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THE COMPOSITION OF WHEAT 

INFLUENCE OF VARIOUS FACTORS ON THE PHOSPHORUS, 
POTASSIUM AND NITROGEN CONTENT OF 

THE WHEAT PLANT. 

By J W AMES 

INTRODUCTION. 

The subject of soil fertihty i!> necessarily a broad and complex 
one. It involves both laboratory and :field research. Investigations 
relating to the physical and biological condition of s.oil&, their chemi
cal compoE.ition and reactions are of assistance in the solution of this 
problem. But it is. :field experiments, carefully planned and executed, 
which determine the crop producing capacity and fertilizer require
ments of a given soil. 

The data here presented are the results of analy!>es of wheat 
crops grown on soils on which the fertility inve!>tigation~ of this 
Station have been conducted for 15 years. 

Applicattons. to the !>oils under experiment, of barnyard manures 
and chemical fertili.~ers., in various combinations., have produced re
sults which are becoming more and more valuable. 

In order to determine the total amounts. of the several essential 
elements removed from the soil by crop yields it is necessary to 
know the composition of the crop when harvested. Many analyses 
of plants have been made by chemists in Europe and America. The 
results publi!>hed in the various agricultural works are largely 
quoted from the work of E. Wolff, and show wide variations in 
composition, due to soil and climatic conditions. 

To !>ecure information which would be accurate for the soils on 
which the fertility experiments of the Station are being conducted, 
analyses have been made of the several crops grown on these s.oils. 
Owing to the large amount of accumulated data, it has been deemed 
be!>t to present at this time only that part of the work relating to 
the composition of the wheat plant. 
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CROPS ANALYZED 

The crops analyzed were sampled from the plots of the 5-year 
rotation fertilizer tests on the Wooster and Strongsville soils, and 
from those of the barnyard manure and continuous culture ex
periments at ·wooster. For the years 1907 and 1908, samples of 
grain and straw were secured from the east and west halves of the 
Wooster 5-year rotation plots, \vhich have received applications of 
lime at different times. For the same years samples -vvere taken 
from the crops grown on the halves of the Strongsville 5-year 
rotation plots, to which rock phosphate and lime have been applied. 

For a complete description of the several fertility experiments 
the reader is referred to Bulletins 159, 182, 183 and 184, of this Sta
tion, by Director Chas. E. Thorne. 

The analytical data include the nitrogen, phosphorus and 
potassium content of the grain and straw* for the different years, 
as given in detail in the tabulated results. 

Especial credit is due to Mr. L. L. LaShell. who assisted in 
securing samples and made mo~t of the analytical determinations 
reported. 

VARIATIONS IN COMPOSITION 

Our analyses of ~orne 200 samples of wheat grain and straw 
show a considerable variation in their phosphoru'l, potassium and 
nitrogen content. r.rhe maximum and minimum percentages found, 
together with an average of all determinations made, are as stated 
below: 

TABLE I-PERCENTAGE ~OMPOS!TION OF WHEAT GRAIN AND STRAW 

N"itrogen •. • • 

Phospllorus 

Potassium 

0 48-!1 

0 4775 

Grain 

0.2683 

0 2565 

0.3486 

0 3547 

Straw 

0.0273 

0 4921 

The differences between the highest and lowest results ex
pressed in percents are approximately uniform for the three con
stituents in the wheat grain; the results for the straw show greater 
variations. 

VARIA'):'!ON IN COMPOSITION 

Grain 
Percent 

Nitrogen........ ........................ ....................... .... ..... 42.99 
P·bosphorus........................... ........... ... ............. .. 44.58 
Pot~;~.ssium...... ............ ............................. ... ......... 46.27 

*'l'he straw inclu\'l!l!l t>oth ~traw aud chaj!. 

Straw 
Percent 

81.48 
76.20 
6().51 
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The work of numerous investigators, the most extensive of 
which is probably that of Lawes and Gilbert,* demonstrates clearly 
that conditions affecting the development and maturity of a crop are 
responsible for variation in composition. 

The absorption by a plant of an essential mineral element is a 
physiological process, and depends upon its vital activities. These 
activities may be affected by any of the conditions which influence 
crop growth and yields. The principal factors, therefore, which 
influence variation in composition of the wheat plant may be any one, 
or a combination of the following conditions: Favorable or unfavor
able seasons, composition of the soil, fertilizers applied to the soil, 
soil moisture, and thickness of stand. 

SEASONAL INFLUENCE~1 

Favorable or unfavorable conditions of temperature and moi,:;
ture influence the proportion of grain to stra\<', and the deposition 
of organic matter in the plant. Wheat kernels having a high starch 
content, which is associated with high yields, contain correspondingly 
small amounts of total ash and nitrogen. 

Lawes and Gilbert state that a season favorable for long and 
continuous growth after beading produces well-developed kernels 
and larger yields; that in the better matured grain of favorable 
seasons, produced under the same conditions of fertilization, there 
is a lower percentage of potash, phosphorus and nitrogen. 

Comparing the phosphorus content of the wheat fl"om Plot 2 in 
the 5-year rotation at Wooster, which has received phosphorus alone, 
with the average of the ten unfertilized plots for the yeats 1904, 1907 
and 1908, the results given below show a greater difference in com
position due to season than to supply or exhaustion of phosphorus in 
the soil. The nitrogen results for the ten unfertilized plots and Plot 
5, to which nitrogen alone is applied, illustrate further the effect of 
conoitions varying from season to season. 

While the amounts of the different constituents of grain and 
straw, grown under the same conditions of fertilization, vary for the 
different years, the variation in composition of the crops from plots 
differently fertilized is relatively the same for most of the years 
for which we have analytical data. 

Aside from the physiological effects of temperature and mois· 
ture on the composition of plants, there exists the dissolving action 
of the rain and dew on the several constituents assimilated during 
their growth. 

,.011 the comPOSition of the ash of wheat grain and stra". London, 18&. 
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TABLE II-EFFECT OF SEASON AND PLANT FOOD SUPPLIES ON THE PHOSPHORUS 
AND NITROGEN CONTENT 

Phosphorus content of wheat grain and straw-Percent 

Treatment 

1904 1907 1908 
:Maximum var

iation due to 
--------- !----,--- ---,..----- I--::OSC;:::11cc:SO:::;n:..__ 

Grain Stra'v Grain Stra\\' Grain Straw Grdin Straw 

--------~--··-·----··· ------ -------------- ---- ---
Plot 2, phosphorus. .395 .072 .3839 .0563 .3545 .0364 .M05 .0356 

Avera~.reof unfertili/ed plots ...... .366 .105 .3053 .0548 .3234 .0469 .0607 .0581 

Difference due to fertili/ation 029 -.033 .0786 .0015 .0311 -.0105 

Nitrogen content of wheat i;rain--Percent 
-----------------~~ ---~~------------~----~--~--M~a-xt~.n-Iu_m __ 

1902 19M 1905 1906 1907 1908 variation in 
grain due to 

I 
"ieason 

-P-lo_t_5_, -ni-t-ro-g-et-1-.. -. -.---.-.-.· --~-;.532 , 2.146 2.600 2 400 2.205 2.000 .600 

Avera~re of unfertili~eu plots 2 261 12 086 2.335 2.100 1.918 1.771 .564 

Difference due to fertilization ...... I 0.271 I 0 060 0 265 0.300 0.287 0 2~') i 

Nitrogen content of wheat straw-Percent 

1902 1904 1907 1908 Maximum variation in straw 
d uc to be..t!:~Oll 

- 1--
Plot 5, Nitrogen ... ... .944 1.056 .602 .580 .476 

Average of unfertili~ed plots ..... .818 0.947 .488 .444 .503 

Differenc.e due to fertilization. 126 0.109 .114 .136 . ... 

Numerous investigators have observed that the composition of 
plants varies during the different stages of growth; that as plants 
near maturity they contain smaller amounts of mineral matter and 
nitrogen than at earlier periods. Wilfarth, Romer and Wimmer,1 

from their work which consisted of elaborate experiments with bar
ley, wheat, peas and potatoes, draw the conclusion that the elements 
of nutrition which are not stored as reserve material in the tissues 
of the plant migrate down through the stem and thence to the soil 
through the roots. 

Mulder2 attributes the variation in composition, found on analyz
ing a plant at diff~rent stages of growth, to the removal of a con
siderable part of the several constituents by rain. 

Johnson3 states that excess of mineral substance may be de
posited upon the surface of leaves and stems and be removed by rain. 

!On the assimilation of the elements of nutrition by plants dudng different stages of their ~rrowth 
Landw. Vers., Vol. 63,1905. 

aChemie der Ackerkrume 2, p. ;!()5. 
•How crops ~rrow, p. 203. 
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The investigations of Le Clerc and Breazeale, 1 who worked with 
plants grown under conditions which prevented water from coming 
in contact with the foliage, furnish data which prove that as the 
pl~nt approaches maturity the salts move upward toward the living 
tissues rather than downward through the stems and roots into the 
soil. r.rhey also found that considerable portions of the salts thus 
deposited were removed by rain. 

INFLUENCE OF SOIL AND FERTILIZERS 

In this connection may be considered the effect of the deficiency 
of essential elemer.ts of nutrition, and the supply, whether originally 
present in the soil or furnished by mineral fertilizers and manures. 
The results of numerous experiments have been reported, which 
give evidence that the application of fertilizers to depleted soils has 
increased the relative amounts of the several essential elements re
moved by various crops. 

Lawes and Gilbert's work on the ash of wheat crops, obtained 
over a period of twenty years from ten differently manured plots, 
shows that the ash constituents found in the total crop have been in
creased, but that the amounts stored in the grain are not influenced 
to any great extent by the quantity taken up, p1·ovided this is not de
ficient. 

More recent work can be cited which gives evidence that the 
composition of crops is influenced by the supply or deficiency of 
available plant food in the soil. Stutzer2 found that grain grown in 
pot culture, with and without addition of phosphorus, contained 
.297 percent and .375 percent of phosphorus. Chavan,3 in his work 
on the influence of phosphorus and potassium on the composition of 
mixed grasses, grown on soils differently fertilized, obtained the 
following results: 

INFLUENCE OF PHOSPHORUS AND POTASSIUM ON THE 
COMPOSITION OF MIXED GRASSES-PERCENT 

- """ 

I~'ound in the crop 

Fertilizers applied 

Cellulose Carbohy- Ash Nitrogen PhoG-
drates phorus 

-------------
None .... ··················· 25 13 53.08 6 47 1.61 0.11 

Phosphorus ..... ········· .... 30.50 50.14 6.05 1.42 0.24 

Potassium ...............•.•... 29.17 47.94 6.82 1.76 0.10 

Phosphorus and potassium ... 36.36 42.17 7.21 1.64 0.25 

lP!ant food removed from plmlts by rain and dew, Year Book U.S. D. A.,lOOS, p. 31l9. 

•Landwirtschaftliche Versuchsstationen Bd. 65,1907. 

a Annualre a~rricole de Ia Suisse 1908, p. 193. 

Pot as· 
sium 

1.17 

1.49 

2.12 

2.16 

---
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Applications ot phosphorus and potaqsium have increased the 
amounts of these elements found in the crop. While potassium has 
increa;,ed the nitrogen content, phosphorus bas decreased it. The 
proportion of cellulose increa:ses wrth the phosphoru-. content of the 
crop. This is attnbuted to the fact that pho<sphorus hastens the 
maturing of the crop and produces an increased } 1eld of straw. 
The ,Hlditwn of phosphorus to the ::.oll has also increased the potas
sium content of the crop. 

Hall, in a paper on ''Analysis of the soil by the plant," 1 which 
discusses the composition of crops grown at I~othamstead,concludes 
that the proportions oi phosphonc ac1d and potash in a gi\en plant 
vary according to the amounts available in the soil, as measured by 
the response of the ~..,rop to applications of phosphonc acid and 
potash; that the<>e 'ariation~ are small and often not as great as those 
due to seasonal condition ..... 

It has frequently been observed that crops grown on soillacking 
in fertility contain larger proportwns of total mineral matter than 
those grown on producti\e soil.;;. The ~tatement· has been made 
that this indicates that plants grown on such sotls are able to assim
ilate more mineral matter than they can elaborate into plant tissue. 
A more plausible explanatiOn of thi<s variation is furni-,hed by the 
data obtained from the analysis of the wheat plant grown on ex
hausted soil under different conditions of fertilization. 

The results show that while wheat grown on the unfertililed 
plots of the Wooster and Strongsville soils contain:. a larger percent
age of nitrogen and total mineral matter than wheat of good quality 
from fertilized plots, the addition of nitrogen produces wheat of as 
good tluality and having a higher nitrogen content than that grown 
on depleted soil, and that the addition of different carriers of phos~ 
phorus to the soil increases the yield of grain and the percentage of 
phosphorus found therein. These results indicate, therefore, that 
the increased percentage of mineral matter observed in the crop 
grown on infertile soils h. due, not to the fact that the soil furnishe.;; 
more available plant food than the plant can utilize, but rather to the 
lack of one or more elements essential to the full development of 
the plant's organic structure. 

COMPARISON OF THE ANALYSES OF SOIL AND WHEAT CROP 

The relation between the nitrogen, phosphorus and potassitlm 
content of wheat grain and straw grown on the Wooster and Strongs
ville unfertilized soib; the percentages of total nitrogen, pho&phorus 

lJournal of Agr Screnre, Jan , 1905, p 65 
2So1ls of the Ulllted State'; p 47 
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and pota"lsinm, and of phogphoruc; and potassium soluble in N/5 ni
tric ac1d iound in the soil are given in Table III. In this comparison 
the results for the !>arne year, 1908, are u;,ed to eliminate seasonal 
variation•, 

fABLE lll- RELATION BETWEEN CONSTJTUE.NTS OF SOIL AND CROP 

N1troeen·- Percent -- ---- -- ------ -- _______ _::__~-----
\Voo .. tLr l .., ) ,_ 0 44 o oqo (I 09~ 

2 09 0 42 1 0/f, I) 103 

- ~~- -~-~ -- - ----
Phosphorus- Percent 

\\ OO<..,it r 0 ) •d7 0 QjVi I) 161 
J 

{) 0 .1 lii!O, 

0 3270 o uom 0 15'\ II 017 OOOi 
----

Potassium Percent 
··--·~·~·--·--- -~---·- ~-----~ 

0 lt.OG 1J 7bH (l 1,7~ 1 GH 00&3 

0 40~0 l 0201 0 7'2 1957 01&3 

The total nitrogen content ot the Strong&vtlle !>oil is practically 
twice th<tt of the vVoo..,ter soil; the percentage& of total and N/5 
nitric acid-soluble phosphoru& and potassium are also greater in the 
Strongwtlle &oil. 

'I'he percentages of nitrogen and potassium in the crop are in 
accord "ith the amount-, found in the soil&. A comparison of the 
amount of the constituents in the crop with those available in the 
soil, a..., mca-,ured by the increased crop yield~ obtained from fertil
iter:, on the h\O &oil&, :,how~ that the analysis of the crop has given 
a corred indication of the available nitrogen and potas&ium ~upply. 
Table IV, taken from re':>tllh contained in Table XVIII of Bulletin 
18Z, b} Director C. E. Thorne, give& the total value of increase from 
the u-.e ot phosphoru-., mtrogen and pota&sium alone and in com
bination on the Wooster and Strong&ville soils. 

On the Strong•;ville &oil applications of nitt·ogen and potaf>sium 
alone, or in combination, have produced only slight increases, which 
indicate:, that thi:, !'!Oll contain'> a sufficient supply of both these ele
ments. Phosphoru<> alone has produced a much greater increase at 
Strongsville than at vVoo&ter, apparently due to the fact, as stated 
by Director Thorne in Bulletinl82, ''That the pho&phorus applied at 
Strongsville finds already in the soil a &upply of available nitrogen 
and pota:,sium, wherca., at vVooster these elements, as well as phos
phorus, mu&t be furnbbed before the full need& of the plant can be 
met." 
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TABLE IV-FERTILIZERS ON CROPS GROWN IN 5-YEAR ROTATION, COMPARATIVE 
VALUE OF INCREASE PER ACRE FOR FIRST TWO ROTATIONS 

First rotation Second rotation 
Plot Fertilizing elements added per 
No. acre in tot a I rotation 

Wooster Strongsville WOO&ter Strongsville 

2 Phosphorus, 20 lbs. .. . .... $8 18 $13.92 $16.3.9 $21.79 

3 Potassium, 108 lbs .. ..... 5.03 0.67 4.58 0.90 

5 Nitrogen, 76!bs ....... .... .. 4.56 0.68 10.19 1.05 

6 PhosphoruR, 20 I bs...... .. .. I 
Nitrogen, 76Ibs ............ I 18.41 17.79 33.66 24.19 

8 Phosphorus, 20 lbs...... .. . I 
Potassium, 10~ lbb .......... I 13.88 15.52 23 24 18.97 

9 Potassium, 1081bs..... . • 1 
Nitrogen, 76lbs ............ I 

5.67 3.29 10.09 2.59 

Phosp~orus, 20 lbs ....... ·· · I 
25 33 21.84 40.54 23.62 11 Potaosmm7 lOH lb• ........ \ 

Nitrogen, 61bs ........... 

Phosphorus, 20!bs ......... I 
25.04 21.85 43.47 25.17 12 Pota,sium 1081bs ......... \ 

Nitrogen, ll41bs ........... 

Phosphorus, 30 lbs.... .. ... 11 ...... . .... 35.07 25.97 17 Potassium. 108 lb~ ....... ··1 
Nitrogen, 38 lbs ..... · · ... · 

The relation between the phosphorus content of the soil and crop 
is the reverse of that found in the case of the nitrogen and potassium; 
the percent of phosphorus in the crop, however, is in accord with the 
previous history of the soils and the increased yields from the use of 
phosphorus on the Strongsville soil. 

The higher nitrogen content of the Strongsville soil may have a 
bearing on the percentage of phosphorus found in the crop. The re
sults given in Table V ~how that the addition of nitrogen alone in 
nitrate of soda to both the Wooster and Strongsville soils decreases 
the amounts of phosphorus in the grain below that found in the grain 
from the unfertilized plots, and when phosphorus and nitrogen are 
used in combination the percentage of phosphorus is lower than 
when phosphorus alone is applied. 

The crops from Plots 11 and 12 on the Wooster soil, receiving 
phosphorus, nitrogen and potassium, have a lower phosphorus con
tent than the crop from Plot 6, which receives phosphorus and nitro
gen only; while the same treatment on the Strongsville soil increases 
the phosphorus above that found in the crop fertilized with phos
phorus and nitrogen only. On both these soils, however, the addi
tional amount of nitrogen on Plot 12 bas decreased the percentage of 
phosphorus in the crop as compared with Plot 11. 
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TABLE V-PHOSPHORUS CONTENT OF WHEAT CROP GROWN ON WOOSTER 
AND STRONGSVILLE SOILS IN 1908-PERCENT 

Wooster 

9 

Plot 
~rreatment 1-----------------------1----------------------

Grain Straw Entire 
plant Grain Entire 

plant 
- -------·---·--1---------i----- -----

I Straw 

----

5 

2 

6 

junrerti 
Nitrogen 

Phosphorus .............. . 

Phosphorus ............. I 
Nitrogen ............... f 

Pho,phorus . . . . . . . . . / 
11 Potassium ............ ,~ 

'

Nitrogen ............... l 
Pho•p~orm, ............ 1 

:;.~ Potassium .......... · 
Nitrogen ............... l 

.3337 

.3245 

.3642 

.3422 

.3360 

.3337 

.0506 

.0589 

.0343 

.0331 

.om 

.0372 

.161 

.155 

.172 

.157 

.157 

.148 

.3270 

.2837 

.4122 

.364:3 

.4194 

.4153 

.0501 .158 

.0416 

I :~: .0447 

.0429 .176 

.0458 .197 

.0423 1 .189 

Further illustrations of the relation between the composition of 
the crop and the soil are furnished by the analysis of the crops 
grown on Strongsville soils receiving applications of insoluble phos
phorus. Untreated rock phosphate, or floats, containing 12 percent 
phosphorus, has been applied to one-half of a series of plots devoted 
to 5-year rotation fertilizer experiments on the Strongsville soil, and 
lime to the other half. The average results for four otherwise un
fertilized plots, given in Table VI, show a marked increase in the 
amount of phosphorus in the crop from the soil receiving phosphorus: 

TABLE VI-EFFECT OF TREATMENT OF SOIL ON PERCENTAGE OF PHOSPHORUS 
IN THE CROP 

Treatment 

Rock phosphate ..................... .. 

Li1ne ............................ . 

Phosphorus Phosphorus Phm;phoru~ in ~~11~~~\1~b't: l~ 
in grain in straw entire plant N/5nitric acid 

.4615 

.294i 

.0511 

.0354 

.203 

.114 

.OIHG 

.0006 

The complete data of the Strongsville crops for the years 1908 
and 1909 are given farther on. 

Table VII gives the percentages of phosphorus found in the 
wheat crop grown on seven plots of the manure experiment on the 
Wooster soil, the amounts of phosphorus soluble in N/5 nitric acid 
being also shown. Plots 2 and 3 receive Stons of manure reenforced 
with floats, and Plots 5 and 6 the same amount of manure reenforced 
with acid phosphatt>. 'l'he carriers of phosphorus are added to the 
manure at the rate of 40 lbs. per ton, or 320 lbs. per acre; the rock 
phosphate carries 39 lbs. of insoluble phosphorus, and the acid 
phosphate 20 lbs. of available phosphorus per acre. 
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TABLE. Vll-PHOSPHORUS CONTENT OF WHEAT CROP GROWN ON SOIL TREATED WITH 
YARD AND STALL MANURE REENFORCED WITH FLOATS AND ACID PHOSPHATE 

PERCENT 

Plot J. r~._l.tment 
Pt I Pho...,phoru<o, m "'ml 

'l< <..,phoru..., m 1 ,;;,.,oJubh .. m N 5 
enure... p! UTl I nJtrit- ud 

3679 01Jl lBl OOOJ 

Ill mun .. anclllo..tt~.., 3.,7 (lh57 1624 0010 

m mun md Hoat~ J3l5 Oi37 1~03 li024 

3209 0·182 ll02 0003 

40S3 0.)1~ 1621 UOO:l 

4LOG 06>& 1/.ll Ut!03 

Jd7·1 U4i6 H14 0001 

Although the above re-.ult" are not :,trictly in accordance with 
the total amount'> of pho&phoru:, applied, tal, en as a'' hole there are 
considerable vanation'> in the phosphoru'3 content of the crop and 
boil from the fertilized and unfertilized plob. 

EFFECT OF LIME ON THE PHOSPHORUS ASSIMILATED BY THE 
WHEAT CROP 

The addition of lime to sot!~:> h,ning an immfficientsupply exert<; 
a beneficial eii ect in various ways. One of the ±unctions attributed 
to lime i& ib actwn on the in"loluble pho'3phates which are r-n:e"lent m 
the soli, chiefly in the forms of calcium, magnesium, iron and alumi
num pho~phates. 'l'he increased availability of these pho-.ph,1trs 
may be tiue to a chemical reaction between the lime and the iron and 
aluminum phosphate&, as well as to the more favorable biological 
condittons produced by increa-;ing the lime :;;,upply. 

When phosphorus in the <,oluble form is applied to the soil it 
rPadily combines vvith the ba:;,es present and forms insoluble phos
phates, and it is reasonable to suppose that soils supplied with an 
adequate amount of lime will have a greater proportion of their 
phosphot·us in the form of the more available calcium phosphates 
than soils deficient in lime. 

A comparison of the composition of the wheat crop grown on 
the :;,arne soil, limed at different intervals, shows that the crop from 
the more recently limed soil contains the larger percentage of phos
phorus. Associated with this increa:;,ed amount of phosphorus are 
the same variations in the nitrogen and potassium content which are 
produced by the addition of available phosphorus. 
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The east and west halves of sections E and B, in the 5-yoor 
rotations at "'Wooster, ha>e received applications of lime a..:; follows: 
The west half of Section E was limed in 1 ()00, and the east half in 
1905, the \Vest half of Section Bin 1901, and the east half .5 year-, 
later,in 1906,the lime in all cases being applied to the corn crop. The 
y1elds of grain and straw obtained from both ends of the'>e sections 
for the wheat crops of 1907 and 1908 are irregular. The average 
yield~ from the fertiliLed and unfertJli-ted plots are as follows: 

TABLE Vll!··-AVERAGE YIELD OF WHEAT IN POUNDS PER ACRE 

1W7 

Dat.L of lwnng 

F'nd. t f plot 

A\ ( f'l.ge 1 f 'lll plot'-' l,bl7 1 729 2, ')0(; 2 818 

A Vl r tg-c of unfu t1lued plot.:; b77 7~:1 l 5Rb 1 '5.ll 1 '0(J5 1 240 1 fl!.S 2 103 
,.-----.--···- - --· ---·----·- ·- --·---'--.. -'-------------'--·--·---

The averagt· percentage!> oJ. phosphoru-., nitrogen and pota'S
sium in the crop<., are 'Set forth in Table IX, page 12. 

The phospboru::-. content of the grain and -.,traw is uniformly 
greaier on ihe ea<:>t half of the plots, and the nitrogen percentages 
are grc<1.tee on the west half. Although the percentage of 
potas-.ium in the entire plant i<> greatest on the we~t half, the 
re&ulb show an increased amount in the grain from the more 
recen lly limed :,oil. rraLle X, page 13 bhO\VS that the addition of 
available pho"lphorus to the s0il increase:;, the pho:,phorus and de
crea-.,es the nitrogen and pota:,sium in the wheat plant, and causes a 
greater tran:,fercnce of potat:.'>ium from the &traw to the g-rain. 

A survey of tbes<~ re&ulh in connection with those set forth in 
Table IX gives evidence of the e:flect of lime on the insoluble soil 
phot:.phates. 

PHOSPHORUS CONTENT 
Approximately 80 percent of the pho:;,phoru>. which is present 

in the \vheat plant at maturity is contained in the grain a>. organic 
pho-.,phorus. The ratio of phosphorus in the grain to that in the 
stra\v i:, not uniform for the crops grown unc1er different conditions 
of fertilintion. With an increased &upply of available pho:-..phorus 
there is a tendency toward a greater transference of phosphorus 
from the straw to the grain. 

'l'he addition of nitrogen to the soil not only decrease:, the total 
phosphorus content of the plant, but also causes a greater propor
tion of the phosphorus to be retained in the straw; this is probably 
due to the effect of nitrogen in prolonging the period of growth. 



TABLE IX-EFFECT OF LIME ON PHOSPHORUS, POTASSIUM AND NITROGEN CONTENT OF THE WHEAT PLANT 
---

Phosphorus in wheat grain Pho~phorus in """heat st.raw Phosphorus in entire plant 

1907 1908 1907 1908 1907 1908 

Date of llmlng-.•••••........•.•...•.. 1901i 1900 1906 1901 190ii 1900 1906 1901 1905 1900 1906 1901 
End of plot ••.•.•....•••••.. East West East West East West East West East West East West 

---------- ------------------
Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 

A veraa-e of all plots .•••......•. ···- .3333 .3137 .3508 .3260 .0!99 .0492 .0437 .0383 .1471 .1372 .1632 .1471 

Check plots .••••.•.•...•••••.•••...... .312!1 .2982 .3337 .3131 .0488 .0586 .0006 .0431 .1434 1390 .1614 .1434 

Plots-receivitllf phosphorus ..•.•.... .3489 .3230 .3664 .3405 .0495 .0432 .0382 .0345 .1492 .1353 .1680 .1522 

Nitrogen In wheat grain Nitrogen in wheat stra\\ :8itrogen in entire plaut 

Averag-e of all plots .••••••..........• 1.822 1.925 1.683 1.766 .4071 .4190 .3814 .3852 8924 0.9223 .8904 .9071 

Check plots . . . . . • • • • • • . . . . . . . . . . . 1.&3 1.997 1 724 1.825 .4543 5224 .4441 .4441 .0491 1.0251 9442 .9580 

Plots receiving nitrogen . . . . . . .. 1 810 1.880 1.677 1.741 .39!0 .3681 .3552 3590 .8663 0 8690 .8691 .&'353 

Potassium in wheat grain Potassium in v..heat strau Potass1um in entire plant 

Average of all plots. . • . . . • . . • . . . . . .36& .3517 .3630 .a372 .7285 • 7818 .8887 0.9232 .6041 .6381 .678 .6990 

Check plots • . . . . • • • • • • . . . . . . . . . . . .3814 .3661 .3605 .3292 .7120 .7982 .7&3 0.8004 .5930 .6552 .6160 .6233 

Plots receiving potassium ...... .3599 .3445 .3671 .3458 .7645 .7773 .9968 1.0342 .6223 .6324 .7422 .7581 
I 
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TABLE X-EFFECT OF FERTILIZING ELEMENTS ON THE COMPOSITION OF THE WHEAT PLANT 

'=========--=---==---------~------- - ------ ---~- --- ---------------

Composition of plant 

Treatment 
-----~-----~----------

Grain Straw Entire plant 

Wooster soil Nitrogen Phosphoru~ Pota-;siunl Nitrogen I Phosphorus \ Potassium Nitrogeu I Phosphorus I Potassium 
---~ ------

Percent Percent Percent Percent Percent 

I 
Percent Percent Percent Percent 

Average unfertilized plots ....... 1.724 .3337 .3605 .4442 0506 .7843 0.9442 .1612 6161 

27 Phosphorus. . . . . . . . . . . . ....... Ui05 .3642 .3746 .2&'71 .0343 .6953 0.7880 .1721 .5604 

5} Nitrogen ... .................. j 1.885 .3245 .3512 .5870 .0389 

\ 

.6&'l8 

I 
1.0613 .1550 .5652 

3, Potassium ...... . . . . . . . I 1.710 .3337 .3464 .4335 .0480 .9281 0 9304 .1581 I .6963 
----------

Strongsville soil 

I i l I 
Average unfertilized plots ........ 1 2.090 .3270 .4089 .4214 .0501 1.0264 1.0762 .1581 I 7822 

2, Phosphorus .................. 1.810 .4122 .4735 .3103 .0447 0.9507 0.9011 .1864 .7651 

li, Nitrogen .. . ......... ...... 2.160 .2837 .3772 .4721 .OU6 1.1505 ' 1.0790 .1281 .8704 
I 

3, Potassiun1 . . .............. 2.160 .3014 .3857 .4632 I .0149 1.1387 I 1.1624 .1504 .8260 

--
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Table XI shows the percentages of phosphorus found in the 
grain and straw and in the entire plant, and the pounds t·emoved per 
acre by the wheat crop grown on the 30 plots of the 5-year rotation 
fertility \vork ai "'Wooster. An inspection of these results shows 
that in general, the percentage of phosphorus found in the wheat 
grain bas varied with the total quantity of phosphorus given in the 
fertilizer, excepting that the presence of nitrate of soda in the 
fertilizer seems to have had a restraining influence on the deposit 
of phosphorus. 

It seems that the addition of potassium alone (Plot 3) has 
increased the deposit of phosphorus in the grain, \vhereas the 
nitrate of soda used alone (PlotS) or with pota"sium (Plot 9) has 
reduced the phosphorus in the: grain below that from the unfer
tilized land. Plot 15, fertilized only on wheat, and Plot 14, fertilized 
on corn and wheat only, stand between the partially fertilized plots 
5 and 9, on the one hand, which receive no phosphorus in the fer
tilizer, and Plots 6, 11, 2b, 27 atHl 29, on the other hand, 1vhich re
ceive the complete application on the three cereal crops, corn, oats 
and wheat, the nitrogen for all being carried in nitrate of soda; there 
being a g-radual transition in the phosphorus content of the grain in 
the th1·ee groups. Plot 12, receiving the maximum application of 
nitrate, shows a slight reduction in crop phosphorus, as compared 
with the group receiving less nitrate associated with the same 
quantity of phosphorus. 

In the next group, receiving 30 poundP. of phosphorus and 38 
pounds of nitrogen, Plot 17, receiving its nitrogen in nitrate of soda, 
shows practically the same percentage of phosphorus in the crop as 
the group receiving 20 pounds of phosphorus and 76 pounds of 
nitrogen, but all the plots to which the nitrogen is applied in organic 
form show increased percentages of phosphorus in the crop, 
excepting Plot 20, which receives the small dressing of 8 tons of 
yard manure, 4 tons each on corn and wheat. If we compare the 
yield of thi~> plot with that of Plot 14, which receives chemical 
fertilizers on corn and wheat only, it would seem that the con
stituents of the yard manure have been less effective, pound for 
pound, than those of the chemicals, and this may be the explanation 
of this apparent discrepancy. When the manure has been applied 
in the larger quantity, on Plot 18, we find the phosphorus rising 
in the grain. 

Apparently, sulphate of ammonia has also had a slightly 
restraining effect on the deposit of phosphorus, though less marked 
than in the case of nitrate of soda. 
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TABLE XI-PHOSPHORUS CONTENT 01<' WHEAT CROPS GROWN INS-YEAR ROTATION AT WOOSTER, 
AVERAGE RESULTS FOR 1907 AND 1908 

::::..:.::==..-=.:..~~--===~-=--===~-=~--=:=--=-~:-----::.:.:..-::=.::-::-....:...--:-__ =::::.:.=_---=:=.-:~--=--=~=-======---::.-=--===:::..::::=:=~=-...:::====-==---=====~=-.-:::.:--===:::::=.:.:=--=::--=--====.::::::=:..:...:::::.. ___ .-=::=:::::...---:::.:::=:::.-:..-:-=::::....::=:::--

Plot 
So. 

* 
3 
5 
9 

15 
H 

6 
11 
26 
27 
2H 

12 

17 
21 
23 
21 
30 

20 
18 

per 

Lb<.;, 

10 
15 

20 
~0 
21) 
20 
20 

20 

30 
ao 
:>o 
30 
30 

21 
4H 

Lbs. 

lOR 

41 
75 

i.o~ 
10~ 
108 
108 

108 

108 
lOH 
]Of; 
JOH 
l08 

56 
112 

L-b::, 

7(; 
76 

25 
51 

76 
7fl 
76 
76 
76 

lH 

~itrog·en 

carrier 
Grain 

w.m 
w.~ 
ill.W 
21.06 

~~ 
~lli 

M.~ 
~~ 
ill.~ 
~.M 
~-~ 

M.Th 

~.~ 
~m 
m~ 
~.n 
2D.ffi 

~OH 
3l.ffi 

Averag·e yield 
per a~.:re 

Straw 

Lbs. 

1, 72'1 

2 1~1 
2':>7:l 
2:396 

3.212 
3;623 

3 Gl8 
3'rm 
.,. 'liJl 
3;472 
3,179 

4,047 

3,212 
2. 7R'2 
'J iH'' 3:uu1 
3,mfJ 

2,751 
3,2b'3 

Total 
produce 

Lbs. 

2,714 

3,304 
3,f\O!J 
3,6130 

5,964 
5,674 

5 68! 
li;ou 
1!164 
o:4~1 
4,99'J 

6,129 

5.0:14 
4,31ill 
4,094 
4,769 
4,86! 

4,250 
5,11)4 

Phosphon1s in cron 

In I In I In 
grain straw!· entire plant ------ ------~· __ , __ _ 

Percent ' Perct."llt I Pereent 
.3143 , .0508 .H70 

.3300 

.2985 

.29~ 

.3016 
-319'.J 

.3326 

.~23 

.326-5 

.:J;J62 

.3419 

.32ll 

.3388 

.3658 

.31)ii0 

.&56'2 

.3794 

.33ii0 

.3678 

.0478 

.0533 

.0504 

.0345 

.0348 

.0420 
.fHO'J 
.0-t)l 
.o:"'*' 
.0405 

.0403 

.0!10 

.0388 

.0440 

.0416 

.0498 

.0355 

.048-1 

.1481 

.1370 
.1342 

.13'21 
l """'l . ut ... 

.1473 

.14M 

.lii01 

.H5t 

.1506 

.1410 

.l4Rl 

.1.')60 
.1651 
.1532 
.1714 

.1404 

.161]3 

Phosphorus 
removed 

per 
acre 

Lbs. 
3.99 

5.28 
4.!14 
4.92 

6.69 
7.77 

R.36 
R.63 
7.00 
7.90 
7 .iiO 

8.88 

7.49 
6.8-1 
6.75 
7.32 
8.29 

5.98 
8.58 
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Finally, the effect of an excess of available phosphorus in the 
soil over the nitrogen supply is again shown in the high percentage 
of phosphorus in the crops grown on Plots 2 and 8. It is interesting 
to compare these plots with numbers 5 and 9, both with reference to 
total yields and to com position of the grain. 

The larger percentage of phosphorus in the grain from Plot 29 
is in harmony with the effect of lime previously noted, the phosphor
us carrier for this plot being basic ·slag. On Plot 26 the phosphorus 
carrier is raw bonemeal and on Plot 27 it is dissolved bone black. On 
all the others, except the manured plots, it is acid phosphate. 

The average results shown in Table XI are summarized in 
Table XII. 

TABLE XI!·-AVERAGE PERCENTAGE OF PHOSPHORUS IN THE 
WHEAT GRAIN AT WOOSTER 

Treatment 

---- --------------·-------

Unfertili~ed ......................................................... . 
Nitrogen or potassium without phosphoruc; .... ... . 
Phosphorus, without nitrogen. . . . .. . . ... . . ............ .. 
Phosphorus, with nitrate of sot.ln... ... . ....... . 
Phosphorus, with organic nitrogen .............. .. 

Phosphorus 
it1 grain 

Percent 
.3143 
.3080 
.3690 

.3332 

.3615 

In the Strongsville experiments, as in those at Wooster, the 
wheat is grown in a 5-year rotation of corn, oats, wheat and clover 
on five tracts of land, Sections A, B, C, D and E, each crop being 
grown every year. The wheat crops of 1908 and 1909 were 
harvested from Sections E and A. In 1901 and 1902 one half of 
each of these sections was dressed with quicklime, applied at the 
rate of one ton per acre. In September, 1905, the limed half of 
Section E received another dressing of lime, applied to one half 
(one-fourth of the entire tract) at the rate of one ton and to the 
other half at two tons, per acre, and the unlimed half received an 
application of finely ground phosphate rock, or floats, applied to 
one quarter at the rate of one-half ton and to the other quarter at 
one ton per acre. 

In the spring of 1Y07 Section E was dressed with lime and 
floats applying both materials at the rate of one ton and two tons 
per acre. 

The composition of the wheat harvested in this experiment in 
1908 and 1909 ha~ beeo determined. witb the results shown in 
.Tables XIII and XIV. 
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TABLE XIII-PHOSPHORUS CONTENT OF WHEAT CROP GROWN ON STRONGS
VILLE SOIL. AVERAGE RESULTS FOR HALVES OF PLOTS 

RECEIVING LIME AND FLOATS 1908-1909 

Fertili.dng elements per Phosphoru.;;; in 
acre for one 5~year 

Plot rotat.Jon 
No. Crain Stra\\ Entire plant 

Phos- Pot as- Nitro- - .. ---··---· 
phorus sium gen Floats Lime Floath Lime Floatb Lime 

i-- 1-
Lb,. Lbs. Lbs. Percent Percent Percent Percent Percent Percent 

u~~~~~~u .. ... .4352 .3108 .0467 .0428 .1877 .1368 

2 20 .4569 .4119 .0489 .0424 .1984 .lil8 

3 108 .450~ .3113 .0426 .0391 .1822 .1362 

5 .. .. 76 .4175 .2H06 .0355 .0353 .1691 .1172 

6 20 ... 76 .4621 .3744 .0389 .0359 2003 .1678 

8 20 108 ... 4527 .3962 .0404 .0158 .1997 .1811 

9 .. 108 76 I .4285 .3160 0387 .0346 .1595 .1370 

11 20 108 76 

I 
.4504 .4395 .0460 .0459 .1969 .18Ei2 

12 20 108 114 .4520 .4301 .0466 .0463 .1975 .1899 

These tables show that the percentage of phosphorus in the 
wheat is decidedly higher on the land treated with floats than on 
that dressed with lime, and that it is higher in the crop of 1909, 
following the larger application of floats, than in that of 1908, 
whereas the wheat grown on the limed land shows less phosphorus 
in 1909 than in 1908. In 1908 the further addition of phosphorus 
in the fertilizer bas caused an increase in the phosphorus per
centage of the grain, but in 1Y09 the large dressing of floats bas 
apparently furnished all the phosphorus the plant could utilize. 

The average results shown in Table XIII are summarized in 
Table XIV: 

TABLE XIV-AVERAGE PERCENTAGE OF PHOSPHORUS IN THE 
WHEAT GRAIN AT STRONGSVILLE 
- ··-

Plo t treatment 

Unfertilized ...... . .... ················· ...... 
·of Aoda ...................... 

nitrogen or potassium ... 
Nitrogen, in nitrate 

Phosphorus, without 

Phosphorus, with ni 

!'_!'o•phorus, potassiu 

tra te of soda only .. ... 
m ancl nitrogen .. ...... 

-
Year and cro::,s dres"'ing 

1908 
-----------

Float& J..~ime ~'!oat' 

------------
Percent Perceut Percent 

.4059 3270 .4646 

.4168 .2837 .418'2 

.4419 .4122 

I 

.4689 

.4572 

I 
.3643 .4671 

.4287 .4173 .4736 

··--

1909 

Lime 

Percent 
.2947 

.2775 

.4116 

.3845 

.4522 

It will be observed that the reenforcement of phosphorus with po
tassium,and with nitrogen in nitrate of soda, has apparently increased 
the deposit of phosphorus in the grain at Strongsville, an effect the 
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opposite of that observed at Wooster. On referring to Table IV 
we see that the effect of both nitrogen and potassium on the total 
yielcl ha-s been much sn1dller at Strong:;,vi1le than at \:Vooster, an 
effect in harmony with the analY''>lS of the hVO :;.olls. rl'he eftect 
of the earners of orgamc mtrogen on the compo:;.rtion o± the gram 
has not yet been studied at Strong:;,viile. 

TABLE XV-POTASSIUM CONTENT OF WHEAT CROP GROWN IN 5-YEAR 
ROTATION AT WOOSTER A VEh.AGE RESULTS FOR 1907 and 1908 

"l"'tc1.tmcnt Pt. t t'-ISlum 1n 
Avcrl,;.,f. Yllld Pot!<;;' 

for 5 ~ear rot 'liiC n fur Ul07 1 qo8 <t.Hl1l1 
Plot n·rm,td 
No 

Pho"' Pot" NltiO 'hntln by gr.ctm 

phoruo:; ~mm 
(.-rLm Str t\\ Jhnt 

(rr·un ~tr1w llHl gcn btr··w, 

Lh, Lbs I b ... Ptrcent Ll" 
0'' ..))l/1 i7J7 H 03 

2 20 3(d bf~7) 
Jl "' 

d lOH 2fq '-719 22 Jf> 

5 76 JJb7 7)71 ll 72 

6 20 76 h71 7J.J7 j~j 31 u l 61.~ 33 25 

8 2U lOA 312~ Hlo..7 j lh~l 26 21 2 ()jq 2'l ;H 
q 10~ 7h 'H.>M ll7ti7 75& 21 01> 2 3'1U 2H ()}; 

11 20 lf)k 7fJ .ilfl6 9JU"l 720 u1 {2 ... f-177 4l 47 

12 20 10~ lH 6)17 'l±Rl i.H ,J 7U 4 047 lh 2/l 

H 15 7) 51 qJ~q .Si24 (6(1 l4 Iii d 62.3 J7 ~5 

15 10 41 25 3429 864:i 66b 10 b7 J 212 i){ '17 

17 JO 10~ Jl'! if>J2 R5i0 673 jfl d7 3 212 11 1& 

lb 4" 112 HJ Jh~l %14 (/i'6 6! (,<, i 2ul .H Hh 

20 24 5(, 72 JilJ 7'>11! 622 21 9H 2,751 2!J !) 

21 dO 108 "~ J70q ~7~2 (,'IU 2b ,15 2 7~2 JO 4S 

23 30 10~ )~ JbKl 8bf.l f7'i 2J R7 2 542 2'o ld 

24 JO 10'> JR 3&3! '9'2 "OJ 2H7 3 or,J ill 70 

26 ~0 10~ 76 Wl8 9245 701 .!H J9 2 1!01 .>2 Y2 

27 20 lOb 7~1 d46~ 88fJ5 665 i2 51 ) 472 Jl 67 

~ 20 108 7& 3.il9 h'l21 CU2 JO 3l d 17U dl !;0 

* Avt.rage of unfertlllkCd plot.... 

POTASSIUM CONTENT 

The potassium percentages found 111 the \vheat graip, and "traw 
grown on the differently fertilized plot& are given in Tables XV and 
XVI. Inspection of the results 111 these tables <>how::, that the 
addition of potassium alone or in combination with pho&phoru<> and 
nitrogen has uniformly increa:;.ed the amount of pota::,sium in the 
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wheat crop gro'\\n on Wooster s01l and has generally done so at 
Strongsville. The percentages found in the crop irom the 
Strongsville sotl, as shO\\n in TaLle XVI, are greater than tho~e 
found in the Wooster crop and the incre.t~e from additions of po
ta~~ium in the fertili;er are leb~ umform; tht~ is attributed to the 
larger ~upply of potassium in the Strongsville soil. 

It wtll be obo,ened that phosphoru!>, in the form of raw rock 
phosphate, has affected the dibtribution of pota~~ium in the plant in 
the ~ame manner a!> application!> of the more available pbosphoru& 
supplied by acid phosphate; that t&, on the fioat&-treated land a 
larger percentage of the total potas~ium b found in the grain than 
on that not so treated. 

Plot 
No 

0* 

2 

5 

b 

8 

9 

u 
12 

TABLE XVI-POTASSIUM CONTENT OF WHEAT CROP GROWN IN 5-YEAR 
ROTATION AT STRONGSVILLE AVERAGE RESULTS FOR 

HALVES OF PLOTS RECEIVING LIMl!. AND 
FLOATS 1908 AND 1909 ---- - - - --------

I 'l "- tlmcnt l ot'l";ISJUm Jn 
-f01 53-L lr toto.1t1on 

I I <.tun ".tr.tv. rntuc plnnt 
-- --- -

Ph<l'l P>l" Nttro 
phlru~ ~lllttl ~(..11 

11 )It, l HUt 

I 
rtc'll• J..~tmc.. Ilodt~ Ltme 

-- -- -- -- --- ---------
Lb• Lb~ Lh' PuLent P( tunt Ptr<...c.nt Ptrc...rnt Pe1u.nt Pt.r<cnt 

4259 ~1!06 0 !JN)'l 1 046l 7hl7 blbO 

20 400'l 13JH 0 1)702 0 '1751 7792 7929 

lOb 452~ J"7" 1 12&d 1 1R41 bCJ'i4 8975 

76 4413 J'NJ 101l7 ] 10.33 SUl 85.23 

20 76 !617 4011 0 Rllf7 0 b!Jll 6995 6983 

20 108 15H6 12% (I 92Jl 1 0203 7JOb 7908 

108 7h !l7b d7'<4 1 00'58 1 lOdJ 70bl 840b 

20 108 76 454.1 tm 0 95>1 1 0711!1 7h59 8552 

.'0 10!! lll 4u'i7 4517 0 ')!;58 1 O.l47 779J 81'>7 

---
NITROGEN CONTFNT 

The nitrogen content of the wheat crop grown on the different
ly fertilized plots of the 5-year rotation work on Wooster &oil i~ 

given in Table XVII. 'l'he~e rf'sults show that the percentage of 
nitrogen in the wheat plant is influenced by the o,upply of phos
phorus and nitrogen at its di&po&al. The higher nitrogen content 
of the wheat plant gro\\n on exhausted soil, over that found in the 
crops from the plots which have produced normal yields, is appar
ently due to the decreased elaboration of organic matter. 1 

The addition of nitrogen without pho~phoruc;; has increased the 
percentage of mtrogen in the crop, a~ '\\el1 as the total amount 
removed. In the crop grown under the oppo~ite condttion of 

*The whent gro'!l<n on the unfertllux.d plots and on those recetvmg no pho-pho1 U'> m the fertiiiZel' 
genu ... lly weighs lebs per bushel than thdt ~rrown on the plotq te<.eivmg phosphorus "'peunlly m 
unfavorable sea...ons 



TABLE XVII-NITROGEN CONTENT OF WHEAT GROWN IN 5-YEAR ROTATION AT WOOSTER: 
AVERAGE RESULTS FOR 1907 AND 1908 

- -

Fertilizing elements per acre 11 l N't t t A veralle ;•ield per acre, 
Plot for one 5-year rotatmn . . ,._ 1 .rogen con en 1007 and 1908 Nitrogen Plot 

! Nttrogen earr1er removed 
No. 1-----,----,-----, .---~----, -- I per acre No. 

:h~~s ~Y~~- Nitrogen ~~ Grain ' Str:__j ~;~t~~e _
1 

Grain ~ Straw ---

Lbs. Lb'3. Lbs. I Percent j Percent j Percent Bus. Lbs. Lb.::.. 
* .. .. . .. . Unfertilized .....•.......... i 1.8-U I .466 \ 0.968 16.53 1,722 26.25 ,. 

2 20 . .. .. . No nitro>ren. ...... .. . ..... l.fi60 I .301 I 0.799 27.18 2 818 35.52 2 
3 .. 108 . .. .. . . .. .. .. .. .. .. . l.H:l2 I .449 o !!40 19.55 2'131 30.85 ~ 
8 20 108 . . .. . . . . . . . . . . . . . . . Lf:i91 .316 I O.S26 26.24 2:649 31i.07 li 

:5 . 10 4! 25 Nitri'teo! "'!?a---·......... 1.7&'2 .;u;; I 0.867 ?0.87 I ~.~.1? 43.~8 15 
14 I 15 7o :1 " .. .. .. .. . . . . . . UH~ -:43. 0.869 34.18 3,62~ ~9.3~ 14 

5 •. .. . t6 .. . . . . . . • . . . . . 2.103 .o92 1.107 20 60 i 2 373 39.92 5 
9 .. 108 76 " .. .. . ... .. . . . 2.084 .5.)6 i 1.059 2l.Ofj . 2'396 38.53 9 
6 20 . 76 I .. " .. . .... .. .... 1.831 .355 I 0.3ii5 34.43 I 3'618 50.54 6 

11 20 108 76 I " .. .. ... • .. .. • 1.8'23 .368 0.883 35.62 3'877. 53.17 11 
26 20 108 76 I " .. .... .... .. ... 1.741 .:iiO 0.889 29.39 2'901 41.47 26 
21 20 108 76 " " .. .. ... . .. . .. 1. 714. .3. 40 o 833 32.54 I 3;4n 45.27 27 
29 20 108 76 " " .. .. .... ... .. 1. 7l2 .352 0.858 30.33 3,179 42.75 29 

12 20 108 114 I .. .. ............. ' 2.004 I' .411 0.976 34.40 4,047 61.33 12 

17 30 108 38 I " .. .. ............ ,1.661 .300 0.7fl9 30.37 I' 3 212 40.33 17 
21 30 108 38 Linseedoilmeal....... .. ... 1.613 .307 0.774 26·.4.5 2.'7~:! 33.9.1 21 
23 30 108 38 Dried blood--............... 1.581 .295 ' 0 779 25 87 2'5!2 32 00 23 
24 30 108 38 Sulphate of ammonia....... l.li34 .310 0. 781 2H.47 s;om 37.44 24 
30 30 l(Jd 38 Tankage .. .. .. .. .. .. .. . ... 1.651 .3l<l 0.80.3 29 68 I 3,083 39.28 30 

20 24 56 72 Yard manure.............. 1.692 .330 0.807 2-1.98 2,751 34.34 20 
18 48 112 144 .. .. ...... . .. .. .. 1.751 .351 0.866 31.68 :-s,21i3 44.82 18 

- ~~- - ~ -·~--
*Average of unl'ertilized ptoth. 
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fertilization, that is, a supply of phosphorus without nitrogen, there 
has been a decided decrease in the percent of nitrogen, but a much 
larger quantity of total nitrogen removed. 

Comparing the results for plots 11 and 12, which have produced 
practically equal yields under the same conditions of fertilization, 
with the exception of an additional amount of nitrogen on plot 12, it 
will be observed that the nitrogen content of the crop from plot 12 
has been materially increased. 

The enhanced accumulation of nitrogen in the entire plant is 
distributed differently than the increases of phosphorus and 
potassium; the increased phosphorus is transferred to the grain, 
and the potassium is retained in the straw, while the nitrogen is dis
tributed in both grain and straw. 

Table XVIII summarizes the data obtained from the analyses 
of the wheat crop grown on Strongsville soil. An inspection of these 
resu1ts shows an increased percentage of nitrog-en over that found 
in the crop from the Wooster soil, and a larger percentage in the 
wheat grown on the limed land than on that cross-dressed with 
floats. Table XIX gives the yield per acre and the percentage of 
nitrogen in the grain for each of the two seasons. This table shows 
that in 1908 there was but little difference between the yield per 
acre of the land cross-dressed with floats and that treated with lime, 
while in 1909 the floats treated land produced generally the larger 
yield. 

TABLE XVIII-NITROGEN CONTENT OF WHEAT GROWN IN 5-YEAR ROTATION 
AT STRONGSVILLE. AVERAGE FOR 1908 AND 1909 

Nitrogen content 
Fertilizing elements per 

Plot acre tor one 5-year rotation 
Cross-dressed with floats Cross-dressed with lime 

No. 

Pho~- Pot as- Nitro- Grain Straw Entire Grain Straw Entire 
phorus siurn gen plant plant 

------------------ ------------
Lhs. Lbs. Lbs. Percent Percent Percent Percent Percent Percent 

* .. ... ... 1.812 .305 .852 
I 

2.159 .458 1.055 

2 20 ios 
... 1.775 .235 .802 1.942 .33R 0.898 

3 2o 
... 1.900 .290 .841 2.185 .465 1.085 

8 108 ... 1. 7-10 .~58 .831 1.957 .307 0.943 

5 .. ios 76 1 837 .263 .814 2.290 .485 1.086 
9 2o 

76 1.825 .~7:l .854 2.160 .406 1.033 
6 ioo 

76 1.770 .237 .823 2.025 .343 1.003 
11 20 76 1.780 .276 .837 1.967 .351 0.929 

1~ 20 108 114 1.795 .257 .831 1.985 363 0.970 ----"Avera!-le of unfmtJlJzed plots. 
Our records show that the land on which the wheat was grown 

in1908 had received only half the quantity of floats that was used 
subsequently. In every case however the wheat grown on the 
limed land has shown a higher percentage of nitrogen than that 
grown on the land treated with floats. 



22 OHIO EXPERIMENT STATION: BULLETIN z::n 

TABLE XIX-YIELD PER ACRE AND PERCENTAGE OF NITROGEN tN THE 
GRAIN OF WHEAT GROWN IN 5- YEAR ROTATION 

AT STRONGSVILLE 

N1tJo~m1 111 t-,1 d.m 
:F\:rt.JU.!H1.g ckment.., pt. r 

Plot .-Hrefot ow• 5 \edTlutation 
1909 

No 

2 
3 
H 

5 
fl 
f.i 

11 

lJ 

Pho-;~ 

phnru<-, 

~0 

20 

~~~ 
2U 

20 

10~ 
HI~ 

7G 
j(ih 7h 

jl) 
10,~ 71> 

1oq 114 

12 13 Jj R± ll 47 

20 0<1 ~~ 112 1j (;7 
7 H2 lJ 17 H h7 

25 .1J 21 3U 1~ b7 

12 09 ]~ 3~ 20 (){! 
li g~ ]I, !2 l~ 00 
:!'-l :!5 ~4 ;w lll b7 
~9 JIJ ~) l)b 20 00 

2S f17 2) 7.3 2'26'7 

SUMMARY 

L1111e 

1 bUll 2 OU!l l ~27 2 225 

1 ''21 1 ~4.J 1 7 iO ~ 0~5 

l '"1 2 lbl 1 870 ~210 
1 74~ 1 ~~~ 17!0 ~ Ul:i 

8 fl7 1 RHO 2 lli3 J 7~3 2 120 
11 110 1 \lO ~ 02J ] .~~0 2 300 
2) JJ 1 ~I l ~ Of>l 1 7.lU 1 11!10 
20 L~d I 731 J 871 . 1 8JU ~ Oh5 

26 67 1 H2 l hOJ I 
1

1 H50 2 17) 

The percentages of pho~phoru~, potasbium and nitrogen in 
the wheat crops analyzed e21.hibit a wide range of variaticn. In the 
grain the differences between the maximum and minimum amounh 
found are practically the same for each of the:oe constituents; the 
variations in the straw do not &how as marked a uniformity. 

The compo:,ition of the wheat crop grown on the unfertilized 
plots of two soils, containing different amounts of phosphorus, 
potassium and nitrogen, ib in accordance with the composition of 
these soils. 

The proportion of phosphorus, potassium and nitrogen in the 
wheat plant is increased by the addition of these elements to the 
soil. 

Although the extent of variation due to beasonal conditions is 
greater than that produced by changes in the composition of the 
soil, the variations due to soil treatment are relatively the same for 
the different seasons. 

Phosphorus applied to soil, showing a deficiency o£ this 
element as measured by crop yields, increases the amount of 
phosphorus in the grain. Associated with this increased accumu
lation of phosphorus there is an increased quantity of potassium 
and a decreased amount of nitrogen. 

The addition of lime to the soil increases the amount of phos
phorus assimilated by the wheat plant. With this increase in the 
phosphorus content there are the same variations in the nitrogeP 
and potrtssium as are produced by the addition of phosphorus. 



THE COMPOSITI0N OF WHEAT 

The compo"lition of the wheat crop from plots on the same soil 
treated with five different carrier!;' of phosphorus, namely: acid 
pho'Sphate, bone meal, dissolved bone black, basic slag, and barn
yard manure, shows that the phosphorus content of the wheat plant 
has been increased to the greatest extent by manure. 

The application of untreated rock phosphate to a ::.oil well 
supplied with nitrogen and potassium, increa&es the phosphorus 
content of the wheat plant to a marked extent. 

The percentage of nitrogen in tht: wheat plant varies \vith the 
&upply at ib di~po"al, and is <J.lso influenced to a considerable 
e:Atent by the supply of phosphorus. 

An increase in the potassium supply of the soil is reflected in 
the pota.ssium content of the straw. 

A comparison of the composition of the wheat plant grown on 
the same soil, under different conditions of fertilization, gives a 
better indication of the available supply of nitrogen, phosphorus and 
potassium in the &oil than can be obtained from the analysis of the 
soil itself.* 

"'For data upon the relatiOn of the o,oll an<l it' two~tmcnt to the <ompObitwn of Blue-grab' the 
reader i~ referred to lluUetm :122 of tht& btatlon. 
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ADDENDA 

Detailed results are given in the following tables: 
Table XX--Nitrogen, phosphorus and potassium content of wheat grain 

and straw from east and west ends of the 5-year rotation 
fertilizer plots at Wooster, Section E. 1907. 

Table XXI-Nitrogen, phosphorus and potassium content of wheat grain 
and straw from east and west ends of the 5-year rotation fertilizer 
plots at Wooster, Section B. 1908. 

Table XXII-Nitrogen and phosphorus content of wheat crop, 5-year rotation 
at Wooster, 1904. 

Table XXIII-Nitrogen, phosphorus and potassium content of wheat crop, 
continuous culture at ·wooster, 1908. 

Table XXIV-Nitrogen content of wheat grain and straw, 5-year rotation at 
Woostet·, 1902, 1904, 1906, 1907, and 1908. 

Table XXV-Nitrogen, phosphorus and potassium content of wheat crop, 
5-year rotation, at Strongsville 1908 and 1909. Plots treated with 
lime and floats. 

Table XXVI-Pounds of nitrogen, phosphorus and pota,sium removed per 
acre by wheat crop at Strongsville, 5-year rotation, from halves of 
plots receiving lime and floats, 1908 and 1909. 

Table XXVII-Pounds of nitrogen removed per acre by wheat grain and straw• 
5-year rotation at Wooster, 1902, 1904, 1905, 1906, 1907, and 1908. 

Table XXVIII-Pounds of potassium removed per acre by wheat grain and 
straw, 5-year rotation plots at Wooster, 1907 and 1908. 

Table XXIX-Pounds of phosphorus removed per acre by wheat grain and 
straw, 5-year rotation at Wooster, 1904, 1907, and 1908. 

Table XXX-Ratio of phosphorus to nitrogen. Parts of phosphorus to 
100 parts of nitrogen, 5-year rotation at Wooster. 

Table XXXI-Percentage increase yield and percentage increase phosphorus 
removed by wheat crop on fertilized plots, 5-year rotation at 
Wooster. 

Table XXII-Percentage increase yield and percentage increase potassium 
removed by wheat crop on fertilized plots, 5-year rotation at 
Wooster. 

Table XXXIII-Percentage increase yield and percentage increase nitrogen 
removed by wheat crop on fertilized plots, 5-year rotation at 
Wooster. 
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No 
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TABLE XX-NITROGE.N, PHOSPHORUS AND POTASSIUM CONTENT OF WHEAT GRAIN AND STRAW FROM EAST AND WEST 
ENDS OF THE 5-YEAR ROTATION FERTILIZER PLOTS AT WOOSTER, SEC. E., 1907. WEST END 

LIMED 1900. EAST END LIMED 1905. 
---- ------ ------- ---···-

I Grain Straw 
~""ertilizing elements per I 

acre for one 5-year rotation I 
Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium 

Phos- Potas- Nitro- I we,t I East West Ea<t West East West East West East West East 
phorus sium gen end end end end end end end end end end end end 
---------------------------------------------

Lbs. Lbs. Lbs. Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
... . .. 2.081 2.023 .3012 .3380 .3224 .4161 .5202 .5651 .0628 .0692 l.Ob7 .773 

20 ios .. 1 840 1 79l I .3521 .4151 .3380 .3880 .2904 .3504 .0426 .0700 0.746 .491 
.. .. 1 972 1 H42 .3443 .3.390 .3412 .3831 .5003 -3951 .0481 .0489 0.744 .763 
.. ... 2 0~3 I 1 901 .3!10 .3224 .3371 .3790 4851 .4602 .0588 .0509 0.884 .686 

2o 
... 76 2.3)1 1 2 080 .2912 .3103 .3342 .3841 .6002 .6050 .0526 .0572 0 669 .711 ... 76 ur~ 1 

1.891 ' .3260 3621 .3214 .3513 .3400 .3404 .0451 .0493 0.858 .655 

:io .. 1.903 .3081 .3190 .3'J51 .3832 .4602 .480"4 .0567 .052'2 0.681 .662 
108 '76 1. 781 l 78'2 .3::!34 .3951 .3142 .3814 .3001 .3401 .0414 .0688 0.715 .750 

.. 108 2.293 2 043 .3014 .2920 3431 .3551 .5504 .5652 .0564 .0576 O.o64 .847 

2o i08 "16 2.112 1 H4l .2981 .3181 .3504 .3804 .5203 .4101 .0601 .0443 0 701 .78:! 
1.902 l.!l'JO .3152 .3422 .3250 .3621 .3'204 .3404 .0377 .0423 0.826 .789 

20 108 114 2.113 2.063 .3160 .3181 .3021 .3361 .3902 .4202 .0476 0423 0.801 .835 

"5j 2.001 1.882 .2953 .2923 .3761 .3632 .4500 .4851 .0564 .0497 0.698 .710 
15 75 1.90'2 1.881 .3034 .3181 .3423 .3470 .3401 .4103 .0456 .0335 0.716 .668 
10 41 25 1.861 1.840 .2781 .2952 .3241 .3434 .3500 .3650 .0385 .0356 0.739 .765 

3o 
2.003 1.841 .2852 .2912 .3843 .3804 .6004 .4301 .0663 

:0576 
0.791 .705 

108 R8 1.791 1.783 .3381 .2951 .3551 .3591 .3102 .~403 .0406 0 755 .700 
48 112 144 U!OO 1.862 .33.'l2 .3852 .3514 .3790 .4003 .3604 .0489 .0584 0 807 .712 

2.031 1.801 .2880 .3504 .3860 .3672 .5901 .4102 .0547 .0410 0.737 .686 
24 56 72 1.842 1.693 .3004 .3730 .3741 .3852 .3500 .3204 .0402 .0348 0.729 .69.'5 
30 108 38 1.790 1.612 .3451 .3641 .3842 .3514 .3304 .3203 .0406 .0414 0.800 .753 

1.923 1.701 .2953 .2842 .3923 .3713 .540'l .4001 .0559 .0386 0 816 .715 
30 108 38 1.651 1.591 .3480 .3551 .3790 .3731 .2901 .3404 .0461 .0543 0.760 .758 
30 108 38 1.690 1.672 .3404 .3590 .3872 .36'22 .3103 .3601 .0418 .0534 0800 .798 

2o io8 '76 1.892 1.801 .3041 .2814 .4080 .3590 .530'2 .440'2 .Ob'l3 .0451 0763 .702 
1.741 1.762 .3152 .3171 .3542 .3732 .3504 .4004 .0431 .0447 0.751 .744 

20 108 76 1.761 1.741 .2970 .3390 .3261 .3491 .3503 .3650 .0387 .0501 0.843 .773 

"76 1.853 1.71\2 .2924 .3262 
.3680 I .4154 .5304 .4604 .0530 0 820 .697 

2o 108 1.751 1. 791 .3214 .3214 .3514 .3343 .3502 .3651 .0387 :04oo . o. 749 .768 
30 108 38 1.730 1.723 .3160 .3690 .3360 .3840 .3501 .381:3 .Oilu"' .0601 I o. 787 .700 

Plot 

No. 

-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



Plot 

No, 

1 
2 a 
4 
5 
6 
7 
8 
9 

10 
11 
l2 
13 
M 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

TABLE XXI-NITROGEN, PHOSPHORUS AND POTASSIUM CONTENT OF WHEAT GRAIN AND STRAW FROM EAST AND 
WEST ENDS OF THE S-YEAR ROTATION FERTILIZER :PLOTS AT WOOSTER, SEC, .B,, 

1908, WEST END LIMED 1901. EAST END LIMED 1906. 

Fertilizing elements per 
Grain Straw 

acre for one 5-:rear rotation 
Nitrogen Phosphoru" Pota'Ollum Nitrogen Phosphorus PotabSIUID 

Phos- Pota"" Nitro- West: East West: East West East West East West East West East 
phorus slum gen end eud end eud end end end end end e:>d 1end end ----- --- --- ------
Lbs. Lbs. Lbs. Percent Percent Percent Percent Perrent Percent Percent Percent Pen:ent pet"Cetlt Percent Percent 

20 
... . .. 1.903 1.810 .3112 .3370 .3421 .3661 .4902 .5301 .0474 .056! 0 7841 0 8461 

ios ... 1.551 1.505 .3441 .3641 .3!71 .37!0 .3001 .2673 OJ84 .OWl 0 7&70 0 6952 .. ... 1.810 1 710 .8022 .3332 2790 .MOO .4670 .4351 0166 .0!80 1 0604 0 92'i3 .. ... '76 1.842 1 680 .8190 .3!70 .2814 .360'.! 5021 .4302 .0478 .0605 0 8212 0 6480 

20 
... 2.128 1.81!5 2680 .8243 .2761 J513 .0..<1()3 .5870 .044& .0589 0 8813 0 6&U ... 76 1.761 1 700 .2991 .3-t21 3373 3391 .4302 .8121 .0406 .03J1 0 7571. 0 6304 

20 ios ... 1.802 1 715 .3163 .3423 2562 .3412 .3651 .3520 .0341 .039! 0 7ffll 0 8151 

'76 1.681 1 530 .3582 .J881 .3471 .3691 .3550 2'703 .0312 .0335 11242 0 9580 .. 108 2.050 1-955 .2870 .3012 .3393 .3372 .5152 .5150 .0398 .047!1 11071 1 Ob24 

20 ios '76 1963 1 880 .3231 .3140 .3591 8480 .4321 .!4~2 03Q8 .0400 0 7b53 0 8012 
li71 1.815 .3332 .3381 2932 31153 .3953 .4?01 .11392 0417 1 091!1 10441 

20 108 114 2 043 1 830 .3270 3334 .4141 .3652 .4254 .4128 .0343 .0372 1 0490 1 1070 

jj '75 '5i 1832 1. 755 .3281 .8201 .3780 .3671 .4500 .4370 .0367 0474 0 ff702 0 7802 
1.831 1 640 .8234 .8321 .3553 .3504 .3352 .2904 .0292 .O:l08 0 9754 1.0081 

10 41 25 1.740 1.61;0 .8023 .8293 .3352 .3681 .3571 .3121 .0320 .0320 1 0:!93 0 9242 

80 ios '98 1 822 1.1!80 .8001 .3370 .3324 .3814 .45113 .4404 .0449 .0519 0 9150 0 8681 
1.621 1480 .3861 .3851 .3780 .3670 .28.~ .26~1 .0304 .0357 1.0102 0 9491 

48 112 144 1.683 1.590 .3632 .39H .8804 3614 .3221 .3250 .0355 .0509 0 9871 0 9502 

24 '56 72 1861 1.615 .2941 .3510 .3311 .3691 .43&1 .4302 .0372 .05n 0 7614 0 7552 
1 662 1 575 .2946 .3712 .2970 .3583 .2R52 .3651 .027& .0400 0 80.tl 0 9004 

30 108 38 1.533 1520 .3580 .39-13 3662 .3814 .2871 .2920 .0343 .0390 1 030J 0 9283 

3o ios '38 I 812 1.715 .2881 .3301 .3013 .3621 .44:)3 .470';! .0437 .05,!4 0.7452 0 7054 
1601 1 510 .3643 .3914 .3271 .3922 .2672 .2851 .0322 .0435 1.0461 0 8991 

30 108 38 1.612 1540 .3521 .3720 .3224 .8801 .2i71 .2952 .0323 .oass 1 033! 0.0004 

20 ios '76 1.741 1 7'.15 .3170 .8212 .MRO .3470 4424 .5420 .()498 .0607 0 8431 0 76i'll 
1 691 1'785 .3391 .8321 3671 .3431 .2751 .41i51 .03'76 .04?0 1 07!10 11230 

20 108 76 1662 1.700 .3450 .3612 .111162 "358i .1!252 .E224 .om .0.135 0.913'J 1.0152 

20 ios .76 1693 1665 .3312 3343 3604 .4350 .3720 .0503 O<l88 070Rl 0 8541 
1751 1 690 .3390 .8801 .SOUl .ll712 .4103 .21!71 .0435 J3J9 }.0142 1 0060 

30 108 38 1.561 1620 4151 .4160 .3532 .11991 .2351 r 21'52 .0367 005 0.9570 0.9852 

Plot 

No. 

--
1 
2 
3 
f 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
15 
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18 
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23 
24 
25 
26 
27 
28 
29 
30 

~ 

0 
Ill .... 
0 

~ 
"d 
t."'.l 
1:0 

! 
Ol 
li 

~ 

~ 

~ 
~ 
i! 



Plot 
No 

--···-

ll" 

2 

a 
5 

r. 
I" 

9 

Jl 

1~ 

11 

13 

17 

lA 

20 

21 

2:l 

21 

20 

27 

29 

30 

'l'HE COMPOSITION OF ·wHEAT 27 

TABLE XXII- NITROGEN AND PHOSPHORUS CONTENT 01<' WHEAT CROP, 
5-YEAR ROTATION AT WOOSTER 1904 

-· 

F'ertllLtmg- element...., pt_~r :11 1e for 
one 5 ;.t~~tr In! ..1! 10n N:ttH-'1-ft'll 

Pol,;"ltil:_l I Pho'-.phoruo:., NltfOi;.l"Tl {,Jatn 

-----·---~-

J~th Ll•s Lb;, Percent 
2 O~:J 

~0 2.141i 

10.5 2.181 

7fj 2 146 

20 7o 2 117 

20 11)~ l ~45 

lOH 76 2 115 

~0 10~ 76 1 95() 

20 108 114 2 120 

15 73 51 1.930 

10 41 2J 1.990 

30 lOll 3~ ····· 
4R 112 144 2 {)3;) 

24 56 72 2.050 

30 10~ 3R 1.830 

30 108 38 1. 79.1 

30 108 38 1.874 

20 108 /6 1.979 

20 lOS 76 ... 
~0 108 76 2.010 

30 I 108 38 1.866 

.T 
Ill 

Str~nv 

PerC~-~ni 

ll 947 

0 G40 

0 9~5 

1 056 

0 i!H 

.. 
0 814 

0 46fj 

0 539 

0 466 

f) 480 

0 376 

0 501 

ll.fi4J 

0 HO 

o.4o5 

0 440 

0.640 

0 539 

0 570 

0 5il9 

·-·-····--· 

Pho...,phm ·u..., rn 

c. ram 

Per( <"llt 

3W3 

.3960 

33G6 

.8187 

.4034 

.421& 

.3423 

3886 

.37'37 

391G 

.3750 

.. 

.4357 

410fl 

.4117 

4357 

4095 

.4265 

. ... 
4012 

.4073 

l 
I 
I 
I 
I 
I 

I 
I 

I 

I 

Straw 

Percc~nt 

.o12 

.0124 

0995 

.08fl9 

0799 

.0921 

0!143 

09fll 

0860 

0519 

.0671l 

.0755 

.1030 

.1013 

.0655 

.0833 

0890 

0890 

.0868 

.0816 

1920 

:t A vet ~tge of unfert1li.1ed plot;., 
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TABLE XXIII-NITROGEN, PHOSPHORUS AND POTASSIUM CONTENT OF WHEAT CROP. 
CONTINUOUS CULTURE AT WOOSTER, 1908 

li"ertiLizing elements I ,T. · I p h · I P t · · 
Plot ---------~~-lit.-d per acre ~~-- ... ~Itrogen 1n 1 hosp orus u1 . o asstum 1n 1 Plot 

No.I 1 1 
1 I I I' No. Acid J\1uriate . Nitrate . · , Entire . Entire . , Entire 

__ 
1 

phO'<phate . pota~--~ ~soda ~-~~ Stra\\ plant Gram Straw plant Gram Straw plant 

* I! Lb;, Lb,, I Lb,, percet~t I Perc.ent I Percent 1 e~c':_nt Per"':_nt Per~~nt I' Pe"':'nt Pe~':'nt l Per~ent * 
.. . .. . i 1.&'!6 .5740 'I 0.9691 .• l0D3 .0552 .B35 .3661 0 1147 .6501 I 

2 l 160 100 I 160 l 77'5 l .4304 0 8720 .4034 .0499 .1659 .37'&0 0. 7735 I .6403 I 2 

3 45 30 ' 160 1 9~5 .4103 I 0 919'l .3166 .0418 I .1340 .3521 0.7598 .6210 3 

5 

6 

8 

9 

Yard manure 2% tmh .. · ... .... 1.710 .4102 0.8714 .3655 .0518 .1628 .3600 0.7&!7 .6331 

Yard manure 5 ton~ .. . .. . .. 1.660 .&'121 0.8271 .3839 .0570 .1707 .3800 0.9096 . 7280 

160 I 100 I :120 1.970 .5.')70 1.0460 .4144 .0594 I .1820 .3923 1.0627 .e291 

90 60 I 320 2 065 I .612'2 1 1232 .3154 .05.'!9 I .1458 .3601 0.8219 .6583 

• \ l 1 .1g-e ol twle! tlll/Cd pJot~. 

I 

5 

6 

!! 

I 9 
I 
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TABLE XXIV-NITROGEN CONTENT OF WHEAT GRAIN AND STRAW, 5-YEAR ROTATION AT WOOSTER-PERCENT 

Year 

Plot 
No. 

* 
2 
3 
5 
6 
8 
9 

11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 
29 
30 

*Average o! unfertilized plots. 

_1_00_5_, __ 1_900_'_1 100·~'---
Grain [ Grain I Grain 

---J----1 I 

2.:144 
1.8."0 
2.440 
2.000 
2.150 
1.900 
2.580 
2.050 
2.:110 
2.210 
2.100 
1.900 
2.000 
2.250 
1.980 

i:ooo 
2.150 
2.110 
2.260 
1.970 

2.100 
1.820 
2.240 
2.400 
1.9.30 
1.650 
2.3'20 
1.900 
1.n2o 
1.800 
1.900 
1.790 
1.830 
1.940 
1.710 
1.740 
1.9.'30 
1.9:10 
1 900 
2.000 
1.700 

1.918 
1.815 
1.905 
2.205 
1.9:10 
1.7b0 
2.165 
1.86.5 
2.085 
1.890 
1.850 
1.7R5 
1.875 
1.765 
1.700 
1.620 
1.6RO 
1.750 
1.750 
1.770 
1.725 

Straw 

.4R8 

.320 

.447 

.602 

.<Ho 

.320 

.557 

.a:;o 

.405 
.375 
.357 
.325 
.380 
.335 
.325 
.315 
.335 
.375 
.3157 
.357 
.365 

1908 Average 

Grain Straw Grain Straw 

1. 771 ..!44 2.080 .674 
1.527 .283 1.860 .423 
1.760 .451 2159 .641 
2.002 .583 2.314 .796 
1.732 .371 1.991 .441 
1.605 .312 1746 .il41 
2.002 .515 2.283 .690 
1.792 .407 1.920 .409 
1.935 .418 2 064 .472 
1.73.5 .312 1.919 .405 
1.712 .334 1955 .406 
1.550 .275 1.756 .341 
1.635 .323 1.896 .422 
1.620 .325 1.928 .469 
1.525 .289 1.727 .352 
1.555 .276 1.670 .348 
1.592 .286 1.768 .357 
1.737 .365 1.9'28 .450 
1.682 .3'23 1.8il .409 
1.720 .348 1.977 .445 
1.590 .260 1.769 .401 

-----

Plot 
No. 

·-

* 
2 
3 
5 
6 
8 
9 

11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 
29 
30 
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TABLE XXV--NITROGEN, PHOSPHORUS AND POTASSIUM CONTENT OF WHEAT CROP, 5-YEAR ROTATION AT 
STRONGSVILLE 1908 AND 1909. PLOTS TREATED WITH LIME AND :FLOATS.--PERCENT 

_____ --=::.:..::..::::::.=.::.::::-.=.::=:--...::::.:-======--=--=--=::::::::_~_-.:::.::._::..--===-====::.:.-::==-----==-------=-~---=-----::=:---=:::-----

'---------------- <;rain-liJU~ . -~--- Stra:~s 
1 

' ( I ! l ! \ I ' 

'l::~:~.-~~"~o:~_-J~inl~-1-- ~~o:t~--_.L_r:i~ne .I .. Fioa·t·.~_L_ Lime_
1

1 
Fluab I Lime ~~loa~'_i _ _:~~-~-l"lo~t-'_I_Lime ·I ~r:~ 

i ! I 

.:\iti'->gt~n I Phn!!phoru-... f Pot..t-..sium : Xitrogen 1 Plu~phorus j Potassium 
I I I I 

·---- ---···---------~----· ----·------------ . ----
------- \ ; l I; 1\ ! II I Plot 

' 1 1 1 . No. 
l ~2~1 2 2Rl :J~fl7 l .3290 ' .441!8 I .4296 I .33:.4 I .5304 .0597 .0470 0.9b19 0.944.7 1 
1 ;>24 1.~43 .4H!l .4122 .4497 .4735 'I .21Ul I .3112 .0476 .0447 0.93'25 0.9507 2 

3 i 1 hi! 2 lfU .4162 .iJ014 45M I .3&'i7 .3006 .4b'21 I .0429 .0449 1.2462 1.1387 I 3 
4 I Lt<70 ~ 210 .4o~'!l .~7±4 .4513 1 .3H46 j .2921 I .4513 1 .o:Ho .0439 1.2088 1.0929 4 
5 1 &'ll 2 162 .4llill .2~37 .4.5111 .3772 ' .2.811 .4706 .012\l .0416 1.1456 1.1505 5 
lj : 1.:-<14 2 ()1)1 .!372 .31!43 .4775 I .4J36 I .2512 I .3610 .0375 .0429 1.0301 1.0207. I 6 
7 l J.7Hl I ~-021 ,. .4327 .3546 : .4284 .4119 I .3'220 .3807 .0398 .051.i0 I 1.0456 1.0316 7 
~ , 1 74~ 1 Pill .4431 .4239 ! .4582 .4534 • .2702 .272'2 .0376 .0599 , 1.07RR 1.0642 8 
9 i' l.&io 1 2.023 .1061 1 .3:){)2 

1
. .4493 II .4131 / .2713 I .3813 .n:m .0406 !' 1.1987 1.1381 I 9 

10 l.R61 I 1 (h').! 4liJ:l I -~403 .43:)~ .4.114 .3070 I .3224 .U355 .0476 1.0494 l 0570 10 u 1 tm · 1 ~\1 
1 

J~~s 1 :m§ 1 :~~~ ::m :~~M I :~atg 1 :8!~ ::k~ 1 s:= t~ . H 
__ JL..1--___ 1,_7~ ___ 1 _ _!l__Q~l- _.a•mt_l Wl6'{_1 __ .Jl;"<ll5 _ ~Ui()_l __ ._:lll'_Z_!_\.....:.±2!;!_,_J __ 0425__!_.05I_>~i 1.0368 1.0064 _____ · __ \--1_3_ 
___ :'___ 1 ____ !.:_~ I 2.0BH__' __ .:.:I_(Wl __:_ .3~H_O __ .4~8() .4089 1-·32"9 __ 1_.!212 .01:.'0 .0501 I 1.0601 _1,1J2!11i. ____ "' __ 

-----1----------c-----=~n 1809 111 I Straw l!lO'J I 
l 1 ~:JO I 2 l'!ii ' .1789 I 3098 I .4770 .362'2 l .2970 I .4401 I .0556 .llh'72 I 0.9101 '!' 0.9741 1 
:< 1 "j.)U 2 Ot3 -lfi-~9 .4116 .450il .4341 .2fl()3 .3670 0502 .0400 1.0070 0.9990 2 
3 1 Hio , z_ .21o 4s4·1· ! .3tW . .45 __ 12 .3904 .2e(.l4 I .1102 .0424 .0333 11 I.0061 ; 1.2291 a 
! 1 ~o~ • z 1~o +~~ ~!~~ 1 .437u .3zou .3021 -!472 o5-i2 .0'284 o.8462 .

1 
I.OQ92 4 

., 1 tHo I 2 cl20 411'2 .21/o ; .4324 .33l:ll .24t0 .o004 1 0290 .0290 0.8.814. l.Oii60 5 

'.' l. 730. I 1. 990 .4ti.'71 .3845 I' .4~51 .3. 7. 5. 2 I .2. ~.b.~.). .32. 71 ! .0404 .0289 I 0.6'732 o. 7653 6 7 1 770 "i 2.:Jl5 4til4 .2H30 .4223 .3J90 ,2471 .5~52 I .0385 .0344 I 0.8821 . 1.0041 7 
8 1.740 2 O~.'i 4623 .3&\5 .·1590 .40()3 i .2470 .3451 ,O;._'l2 .o~Ul , 0.76!l0 j 0.9762 8 
u 1 s*o 1 ~ ~~o .430? -~~~7 .425~ ·ilWf . -~7!3 .fJ24 .049~ .o~ i o.s1z4 1.06§0 9 

10 1 9u0 " .,II .4702 .2t~l A073 . .'!ba2 I ._Sill I .n61!-! .O.J..~ll .Oo6J I 0.9403 1.2053 10 
l} 1 ~!II * O!J.i .1~9:J .4. of!(; .

1 
.4. H.l .42~] p?2 .40_gl .tl4f0 ·0!59_ 1 J.94iJ). 1.2224 11 

12 1 ~aO _ !tO .4tbll ·1-149 .4304 .455.3 .29JO Ao10 .0530 .0502 · 0.9723 1.0641 12 
__ l;!_,_\ __ 1 1'0.5_i _1_175 _ _ __ -l5:Jil __ _.il2_;J_ll_ [ __ ._41l__.31 _ _J~_96o -I· .322L_ .5172_ -~o61o .040'2 _\_!!_:9760 __!__ .. 1~ __ 13 __ 
__ _:- __ j_ _ __l ~27__~-J'~5~5 ___ __:ll,l_4_1_l_ ___ .....,:29-17 __ i _,.::12!13_ .37'22 .2912 .41l80 .0.511 .0354 -~9109 I .(1657 * 

i-A. v erage of unfertilized plots. 
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TABLE XXIV-POUNDS OF NITROGEN, PHOSPHORUS AND POTASSIUM REMOVED PER ACRE BY WHEAT CROP 
AT STRONGSVILLE, 5-YEAR ROTATION FROM HALVES OF PLOTS RECEIVING 

LIME AND FLOATS, 1908 AND 1909-
--· - -

Grain 1908 Straw 1908 

--;;:~-~- Lime --_ -;;::--T- Li~~ I FloatB I I I I I J.Jime Floats Lime Floats Lime Floats 
I 

Lime 

I ~itrogen Phosphorus Potassium Nitrogen -I Phosphorus Potassium 

--
9.09 21.46 1.99 3.12 2.20 4.07 3.23 7 47 0.585 0.659 9.42 13.:51 

21.29 21.34 5.20 4.78 5.25 6.48 384 5.70 O.l"li8 0 .8'20 17 06 17.48 
7.32 20 73 1.65 2.1l9 1 61 3.70 2 40 6.25 0 340 0.606 9.96 15.48 

11 78 22 70 2.57 2.74 283 3.94 2.75 7.20 0323 0.698 11.48 17.48 
11.84 21 81 1.62 2.86 283 3.80 350 8.41 0 523 0.742 I 14.31 20.59 
31.85 29 87 I 8.04 5.28 8.40 6 28 6 40 7.30 0.956 0.868 26.51 20.71 
10.32 17.97 2.51 3.15 2.48 3.66 3.52 5 13 0436 0.755 11.49 13.92 
27.48 25 38 699 5.71 7.23 6.11 6 42 5 21 0.895 1.152 25.67 20.53 
15.73 23 23 349 4 02 3.86 4.74 3.83 6.42 0 .5<."8 0.685 17.0'2 19 22 11.52 20.71 2.68 3.70 2. i7 4 48 348 508 0.410 0.755 12.17 16.80 29.41) 30.10 7.24 6 74 7.80 7.20 8 57 7 05 1.287 1.074 25.1;1 22.0'2 
2836 26.10 6.94 6.02 7.17 6.50 556 5.79 1.017 0.943 25.28 22.40 
11.01 19.18 2.36 H-19 2.47 3.76 4 46 6.76 0.523 0.003 i 12.85 16.19 ------

Grain 1909 Straw 1909 

1756 12.23 4.59 1.73 429 2.02 5.10 5.54 0.956 0.467 

I 
15.65 12.28 

16.26 17.17 4.40 lU5 4 23 364 5.62 6.67 0 895 0.729 17.93 18.19 
17.33 11.49 4.26 1.66 3.96 2.02 4.53 5.45 O.fJ85 0.384 16.29 14.25 
18.71 10.89 4.76 1.39 4.54 U9 5.06 5.27 0.899 0.331 14.05 11.90 
21.54 12.58 5.01 l.H 5.18 1.76 5.13 5.80 0.60'2 0.336 18.33 12.24 
20.41 27.85 5.50 5.37 5.25 5.24 4.77 7.H4 0855 0.61l9 14.27 18.36 
16.64 12.50 4.33 1.51 3.96 1.93 3.85 6.30 0598 0.410 13.76 12.05 
19 49 26.45 5.17 4.78 5.13 5.27 4.59 7.93 0.803 0.729 14.28 22 45 
19 65 15.18 4.86 1.85 4-59 2.26 5.04 

6.131 
0729 0.41!6 U.T8 15.16 

20.84 12.70 5.07 1.55 4.40 2.04 I 5.24 6.38 0.794 0.419 17.30 13.74 
21.72 25.18 5.63 5.60 5.33 5.19 4.87 10.77 0.921 ].231 19.80 32.74 
25.16 34.72 6.50 7.11 5.85 7.27 I 7.25 13 H 1.301 1.445 23.91 30.65 
2'2.01 13.92 5.53 2.08 4.91 2.53 I 6.82 7.23 Lao/ 0.563 20.69 15.90 

·--··-~ 

I .., 
<:: ., 
a .., 
"' !: 
8 

Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 



3.? OHIO EXf'Ifhil\lFNl STAriON: BULLETIN Z2l 

TABLE XXVII-POUNDS OF NITROGEN REMOVED PER ACRE BY WHEAT GRAIN 

AND STRAW, 5-YEAR ROTATION AT WOOSTER, 1902, 1904, 1905, 

1906, 1907, 1908. 

==:===:::·==-====----- -- - -=-===--=-=----· 
Nitro10en t'l'movod uv gram Nitrof..''t'n removt'd hy ~tr.tw 

190'2 1904 1903 1906 

PiOt ------ ---
No. 

] 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2!:1 
29 
80 

17 07 
28 98 
20 10 
15 80 
19 78 
4248 
16 81 
23 78 
21.25 
13.!:15 
4397 
49 31 
14 43 
41 90 
46 17 
14 7ll 
35 71 
30 75 

j~'iil 
2580 
11 17 
23.22 
2087 
11.49 
34 45 
35 10 
15 01 
3906 
3209 

09 35 
25 37 
15 97 
12 20 
16 24 
31.65 
11 43 
2214 
15 76 
10 75 
31 39 
3593 
1196 
33 80 
33 57 
11 55 

so'ii! 
12.11) 
27 37 
29 Td 
12 83 
25.91 
26.46 
12.94 
80.18 
i2'o3 
27 23 
2500 

OH 03 
17 00 
07 07 
0680 
OR 91 
2752 
06 51 
17 14 
Oh 25 
0623 ao 44 aa 15 
06 07 
31 93 
2724 
03,0'2 
22 2'& 
2259 
07 39 
17 71 
2334 
07.56 

24'87 
08 32 
22 25 
32 60 
09 69 
27 74 
24.48 

23.01 
3353 
2A 09 
2524 
3060 
45 40 
27 09 
31 97 
37 12 
27 b'2 
4M 68 
50$ 
21 00 
43 10 
4650 
26.80 
4350 
46 75 
2895 
43 16 
39 42 
26 94 
3758 
41.15 
2732 
45 35 
4454 
:!:HI!! 
4680 
35.0'2 

1007 190H 1902 

17 91 
26 38 
19 05 
19 14 
2528 
36 75 
11! 52 
24.51 
~3 05 
13 45 
33 32 
4238 
JG65 
3250 
2996 
15 76 
2847 
S:i 88 
If) 91 
2~ 82 
22 23 
13 19 
19 49 
24 3H 
12 89 
2ll 18 
30 70 
141] 
2ll 01 
2989 

23.59 
2765 
23.7il 
21.63 
20.44 
38.57 
20 76 
26.75 
il8.46 
24.78 
44.58 
47 .0.~ 
22.94 
41 29 
35 T& 
16 09 
31 91 
32 66 
18 33 
26 73 
2H 52 
19 l!O 
29 71 
31.51 
19 41 
3'J 28 
36.17 
18 71 
34.34 
29 18 

OR.BO 
07 79 
011.40 
05 89 
07 59 
13 20 
011 (it 
0697 
08 13 
10.30 
11.76 
15.28 
05.81 
12.36 
11.90 
06.07 
HI 2'.1 
09.16 
07 45 
06.1'!3 
0614 
04 45 
05 59 
04 99 
04.29 
07.08 
08 29 
04.50 

~:Rt 

190! 

06.80 
12.59 
16.42 
14.2'2 
18.40 
13 fil 
09.73 

i5:5i 
09.M 
14.40 
11!.0!! 
12 96 
13 79 
15 1H 
09 91 
10 38 
1450 
13.01 
16.23 
11.11!1 
12.34 
10.46 

}~·~ 
18 08 
16.3l 
1151! 
16.09 
15.04 

1907 

10.63 
09 10 
08.70 
08 44 
13 5H 
12 00 
08 51 
87.99 
11.54 
06 15 
12.38 
16.46 
06 fill 
13.12 
11.92 
07 92 
10.31 
13 54 
07.00 
09.78 
08.81 
0635 
07 01 
10.32 
06 59 
1137 
12 70 
06.75 
11.47 
11.90 

190H 

11 86 
07.Hl 
10.11 
09 H4 
14.54 
12.H4 
0622 
08 89 
14 0'2 
09.16 
16.07 
16 80 
0~ 53 
11.77 
10 34 
06.76 
08 97 
09.56 
07.63 
08.36 
0825 
08 13 
07 79 
O!!ti9 
09 6'2 
10 11 
10.96 
06 41 
10 67 
07.58 



THE COMPOSITION OF WHEAT 

TABLE XXVIII-POUNDS OF POTASSIUM REMOVED PER ACRE BY 'WHEAT GRAIN 
AND STRAW FROM EAST AND WEST ENDS OF S- YEAR ROTATION 

33 

i Gra~ . I Stran 

~~:~ ~----1~7 -1 -. --·lOOs-----1_ .... ___ !90! __ .. -1.--~--1908 ----· 

__ --~ Ea'.::_ end [. Wt"t end I!~':: end i We"t eml ) Ea't "':':.I West end / .. East en<l I West encl 

1 I' 3 :J5 i 3.02 I 4.31 I 4.65 I 13.88 i 23.26 I 14.90 I 23.07 
2 5 ~6 I 5.23 I fi.53 I fi 50 I 12.79 I 23.36 ! 16 69 2~ 18 
3 o.Hl 1 o.4:l I o.5tl 1 3.H2 1 14.54 I H.m 1 19.14 1l 25.55 
4 I :u5 1 3.40 4.49 

1 
:u1 1 10.36 IH.lt , 13.43 17.95 

5 4 30 ' 3.91 5.05 I 3 ;j5 I 15 U2 I 15.19 I 17.2i:l I 21.90 

~- , ~:~r u~ 1 H~ 1 ~-~t 1 in~ 1u1 ¥U~ 1 ru~ 
ll 4.\14 i 59 I 5.G7 li.O_l I 18.:l4 ' 1~ 3~ ~~U!! I 35.57 
9 4 2s a 22 4 70 5 oa ' 19 10 1 1u 21 ~~. 76 1 :u. 95 

10 3 ll 2 o2 4.25 4.62 ll.ilfl ~ 21 13 ~7 1 1o.s3 
11 ~til! ~ ~~ 9.A3 7.14 ?9.35 1 ?PO 1qz 1 4:J.l4 
12 6.!6 6.10 I 9.18 9.17 3U.H4 I :l5.Rl ·!6 . .>~ · 40.28 
13 3 30 2 67 I 4.19 5.35 lUll 9.70 14.61i J7 11 
14 6.10 5 77 8 47 8.32 23 28 25.19 34 90 39.37 
15 5.59 5 2'2 I 7.26 7.30 24.41 25.79 2~ OIJ 32.34 
16 3.49 V~IJ 3 54 3 02 12.69 lO.ti~ 13.11 !.1.00 
17 6 06 5.iJ:J I 6 HO 8 40 22 06 24 1H ~U4 3(i 65 
1H 7 09 6.14 I 6 78 8.05 26.55 27.5H 25 67 31.68 
19 3 07 3.01 iL57 3.73 12.21 .. . .. 11.40 15.45 
20 4.55 6.(11 5.5tl 5.l5 20.31 21.30 22.67 21.22 
21 4 39 5.2:i 6,,18 7.44 19.52 22.73 23.3~ 32.77 
22 2.H4 2.63 1 3.1~ 3.86 9.47 11.1S 10.16 15.90 
23 4.35 4.7o I' 6.3_,; 7.14 15.13 19.oo ~u» 34.48 
24 5 2S 5 57 6.12 7 50 25.&l 23 21 24.49 3(1.71 
25 2 (19 2 li5 ' 3.36 4.44 8 77 11.06 13.27 18.76 
2fl 6 oo 5.oa / 6.34 7.24 24.03 21.12 3o.n 30.52 
27 6 31J 5 5l 7.58 27.52 29.95 35.63 29.87 
2H 3.0S 2.43 I ::i' 65 4.35 11 19 0.48 1l.U5 12.36 
29 6.03 5.17 I s.66 5.84 27 46 21 21 as.a9 26.47 
30 6.35 6.11 ~.51 5.29 23.04 27.~H 30.54 25 83 

TABLE XXIX-POUNDS OF PHOSPHORUS REMOVED PER ACRE BY WHEAT GRAIN 
AND STRAW, 5-YEAR ROTATION AT WOOSTER, 1904,1907 AND 1908 

:;:::::::.:::::~:.:::::::__.:=._"~' 
.. ·-·- ··~- - .. ···-· ... -

Grain Straw I 

Year 1904 1907 190/l 1904 1907 190S Year 

---1- ------·--1- -
Plot Ea"t West Ea;.,t \\rc•1t Ea't WC''"-t l~a,.,t We"t Plot 

No. encl end end und end end end end No. ___ .. ------ - !-- :-1--1-!-

1 1.41 2.72 2.83 3.98 4.23 0.92 1.24 .Ul4 0.99 1.39 1 

2 4.68 5.b'2 5 47 6.35 0.46 1.42 1.!;2 1.33 0 .!;2 1 20 2 
3 2.46 3.37 3.41) 4.41 4.14 1.6.'5 0.93 0.96 099 1.12 3 

4 1.94 2.93 U4 4.32 3.88 1 30 0.76 1.20 1.25 1.04 4 

5 2 41 ~ 47 3.40 4.67 3.25 156 1.28 l.l9 1.47 1.10 5 
6 6.02 .99 

! 
6.13 7.ft6 6.li3 2.;!0 1.92 1.67 1.10 144 6 

7 2.0:~ 3.03 2.91 3.79 

I 
3.94 1.15 0 90 1.07 0.54 0.70 7 

8 5 05 5.11 4.R6 5.85 7.2/S 1.74 1.68 1.06 0.~1 0.98 8 

9 2.54 3.52 
I 2.83 4.20 4.34 1.79 1.30 1.06 1 2'2 1.14 9 

10 1 92 2.61 2.23 3.83 I 4.40 
I 

l.O!J 0.67 0.70 0.79 0.87 10 

11 6 25 6 29 5.47 8.57 8 1~ 2.110 1.57 1.42 
I 

1.65 1.54 11 
1~ 6.33 5.8.3 7 05 8.39 7.71 2.88 1 5li 2.13 1.55 1.31 12 

13 2.02 2 65 2.1l9 3.65 4 65 l.JO 0.77 0.78 
I 

0.89 0-72 13 

14 6 61 5.58 5.10 8 04 7.57 1.53 1.17 1.6fl 1.06 1.17 l4 

15 6.~2 4.82 4.48 6.55 6.59 2.13 1.13 1.34 0 96 1.00 Hi 

16 2.13 2.67 2.08 3.13 2.72 1.08 ... O.H9 0.78 0.68 16 

17 
I 4 99 5.08 7.12 7.56 2.08 1.~1 1.30 1.02 1.10 17 

18 iui5 · I 7.20 5.90 7.42 7.45 2.98 2 17 1.67 1.37 1.13 18 

19 2.25 3.50 2 24 3.40 3.31 1.71 0.72 0.73 0,86 0.75 19 

20 5.47 5.07 4.02 5.79 5 10 2.54 1.01 1.17 1.00 0.72 20 

21 6.68 4.55 4.69 6.71 7 31 1.72 107 1.15 0.98 1.09 21 

2~ 2 37 2 26 1.98 2.90 3.70 1.38 0.51 0.76 0.78 0.92 2'& 

23 6.29 4 13 4.32 6.33 7.97 2.00 1.08 1.09 1.03 UJ6 23 

24 5.78 5.24 4.90 5.99 8.19 2 03 1.73 1.21 0.98 1.14 24 

25 2.39 2.10 1.98 3.09 4.05 168 0.56 0.89 105 1.10 25 
26 6.50 5.18 5.02 6.20 fl.69 2.51 1.44 1.21 1.28 1 06 26 

27 6.18 5.02 7.84 7 36 263 1.78 1.37 1.17 1.06 

I 
27 

28 2.i7 2.98 1.92 3.40 4.00 1.32 i:64 
0.91 0.54 0 87 28 

:&9 5 43 5.84 4.76 8.87 5.66 2.30 1.07 1.25 1.13 29 

30 5.45 6.09 5.74 8.91 6.31 2.57 1.84 2.00 1.37 0.99 30 
-
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TABLE XXX-RATIO OF PHOSPHORUS TO NITROGEN. PARTS OF PHOSPHORUS TO 
100 PARTS OF NITROGEN. EAST END 5-YEAR ROTATION 

AT WOOSTER, 1908 

Fertilizing elements pE'r acre for one 
5·n•ar rotation 

Parts of pho,phorn• to 
100 parts of nitrogen 

Plot Plot 
No. No. 

Phosphontq Pota"lum Nftrogen Grain Strav. 

----· 
Lbs. Lbs, Lhs. 

1 20 
.... ... 18 59 10 60 1 

2 'ios ... 24.18 12.HJ 2 
3 .. .. 19.51 ll.OO 3 
4 .. .... 

76 20 69 14.05 4 
5 20 

.... 17.11 10 04 5 
6 .. ~. 76 20 12 10.60 6 
7 2o "iris ... 19 95 11.17 7 
8 '76 25 a6 12 39 8 
9 .. 108 15 41 9.25 9 

10 :io "ioR '76 16 72 8 99 10 
11 lH 59 9.fJl 11 
12 20 108 114 18 20 9 03 12 
13 i6 "7~ '5i 1~ 24 10.82 13 
14 :!0 25 10 60 14 
111 10 41 25 19.60 JO 21 15 
16 iio "io!l 'i!H 2U.OH 11.78 16 
17 25.97 13 44 17 
18 48 112 144 24.79 15 h7 18 
19 24 '"56 '72 21.14 13 27 1~ 
20 23 57 10 95 zo 
21 30 108 88 25.97 13 3.5 21 
22 

iiO ·ioil 38 19.21 1156 22 
23 25 69 15 23 23 
24 80 108 S8 24.14 l:i 14 24 
2li 20 'ios '76 18.59 11 17 25 
26 

j 
18.59 10 30 26 

27 20 108 76 2126 10Sl9 27 
26 20 'ios "76 20.03 10.43 28 
29 22.48 11.83 29 
30 30 108 88 25.71 15.58 30 



Plot 

No. 

2 
3 
5 
6 
8 
9 

11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 

2 
3 
5 
6 
8 
9 

11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 . 

TABLE X'AXl! PERCENTAGE INCREASE YIELD AND PERCENTAGE INCREASE PHOSPHORUS REMOVED BY 
WHEAT CROP ON FERTILIZED PLOTS, S-YEAR ROTATION AT WOOSTER 

Graiul007 I Straw 1907 I 
I ' I East end \Vest end I East end West end 

1 

Increase Increase Increase Increase Increase Increa~ I Increase Increaae 

yield phosphorus yield phosphorus yield phosphorus lneld phosphorm~ 
temoved removed run1oved removed 

! 
61.27 101.25 60.R2 86.18 53.23 70 61 48.34 a.oa 
13.64 17 83 VIS 13.77 18.69 2.:J9 -3.12 -22 37 
21 31 17 08 18.:J9 11.09 41.49 58.06 13.60 3.00 

106 08 13:!04 94.47 105 25 13-!.78 124.48 90.08 49.fi0 
42.81 77 03 65.86 81.59 47.28 105.31 5Uld 10.95 
il!J.54 27 93 15.38 15.27 41.82 74.28 il3.16 27.t-9 

116.44 l:J9.53 135 54 150.09 143.n 123.1)0 20!.50 95.80 
107.90 120.46 208.40 230.00 1:J9.61 111.~4 239.40 1~2.0!:1 
9'2.16 109.67 135 13 144.05 113.38 -····· 155.26 95.21 
77.83 80.68 122 50 115 06 ~.80 ...... 156 05 57.14 
78.5.3 6958 100.85 137.55 75 66 ...... 137.56 55.20 
92.15 123.86 128.58 169.32 1{)8. 75 

'56:37 154.28 112.77 
45.97 65.90 811.22 86.46 79 34 116.29 58.23 
44.75 72.h 92 49 126.52 75.37 81.96 108.82 52.60 
49.38 87.35 87.00 118.28 53.-16 104.95 79.01 44.02 
90.82 143.11 119.31 147.00 154.35 217.60 103 72 43.2ll 

102.48 117.39 143.38 156.34 13fi.07 ....... 107.76 53.59 

I 

Plot 

No~ 

2 
3 
5 
6 
8 
9 

11 
12 
H 
15 
17 
18 
20 
21 
2'3 
24 
26 

111.62 131.15 157.44 158.42 139.43 .. 183.32 96.87 ___ 22._ 

Grain 1908 Straw 1908 -
I 45.18 IH.Ol 42.97 56.77 28.41 -23.57 16 98 -5.46 2 

8.28 4.97 8.43 3,48 5.48 -H.60 -1.09 -3.38 3 
20.00 12.63 -.94 -16.55 35.37 49.11 15.76 18.86 5 
93.92 92.96 78.85 68.96 105.14 46.51 69.09 77.00 6 
31.71 5.3.54 58.12 77.82 53 15 30.06 49.67 29.88 8 
17.90 9.69 14.51 2.36 43.83 73.45 il3.77 40.64 9 

112.79 127.16 76.69 81.2ll 103.42 100.00 85.13 87.76 11 
115.60 125.58 68.64 68.9'.! 118.72 81.21 88.17 71.59 12 
126.14 130.53 88.09 90.55 96.96 24.48 121.70 64.63 14 
99.02 9750 10'2.13 97.64 85.51 18.08 87,46 42.85 15 
96.07 120.70 128.79 158.12 90.06 18.08 113.94 5!.26 17 
96.46 123.97 9971 138.4() 78 80 64.92 7'2.27 54.43 18 
65.9'& 79 08 46.85 48.10 6950 20.94 28.08 -11.29 20 
86.75 118.!J.l 65.39 143.90 72.20 2l.fi2 51.42 25.00 21 
78.33 113.38 70.47 108.68 

I 
54.71 19.09 52.19 7.52 23 

71.87 97.41 81.86 10S.20 55.80 3.19 61.95 9.58 24 
89.66 !!3.72 57.15 65.73 fJS 47 46.48 36.93 3.38 26 

116.67 1Si.5l 72.91 82.96 132.19 69.18 71.35 11.87 27 

1-j 

til 
l':l 
(') 
0 
!$ 
'0 
0 
(/1 .... 
1-j 

0 
!<: 
0 
'XJ 

~ 
til 
t.":l 
> 
1-j 

t;> 
tn. 



.... 
~ 
z 
>-< 
f-o 
IJ:'.l 
~ 
~ 

~ 
z 
0 .... 
E-< 
~ 
E-< 
rJJ 

E-< 
z 
~ 
~ 
~ 

~ 
~ 
Ill 
~ 
~ 

0 

:r1 
0 

\0 
<') 

Plot 

No. 

TABLE XXXII:-PERCENTAGE INCREASE YIELD AND PERCENTAGE INCREASE POTASSIUM REMOVED 
BY WHEAT CROP ON FERTILIZED PLOTS, 5-YEAR ROTATION AT WOOSTER 

======~====~===== 

-~-~------ ___ Grain lllO~- _________ _! ------------
~ B-.tot end J_ w,,~t end _______ , Ea~t end ' West end . 

Straw 1907 

Plot 

No. : I I ' I i I 1 ~1~ ~ ~~~~ ~ ~~~~ - rt=movcd :Sl<: removt:!d :Yle remoTed Y removed j 

---2---~~-;---,- 55 ;!9~,-- tiO~II1 66 49 I 53.23 1.18 48.34 I 86.06 ,:---2---
3 I 13 Iii 11 G5 1 ~H 4.82 I 11>.69 26.77 -3.12 -24.27 3 
5 I 21 31 . 22.t>,G lR 39 17.70 41.49 48.33 13.00 -6.90 I 5 
6 106 08 1 8.'! 7ti 94 47 I 86.18 134.78 129.94 90 OS 118.23 6 
8 ' 42 81 I 42 08 !55 ~ti I 53.!il I 47.28 57.40 54.83 61.09 8 
9 I 39 54 30 30 15 :)1< I H.74 41.82 61.92 33.16 66.10 9 

11 116 H lOll t:li 135 54 113.1<3 li3.13 153.11 204.50 259.73 11 
12 107 90 I 90,25 ~.'.Oil 40. I 154.06 139.61 172.76 ~39.40 ' 288.BO 12 
14 fl2. W ill -18 135.10 1 112.53 113.33 101.21 155.26 I 150.95 14 
15 77.8.1 I fi3 19 1~2.50 I 89.43 1;5.~0 101.23 lfJ!l.05 : 148.95 15 
17 I 78.53 70 79 100 :->5 8.5.5! 75.66 76.14 137.56 I 132.11 17 
18 I 92 15 lJH 32 128 58 i 109.03 108 75 114.63 154.28 i 17LR! 18 
~0 45.!17 3:J H2 :;(} 2~ 74 06 79.34 79.3!1 116.29 106.00 20 
21 44.7:! 37 76 !!2 ·19 89.75 75.iri 87.48 108.82 111.59 21 
23 · 49.3H 52 32 ~~no 78.:30 I 53.46 63.79 79.01 70.43 23 
2-l I 90.82 nu 11 1 1m_ •. 1!! 1.11.32 I 154.35 187.37 Hl3.72 1oH.s1 I 24 
26 "! ]02.48 100 54 UJ :Jil 1J9 03 1:3!).07 150 H6 I 107.66 99.68 26 
27 __ !l_l.:§L &U12 . !~? . ..::!.! 1Hl 813 . 139.43 164.98 l8'J_}2 198.42 27 

I Grain lOOS Straw 1908 

----2---~,:--·--45.18. 49 .. 33 :----42.9-.;-~~ -- 28.41 I 14. 31 16.98 I 8.17 I 2 
3 8 28 3.3/ I 8.43 .65 5.48 36 91 -].09 29.60 3 
5 20.00 18.94 I --.ll.J. .24 35.37 32.43 15.76 I 2.5.91 5 
f! 'I ~3.!ll 88.~ I 78.83 1~8.17 1Q5.1~ 70.29 69.Q~ 60.35 6 
to , 31.71 41.2o I 5.~ L 8'\.88 53.1o 81. H 49.16 115.86 8 

1I 1 ln.¥& d~:~~ :1· ~t.J§ J~:s~ 16~:~~ 
1 

1~H~ ~-::1 :U 1!ll:~ 1-~ 
12 I 115.60 118.14 Oii.ti-1 87.69 llR 72 207.71 88.17 135.99 12 
H 126.1! 112.70 I i'-S.09 83 69 96.96 145 56 121.70 144.30 14 
15 ' 99.02 94.49 102.13 I 95.55 85.51 I 104.36 87.4fj I 114.25 15 
1.7 1 9u-·.o_7 1 uo 90 1~~.79 'I 161.06 1 oo. _ .Ol! i ll7.H 'I 113.94 l 150_ .oo 17 
lH I 96 46 I 90.00 I 99.71 129.45 l 78.~0 I 114 42 72.27 109.~1 18 
20 c,~ rr2 6~.16 -16 &'i 35.88 I 69.50 106.42 1 28.08 35.95 20 
21 Ffi 75 . 95.25 I !55 39 I 94.58 72.20 I 121.28 I 51 42 l'l7.95 21 
2:3 78.33 I 9,~.fl0 I 70.47 I 75.il6 54.71 I 91_ .74 52.19 'I 104.78 23 
24 71 ~7 O."i.89 I 81.1;6 76.56 I 55.80 ' 100.81 61.95 10ll.34 24 
¥6 8!!-f!U I 86 02 5f-15 I !!:f.21 I 6~.47 I 138.09 I ~.93 82.05 26 
27 110 67 I . . . . . . 72.91 ;2.51-1 I 13'~.19 I 185.96 .1.35 I 101.~ 27 



Plot 

No. 

2 
3 
5 
6 
8 
9 

11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 
27 -· 

·-
2 
3 
5 
6 
8 
9 

11 
12 
14 
15 
17 
18 
20 
21 
23 
24 
26 

__ 27 

TABLE XXXIII:-PERCENTAGE INCREASE YIELD AND PERCENTAGE INCREASE NITROGEN REMOVED 
BY WHEAT CROP ON FERTILIZED PLOTS, 5-YEAR ROTATION AT WOOSTER 

- --
Grain 1907 I Straw 1907 

I ------
East end West end East end we,t end 

~--------

I 
Increa~ Increa£-e Increase Increa&e Increase Increa!-e Increase Increase 

yield nitrogen yield nitrogen yield nitrogen yield nitrogen 
l'PffiOVeU removed ren1oyed removed 

--~-

61.27 45.82 60.8'2 42.30 I 53 23 1.22 ·18.:{4 -15.45 
lli.64 7.83 l&l -3.50 18 w -5.28 --3.12 2.32 
21.31 3'l.83 lH-39 33.95 

\ 

41.49 8385 13.60 42.91 
106.08 105.05 94.47 88.73 134. ~~ 685a 90 OS 30.24 
42.81 35.26 65.81J H.i3 47.28 9.thl 5± 8:-J -3.15 
39.54 63.14 15.38 27 .0"2 41.1"'2 ! 85 17 S::l.l6 46.65 

116.44 114-18 135.54 115-20 143.13 90.22 2fl4 50 96.27 
107.90 129.17 208.40 2"l0.57 139.61 118 9'.! Z~HAO 1~.22 92.16 93.14 135.13 12.3.37 113.3S il7.5d 155.26 3.69 
77.83 76.93 122.50 107.05 85.ila 51 36 156.05 63.01 
78.53 73.72 100 85 7H &l 75 btj 4o.g~ 137.56 23.38 
92.15 97.50 12N.58 113 87 10~ 75 iln. 75 154.:!1:1 71.60 
45.97 3941 80.22 65.811 79.31 41.0~ llG 29 32.04 
44.75 34.76 9"2.49 71l.70 

I 
75.37 39.32 108.82 23.94 

4.<1 58 37.38 8700 !)1.48 53 46 26 4Y 79 01 --3.20 91:. of) 80.05 119.31 95 18 151 35 ll4.33 11l3.72 18.60 
100.*" 9923 143.38 125 32 

I 
136.07 111.~ lfl7.76 3729 

111.62 109.25 157 41 14365 139.43 92.72 1H"a 32 87.01 

Grain 1908 Straw 1908 

I I 45.18 23.64 42.97 17 R'l 28.41 --31.33 16.98 -28.99 
8.28 7.49 8.43 553 5.48 -.33 -LO'J -7.17 

20.00 33.76 -.94 14.75 35.37 96.78 15.76 46.ffi 
93.92 93.44 7~.85 74.38 105 14 69.72 69 09 77.31 
31.71 13.81 58.12 43_63 53.15 807 49 b'7 37.45 
17.90 26.30 14.51 22.9'2 43.sa 78.86 :13.77 67.98 

1127(, 110.02 76.69 62.91 103 42 92.92 85.13 66.95 
115 60 119 66 68.64 !l3.99 118.72 105.48 88.17 80.15 
126.14 114.37 88.09 89.15 96.96 30.42 121.70 64.95 
99.02 96.07 102.13 93.83 85.51 31.93 87.46 49.00 
96.07 74.88 128.79 102.61 90.06 15.32 113.94 37.31 
96.46 90.92 99.71 81.42 78.80 34.30 72.27 26.71 
65.92 58.61 46.85 32.88 60.50 Hll66 28 08 -16.33 
86.75 68.82 65.39 38.28 72.20 10.32 51 42 -1.29 
78.33 56.79 70.47 52.:39 51.71 -10 67 52.19 --8.22 
71.87 5.1. 78 81.86 70.03 55.80 --11.21 61.95 1.44 
89.66 98.56 57.15 63.50 68.47 57.86 3il.93 -14.41 

116.67 118.67 7'2.91 69.34 132.19 75.07 7LB5 ~'7.49 ----------

Plot 

No. 

2 
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9 
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21 
23 
24 
26 
27 

2 
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