent, and is sold in Philadelphia at 
$18 per ton, or $2B 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 mte or two dollars per tou 
higher. 

In Table XXV is gh·en the average increase per acre on Plots 11, 
17 and 18 of the tracts deyoted 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 Ex. STA-53. 
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TABLE XXV.-lNCREASE FROM DIFFERENT FORMS OF PHOSPHORIC ACID. 

Increase per acre. 

Fertilizer. Grain. Straw . 

....: 
0 I 

lwhe::tt. p:; Corn. Wheat. Oats. Corn. Oats. 

- -----------1-----
I 

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

11 Dissolved bone-black ........... 4.3 4.0 5.6 383 1,519 ;1.53 

17 Acid phosphate .................. 7.3 4.2 5.5 867 945 507 

18 Basic slag ........................... 7.2 4.6 7.0 686 1,017 444 

The plot rece1vmg 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 
'vheat as shown in the diagram on page 8. Should some way be discov­
ered by which the greater growth of straw, produced by the bone-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 n.<sults 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 ~aller 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 clm·er in a three-crop system. 
In addition to these rotations, corn, oats and wheat will be grown in con­
tinuous culture. 

Oats and corn W€re planted in the five-crop rotation aJ.ld 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 
yield 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-

.1 

tiotxit Colnmbus and belonging to the State University; six years' con-
tinuous culture of corn on that farm and in CJolumbiana county, and three 
to five years' intermittent culture of corn in \Vashington and Butler conn­
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's re­
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 respect­
ively, the profitable production of corn, zvheat and oats upon chemical 01' 

commerdal fertilizers, or upon barnyard manure, if its cost be propPrtion­
ate to that of the chemical constituents of fertili~y found in commercial fer­
tilizers, is a hopeless undertaling, unless these crops be grozvn in a system­
atic rotation with clo·ver or a similar nitrogen-storing crop; and the poorer 
the soil in natural jertiliry the smaller the probabiliry of profitable crop· 
production by means of artificial fertilizers. 

Drainage and thorough tillage are the logical preliminaries to any 
profitable system of agriculture. \Vhen 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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