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ACOMPARATIVE STUDY OF THE NITRO-
GEN ECONOMY OF CERTAIN
TENNESSEE SOILS

INTRODUCTION

The supply of nitrogen in the soil is more or less deficient through-
ouf the State of Tennessee. This deficiency is most marked in the
uplands which have been long under cultivation. If only virgin soils
le considered a great variation is found, running from those which are
fich in nitrogen, and which would remain highly productive for many
jears when cultivated, to those having only a scant natural supply,
which would soon become exhausted so far as profitable crop produc-
tion is concerned. The depletion of the nitrogen supply of the soil is
peatly facilitated by the State’s climatic conditions, which are favor-
able to both nitrification and loss by leaching throughout a large part
of the year. In addition, the loss by erosion of cultivated land is severe.
The best farmers make good use of the farmyard manure, and attach
mich importance to-clover and other legumes, but’ according to the
initer’s observations they are unable, without feeding much cotton-
sted meal, or the like, to maintain more than a moderate state of
fartility, even on naturally rich soils. For the poorer classes of soils
lhe situation is serious, and the seriousness is increased by the fact
hat not only do crops remove from two to three times the amount of
livogen as of the much-discussed phosphoric acid, but also that the
“PSt per pound of readily available nitrogen is high—about four
t}mes that of phosphoric acid. The result is that under usual condi-
fions very little commercial nitrogenous material can be used profit-
ah}y for most of the common farm crops. Even in the case of high-
prlce‘d market garden crops, only a small fraction of the nitrogen
"uired to maintain an adequate soil supply can be profitably used.

As is well known, soil nitrogen can be not only lost in several
Ways, but also. gained in several ways, in particular through bacte-
tilogical processes both with and without the intervention of legumes.
Nltro_gen Is therefore prominent as the plant-food element and soil
‘Mstituent which is most affected by all the conditions which arise

i farm bractice, such as kind and yield of crop, liming, manuring, soil

irainage, tillage, and moisture supply.

fererahilfe are also excellent reasons for thinking not only that dif-

i ds of soil even under the same climatic conditions differ

s tregarq to the availability of the nitrogen naturally present, but
0 that nitrogen applied in fertilizers and manures will be utilized

ftor by the crops on one soil than on another.
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The main object in undertaking the experiments discussed in this
bulletin was to study what has been termed the “nitrogen economy”
of the soil. The principal subjects considered are: (1) the compara-
tive utilization of nitrogen by crops on different soils with regard to
both the nitrogen naturally present and that supplied by nitrate of
soda and farm manure; (2) the losses of both soil and subsoil nitrogen
under various conditions, such as cropped and uncropped, limed and
unlimed, manured and unmanured; and (3) indications of nitrogen
assimilation from the atmosphere independent of legumes. In these

experiments, therefore, only non-legumes were grown.

PRELIMINARY CONSIDERATIONS
DESCRIPTION. OF SOIL TYPES USED IN THE EXPERIMENTS

As subjects for study, four types of soil were selected. These
differ materially in character, but are representative of large areas
in the State. Ample quantities were brought to the Station farm at
Knoxville to fill 100 cylinders, as described later. These four types
are as follows: !

The Cookeville Soil. This is a poor, gray-colored sandy loam
from the “Barrens” of the Highland Rim of Middle Tennessee.

The Crossville Soil. This is a poor loam of excellent physical
make-up, such as is characteristic of the Cumberland Plateau, where it
was obtained. s

The Gallatin Soil. This is a fertile, brown-colored silt loam, a
representative of the rich Central Basin section of Tennessee, but was
taken from a field which was considered to be somewhat reduced in
fertility. G

The Tackson Soil. This is a gray-colored silt loam from West Ten-
nessee, very high in silt, with poor drainage qualities, and considered
to be troublesome to handle.

THE CHEMICAL COMPOSITION OF THE SOILS

Chemical analyses of the soils were made according to the methods
of the American Association of Official Agricultural Chemists, hydro-
chloric acid of 1.115 Sp. Gr.* being used. g el

Judged by generally accepted standards, the Cookeville 5011_1;:
poor in all the important elements of plant food. The C%rossv;l
soil has a considerably higher content of potash and a conSIders b)e’
lower content of calcium oxide than the Cookeville soil, but Woul1 :
classed with the latter as poor in all the important elen}ents.of P;‘"a
food. The Gallatin soil has a high content of phosporlc aC_Ed ?ply
good content of both potash and nitrogen. The calcium oxid § Ere
is low when judged by common standards, but is good as comp

*Bu. Chem., U. S. Dept. Agr., Bul. No. 107 (Rev.), pp. 13-20.
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yith limestone soils of this State. The Jackson soil is low in phos-
phoric acid and potash, but somewhat better supplied with calcium
sside than even the Gallatin soil. The content of nitrogen is very low,
and distinetly lower than that of any of the other soils.

e I—The chemical composition of the soils—analyses made by the :
official method, HCI of 1.115 Sp. Gr. being used. Results
on moisture-free basis

Soil
CONSTITUENT
Cookeville | Crossville Gallatin Jackson
Per cent Per cent Per cent Per cent
Insoluble matter and soluble |

il | A I s, 93.150 89.260 84.340 92.460
itk (L (O e e s 0.077 0.138 0.420 0.150
ik, (N, (O)) IO S 0.220 0.270 0.270 0.300
it (((Ch0)) e S e 0.093 0.051 0.275 0.330
Magnesia (MgO) - —______ 0.105 0.243 0.370 0.244
Yanganese oxid (Mn,0,) __- 0.050 0.097 0.265 0.093
lermdoxidii(Fe O ) -~ = 0.887 1.740 3.215 0.890
QUi (A0 - - 21358 4.290 5.525 3.130
Phosphorus pentoxid (P,0.) - 0.032 0.035 0.342 0.048
Sulphur trioxid (SO,) —______| 0.025 0.034 0.075 0.025
Carbon dioxid (CO,) ________ 0.028 0.046 0.085 0.058
Volatile matter _____________ 2.992 3.694 5.015 2.462
ooyl e SRt | 100.012 99.898 | 100.197 | 100.190
e R R I ROE 0.880 0.730 1.520 /|  0.500
Nitrogen (fotal) ___._________ 0.0742|  0.0784| 0.1463| 0.0593
Organic carbon _____________ 1.135 1.234 1.494 0.590

Addity by Veitch method ___| 0.099 | 0.182 | 0.205 | Alkaline

,As_judged by the Veitch test the Cookeville, Crossville, and Gal-
ltin soils were acid and the Jackson soil was slightly alkaline.

PHYSICAL CHARACTERISTICS OF THE SOILS

Mechanical analyses were made of the several soils by the method
of the Bureau of Soils.* These analyses, as given in Table II, do not,
OWever, give a good indication of the comparative textures of the
;0115. According to the analyses, there is considerable similarity
EtWeenlthe Cookeville and Crossville soils. Marked differences, how-
e, exist between them. The Cookeville soil puddles readily when
Vet, S0 that drainage is greatly retarded, and the soil heaves little
\

*Bu. Soils, U. S. Dept. Aer, Bul. No. 24.
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during the cold months. The Crossville soil, on the other hand, is open
and porous and heaves badly during the winter. The Gallatin so]
like the Crossville, heaves badly in the winter. It is darker-colored an(i
“heavier” than the Crossville soil, and, like the latter, drains well
The Jackson soil rather closely resembles, in its physical properties.
the Cookeville soil, but it drains less readily, especially when un-,
cropped, due, evidently, to its very high content of silt.

TasLE II—Mechanical analyses of the soils

=
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W & o g 0 & 1 e °
Q R =) o &) b G A hlé
£ g4 ] £ o 8= | =S | &3
= &) = = =0 - @

I

Cookeville ____| 1.37 2812 3.32 | 21.98 | 20.75 | 43.40 | 6.46
Crossville _____| 0.75 | 2.24 2.85 | 19.02 | 16.57 | 46.38 | 12.19
Gallatin s 1.54 2.03 1582 2.79 9.92 | 65.59 | 16.81
JaCkes 0 T SR 0.14 2.30 2:58 2.76 4.22 | 79.06 | 897

SIZE OF CYLINDERS, AMOUNTS OF SOIL USED, ETC.

The four soils described, together with their subsoils to a depth
of 4 feet, were brought, in 1908, to the Experiment Station farm at
Knoxville in sufficient quantity to fill 100 cylinders, each 4 feet deep
and 2.225 feet in diameter. The exposed, or surface, area of soil in
each cylinder was, therefore, 1,/10,000 acre. Each lot of soil had been
kept to itself and the correéponding subsoil had been removed in
layers, as determined by color, so that they might be placed in the
cylinders in the order in which they occurred in the field. The changes
in color were sufficient to enable the line of demarcation between any
two layers to be distinguished with little difficulty.. The depth of
the surface soil used for each type varied with the degree of com-
paction, but was in the neighborhood of from 5 to 6 inches. Tf'le
weights of the water-free fine earth (particles not over .5 mm I
diameter) of (1) the surface soil and (2) the first 6 inches of subsoil
per cylinder were as follows:

Soil Subsoil

Grams " Grams
@ookeyille soill SeuRESIE SIS 52,753 75,000
@rossyillelsoil e 53,343 75,000
Gallatintisoilt S i 51,982 65,000
Y Tt i S 50,757 73,000

CLIMATIC CONDITIONS :

From September 1, 1909, to September 1, 1914, practically t:g
five-year period of the experiments, the daily mean temperf"mmt";‘1er
the average rainfall per season were, according to the U. S. Wea
Bureau observations, as follows:
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Mean :
temperature Rainfall
Degrees F. Inches
SPIiNg ——— o oo 57 13.92
ST | e o e s 75 12.39
[ [ A e e RS S S T 58 9.03
TR e e e 39 11.04

Lysimeter experiments at the Station farm, with cans 4 feet deep
ad 1/5,000 acre in surface area, from which both a crop of wheat
and a crop of millet were harvested each year, gave the data of
Table III for the two-year period, November 1, 1912, to November 1,

1014,

Tapie II—Results of lysimeter experiments for two-year period Nov. I,
' 1912, to Nowv. I, 1914

Liters of Water leached through soil

SOIL precipitation
Liters Per cent
Cookeville = _______Z:_ 1685.8 726.9 43.12
frossyilleyi oo - - ____ 1685.8 857.4 50.86
pallatmpeeely Lo 1685.8 716.4 42.50

The data indicate the heavy leaching which cropped soils undergo.

MANURIAL TREATMENTS

Figure 1 shows the numbering and arrangement of the cylinders,
and Table V gives the manurial treatment of each cylinder for the five
years, 1909 to 1914, inclusive. The ground limestone contained no
particles larger than 2 mm in diameter and analyzed 90.46 per cent of
tarhonates, less than one per cent of which was magnesium carbonate.
The farmyard manure was freed from straw as far as practicable,
thoroughly air-dried, ground to pass through a 2-mm sieve, and
thoroughly mixed before being weighed out for the cylinders. Each
aplication of 300 grams was mixed throughout the surface 5 inches -
of soil, about one inch of soil next to the subsoil being left as an
fibsorbent layer. The straw was cut into pieces about one inch
I length previous to application. The acid phosphate was of a
Stanf!ard make, analyzing about 16 per cent of available P,O.. Com-
lercial muriate of potash, analyzing about 50 per cent K,0, was used.

All the materials were carefully worked into the surface soil
Mevious to a planting, except the nitrate of soda, which was applied
& a surface dressing to the cereal crop in early spring, generally
#out the middle of March.

The composition of nitrogenous materials and the total amount

?ffaitl”fgen furnished by each for the five-year period are given in/
able IV,
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tme IV—Composition of nitrogenous materials and nitrogen furnished
by each material in the five-year period

Nitrogen content (air-dry Nitrogen furnished per
MATERIAL substance) cylinder
Per cent Grams
Nitrate of soda —____ 16.080 5.8370
Manure—
1) A 1.490 4.4700
() el L 1.840 5.56200
Straw—
W0y - _ 0.530 0.9616
) 0.404 0.7330
SYMBOLS

For the sake of brevity the following symbols are used in Table
Vand others which follow:

L—An application of 181.44 grams of ground limestone per cylin-
ler, equivalent to 2 tons per acre. This application was made only
uce, and at the outset of the experiments, to each cylinder where in-
ticated,

F—An application of 300 grams of air-dried farmyard manure,
mactically free from straw and equivalent to about 12 tons of fresh
finure per acre. This amount was applied in 1909 and again in 1911,
ifter the removal of the fourth crop.

S—An application of 181.44 grams of chopped straw per cylinder,
itat the rate of 2 tons per acre. This application was made at the
iset and was repeated in 1911 as for the manure.

N—An annual application of 7.26 grams of nitrate of soda, or at
e rate of about 160 pounds per acre.

) PK—An annual application of 13.60 grams of acid phosphate and
{8 gramg of muriate of potash per cylinder, or 300 pounds and 100
Winds per acre, respectively.

THE CROPS GROWN'

af}‘IWO rops were harvested each year on the cropped cylinders,
S 10llowg:

1910—0ats, German millet

1911—Wheat, German millet
1912—Wheat, German millet
1913~Wheat, German millet
1914—Wheat, German millet
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The uncropped cylinders were kept clean of weeds or bare
throughout the five years, but received the same tillage as the
cropped. =

TABLE V—List of experiments and manurial treatment of cylinders

Exp. No. Treatment Cylind:!;plggd which st
il L Al, C].,El, G1 Cropped
2 1 A2, C2, E2, G2 Cropped
3 LF A3, C3, E3, G3 Cropped
4 (0} A4, C4, E4, G4 Cropped
5 LFS A5, C5, E5, G5 Cropped
6 LFSPK A6, C6, E6, G6 Cropped
7 PK AT CT BTG Cropped
8 LPK A8, C8, E8, G8 Cropped
9 PKN A9, C9, E9, GY Cropped
10 LPKN A10, C10, E10, G10 | Cropped
11 SPK N B DR Cropped
12 LSPK B2, D2, F2, H2 Cropped
13 SPKN B3, D3, F3, H3 Cropped
14 LSPKN B4, D4, F4, H4 Cropped
15 S / B5, D5, F5, Hb Cropped
16 LS B6, D6, F6, H6 Cropped
17 LFSPKN B7, D7, F1, HT Cropped .
18 LPK BS, D8, F8, HS8 Uneropped
19 LFPK B9, D9, F9, H9I Uneropped

20 LSPK B10, D10, F10, H10 | Uncropped
21 LFSPK ik, A i 10 Uneropped
22 LPKN J2, 5, 8, and I9 Uncropped
23 LSPKN J3, 6, 9, and I10 Uncropped
24 0 11 Uncropped
25 T 12 Uncropped
26 PK 13 Uncropped
27 FSPK 14 Uncropped
28 FS 15 Uncropped
29 LFS 16 Uncropped
30 FeFS 18 | Uncropped

‘OTHER CONDITIONS AFFECTING THE CROP YIELDS

Seventeen cylinders for each kind of soil were planted annuat")’
to the crops mentioned. No artificial watering was given, angvhe:
cylinders were fully exposed to the weather the year .roun e
practically matured, the crops were harvested, placed in p?per aogn:
and thoroughly air-dried in the laboratory, so that the mmsturle ¢ %
tent, as found by a number of determinations, was Very nearly.t I;n.
cent. The crops were then weighed, ground and analyzed for nitroé
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gince there is the possibility of a stimulating action ‘on. crop
production at the outset, due to the aeration, etc., of the soils in
jndling, emphasis may be placed on the facts that the subsoils
yere placed in 1908, about a year and a half previous to the cropping
jere recorded, and that the surface soils used in 1908 and 1909 were
replaced by fresh lots in the early fall of 1909. The first crop, oats,
s planted in March, 1910. There was therefore an interval of
Jout six months between the placing of the surface soils and the
janting of the oats, during which there were heavy, leaching rains,
shich would be expected to carry away any abnormal accumulation
o nitrates. Also neither the soils nor the subsoils were dried out
st any time previous to placement beyond a moisture content of from
12t0 15 per cent, or such as is common in the field.

CROP RESULTS

YIELDS AND AMOUNTS OF NITROGEN REMOVED

Table VI (see Appendix) gives the yields of both air-dry substance
ud nitrogen obtained from each cylinder. This table shows that only

i
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F1G6. 3—NTITROGEN FOUND IN CROPS FROM EACH OF THE FOUR SOIL TYPES
—AVERAGE RESULTS FROM THE LIMED CYLINDERS ONLY

in the case of the Jackson soil, which was naturally slightly alkaline,
were consistent yields obtained in all eylinders throughout the period.
The Gallatin soil comes second, with fair regularity of yields for most
cylinders. In the case of the Cookeville and Crossville cylinders, hov-
ever, unbroken yields were obtained throughout the period only where
the ground limestone was applied. In fact, without manurial treat-
ment the fertility of these two soils was so low that scarcely appre-
ciable crops were obtained on either soil after the second year.

Fig. 2 is a diagram of the crop yields from the limed cylinders
of each soil type, and Fig. 8 shows the nitrogen found in the crops.

Table VII gives a summary of the nitrogen removed by thg
crops in each of two periods as determined by the first and sec:;e
applications of manure and straw. In the first half of the. table e
total nitrogen removed by all of the seventeen cropped cylinders for
each soil is shown, and this is followed by a similar statement
the ten best-producing cylinders, or these that were limed. s

Fig. 4 is a diagram of the nitrogen found in the crops frommen-
limed cylinders of each soil type for each of the two periods
tioned. '



137

Tusee VII—Summary of nitrogen removed by crops in each of
two periods

Nitrogen removed Gain (4) or loss

Nitrogen removed by crops in period (—) of nitrogen

SOIL by crops in period | 1911-1914, or after in three-year as
; 1909-1911 second manure and compared with

straw treatment two-year period

1. All cropped cylinders—17 for each soil

Grams Grams Grams
Cookeville —————- 53.7518 43.7168 —10.0350
(rossville ———~—— 52.2290 : 43.3868 ©  — 8.8422
Gallafin®=t" 100.8784 96.2351 — 4.6433
Jackson@EsE o 58.8274 80.8399 —-22.0125

2. The ten limed cylinders for each soil

(ookeville ______ 37.4945 40.3167 -+ 2.8222
(rossville ______ SIS 41.2112 - 2.4355
Gallasinf==ii - - 64.0098 68.3251 - 4.3153
Uatksonieic Ll 36.3485 53.0711 —16.7226

1909 o[ T

1942 22891

Cookeville soil o rrir
5 o

7922 “0.3

7977 | S 3 8 N TR,

7947 Yo
2

8.8
Crossville soil
872 P_eze |

.3

)

.1

Gallatin soil
7911 b
1912

8.

7909 6
7593 © 36
=

ok xR |
1972 A 53.1]

Fie, 4—
6. 4—GRAMS OF NITROGEN REMOVED BY CROPS FROM THE LIMED CVLIN-
DERS IN EACH OF TWO PERIODS

Jackson soil

e e e

nitroFl’om the data of the seventeen cylinders it may be seen that less
ge0 was removed by the crops in the last three years, or after
\‘eirze?nd application of manure and straw, than in the first two
.n i 0r each of the three soi!s, Cookeville, Crossville, and Gallatin.
ﬂeale case of the Jackson soil, however, there was an increase of
1 37 per cent. If the limed, or ten highest-yielding, cylinders
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be compared, the differences between the soils are Somewhat redyceq
In round numbers there were removed in the crops of the first two'
years 387 grams of nitrogen from the Cookeville cylinders, 39 grams
from the Crossville, 64 grams from the Gallatin, and only 36 grams
from the Jackson cylinders. In the next three years there were pe.
moved from the same cylinders 40 grams of nitrogen from the Cooke-
ville, 41 grams from the Crossville, 68 grams from the Gallatin, and
53 grams from the Jackson cylinders. The Jackson soil, therefore
ranked fourth in nitrogen production for the first two years, yieldiné
only 56 per cent as much as the rich Gallatin soil and 95 per cent as
much as the average of the Cookeville and Crossville soils, but ranked
second in the succeeding three years, yielding 78 per cent as much as
the Gallatin soil and 30 per cent more than the average of the Cooke.
ville and Crossville soils. These results show the decidedly superior
capacity of the Jackson scil to maintain the supply of available
nitrogen.

RECOVERY OF NITROGEN FROM NITRATE OF SODA

Nitrate of soda furnishes nitrogen in a most available form for
plants. The ready solubility of this salt leads to the conclusion that
it would be more readily leached from one soil than another. On
the other hand, the nitrate might be broken down and converted by
microorganisms into organic forms, and so be retained longer in one
soil than in another. In fact, there are several reasons for expecting
that the availability would vary with different soils. Determinations
of the percentage of nitrogen recovered by crops dressed with nitrate
have been made at numerous places, but usually with only a single
type of soil. At the New Jersey Station, however, considerable work
of this kind has been done in comparative study of eight different
soils.*

‘ Five cropped cylinders in every series received annually, in eatly
spring, a top-dressing of nitrate of soda, furnishing 1.1674 grams of
nitrogen to each cylinder. All these nitrated cylinders had received
annual applications of phosphate and potash, and the other treatments
as indicated in Table V. Similarly treated cylinders, but unnitrated,
are used for comparison and as a basis for the usual calculat.ion of
the nitrogen recovery. For example, the nitrogen removed in ﬁ"’e
years by the crops grown on the Cookeville cylinder, A8, which. recelv-
ed ground limestone, acid phosphate, and muriate of potf:\Sh, was
5.9994 grams. The crops from A10, which received ground limestone,
acid phosphate, and muriate of potash in the same amount as 'AS; but
was nitrated each year in addition, yielded 8.76563 grams of nitrogen:
The difference between these two amounts, 2.7659 grams, is asst{med fo
come from the nitrate, and is 47.38 per cent of the total nltrogelf
contained in the nitrate of soda applied. Table VIIL gives the calcu

the Utilization and
See also Report &
man and AU

*N. J. Exp. Sta. Bul. 289, Cylinder Experiments Relative to
Accumulation of Nitrogen, by Jacob G. Lipman and-A. W. Blair. 3
the Soil Chemist and Bacteriologist of the N. J. Sta., by Jacob G. Lip:
tine W. Blair, for the year 1914.
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sted percentage recovery for all four soils under various experimental

qonditions.

VIII—Recovery of mitrogen from nitrate of soda—comparative data

TABLE ! /
for five-year period
e
LPK vs. LSPK vs. |LSFPK vs.| PK vs. SPK vs. | Average
SOIL LPKN LSPKN | LSFPKN PKN SPKN | per cent
Per cent | Per cent Per cent | Per cent | Per cent |iyecovery
recovery recovery recovery | recovery recovery
— |
(okeville | 47.38 | 44.97 | 4380 |- |ooooo 45.38
(rossville ~-| *55.29 46.78 GEWS e e 53.71
et - ——————- 92.56 188.45 91.38 75.93 87.08
Jackson ———-| 70.94 6HEI QU EE 74.29 78.40 72.21

#Last four years only.
+Last three years only.

DISCUSSION OF THE RESULTS

In the case of both the Cookeville and the Crossville soil the limed
ylinders were the only ones to produce crops throughout the five-
year period, so that the data from the others must be considered of
little or no value so far as the present object is concerned. The data
fiom the Gallatin soil varied considerably, but the four results given
in the table are considered to be the best index for this soil, the crops
on which, from every point of view, appear to have been able to take
1p more of the nitrate nitrogen than was the case for any other soil.
One estimation was also omitted for the Jackson soil because con-
siderably out of harmony with the other four results. Inspection of
the average per cent of recovery obtained, as outlined, shows a wide
variation among the different soils. The Gallatin soil easily comes
first, with a recovery of 87.00 per cent; the Jackson soil is second,
yith an average recovery of 72.21 per cent; the Crossville soil ranks
third, with a recovery of 53.71 per cent; and the Cookeville soil comes
last, with a recovery of only 45.38 per cent.

There seems to be little correlation between these results and the
thysical nature of the soil. The Gallatin soil is of excellent texture
fmd structure, but so is the Crossville, which ranks next to the lowest
Innitrogen recovery. The Jackson soil, which easily ranks second in
recovery, is considered to have decidedly the poorest texture of all
the soils, but resembles in this particular the Cookeville soil more than
oy other. The latter, however, gave the lowest recovery, which
Wffs only a little more than half that of the Gallatin soil, and not two-
thll:ds that of the Jackson soil. The only important correlating factor
loticeable to the writer is crop yield; that is, the percentage of
liitogen recovery is in harmony with the natural productiveness of
the soils, being greatest for the fertile Gallatin soil and least for the
very poor Cookeville soil. It should be borne in mind, however, that all
four soils proved to be in considerable need of available nitrogen. Of
Wurse with an excessive supply naturally present in the Gallatin
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soil, for example, other and even opposite conclusions would he ey.
pected, as was found by Lipman and Blair* in the case of rich garden
soil so abundantly supplied with nitrogen as to give the lowest re.
sponse to the applications of nitrate.

RECOVERY OF ORGANIC NITROGEN

The availability 'of the nitrogen of farm manures applied to the
soil is very different from that of nitrate of soda. The latter is ready
for immediate use by plants and, as just indicated, seems to be taken
up most nearly completely where there is the greatest mass of roots
to come into contact with the salt as it is carried through the soil in
water solution. On the other hand, insoluble organic nitrogen must
undergo a complete change, and for the most part is probably con-
verted into the nitrate form before being taken up by plants., The
conversion, due almost entirely to bacteria, which are dependent,
among-other things, on a good supply of air, goes on slowly in farm
manures, and this accounts for their reputation for “lasting” effects,
For several reasons, such as variation in air and moisture supplies,
different soils would be expected to show in the crop returns different
percentages of recovery of the organic nitrogen applied.

Five cylinders in each series received manure, one application at
the outset, in 1909, and another in 1911, at the close of the second
year. To three of each set of five, an application of straw was made
along with the manure; or these three may be said to have received
applications of “strawy” manure. Since the Cookeville and Crossville
soils produced crops regularly throughout the five-year period only
where limed, the cylinders which received manure without lime are
omitted from the calculations for all four soils. There are left, then,
for each kind of soil four cylinders which are suitable to the purpose.
Since there were corresponding cylinders similarly treated, except that
neither straw nor manure was used, the percentage recovery of. the
organic nitrogen can be calculated as in the case of the nitrate nitro-
gen. Table IX gives the data thus obtained.

TaBLE IX—Recovery of organic nitrogen—comparative data for
five-year period

; recovery recovery 1; :(1;032;}; l;)sé‘osz;ly ﬂ
Coolceyillc R 34.13 34.18 26.12 24.84 | 29.82
@rossyille s 41.92 37.78 32.58 25.81 | 3452
Gallating EORIEREIIT 50.83 38.36 29.88 31.25 | 378
e LA 19.34° | 2094 | 2206 | 8318 | 2388

*N., J. Exp. Sta. Bul. 289.
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DISCUSSION OF RESULTS

Table IX shows that the soils differed widely with respect to their
iflience upon the recovery of organic nitrogen. The Gallatin soil
gave the highest recovery, 37.58 per cent; the Crossville soil is a close
woond, with a recovery of 34.52 per cent; the Cookeville soil ranks
ihird, with a recovery of 29.82 per cent; and the Jackson soil comes
ist, with a récovery of only 23.88 per cent. It is worthy of note
fhat the soils which were most alike in physical condition gave similar
recoveries, the open and porous Gallatin and Crossville soils ranking
lighest on the one hand, and the close, silty Jackson and Cookeville
wils ranking lowest on the other.

Fig. 5 shows the comparative recoveries of both the organic and
he inorganic nitrogen applied to each soil type.

Manure £9.8
Cookeville soil

Nitrate

Manure
Crossville soil

Nitrate

Manure
Gallatin soil

Nitrate

Manure

¢ Jackson soil g
Nitrate

fi6, S—PERCENTAGE RECOVERY OF ORGANIC AND INORGANIC NITROGEN
IN FIVE-YEAR PERIOD

THE RATIO BETWEEN CROP NITROGEN AND CROP YIELD

Th.e ratio between the nitrogen content of the crops and the
lital yield of dry substance proved of interest because, as shown in

Timg X—Utilization of mitrogen by crops grown on different soils—com-
Parative data for five-year period from the ten limed cylinders
of each type

\

501, Crop }éield Nitrogen Air-dry crop |Dry substance

su(l?sl':;n?(’a) crlori)s o%eixi%:ﬁg:an oIf)e;itng;agrgn

0 ¥ | Grams Grams Grams Grams
C::kev_lne ------ 7926.99 77.8112 101.88 91.69
ansstvlllle ------ 8221.02 79.9869 102.78 92.50
e 13990.28 | 132.3349 105.72 95.15
— oo | 11922.78 89.4196 133.34 120.01
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TasLe XI—Utilization of nitrogen from (1) manure and (2) nitrate of
soda—comparative data for five-year period

1

) b

Fertilizer source 2 .EQ‘S’J

SOIL of nitrogen ) 0 5 'UE E.§
83 b8 52 55 |8,88
22| BE | el
£5 i HE £% | 288
Z = 2 Zials e

Grams | Grams Grams | Per cent| Grams
Cookeville__| Manure* _______ 29.9700(1126.29| 9.8746| 82.95| 102.65
Cookeville__| Nitrate of sodat |17.5110( 812.60| 7.9479| @ 45.39| 92.02
Crossville __| Manure* _______ 29.9700(1269.74|10.6259| 35.45| 107.54
Crossville __| Nitrate of sodaf |17.5110(1122.85(10.4167| 59.49| 97.01
Gallatin____| Manure* —_____ 29.9700{1389.21(12.0049| . 40.05| 104.15
Gallatin____| Nitrate of sodai |21.0132(1840.47|18.2664| 86.93| 90.68
Jackson____| Manure* _______ 29.9700| 672.54| 4.9763| 16.61| 121.63
Jackson____| Nitrate of soda§ [23.3480/2429.19(16.8585| 72.21| 129.68

*BExperiment Nos. 1, 16, 12, and 3, 5, 6.
iBExperiment Nos. 6, & 12, and 17, 10, 14.
~ {Experiment Nos. 6, 7, 11, 12, and 17, 9, 13, 14, but only last three years of 6
and 17

§Experiment Nos. 7, 8, 11, 12, and 9, 10, 13, and 14.

Table X, the Jackson soil produced nearly a third more crop per granm
of nitrogen utilized than did the other kinds of soil. The average for
the Cookeville, Crossville, and Gallatin soils is only 93.11 grams of
dry crop per gram of nitrogen, while for the Jackson soil there were
produced 120.01 grams of dry crop per gram of nitrogen.

In Table XI is shown the calculated dry matter per gram of nitro-
gen utilized from both nitrate of soda and manure for each type
The figures show, on the average, for the Cookeville, Crossville, and
Gallatin soils that ome gram of nitrogen utilized from nitrate of
soda produced 93.24 grams of dry substance, and that one gram of
nitrogen utilized from the manure produced 104.78 grams of dry ?“b'
stance. In the case of the Jackson soil, however, one gram of utilized
nitrogen from nitrate of soda produced 129.68 grams of dry subst?.nce,
and one gram of nitrogen utilized from manure produced a gan of
121.68 grams of dry substance. i

The grain and straw of the wheat crops grown in bo.th 1912 an
1913 were analyzed separately, and Table XII gives the n_ltro'gen co;:
tent of these parts for each type of soil Also there is given trs
average nitrogen content of the whole wheat crop for the'fqur }"::nt
grown and of the millet hay for five years. ‘From these data it is eVl =
that both the grain and the straw of the wheat crops fromthan
Jackson soil are appreciably and consistently lower in m?;ro'gel} o
the same products from any of the other three soils. Slmlla;i i
nitrogen content of the millet hay is consistently the lowest 10
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Jackson soil. The close accord of the results for the Crookeville,
(yssville, and Gallatin soils is noticeable. All the data show that
ihe Jackson soil is quite different from the others; and the conclusion
is drawn that the nature of the soil may have an important effect
o the composition of the crop. However, in view of the results ob-
wined by others,* as well as the close agreement in the composition
of the crops from three of the four soils investigated here, it is
arident that the Jackson soil is exceptional in this respect.

Ttk XII—Niirogen content of wheat and millet crops when grown on
different soils—data from air-dry crops grown in experiments
Nos. 3, 5, 6, 8, 10, 12, 14, and 17

Wheat g e

1 = 258 | I8

SOIL Harvest of 1912 ‘ Harvest of 1913 J)TE 25

388 55

Grain | Straw | Grain Straw é S5 E 5

Per f;ent, Per cent|Per cent|Per cent|Per cent|Per cent

okevallemins. - - - 1.81 0.34 2.13 0.54 | 0.958 | 1.034
(ol L 1.82 0.42 2.05 0.51 | 0.996 | 0.951
(llooingesec 15828 #8031 2.07 0.44 | 0.949 | 0.894
fsongs 1.59 | 0.21 1.93 0.34 | 0.782 | 0.744

SOIL NITROGEN RESULTS
(ONSIDERATIONS LEADING TO THE ANALYTICAL DATA

At the outset of the experiments both surface-soil and subsoil
sumples, the latter at different depths, were taken from each type for
uelysis. The subsoils were laid down in 1908 and the samples were
Udken at that time. The surface-soil samples were taken in 1909,
levious to the manurial treatment, and, as in the case of the subsoil,
tch wag supposed to represent the average of the mixture for that
f&"pe. A better plan of procedure would have been to analyze for
mt;ogen the soil of each cylinder separately, and so avoid errors
Which can easily follow from a single sampling and analysis. For this
"o the writer can not lay the stress he would like to on the
solute resylts which might be calculated from the early sampling,
bt he wisheg to emphasize in particular only such conclusions as can
b brought oyt by comparative data.

In 1911, brevious to the second application of manure and straw,
Sirface-goi] samples. were taken from each cylinder. In 1914, after
¢ harvest of, the millet crop, samples were taken not only from the

face soil of each cylinder, but also from the subsoil at both the

\

iy et

Wheats"e‘i, Environmental Influence on the Physical and Chemical Characteristics of

15991 Thes LeClerc and P. A. Yoder, Jour. of Agr. Research, Vol. 1, No. 4, pp.

fuencip, heir results “emphasize the relatively small role played by the soil in in-

Lipm,mg the Protein content of wheat.”” A similar conclusion was also reached by
#1d Blair, N. J. Sta. Bul. 289, p. 45.
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6-to-12-inch depth (first six inches of subsoil) and the 12-to-24-ingh
depth, with the exception of the estimations summarized in Table XyI]
for the 12-to-24-inch depth. All the nitrogen estimations calculated oy
moisture-free basis are given in Tables XIIT and XIV (see Appendix),
These estimations were made with special care by the Kjeldahl method .
as modified by Gunning. Ten-gram samples were always used, and Dains
were taken to insure throughout the period the same actual strength of
standard acid used as a basis for the titrations. Owing, however, to
errors, apparently unavoidable in both sampling and analysis—errors
which are appreciable where an effort is made to determine the nitro-
gen to the fourth decimal—too much value can easily be put upon
a single result. It is, therefore, important to draw conclusions only
where the results from several cylinders can be averaged; in fact,
the larger the number the better.

THE LOSS OF NITROGEN FROM THE SURFACE'SOIL UNDER
VARIOUS CONDITIONS

In Table XV is given the nitrogen found in each type of sbil under
several different conditions, which will be considered as follows:

1. CROPPING VERSUS BARE FALLOW

In this comparison there are for each of the four types of soil
five cropped cylinders which received the same manurial treatment as
five of the bare-fallow cylinders. The results given in Table XV show
that without exception the soils lost decidedly more nitrogen under
bare fallow than where the two crops, a small grain and millet, were
removed each year. The losses under bare fallow varied from about
one and one-half times the loss under cropping for the Gallatin soil
to about six times for the Crossville soil.

In reviewing the investigations at Rothamsted, Dyer called par-
ticular attention to the correlation between increased crop produc-
tion and increase in nitrogen content of the soil, but attributed the
increase solely to the increase in crop residues.* This explanation wil
account for only a part, perhaps one-third, of the nitrogen found to
be conserved in the cylinder experiments. An additional reason for
this result is, therefore, suggested, as follows: Under cropping the
average moisture content of the soils was observed to be considerably
less than where no crops were grown. The higher moisture conte'nt_o
the uncropped cylinders results in a longer period favorable to nitrifi-
cation, and consequenily increased total production. Furtherrr:iofeé
with a higher moisture content less rain would be required to pro “3
leaching. There would, therefore, not only be more nitrate prodl;;ea nv
but a greater chance for loss by leaching under bare fallow
under cropping. :

Figure 6 shows the comparative losses o
by each type of soil in the five-year period under both ¢
uncropped conditions.

£ soil nitrogen suffered
ropped and

. Exp. Stas.
*Bernard Dyer, Results of Investigations on Rothamsted Soils, Office of

Bul. 106, p. 48.
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naie XV—Loss of mitrogen from the surface soil under various condi-
tions—all cropped except Series B

SOIL

Per cent nitrogen

Loss in grams
per cylinder

1909%

1914

for five-year
period

A, Cropped. Experime

nt Nos. 6, 8, 10, 12, and 14.

parable to those in Series B

Treatments com-

(okeyallen= -« - ____
(il
FRIlFTIn e

0.0799
0.0841
0.1521

Niokgonugmss L

/
Average _____

0.0652

0.0953

0.0759
0.0819
0.1282
0.0660

0.0880

2.1108
1.1785
12.4268
L 0.4060

3.8263

B. Uncropped. Experiment Nos. 18, 20, 21, 22, and 23. Treatments
comparable to those in Series A

Gookeyallef- “ .. = =
frossyilles s .« _ o
EallRbinge=t s
UAiceongelie o oL

Average _____

0.0799
0.0841
0.1521
0.0652

0.0953

0.0671
0.0725
0.1171
0.0569

0.0784

6.7547
6.1873
18.1983
4.2118

8.8380

(. Phosphate and potash appiied. Experiment Nos. 6, 7, 8, 11, and 12.
Treatments comparable to those in Series D

Cookeville
(rossville
Gallatin
Jackson

Average __.___

0.0799
0.0841
0.1521
0.0652

0.0953

0.0754
0.0813
0.1270
0.0641

0.0870

2.3739
1.4936
13.0474
0.5583

4.3683

D. Neither phosphate nor potash appl

ied. Experiment Nos. 1, 4. 5,

15, and 16. Treatments comparable to those in Series C

Cookeville
Crossville
Gallatin

Jackson

Average

0.0799
0.0841
0.1521
0.0652

0.0953

0.0745
0.0827
0.1265
0.0639

0.0869

2.8487
0.7468
13.3074
.6598

4.3907

i
Nitrogen applied in manure and straw in 1909 and 1911 included.
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TaABLE XV (Continued)

T D

Per cent nitrogen Loss in gram
SOIL - IfJer fciylinders
or five-year

1909% ‘ 1914 Deriod

E. Limed. Experiment Nos. 1, 3, 8, 10, 12, 14, and 16. Treatments
comparable to those in Series F'

Cookeyille#t i iy 0.0784 0.0729 2.9024
CrHoREallle | somsm e 0.0826 0.0819 0.3734
Gallatint =i Sk s 0.1506 0.1282  11.6469
Jacksont BEES AL 0.0637 0.0660 -+ 11671
it ey | MRS

Average _____ | 0.0938 | 0.0873 3.4389

F. Unlimed. Experiment Nos. 9, 10, 13, 14, and 17. Treatments com-
parable to those in Series E

Cookeville s b fe LT 0.0784 0.0736 2.5330
@rossyille i iEminas e 0.0826 0.0816 0.5334
Gallatin g =i ki et 0.1506 0.1258 13.1547
Jalcksontes SIS LIS 0.0637 0.0605 1.1164

Average _____ | 0.0938 0.0853 4,3344

G. Nitrated. Experiment Nos. 9, 10, 13, 14, and 17. Treatments com-
parable to those in Series H

FookeyilloPiuuuiae Sas 0.0799 0.0754 2.3739
@rossyilles St S 0.0841 0.0821 1.0669
Gallatin oo sii it asiin 0.1521 0.1273 12.8915
Jacksonte == AL silizoinde. 0.0652 0.0660 - 0.4061

Average _____ 0.0953 0.0877 || IS

H. Unnitrated. Experiment Nos. 6, 7, 8, 11, and 12. Treatments com-
parable to those in Series G

L
@00 lkeyil] e I 0.0799 0.0754 2.3739
@rossyille oINS 0.0841 0.0813 1.4936
Gallating o s 0.1521 0.1270 13.047;
A b 0.0652 0.0641 0.558
Average _____ 0.0953 0.0870 | | ESELE

*Nitrogen ai)plied in manure and straw in 1909 and 1911 included.
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Cropped
Cookeville soil %
Uncropped [6.8 ]
Cropped 1.2
(rossville soil
! Uncropped :
Cropped 72.# |

Gallatin soil

Uncropped

Cropped == Jain

Uncropped  EZZ)

FI6. 6—L,0SSES OF NITROGEN FROM SURFACE SOIL IN GRAMS PHR CYLIN-
DER IN FIVE-YEAR PERIOD UNDER BOTH CROPPED AND
UNCROPPED CONDITIONS

Jackson soil 3

9. THE EFFECT OF ACID PHOSPHATE AND MURIATE
‘ ~ OF POTASH

The complaint is sometimes made by farmers that commercial
fertilizers have a “burning” effect on the soil, much as lime is said to
have. Complete experiments to test this possibility, so far as acid
phosphate and muriate of potash are concerned, would include a
series without crops, but unfortunately this was omitted from the
plans.  ° :

An annual application of both acid phosphate and muriate of
motash was made to five cropped cylinders (Exp. Nos. 6, 7, 8, 11, and
12) for each type of soil. Five other cylinders (Exp. Nos. 1, 4, 5, 15,
and 16) received none, but otherwise the treatments were the same as
for those receiving the phosphate and potash. For both the Cookeville
and the Crossville soil this mixture produced an increased yield of
tearly 25 per cent, but for the Gallatin soil the increase was only 5 per
cent, while no increase is noted for the Jackson soil.

. The results show that under cropping the nitrogen content of the
soils treated with phosphate and potash was at the end of the five-year

Pe_liiOd practically the same, on the average, as that of the untreated
soils,

3. THE EFFECT OF GROUND LIMESTONE

j .Liming is generally considered to accelerate oxidation, including
n1'f1‘lﬁcatior1, in the soil. Conclusive data with regard to the extent of
this action are, however, not abundant. In order to eliminate the
0p factor, experiments without cropping are mnecessary. Unfortu-
"“t'el.v only in the case of the Jackson soil are there uncropped
%rhnders furnishing this kind of comparison. These are Experiment
iios' 18, 21, 25, and 29, which included the application of ground
mestone, and Nos. 24, 26, 27, and 28, without the application. At
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the end of the five-year period the average per cent of soi
for the four limed cylinders was 0.0600, and for the four unlimeq
0.0587. Another series of open-air experiments at this Station, ex-
periments in which no crops were grown, gave, at the end of two
years, the following results:

1 nitrogen

Ca0O applied per acre Total

SERIES in form of ground nitrogen
limestone Per cent

ioalisiie ool bt ) ol 2icton i<t el Sl S 11124

ARG el R e Srutons) Ll TN 1076

Ul e s L e U o e Noner S5 v s S 1135

The soil used was a Cumberland loam from the Station farm at
Knoxville. Each series gives the average result from four cylinders
each of 1-10,000 acre surface area. The data obtained from both the
Jackson soil and the Cumberland loam agree, therefore, in indicating
that where no crop is grown, ground limestone produces a small but
measurable decrease in soil nitrogen.

As given in Table XV, under cropping three of the four soils at
the end of the five-year period show an increase of soil nitrogen where
the ground limestone was applied, the average per cent of nitrogen
for the four soils being 0.0873 for the limed as compared with 0.0853
for the unlimed. In short, the slight loss of’ soil nitrogen induced by
the ground limestone per se was more than offset by the conservation
brought about by increased crop production.

4. THE EFFECT OF NITRATE OF SODA

To determine the effect of nitrate of soda per se on the content
of soil nitrogen, Experiment Nos. 22 and 23 (see Table V), which
received an annual top-dressing of nitrate, can be compared with Nos.
18 and 20, which received none. There are, therefore, eight nitrated
and uncropped cylinders, two for each kind of soil, which can be com-
pared with eight others that were unnitrated. At the end of the five-
year period, the average nitrogen content of the eight nitrated
cylinders was 0.0773 per cent and of the eight unnitrated 0.0762 per
cent. The results show, therefore, a loss of soil nitrogen attributable
to the applications of the nitrate.

In the summary of the results obtained under cropping, none of
the soils shows less nitrogen, on the average, where nitrated than
where unnitrated, but the difference is small, only 0.0007 per cent,
on the average, for the four types. This difference, however, 3110‘:';
the conclusion to be drawn that in these experiments any loss caus
by the nitrate per se was somewhat more than offset by the cqnsewa-
tion of soil nitrogen brought about by increased crop production.
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Tape XVI—Loss of nitrogen from first six inches of subsoil under

various conditions

SOIL

Per cent nitrogen

1908 I 1914

Calculated loss
in grams per
cylinder in five-
year period

A, Cropped. Experiment Nos. 3, 6, 8, 10, 12, and 14. Treatments com-

par:

able to those in Series B

(aokeyille®Sei .
Ceavalloge o0
GRllgCinemaiee - -
T e S

Average _____

0.0300 0.0281
0.0607 0.0599
______ 0.0736
0.0324 0.0293

0.0477

1.1883
.5000

B, Uncropped. Experiment Nos. 18 to

parable to those in Series A

23, inclusive. Treatments com-

fokeyllenc
Uil A
HEGR od
VT | s

Average _____

0.0300 0.0261
0.0607 0.0561
______ 0.0668
0.0324 0.0309

0.0450

(. Nitrated, cropped. Experiment Nos. 9, 10, 18, 14, and 17. Treat-

ments comparable to those of Series D

(ookeville
(rossville
Gallatin
Jackson

Average _____

0.0300 0.0276

0.0607 0.0584

______ 0.0747
0.0324 0.0312

0.0480

1.5000
1.4375

D. Unnitrated, cropped. Experiment Nos. 6, 7, 8,* 11,
ments comparable to those of Series C

and 12. Treat-

(ookeville
(rossville
Gallatin
Tackson

Average

0.0300 0.0271
0.0607 .0.0685
______ 0.0725
0.0324 0.0289

0.0468

No. 8 omitted from both Cookeville and Crossville calculations.
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TasLE XVI (Continued)

SOIL

Per cent nitrogen Calculated Joss
In grams per

cylinder i 5
1908 | 1914 T

BE. Manured, uncropped.
comparable to those in Series F

Experiment Nos. 19 and 20. Treatments

@ookeyil] e EmsrsElis
@Erossville sEiREEaes
@allatin? =i v b
Jacksonfi -t s mres

Average _____

0.0300 0.0262 2.3750

0.0607 0.0552 3.4315

______ 0.0698 el

0.0324 0.0295 1.7642
0.0452

F. Unmanured, uncropped. Experiment Nos. 18 and 21. Treatments
comparable to those in Series E

Bookeyville e BRI RS L 0.0300 ‘ 0.0254 2.8750

@rossvillef i umRe s e o8 0.0607 0.0578 1.8125

Gallatinsite—e Il L ERRs e et 0.0691 | i

A cksont S ek S-Sy 0.0324 0.0310 0.9517
Average _____ 0.0458

G. Manured, cropped. Experiment Nos. 2, 3, 5, 6, and 7. Treatments

comparable to those in Series H

Eookeyillers i~ Sl uin by
ErossvillesiaaEsns Sl
Gallating e L uEiusais i
JackSontit Lk S8l AIE

Average _____

0.0300 0.0273 1.6875

0.0607 0.0592 0.9375

______ 0.0746 e s

0.0324 0.0294 1.8140
0.0476

. H. Unmanured, cropped. Experiment Nos. 1,4, 7, 809
ments comparable to those in Series G

and 10. Treat-

@ookeyillefsisiNEu T 0.0300 0.0274 1.6250

Crossville _________ S 0l060 0.0583 1.5000

G allatin st Do i i miiby g 0.0714 5 | ==

Jaclkson e sl iy 0.0324 0.0285 2.3725
Average —_-—- 0.0464 Qb
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10SSES OF NITROGEN FROM THE SUBSOIL AT DIFFERENT
DEPTHS

THE 6-TO-12-INCH DEPTH

Table XIV gives the nitrogen content of the subsoil from the
f4o-12-inch depth of each cylinder six years after being laid down.
Also there is given the nitrogen content of an average sample for each
fype at the outset of the experiments, except for the Gallatin, which
yias, unfortunately, lost. The results for the Cookeville, Crossville, and
Jackson soils all agree in indicating an appreciable loss of nitrogen
af this depth. Table XVI shows the subsoil losses sustained under
various conditions, which may be discussed briefly as follows:

CROPPING VERSUS BARE FALLOW

The eftect of cropping on the loss of nitrogen from the subsoils
resembles that from the surface soils, except that the losses from
the latter are more pronounced than from the former. The average
per cent of subsoil nitrogen from twenty-four cropped cylinders, six
from each type of soil, was 0.0477, while the average per cent for the
wiresponding uncropped cylinders was 0.0450. Cropping, therefore,
appreciably conserved the nitrogen supply of the subsoil.

THE EFFECT OF NITRATING

Comparison can be made under cropped conditions between five
nitated and five unnitrated cylinders for each type of soil. The
1sults—C and D of Table XVI—show a higher nitrogen content in the
sibsoil of the nitrated cylinders for three of the four soil types. The
average per cent of nitrogen for all four subsoils at the end of the
five-year period was 0.0480 for the nitrated cylinders and 0.0468 for
the unnitrated.

The higher percentage of the nitrated cylinders is attributed, as
meviously, to a conservation of nitrogen in the subsoil through in-
teased crop production.

THE EFFECT OF MANURING

The effect of manure applied to the surface soil on the nitrogen
untent of the subsoil is shown by the results obtained under both
“pped and uncropped conditions. . Where no crops were grown—
Band F of Table XVI—little appreciable difference, as the average
fo}” all four types, was found between the nitrogen content of the sub-
5911_ of the manured and unmanured cylinders, the manured cylinders
Sing an average percentage of 0.0452, as compared with 0.0458 for
t}}e Unmanured. Since for two of the soil types there is a slightly
igher nitrogen content under manuring, and for two others a slightly
OHer tontent, no special stress can be placed on the average difference,
Which j favorable to the unmanured cylinders. It is possible, however,
i tthe period of nitrification and consequent increased loss by leach-
g Would be greater for the manured cylinders than for the unmanur-
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ed, due to the slightly higher moisture content, which would be expect-
ed in the former.

Under cropping—G and H of Table XVI—the average nitrogen
content of the subsoil of all four soil types was found to be 0.0476 per
cent for the manured cylinders and 0.0464 per cent for the unmanured
This result is in harmony with the others obtained; that is, subsoii
as well as surface-soil nitrogen is conserved through increased crop
production.

THE 12-T0-24-INCH DEPTH

Table XVII gives a summary of the analytical data from the
second foot of each soil type. The results indicate a small probable
loss from this depth, but owing to the uncertainty arising from the
analysis of a single composite sample of each type of soil, as was the
case for the 1908 determinations, no further conclusions seem war-
ranted to the writer. :

TABLE XVII—Loss of nitrogen from second foot (all cylinders, regardless
of treatment)

Total nitrogen
SOIL
1908 \ 1912 \ 1914
Il Per cent | Per cent ll Per cent
Gookeyillelys oS asis -t 0:0204 1 |5 i 0.0186
Crossyille —_—_——____- 01042 15 k| A0pi= Hoea 0.0416
GallatinSaset s siasiss £ 0.0662 0.0654 0.0650
Jacksoni il s f Ll rel s 00247 1 il 5 gt SeRa g 0.0249
Average _____ | 0.0386 | | _’_OEZL

*The figures used for the Gallatin soil were obtained in another series of similar
experiments with eight cylinders of this soil.  Only the 1912 and 1914 results are avail-
able, the per cent for 1908 being calculated on the assumption that the loss of nitrogen

was constant throughout the period.

QUANTITATIVE RELATIONSHIP BETWEEN CROP YIELD AND
TOTAL NITROGEN CONSERVED IN SOIL AND SUBSOIL

There appears to be throughout the experiments a direct relation-
ship between the size of the crop and the quantity of nitrogen con-
served, so that, with other factors constant, the greater the crop
the greater will be the conservation. In Table XVIII there are.ngen
for each soil type the data showing the saving of nitrogen i the
surface soil and the first six inches of subsoil combined per g}‘am o
crop harvested. The average for the four types is 7 mgs of nitrogen
per gram of air-dry crop. The results from the Cookevil.le, Crossville,
and Gallatin types are in very close accord, and probably represent th¢
average expectancy much more than the results from the Ja°k5°,';
type. With the latter eliminated, the average combined saving of 50l
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tape XVIIT—The conservation of nitrogen through cropping. Calcula-
tions based on the changes in nitrogen content of surface soil and
first siz inches of subsoil in the five-year period

e —
A erane niridry Increased loss of
crop per cylinder gﬁl:dg:: wlif:re Nitrogen con-
SOIL for five-year 1o crops were served per gram
period. Exp. grown. Exp. of air-dry crop
Nos. 6, 8, 10, 12, | Nos. 18 to 23, harvested
and inclusive
Grams Grams Grams
Oookevalle =22 = conl 796.57 6.3689 0.0080
Brossyalle oo Do 4 826.94 7.7389 0.0094
ORllabIngEE s e 1379.56 10.5814 0.0077
AtksonBE Tl (s L ) 1171.53 3.52217 0.0030
Average _____ 0.0070

and subsoil nitrogen becomes 8.4 mgs per gram of air-dry crop, or 9.3
mgs per gram of dry substance. g

CONSERVATION OF SOIL NITROGEN AS A FACTOR IN THE
INTERPRETATION OF PLOT AND CYLINDER
EXPERIMENTAL RESULTS

Definite figures in regard to the amount of soil nitrogen conserved
by cropping are of importance both to the practical farmer who has
long been advised to grow winter cover crops to prevent waste of
soil nitrogen, and to the scientific worker in the interpretation of both
plot and cylinder experiments in the field. In fact, the extent to
which an increase in crop conserves the soil supply of nitrogen seems
1ot to have been sufficiently stressed, if realized, in the past. In a
recent bulletin by Lipman and Blair* the higher nitrogen content of
the soils of the green manure cylinders was attributed solely to the
leguminous green manure crops. In view, however, of the findings
teported in this bulletin, the higher content can be accounted for in
%arge part through the conservation of the soil nitrogen induced by the
Increased crop production.

. The importance of this suggestion causes the writer to consider
In some detail the interpretation of certain of the results obtained
With the eight different soils used in their experiments.

) In 1907, at the outset of the experiments the average per cent of
ltrogen in the eight soils was 0.0945. In 1912 the average for the
“check” cylinders was 0.0712 per cent and for the “green manure” cylin-
ders 0.0817 per cent. Since 200 pounds or 90,720 grams of soil were used
Der cylinder, 9.5256 grams of soil nitrogen per cylinder need to be

dccounted for. The authors statef: “Since no nitrogen has been ap-
X—_
*Lipman and Blair, Cylinder Experiments Relative to the Utilization and Ac-

Cimulation of Nitrogen. N. J. Exp. Sta. Bul. 289 (1916).
iN. J. Exp. Sta. Bul. 289, p. 37.
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plied to these cylinders it must be admitted that this extra amount hag
been accumulated by the leguminous crops grown on these cylinders,”
In the consideration of this subject the fact should be kept in min'd
"that under both sets of experimental conditions all the soils, with
one exception, were lower in nitrogen at the end of the six years than
at the outset. To the 9.'5256 grams of soil nitrogen must be addeq
the gain in nitrogen found in the increased crops of the green manure
cylinders, or 3.3173 grams on the average per cylinder for the eight
soils. The total nitrogen to be accounted for, therefore, is 128499
grams. To account for this amount without regard to the conserva-
tion of soil nitrogen through increased crop production, either large
green manure crops are required, or the assumption must be made
that nitrogen was somehow deposited in the soil in excess of that
which would be expected from the leguminous green manure crops
obtained. The general opinion,* however, among agricultural author-
ities is that only a fraction of the nitrogen found in a leguminous
field crop can be credited to the atmosphere and that perhaps the
larger part is furnished by the initial nitrogen stores of the soil.
Also there is reason to believe that the richer the soil in available
nitrogen the less will the legume take from the air. If the assump-
tions be made, however, that in the experiments of Lipman and Blair
one-half the total nitrogen of the green manure crops come from the
air and that none was lost by leaching, how large crops are required
to meet the conditions found? @ With one-half the nitrogen coming
from the soil and one-half from the air the total nitrogen in the tops
and roots of the green manure crops would amount to 25.6858 grams
per cylinder for the five-year period, or 5.1872 grams per cylinder per
annum. Two-thirds of this nitrogen, or 3.4248 grams, may be allowed
to the harvestable part. Since the dry matter of an immature crop
is considerably higher in nitrogen than the averages published for com-
mon hay crops a nitrogen content of 8 per cent is assumed.j On this
basis there are required green manure crops furnishing 114.16 grams
of dry matter per cylinder per annum, or 3655 pounds per acre, an
amount which could not be described as “small, moderate” and “none
large.”t

The question may now be asked, if the conservation factor be
taken into consideration how large crops will be required? !

Assuming that all the crops of the first six years should be in-
cluded, the writer has calculated from the data of the bulletin t}}at
on the average for all eight soils there were produced in this perlog
471 grams more of dry matter per cylinder by the “green manuré
cylinders than by the “check” cylinders. Using the factor found by the
writer, the soil nitrogen conserved by 471 grams of dry matter

iled
*See, for example, the statements by various station workers, as recen.tlé co;x;plgee
by Henry G. Bell, Agronomist, Middle West Soil Improvement Committee
National Fertilizer Association, Chicago, IIl.

1.
$See The Growth of Crimson Clover, by Charles L. Penny. Del. Exp. Sta. Bu
617.

iN. J. Exp. Sta. Bul. 289, p. 59.
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would be 471 x 9.8 mgs, or 4.3803 grams.* This leaves 5.1453 grams of
«il nitrogen and 8.8171 grams of crop nitrogen to be accounted for
by two factors: (1) the further conservation of the soil supply by
fle green manure crops, and (2) the addition of nitrogen through
fixation of atmospheric nitrogen by the green manure crops. Assum-
ing as before that two-thirds of the nitrogen would be found in the
harvestable part and that one-half the nitrogen of the total crop came
from the air, the writer has calculated that an average annual crop of
1,800 Ibs. per acre would be ample to meet the conditions. If, however,
a gram of dry matter in the crops grown would under their conditions
conserve more than 9.3 mgs the necessary green manure crop would
be further reduced. Also more than 3 per cent nitrogen might be
found in the dry matter of the green manure crops and this would
cause another reduction in the crop required. At all events the writer
fecls justified in the conclusion that only a moderate utilization of
afmospheric nitrogen by the leguminous crops grown mav have been
required in order to explain the New Jersey results.

THE COMPARATIVE LOSSES OF NITROGEN FOR THE
DIFFERENT TYPES OF SOIL

The comparative losses of nitrogen suffered by each type of soil
can be most satisfactorily studied from the data obtained in the last
three years of the experiments. The reason for this is that only in
1911 and 1914 were nitrogen determinations made for each cylinder.
Also if* the calculations be limited to cropped and limed cylinders,
which alone produced crops consistently throughout the period, a
wmparative study can be made with regard to the relationship be-
tween the loss of soil nitrogen and the nitrogen found in the crops pro-
duced. Table XIX has been prepared, therefore, to show for each
fype of soil (1) the average amount of nitrogen in the surface soil of
the ten limed and cropped cylinders immediately after the manurial
treatments of the fall of 1911; (2) the amount of nitrogen in the same
soil at the end of three years; and (8) the nitrogen found in the crops
for the same period after both the nitrogen contained in the seed sown
and that calculated to be recovered from the surface dressing of nitrate
of soda is deducted.

The calculations of Table XIX show that for all four types of
s0il, more nitrogen was found in the crops than can be accounted for
bs{ loss from the surface soil. If the losses of nitrogen from the sub-
$oil be included, more nitrogen was lost from the Cookeville, Crossville
and Gallatin cylinders than can be accounted for in the crops grown;
that is, there were material losses by leaching, in spite of the fact
that both winter and summer crops were grown. In the case of the
qackson soil, however, the remarkable result is obtained of an actual
iicrease of surface-soil nitrogen, with only moderate losses from the
\—

ol ’én the experiments by Lipman and Blair 200 Ibs. of surface soil were used per

ot t“ er of 1-14,520 acre surface area. This rate is practically the same as the sum

& € surface soil and first six inches of subsoil in the writer’s experiments; that is,
€ach series there would be a little less than 3,000,000 lbs. per acre.
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TasLe XIX—The amount of nitrogen lost from the surface soil and the
amount recovered by crops in the three-year period 1911-1914,
Results from the aggregate of the ten limed and cropped
cylinders for each soil type

\

Nitrogen in surface soil gﬁtﬁgﬁﬁg fﬂl?g

SOIL Soil logs [seed i

' fom i
G;'ams Grams Grams Grams
Cookeville ____| 434.5036 404.6478 29.8558 32.5655
Crossville ____| 467.8582 450.3412 17.5170 32.3176
Gallatin _____ ] 719.0515 ] 670.1063 ] 49.9452 55.6300
Jackson ______ [ 345.6812 { 347.3935 ] - 1.7123 | 42.2610

subsoil—losses entirely insufficient to account for the nitrogen found in
the crops.

Possible sources of nitrogen, such as nitrogenous materials gather-
ed by ants and other insects from sources outside the cylinders, were
considered by the writer, but he was unable to discover ‘anything
which would not apply with equal or more force to the other soil
types. Small red ants were occasionally observed in the cage, both
inside and outside the cylinders of all the soils, but they were ap-
parently in small numbers. The soil outside of the cylinders was
kept bare and was quite poor, and there were no known sources near
by from which ants could get special supplies of food. In addition
the close, silty nature of the Jackson soil, with its poor drainage
qualities, seemed unfavorable to animal life as compared with either
the Crossville or Gallatin type, in particular. Since there is nothing
to suggest capillary action ‘as being responsible for the augmenta-
tion of nitrogen, the conclusion appears warranted that considerable
atmospheric nitrogen was “fixed” in the Jackson soil and became
available to the crops grown.

The peculiarities of this soil with regard to physical characilzer and
chemical composition have been referred to previously, but 1t.may
be of interest to note again that this was the only soil to give a
slightly alkaline reaction by the Veitch test, all the others showing
“acidity.”

SUMMARY
GENERAL CONSIDERATIONS

1. Four distinct types of soil, designated as Cook'eville; CTOSS"ile’
Gallatin and Jackson, were selected for a study of nitrogen econo Y
field, trans-

feet in the
Full

2. Each soil was removed in layers as found in the
ported to Knoxville, and placed in cylinders sunk four
ground. Each cylinder enclosed a surface area of 1,/10,000 acre-
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exposure to the weather was permitted, but protection was provided
from birds, etc. No artificial watering was given.

3. Ten successive crops were planted in each of 69 cylinders,
while 31 were kept bare. The crops were oats the first season, wheat
four seasons, and millet grown in the summer after each of the five
small-grain crops.

4. The amount of ground limestone applied and the other manur-
jal treatments as given were moderate and well within the limits of
farm practice.

CROP RESULTS

5. The largest crops were produced by the Gallatin soil, which
had decidedly the highest content of total nitrogen, but the yields
decreased very rapidly in the course of the five years. The second
largest yields.were obtained from the Jackson soil, which had the
lowest nitrogen content—oniy a little more than one-third of that
of the Gallatin soil. The Jackson soil, however, maintained a more
constant yield than any other, and in the last two years the crop
equalled those from the Gallatin soil. The Cookeville and Crossville
soils proved to be the least productive, and were practically on an
equality in this respect.

6. For the Cookeville and Crossville soils constancy of yield was
obtained only on the limed cylinders. The results given by the ten
limed and cropped cylinders of each of the four types were used,
therefore, in determining the percentage of nitrogen recovery from
manurial applications and in certain other calculations.

7. The recovery by crops of the nitrogen applied in the form of -
sodium nitrate varied with the kind of soil as follows:

Wookevill el amnnii e 8 155 Hbn e Bl 45.38 per cent
Crossyillempiisenssau oVl RBlE A e SI00 Y 53.71 per cent
Gallatin 2 EuESaiee Bk b IS anaRit 2 S 87.08 per cent
Jacksonl Skt fe el ol ROt e 72.21 per cent

The results are correlated with the productiveness of the soils;
that is, the more productive the soil the greater the root development
to intercept the nitrate—the greater the percentage of nitrate nitro-
gen recovered.

8. The recovery by crops of nitrogen from the organic materials
f—lmanure and manure plus straw—varied with the kind of soil as
ollows:

Cookevilley asiediell eodlelis Nlos o lmlinio 29.82 per cent
@rossvillel i el sl it Slad L 34.52 per cent
Gallatine S Eines 00 0 o s elaT gy N 37.568 per cent
Jacksont DSl A VE U R e 23.88 per cent

'1_‘he results are correlated with the physical nature of the soils;
that is, the more open and porous soils show the highest recovery.
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9. The ratio between the nitrogen content and the dry matter of
the crops varied little in the three soils, Cookeville, Crossville, and
Gallatin, which averaged 93.11 grams of dry substance per gram of
nitrogen. The crops from the Jackson soil, however, gave a ratio of
120.01 grams of dry substance per gram of nitrogen. A low nitrogen
content was found to characterize alike the grain and the straw of the
wheat, also the millet hay from the Jackson soil.

SOIL RESULTS

10. In every instance the cropped soils maintained a decidedly
higher nitrogen content than the uncropped. This difference was
noticeable both in the surface soil and in the first six inches of the
subsoil, but the results from the 12-to-24-inch depth were inconclusive.

The losses of nitrogen from the surface soils under comparable
conditions were as follows:

Cropped Uncropped
Cookeville _________ 2.1 per cent 6.8 per cent
@rossyille FEREERENEN 1.2 per cent 6.2 per cent
Gallafin G EHE S 12.4 per cent 18.2 per cent
JacksonGIEuusis plus 0.4 per cent 4.2 per cent

11. The average combined saving in surface soil and subsoil
nitrogen for the three most representative types, Cookeville, Cross-
ville, and Gallatin, was 8.4 mgs per gram of air-dry crop, or 9.3 mgs
per gram of dry substance harvested.

12. In uncropped experiments surface soil treated with ground
limestone showed appreciable loss of nitrogen as compared with un-
treated. Under cropping, however, three of the four soils showed more
nitrogen at the: end of the five-year period in the limed cylinders than
in the unlimed. This result is attributed to the offsetting of the direct
loss through liming by the conservation of nitrogen brought about
through increased crop production.

13. The effect of applications of acid phosphate and muriate of
potash on the content of soil nitrogen was not appreciable _u'ndel'
cropping. No experiments were made under uncropped conditions.

14. Where no crops were grown, top-dressings of nitrate of
soda resulted in a small but evident loss of soil nitrogen.

Under cropping the nitrated cylinders showed a greater supply
of both soil and subsoil nitrogen than the unnitrated, the difference
being slight for the soil, but more pronounced for the subsoil. This
result, as in the case of the ground limestone, is attributed to the
more than balancing of the direct loss through nitrating by the
conservation of nitrogen brought about through increased crop Pro-
duction.

15. Manure applied to the surface soil of uncropped cylinders

did not increase the nitrogen content of the subsoil.
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Under cropping the nitrogen content of the subsoils from the
manured cylinders averaged somewhat higher than that from the un-
manured; that is, manure applied to the surface soil conserved the
supply of nitrogen in the subsoil.

16. If the loss of nitrogen from both the soil and subsoil be con-
sidered, the loss from the Cookeville, Crossville, and Gallatin soils
was in each case greater than can be accourted for in the crops re-
moved. In the case of the Jackson soil, however, this was not so,
the subsoil showing a moderate loss but the surface soil of the
aropped eylinders a slight gain.

17. The Jackson soil, which gave in many respects decidedly
different results from any other, is noted ‘as the only one to give
evidence of the fixation of atmospheric nitrogen to a marked extent.
To attribute this nitrogen accumulation to other exterior sources was
considered untenable.

18. The general conclusion is drawn that not only the cropping,
hut also the manurial treatments conserved both the soil and the sub-
soil nitrogen to a total depth of about one foot, directly in proportion
fo the crop increase. This conservation does not, of course, prevent
aloss of soil nitrogen through either chemical or biological processes
induced per se by an applied substance such as ground limestone. In
such a case the two opposing factors may or may not balance each
other.

Since cover crops are often advocated because they catch soluble
nitrogen that would otherwise be lost by leaching, attention may be
alled to the fact that the conservation referred to is not limited to
the nitrogen utilized by the crops and conserved in the crop residues,
hut is an additional and actual conservation of soil snitrogen which
may be utilized by farm crops.
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APPENDIX

TABLES

Tables VI, XIII, and XIV are, on account of their length, ap-
pended here in order not to interfere with the pages of the bulletin

proper.
TaBLE VI—Yields of crops and their nitrogen content

2y 5
e :
SOIL E Treatment qs‘.é “S-E.?é %E Eg
£o HE 2 = S e
Grams | Per cent| Grams
Cookeville | A1 | L (1909) 1910| Oats 53.95| 1570 .8470
1910| Millet | 66.28| 1.220| .8086
1911| Wheat | 46.88| 1.100| 5157
1911| Millet | 79.43|" 0.910 .7228
1912| Wheat | 39.80| 1.065| .4239
1912| Millet | 19.39| 2.020] .8917
1913| Wheat | 24.13| 0.914| 2205
N 1913| Millet | 85.50] 1.510| .5361
g 1914| Wheat | 89.03| 0.965| 3166
1914| Millet 4.10] 2.065| 0847
Total 408.49 4.9276
Cookeville | A2 | F' (1909 & 1911){1910| Oats 78.06| 1.030 8040
1910| Millet | 60.43| 1.400] 8460
1911| Wheat | 47.67| 1220/ 9816
1911| Millet | 88.34| 0.770] 6802
1912| Wheat | 180.86| 0.960| 1256
1912| Millet 12.71| 1.695| 2164
1913| Wheat | 3170 0989 31
1918| Millet 1.21| 1.310] 0189

1914| Wheat

1914| Millet
Total 450.98 47120
Cookeville | A3 | L (1909) 1910| Oats | 111.00] 0.950 lgig
F (1909 & 1911) |1910| Millet | 76.81 1230 #¥
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TasLe VI (Continued)

% & 5
- :
SOIL % Treatment i e i‘E‘ ig E g
Es skl @ mhy | 2E Bq
B° e S} i B
l Grams | Per cent| Grams
1911 Wheat 65.01| 0.970| .6306
1911| Millet | 115.01| 0.720| .8281
1912| Wheat | 114.39| 1.005| 1.1496
1912| Millet 94.68| 1.013| .9591
1913 Wheat | 41.91| 1.066| .4468
1913| Millet 84.96| 1.280| 1.0875
1914| Wheat 62.69| - 0.972| .6093
1914| Millet 67.23| ° 0.933| .6273
Total 833.69 8.3376
Cookeville | A4 | None 1910| Oats 25.30] + 1.5690| .4023
1910| Millet 27.02| 1.500{ .4053
1911| Wheat 27.05|  1.200| .3246
1911| Millet 63.07|  0.950( .5992
1912| Wheat 3.21] : 1.152| .0370
. |1912| Millet
1913| Wheat
[1918| Millet
1914| Wheat
1914| Millet
Total 145.65 1.7684
Cookeville | A5 | L, (1909) 1910| Oats 84.85| 1.210| 1.0267
F (1909 & 1911)|1910| Millet, | 103.66| : 1.090| 1.1299
S (1909 ‘& 1911) |1911| Wheat | 68.23| 0.970| .6618
1911| Millet | 138.40| ' 0.690| .9550
1912| Wheat | 123.39|  0.984| 1.2142 .
1912| Millet 119.55( 0.833] .9959
1913| Wheat | 61.42| ° 0.999| .6136
1913| Millet 99.21| 1.100| 1.0913
1914| Wheat 88.70| 0.805| .7140
1914| Millet 57.64| 0.900| .5188
Total 945.05 8.9212
Cookeville A6 | L (1909) 1910| Oats 94.90| 1.150| 1.0914
F (1909 & 1911) (1910| Millet 95.86| 1.330| 1.2749
L S (1909 & 1911) (1911| Wheat 81.75| 0.910| .7439
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TarLe VI (Continued)

|
|

4% 5
Ehc] )
ag | g
2 o S = Al
SOIL ‘g Treatment 7 °-E'3' an ,E;B:
= = = o L= o3 )
£ o =h 2e
= G o CE-EY B0 8
B 0.5 & Sda | &HS )
9] o o M 2 e

|

Grams | Per cent| Grams
PK (annual) 1911) Millet | 185.45| 0.640] .8669
1912/ Wheat | 122.86| 0.965| 1.1856
1912| Millet 130.33| 0.868| 1.1313
1913| Wheat 76.90| 0.954| 7336
1913| Millet 86.00] 1.200( 1.0320
1914| Wheat 74.61) 0.813] .6058
1914 Millet 36.95| 1.043| .3854

Total 935.51 9.0508

Cookeville | A7 | PK (annual) 1910| Oats 48.73| 1.000| 4873
1910| Millet 27.34| 1.130| .3089
1911| Wheat | 45.57| 1.040| .4739
7 1911| Millet 55.20| 0.870| .4802
1912| Wheat 23.24| 0.856| .1989
1912| Millet

1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 200.08 1.9492
Cookeville | A8 | L (1909) 1910| Oats 75.05| 1.080| .8105

PK (annual) 1910| Millet 60.33| 1.220| .7360
1911| Wheat | 55.61| 0.980] .5450
1911| Millet 97.93| 0.740| .7247
1912| Wheat | 65.65| 0.818 5337
1912| Millet 61.71| 0.920] 5677
1913| Wheat | 55.95| 1.147| 6417
1913| Millet 53.20| 1.200| .6384
1914| Wheat | 57.31| 0.866 .4963
1914| Millet 22.74| 1.343| 304

Total 605.48 5.9994

Cookeville | A9 | PK (annual) 1910 Oats 154.80| 0.910 1-4(1)2’(:
N (annual) 1910| Millet 43.56| 1.180 .5406
1911| Wheat | 81.79| 1.150 .2810
1911| Millet | 86.20] 0.790] .
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Tasre VI (Continued)

e
b g = g
SOIL b Treatment 5 § ) g-"g. g5 E 3
Es Wi e e e
S».Z ;& & gmn =0 SR
Grams |Per cent| Grams
1912 Wheat 38.67| 0.872( .3372
1912| Millet
1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 405.02 3.8815
(ookeville [A10| L (1909) 1910( Oats 174.51| 0.980| 1.7102
PK (annual) 1910( Millet 49.23| 1.380| .6794
N (annual) 1911| Wheat 97.66| 1.050| 1.0254
1911 Millet | 104.40| 0.730| '.7621
1912| Wheat | 112.25| 0.797| .8946
1912| Millet 41.52( 1.073| .4455
1913| Wheat 92.90| 1.076 .9996
1913| Millet 51.20| 1.430| .7322
1914 Wheat 94.74| 1.255| 1.1890
1914| Millet 20.14| 1.625| .3273
Total 838.55 8.7653
Cookeville | B1 | S (1909 & 1911) |1910| Oats 22.20( " 1.420[" .3152
PK (annual) 1910| Millet 44.74| 1.190| .5324
1911| Wheat 49.83| 1.000| .4983
1911 Millet 68.82| 0.710{ .4886
1912| Wheat 21.55| 0.842| .1815
1912| Millet i
1913| Wheat 1.75| 0.560| .0098
1913 Millet
1914| Wheat
1914| Millet
Total 208.89 2.0258
Cookeville B2 | L (1909) 1910| Oats 41.83| 1.360| .5689
S (1909 & 1911) |1910| Millet 90.53| 1.100[ .9958
PK (annual) 1911| Wheat 60.00] 0.930( ' .5580
1911| Millet | 110.20{ 0.630| '.6943
1912| Wheat 62.51| 1.044| .6526
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1912| Millet | 51.96| 0.885 4598
1913| Wheat | 56.08| 0.914| 5126
1913| Millet | 66.55| 1.030| .6855
1914 Wheat | 63.24| 0.765| 4838
1914| Millet | 62.71| 0.730 .4578
Total 665.71 6.0691
Cookeville [ B3 | S (1909 & 1911) [1910| Oats | 106.29| 1.000| 1.0629
PK (annual) 1910( Millet | 48.83| 1.240 .6055
N (annual) 1911| Wheat | .65.67| 1.229] 8012
1911| Millet | 99.55| 0.760( .7566
1912| Wheat | 84.30| 0.7851 .6618
1912| Millet
1913| Wheat 3.25| 1.271| .0413
1913| Millet
1914| Wheat
1914 Millet
Total 4017.89 3.9293
Cookeville | B4 [ I. (1909) 1910/ Oats 130.23| 0.870] 1.1330
S (1909 & 1911) 1910 Millet | 53.70| 1.180| .6337
PK (annual) 1911| Wheat | 117.36 1.020| 1.1971
N (annual) 1911| Millet, | 123.15| 0.730] .8990
1912| Wheat | 144.71| 0.704] 1.0188
1912| Millet | 51.11| 0.930] 4753
1913| Wheat | 125.46| 0.960| 1.2044
¢ 1913| Millet | 75.43| 1.020 .76%
1914| Wheat | 95.69| 1.170| 11196
1914| Millet | 20.77| 1.175| .2440
Total 937.61 8.6943
Cookeville | B5 | S (1909 & 1911) [1910| Oats 13.80| 1.770| 2443
1910| Millet 5.05| 1.640| .0828
1911| Wheat | 43.23| 1.010 4366
1011| Millet | 65.14| 0.760| 491
1912| Wheat | 13.86| 0.949| 1310
1912| Millet |
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1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 141.08 1.3903
Cookeville | B6 | L (1909) 1910| Oats 35.53| 1.410| .5010
S (1909 & 1911) |1910| Millet 76.34| 1.290| .9848
1911| Wheat 58.21| 0.980| .5705
1911| Millet 100.05| 0.720| .7204
1912‘ Wheat 33.68| 1.142| .3846
1912 Millet 36.88| 1.330| .4905
1913| Wheat 27.57] 11032 2845
1913| Millet 70.22| 1.110| .7794
1914| Wheat 48.17| 0.930| .4480
1914| Millet 27.11| 1.013| .2746
Total 513.76 5.4383
Cookeville | B7 | L, (1909) 1910| Oats 188.71| 0.830| 1.5663
F (1909 & 1911) |1910| Millet 99.63( 1:220| 1.2155
S (1909 & 1911) [1911| Wheat | 101.08] 0.980| .9906
PK (annual) 1911 Millet 141.74| 0.670| .9497
N (annual) 1912| Wheat | 214.72| 0.882| 1.8938
‘ 1912| Millet 111.01| 0.948| 1.0524
1913| Wheat | 152.20| 0.959| 1.4596
1913| Millet 6411 1:220] 7821
1914| Wheat | 144.50| 0.938| 1.3554
1914| Millet 25.44| 1.345| .3422
Total 1243.14| - 11.6076
Crossville Cl|L (1909) 1910| Oats 58.43| 1.450| .8472
1910| Millet 65.89| 1.370| .9027
1911| Wheat 41.24| 1.190| © .4908
1911| Millet 65.65| 1.100| .7222
1912| Wheat 24.73| 1.161| .2871
1912| Millet 33.86| 1.318| .4463
1913| Wheat 35.561| 0.488| .1733
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Nitrogen
content

1.400
1.120
1.400

1.100
1.150
1.260
0.900
0.875
1.345

1.170

1.000
1.150
1.110
0.810
0.935
0.730
1.066
1.000
0.953
1.015

1.620
1.650

SOIL -§ Treatment ‘g‘g o g"‘é
Eg I o
II * Grams | Per cent
1913| Millet 26.51
1914| Wheat 11.83
1914| Millet 8.92
Total 372.57
Crossville | C2 | F (1909 & 1911) |1910| Oats 95.78
1910| Millet 75.96
1911| Wheat 19.92
1911| Millet 94.55
1912| Wheat | 121.47
1912| Millet 45.71
1913 Wheat
1913| Millet 1.04
1914| Wheat
1914| Millet
Total 454.43
Crossville | C3 | L (1909) 1910| Oats 114.11
F (1909 & 1911) [1910| Millet | 112.48
1911| Wheat 61.20
1911| Millet, | 115.47
1912| Wheat | 120.35
1912| Millet | 124.05
1913| Wheat 43.18
1913| Millet 108.31
1914| Wheat 60.63
1914| Millet 47.76
Total 907.54
Crossville | C4 | None 1910| Oats 29.03
1910| Millet | 14.15
1911| Wheat
1911| Millet
1912| Wheat
1912| Millet
1913| Wheat
1913| Millet

Total nitrogen
in crop 3

Grams

B111
1325
1249

4.4981

1053
8135
2510
8510

10629
6148

0122

4,71190

1.1411
1.2935
6793
9353
1.1253
9056
4603
1.0831
5178
4848

8.6861

AT03
2335



167

TasLe VI (Continued)

.
@ Gl
Er g
SOIL 5 Treatment ua*é “SE‘::;; 8= .Eg
Es n B 2 "’E‘h ‘é"*“s’ =
=0 @ o 1) = Q 2O 2
Gig Pers RS e
Grams. | Per cent| Grams
1914| Wheat
1914| Millet .
Total 43.18 .7038
Crossville | C5 | L (1909) 1910| Oats 88.63| 1.220| 1.0813
F (1909 & 1911) {1910 Millet | 132.39| 1.210| 1.6019
S (1909 & 1911) (1911| Wheat 65.41| 0.940| .6149
1911| Millet | 119.830| 0.770| .9186
1912 Wheat 84.52| 1.277| 1.0798
1912| Millet | 143.95| 0.800| 1.1516
1913| Wheat 50.38| 0.949| .4781
1913| Millet | 104.87| 1.030| 1.0750
1914| Wheat 56.48| 0.888| .5015
1914| Millet 37.27| 1.100( .4100
Total 882.70 8.9122
Crossville | C6 | L (1909) 1910| Oats 101.53| 1.150| 1.1676
F (1909 & 1911) {1910| Millet | 137.40| 1.150( 1.5801
S (1909 & 1911) |1911| Wheat 69.20| 0.890| .6159
PK (annual) 1911| Millet | 127.39| 0.600| .7643
; 1912| Wheat | 100.22| 0.936| .9381
11912| Millet - | 127.16| 0.768| .9766
1913| Wheat 55.30| 0.956| .5287
1913| Millet | 129.76| 0.890| 1.1549
1914| Wheat 77.00{ 0.862| .6637
1914| Millet 78.90| 1.050| .8285
Total 1003.86 9.2184
Crossville | ¢7 | PK (annual) 1910| Oats 53.48| 1.120| .5990
1910| Millet 36.84| 1.380| .5084
1911| Wheat
1911| Millet 13.43| 1.570| .2109
1912| Wheat 0.36| 1.861| .0067
1912| Millet
1913| Wheat
1913| Millet
1914| Wheat
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' Grams | Per cent| Grams
1914| Millet
Total 104.11 1.3950
Crossville | C8 | L (1909) 1910| Oats 85.25| 1.020| .8696
PK (annual) 1910 Millet | 78.70| 0.940/ 7398
1911| Wheat | 48.48| 1.100| 5333
1911| Millet | 99.08| 0.750| .7431
1912| Wheat | 49.53| 0.915 453
1912| Millet | 59.58| 0.910| 5422
1913| Wheat | 384.74| 0.978 .3398
1913| Millet | 57.70] 1.040/ .6001
1914| Wheat | 24.00| 0.990| .2376
1914| Millet | 27.71| 1.273| .3521
Total 564.77 54114
Crossville | C9 [ PK (annual) 1910{ Oats 137.39| 1.310| 1.7998
N (annual) 1910| Millet 44.20/ 1.260] .5569
1911| Wheat
1911| Millet | 28.97| 1.610| .4664
1912| Wheat
1912| Millet
1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 210.56 2.8231
Crossville [C10| L (1909) 1910( Oats 219.62| 1.140| 2,507
PK (annual) 1910| Millet | 64.11] 1.190| .762)
N (annual) 1911| Wheat | 85.40| 1.090| 9309
1911| Millet | 131.15| 0.720 9443
1912| Wheat | 117.63| 0.860| 1.0116
1912| Millet | 68.30| 0.808| .51
1913| Wheat | 100.61| 1.068| 1.0745
1913| Millet | 55.98| 1.150| 6438
1914| Wheat | 50.84| 1.315] .66
1914| Millet | 45.07| 1.288| 5580
SiE
Total 938.71 | 9.6501
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Grams | Per cent| Grams
D1|S (1909 & 1911) 1910| Oats 44 .44 1.450| .6444
PK (annual) 1910| Millet 64.20| 1.120{ .7190
1911| Wheat
1911| Millet 47.92| 1.120| .5367
1912| Wheat 8.95| 1.165| .1043
1912| Millet
1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 165.51 . | 2.0044
D2 | L (1909) 1910| Oats 54.57| 1.240( .6767
S (1909 & 1911) |1910| Millet 94.08| 1.180| 1.1101
PK (annual) 1911 Wheat 63.49( 0.910{ .5778
1911| Millet | 100.84| 0.820{ .8269
1912 Wheat 41.55| 0.914 .3798
1912| Millet 71.14| 0.870| .6189
1913| Wheat 23.33| 1.034| .2412
1913| Millet 94.38| 1.000| .9438
1914| Wheat 47.83| 1.195| .5716
1914| Millet 55.10f 1.043| .5747
Total 646.31 6.5215
D3| S (1909 & 1911) {1910 Oats 104.17| 1.150| 1.1980
PK (annual) ° 1910| Millet 53.43| 1.150| .6144
N (annual) 1911| Wheat 19.43| 1.590[ .3089
1911| Millet 54.03| 0.820| .4430
1912| Wheat 6.14| 1.103| .0687
1912| Millet
1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 237.20 2.6330
D4 | L (1909) 1910| Oats 160.30| 0.940| 1.5068
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e
SOIL 5 Treatment “ § “ E‘g’
Es -
be S
Grams
S (1909 & 1911) |1910| Millet 84.97
PK (annual) 1911| Wheat | 111.44
N (annual) 1911) Millet | 103.73
1912 Wheat | 123.43
1912| Millet 75.68
1913| Wheat | 120.60
1913| Millet 75.46
1914) Wheat 62.74
1914| Millet 62.70
Total 981.05
Crossville | D5 | S (1909 & 1911) |1910| Oats 17.10
1910| Millet 33.72
1911{ Wheat
1911 Millet | 85.41]
1912| Wheat 5.30
1912| Millet 1.69
1913| Wheat
1913| Millet
1914| Wheat
1914| Millet
Total 93.22
Crossville | D6 | L (1909) 1910 Oats 41.71
. S (1909 & 1911) |1910| Millet 68.02
1911| Wheat 47.41
1911 | Millet 91.217
1912| Wheat 37.75
1912| Millet 68.86
1913| Wheat 24.96
1918| Millet 63.56
1914| Wheat 26.04
1914| Millet 35.90
Total 505.48
Crossville | D7 | L. (1909) 1910 Oats 194.55
F (1909 & 1911) (1910| Millet | 124.59

Nitrogen
content

Per cent

0.980
1.050
0.720
0.833
0.915
0.924
1.020
1.213
1.005

1.670
1.480

0.980
0.975
1.505

1.390
1.250
1.070
0.790
1.061
0.770
1.158
1.060
0.968
1.023

0.940
1.030

|

Total nitrogen
in crop

|

Grams
8321
1.1701
1469
1.0282
6925
1.1143
1697
.7610
.6301

9.2523

.2685
4991

3470
0617
.2543

1.4206

5798
8503
5073
1210
L4005
5302
.2890
L6737
2521
.3673

5.1712

1.8288

1.2833



SOIL

Gallatin

Gallatin

Gallatin

b7l

TasLe VI (Continued)

!

o g
E Treatment e.s‘g - 5?" ?n"i; A E‘
£ BiE S ol e o e
rS’Z 2 3 S8 A e 5 E
Grams |Per cent| Grams

S (1909 & 1911) (1911] Wheat | 131.97| 1.000| 1.3197

PK (annual) 1911| Millet | 137.62| 0.620| .8532

N (annual) 1912| Wheat | 202.91| 0.817| 1.6578

- 1912| Millet | 161.78| 0.805| 1.3023

1913| Wheat | 130.97| 0.969| 1.2694

1913| Millet | 122.48| 0.880| 1.0778

1914| Wheat | 138.86] 0.949| 1.8178

1914| Millet 72.30' 1.045| .7555

Total 1418.03 12.6656

E1l|L (1909) 1910| Oats 184.80| 1.190| 2.1991

1910| Millet 84.34| 1.040| .8771

1911 Wheat | 133.14| 0.880| 1.1716

1911| Millet | 108.76] 0.710| .7722

1912| Wheat 99.21| 0.980| .9723

1912| Millet 37.43| 0.775 .2901

1913| Wheat 89.83| 0.875| .7860

1913| Millet 73.00( 1.080| .7884

1914| Wheat | 133.27| 0.830| 1.1061

1914| Millet 3.20] 1.625| .0520

Total 946.98 9.0149

E2 | F (1909) 1910| Oats 280.95| 0.970| 2.7252

1910| Millet | 110.96/ 0.970| 1.0763

1911| Wheat | 160.64| 0.940| 1.5100

1911| Millet | 122.85| 0.660| .8108

1912| Wheat | 252.09| 0.852| 2.1478

1912| Millet | 103.51| 0.822| .8509

1913| Wheat | 152.03| 0.860| 1.3075

1913| Millet 22.08[ 1.650| .3643

1914| Wheat | 163.10] 0.940| 1.5331

1914| Millet

Total 1368.21 12.3259

E3 | L (1909) 1910| Oats 267.03| 1.160| 3.0975

F (1909 & 1911) |1910| Millet | 125.68| 0.930| 1.1688

1911| Wheat | 195.32| 1.110| 2.1681
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SOIL 5 Treatment “ § “ E‘E g8 8 8
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Grams | Per cent| Grams

1912| Millet | 17.07| 1.400] 2390

1913 Wheat | 83.74| 1.148| 9613

1913| Millet 63| 1.590| 0100

1914| Wheat | 174.50| 1.264| 2.2057

1914| Millet

Total 1204.41 11.8306

Gallatin  |[E10| L (1909) 1910| Oats | 859.24| 1.230| 4.4187
PK (annual) 1910| Millet | 76.63| 1.150| .8812

N (annual) 1911| Wheat | 231.01| 0.990 2.2870
1911| Millet | 138.23| 0.590| .8156
1912| Wheat | 264.37| 0.832| 2199
1912| Millet | 48.48| 0.788| .3820
1913 Wheat | 212.00 0.965| 2.0458
1913| Millet | 70.74| 1.080| .7640
1914| Wheat | 234.18| 1.310| 3.0678
1914| Millet | 27.64| 1.633| 4514

Total 1662.52 17.3181
Gallatin | F1[S (1909 & 1911) [1910| Oats | 160.15| 1.250| 2.0019
PK (annual) 1910| Millet 64.80| 1.530] .9914
1911| Wheat | 103.48/ 0.870| 9003
1911| Millet | 109.38| 0.660] .7219
1912| Wheat | 81.89| 0.881] .7215
1912| Millet | 56.46] 0.845 4771
1913| Wheat | 67.75| 0.888| .6016
1913| Millet | 22.92| 1.580| .3507
1914| Wheat | 184.97| 0.825 15260
1914/ Millet

Total 851.80 8.2024
Gallatin | F2 | L (1909) 1910| Oats | 167.00] 1.180| 19706
S (1909 & 1911) [1910| Millet | 81.88| 1.120 .9112

PK (annual) 1911 Wheat | 119.16| 0.910| 1084
1911| Millet | 122.00| 0.670 .817;
1912| Wheat | + 96.69| 0.972 .9330
1912| Millet | 80.41] 0.684 550
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Grams |Per cent| Grams
1913| Wheat 60.53| 0.999| .6047
1913| Millet | 100.75| 0.860| .8665
1914| Wheat | 145.49| 0.800| 1.1639
1914| Millet | 100.99| 0.808| .8160
Total 1074.40 9.7248
Gallatin | F3 [ S (1909 & 1911) |1910| Oats 298.36/ 0.990| 2.9538
PK (annual) 1910| Millet 70.05| 1.080| .7565
N (annual) 1911) Wheat | 230.65| 0.810| 1.8683
1911| Millet | 104.72| 0.730 .7645
1912| Wheat | 219.80| 0.761| 1.6689
1912| Millet 57.64| 0.835| .4813
1913| Wheat | 128.72| 0.967| 1.2447
1913| Millet 22.04| 1.560| .3438
1914| Wheat | 261.63| 1.010| 2.6425
1914| Millet
Total [ 1393.11 12.7243
Gallatin | F'4 | L (1909) 1910| Oats 281.37| 0.960| 2.7011
S (1909 & 1911) |1910| Millet 95.95 - 1.040| .9979
PK (annual) 1911| Wheat | 238.17| 0.940| 2.1918
N (annual) 1911| Millet | 126.82| 0.680| .8624
1912| Wheat | 224.05| 0.805| 1.8036
1912| Millet. 98.47| 0.718| .7021
1918| Wheat | 163.50| 0.875| 1.4306
1913| Millet | 100.69| 0.850| .8559
1914| Wheat | 250.79| 1.053| 2.6408
1914| Millet 68.49| 1.375| .9417
Total 1643.30 15.1279
Gllatin | F5 | S (1909 & 1911) [1910| Oats | 103.47] 1.400| 1.4486
1910| Millet 33.77| 1.870| .6315
1911| Wheat | 179.00| 0.940| 1.6826
1911 Millet | 123.90| 0.630| .7806
1912| Wheat 81.64| 0.848| .6923
1912| Millet 51.99| 0.830| .4315
1913| Wheat 54.65| 0.839| .4585
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1913| Millet 0.74| 1.570| .0116
1914 Wheat | 123.63] 0.873| 1.0793
1914| Millet
Total 752.79 7.2165
Gallatin F6 L (1909) 1910| Oats 169.37| 1.120| 1.8969
S (1909 & 1911) [1910| Millet 98.77| 1.050| 1.0371
1911 Wheat | 152.87| 1.010| 1.5440
1911| Millet | 107.95| 0.710{ .7664
1912| Wheat | 93.81| 0.970[ .9100
1912| Millet | 107.56| 0.705| .7583
1918| Wheat | 41.49| 0.972| .4033
*11913| Millet | 110.90| 0.930| 1.0314
1914| Wheat | 140.33| 0.798| 1.1198
1914| Millet 29.45| 1.563| .4603
Total 1052.50 9.9275
Gallatin | F7 | L (1909) 1910/ Oats 340.88| 1.210| 4.1246
F (1909 & 1911) [1910| Millet | 126.91 1.000| 1.2691
S (1909 & 1911) [1911| Wheat | 854.33| 1.040| 3.6850
PK (annual) 1911| Millet | 159.28| 0.680| 1.0035
N (annual) 1912| Wheat | 324.16| 0.998| 8.2351
1912| Millet | 161.16| 0.790| 1.2732
1918| Wheat | 161.56| 1.062| 1.7158
1913| Millet | 128.64| 0.960| 1.2349
1914| Wheat | 831.40| 0.853| 2.8268
1914| Millet 29.95| 1.990| .5960
Total 2118.27 -120.9640
Jackson |G1|L (1909) 1910| Oats 109.17| 0.840| .9170
~ 1910| Millet | 54.12| 1.160] .6278
1911| Wheat | 69.22| 0.800 .5538
1911| Millet 81.08| 0.660| .5351
1912| Wheat | 117.10] 0.725| 8430
1912/ Millet 68.49| 0.783 .5363
1913] Wheat | 84.90| 0.789 6692
1913 Millet | 8050 0.620] 4%
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Grams |Per cent| Grams

1914| Wheat 96.41| 0.735| .7086

1914| Millet 85.78| 0.653| .5601

Total 846.77 6.4567

G2 | F (1909 & 1911) |1910| Oats 159.70| 0.870| 1.3894

1910| Millet 76.09| 1.180| .8598

1911| Wheat 90.16| . 0.780| .7032

1911| Millet 90.88| 0.610[ .5544

1912| Wheat | 202.46| 0.686| 1.8889

1912| Millet | 108.12| 0.750| .8109

1913| Wheat 55.39| 1.040| .5761

1918| Millet | 115.08| 0.630| .7247

1914| Wheat 89.37| 0.775| .6926

1914| Millet 94.60/ 0.700| .6622

Total 1081.80 8.3622

G3 | L (1909) 1910( Oats 177.56| 0.780| 1.3850

F (1909 & 1911) (1910| Millet |. 67.60| 1.150 .7774

1911| Wheat 87.66| 0.700| .6136

1911 Millet 84.75| 0.620| .5255

1912| Wheat | 201.72| 0.707| 1.4262

1912| Millet 108.65| :0.738| .8018

1913| Wheat 68.02| 0.995| .6768

1913| Millet | 111.84| 0.660| .7381

1914| Wheat |- 89.07| 0.833| .7420

1914| Millet 123.18| 0.570| .7021

Total 1120.05 8.3885

G4 | None 1910| Oats 99.69| 0.770| .7676

1910| Millet 41.12| 1.250| .5140

1911| Wheat 72.40[ 0.790| .5720

1911| Millet 76.42| 0.560| .4280

1912| Wheat 83.28| 0.692| .5757

1912| Millet 42,12 0.800| .3370

1918| Wheat 43.62| 0.843| .3677

1918| Millet 32.06| 1.000| .3206

1914| Wheat 74.21| 0.708| .5217
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TaBrLeE VI (Continued)

SOIL g Treatment “ % o E-—g
Hs ghl o | =%a

i prld e

v Grams

1914| Millet 15.27

Total 580.19

Jackson G5 | L (1909) 1910| Oats 132.05
F (1909 & 1911) |1910| Millet 87.21

S (1909 & 1911) |1911| Wheat | 93.88

1911| Millet 99.19

1912| Wheat | 168.79

1912] Millet | 120.50

1913| Wheat | 115.91

1913| Millet | 117.08

1914 Wheat | 112.75

1914| Millet | 108.85

Total 1156.21

Jackson G6 | L (1909) * 11910| Oats 125.67
F (1909 & 1911) |1910| Millet 88.88

S (1909 & 1911) 1911 Wheat | 108.97

PK (annual) 1911| Millet 92.88

1912| Wheat | 172.16

1912| Millet 130.84

1913| Wheat 79.74

1913| Millet | 127.76

1914| Wheat | 100.93

1914| Millet | 140.65

Total 1168.48

Jackson G7 | PK (annual) 1910| Oats 148.33
1910| Millet 42.77

1911| Wheat 79.01

1911| Millet 62.86

1912| Wheat | 100.30

1912| Millet 31.20

1913| Wheat | 37.97

1913| Millet 72.69

1914| Wheat 65.28

1914| Millet 52.76

Total 693.17

Nitrogen
content

S|
Per cent

1.685

0.800
1.040
0.720
0.660
0.794
0.745
0.849
0.640
0.805
0.670

0.950
1.010
0.760
0.660
0.807
0.710
0.875
0.630
0.800
0.543

0.700
1.220
0.720
0.670
0.698
0.783
0.839
0.650
0.785
0.885

|

Total mnitrogen
in crop

—
Grams

2573
4.6616

1.0564
90.70
.6759
.6547

1.3402
8977
9841
1493
.9076
7293

8.9030

1.1939
8977
7902
.6130

1.3893
.9290
6971
.8049
.8074
7637

8.8868

1.0383
5218
.5689
4212
1001
2443
.3186
AT25
5124
4669

5.2650
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TasLe VI (Continued)

@4 H g
SOIL E Treatment o ?’ = EE éﬁog i g
R 8| 8 258 | EE | Fg
%z &J.ﬁ 5 ;ﬁn Eu E‘co-...
Grams |Per cent| Grams
Jackson G8|L (1909) 1910| Oats *116.68| 0.740/ .8634
PK (annual) 1910| Millet 59.29| 1.050| .6225
1911| Wheat | ,63.12| 0.860| .5428
1911| Millet 81.64| 0.660| .5388
1912| Wheat | 109.81| 0.724| .7950
1912| Millet 74.78| 0.773| .5780
1913| Wheat 80.97| 0.822| .6657
1913| Millet 74.05| 0.600| .4443
1914| Wheat 87.83| 0.738 .6482
1914 Millet 99.50/ 0.613| .6099
Total 847.67 6.3086
Jackson G9 I PK (annual) 1910f Oats 280.11 0.680| 1.9047
N (annual) 1910 Millet 39.80| 1.230| .4895
1911| Wheat | 180.50| 0.810| 1.4621
1911| Millet 78.82| 0.620| .4887
1912 Wheat | 234.50| 0.597| 1.4000
1912| Millet 57.50| 0.793| .4560
1913| Wheat | 167.03| 0.689| 1.1509
1913| Millet 57.04| 0.800| .4563
1914| Wheat | 167.60| 0.810| 1.3576
1914| Millet 55.97| 0.778| .4354
Total 1318.87 9.6012
Jackson  |G10] LL (1909) 1910| Oats 291.70| .0.770| 2.2461
PK (annual) 1910| Millet 60.84] 1.080| .6571
N (annual) 1911| Wheat | 156.81| 0.690| 1.0785
1911| Millet 75.05| 0.700| .5254
1912| Wheat | 248.19| 0.614| 1.5239
1912| Millet 57.68| 0.837| .4829
1913| Wheat | 177.45| 0.766| 1.3593
1913| Millet 73.58| 0.640| .4709
1914| Wheat | 170.47| 0.858| 1.4626
1914| Millet 104.53| 0.615 .6429
Total 1415.80 10.4496
JaCkson Hi I S (1909 & 1911) [1910| Oats 118.56| 0.830| .9840
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TasrLe VI (Continued)

\
@ M -]
SOIL % . Treatment 'gfg E %.E gclé Eg
2 85 & | zaB| 88 | g
3 > S B e e
Grams | Per cent| Grams
PK (annual) 1910| Millet 8.35| 1.050| .0877
1911 Wheat | 86.07| 0.730| .62g3
" |1911) Millet | 92.23| 0.630| 5810
1912| Wheat | 7852| 0.831] .65
1912| Millet | 62.30] 0.813| 506
1918| Wheat | 50.97| 1.021| 5204
1918| Millet | 85.04| 0.620] 527
1914| Wheat | 73.80 0.800] 5904
1914| Millet | 88.43| 0.720] .6007
Total 739.27 5.6787
Jackson H2 [ L (1909) 1910| Oats 140.62| 0.810] 1.1390
S (1909 & 1911) |1910| Millet | 72.92| 1.120/ .8167
PK (annual) 1911| Wheat | .91.30| 0.690] .6300
1911| Millet | 90.50| 0.630| .5702
1912| Wheat | 87.21| 0.827| .7212
1912| Millet | 80.31] 0.768 .6168
1913| Wheat | 72.70| 0.944] .6863
1918| Millet | 90.59| 0.650| .5888
1914| Wheat | 97.24| 0.763| .7419
1914| Millet | 109.20| 0.585| .6388
Total 932.59 7.1497
Jackson H3|S (1909 & 1911) |1910| Oats 298.74| 0.660| 1.9717
PK (annual) 1910| Millet 61.62| 1.010] .6224
N (annual) 1911| Wheat | 200.86| 0.680| 1.3658
1911| Millet 62.36| 0.770| .4802
1912| Wheat | 193.48| 0.659| 12750
1912| Millet 73.95| 0.778| 5753
y 1913| Wheat | 169.64| 0.755| 1.2808
1913| Millet 84.23| 0.640] .59l
1914| Wheat | 154.47| 0.955| 14752
1914| Millet | 109.74| 0.610| .66%
Total 1409.09 102549
Jackson | H4|L (1909) 1910| Oats 268.40| 0.670 1.7933
| S (1909 & 1911) [1910| Millet | 66.15] 1.120 _./74,




181

TasLe VI (Continued)

25 g
8% g
SOIL E Treatment '-gé “55'5 glé i g‘
. = o =l
Grams | Per cent| Grams
PK (annual) 1911 Wheat | 197.44| 0.720| 1.4216
N (annual) 1911| Millet 81.30| 0.640| .5208
1912) Wheat | 215.33| 0.643| 1.384¢
1912| Millet 77.68| 0.768| .5966
1918| Wheat | 174.95| 0.879| 1.5378 .
1913| Millet 92.13| 0.630| .5804 .
1914| Wheat | 202.80| 0.810| 1.6427
1914| Millet | 121.95| 0.600| .7317
" Total 1498.13 10.9548
Jackson | H5 | S (1909 & 1911) [1910] Oats 145.38| 0.800| 1.1630
1910| Millet 71.48| 1.000/ .7148
1911| Wheat 81.95| 0.750| .6146
1911| Millet 92.35| 0.630| . .5818
1912| Wheat 79.92| 0.774| .6186
1912| Millet 60.91| 0.768| .4678
1913| Wheat 44.02| 0.977| .4301
1913| Millet 90.75| 0.700{ .6353
1914| Wheat 73.10| 0.825| .6031
1914| Millet 80.95| 0.735] .5950
Total 820.81 6.4241
hackson | He ] L (1909) 1910| Oats 135.29| 0.750| 1.0147
S (1909 & 1911) |1910| Millet 80.74| 1.040| .8397
1911| Wheat 89.92| 0.740| .6654
1911| Millet 95.85| 0.660|- .6326
1912| Wheat 94.81| 0.822| .7793
1912| Millet 82.19| 0.810| .6657
1913| Wheat 75.38| 0.977| .7365
1913| Millet | 113.98| 0.660| .7523
1914| Wheat | 106.40| 0.750| .7980
1914| Millet | 113.28| 0.628| .7114
Total 987.84 7.5956
Jeckson HT7 | L (1909) 1910( Oats 317.33| 0.730| 2.3165
F (1909 & 1911) [1910| Millet | 108.91] 1.000 1.0891
S (1909 & 1911) Wheat | 226.31| 0.740| 1.6747

1911
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TasLE VI (_Coﬁtinued)

2% §
%

: SOIL % : Treatment ‘g‘,é ‘3%’;;; ag ,‘ég
s il o5 | 3fa| & E
3 > 5 R A

Grams | Per cent| Grams

PK (annual)  [1911] Millet | 106.30| 0.640| 6803
N (annual) 1912| Wheat | 312.04| 0.686| 2.1406
1912| Millet | 147.25| 0.685| 1.0087

1913| Wheat | 221.03| 0.800| 1.7682

1913| Millet | 123.68| 0.730| .9029

7 1914| Wheat | 226.98| 0.793| 1.7999
1914| Millet | 164.41| 0.575| .9454

Total 1954.24 14.3263
Jackson I8 | D (1909) 1910| Oats 194.00| 0.810] 1.5714
F (1909 & 1911) |1910| Millet | 102.41| 1.090 1.1163

S (1909 & 1911) (1911 Wheat | 122.07| 0.750 9155
PK (annual) 1911| Millet | 118.15| 0.640| .7562
1912| Wheat | 177.16/ 0.808| 1.4315

1912| Millet 90.32| 0.913| .8246

1913| Wheat | 128.95| 0.860| 1.1090

1913| Millet | 143.92| 0.680| 9787

1914| Wheat | 117.77| 0.735 .8656

1914| Millet | 154.60| 0.540 8348

Total 1349.35 10.4036

TasLe XIII—The nitrogen content of the surface soils at different periods.
Estimations calculated to moisture-free basis

SOIL

Lab. No.

Cyl. No.
Treatment

nitrogen
Per cent

Total

SOIL

Lab. No.

|

Cyl. No.

“Average” samples of untreated soils taken i

the experiments

Cookeville (1096
Crossville |1101

reatment

\T

nitrogen
Per cent

Total

n 1909, at the outset of

/,_"—/‘

_| 0.1463

0.0742||Gallatin  |1267| —————| -====77"" 00698
0.0784||Jackson 1266:__/-——:::’_'/
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TasrLE XIIT (Continued)

- Gl » +
£ | erl S el ol e R
R 3 §E 8 Ll 3 555
18 B Sl S8 i Sl
Samples taken in 1911, at the end of the two-year period
(ackeville 1874 A 1 L 0.0745(|Crossville (1911 8 LPK 0.0727
11875 2 ‘F 0.0751 & 1912] 9 LFPK 0.0768
«  l1876| 3 LF 0.0805 < 1913| 10 LSPK 0.0762
« (1877 4 (o) 0.0760 £ 1967| J 4 | LSFPK | 0.0794
« 1878 b LSF 0.0846 & 1968] 5 LPKN 0.0731
« |1879| 6 | LSFPK | 0.0854 1969| 6 | LSPKN | 0.0763
algso[ 7 PK 0.0738||Gallatin (1914 E 1 L 0.1264
sl 8 LPK 0.0710 @ 1915 2 ¥ 0.1346
(R 2321 9 PKN 0.0797 & 1916 3 LF 0.1347
W 1883 10 LPKN 0.0720 & 1917| 4 fo} 0.1294
L (13841 B 1 SPK 0.0740 o 1918 5 LSF 0.1364
155 2 LSPK 0.0723 o 1919 6 | LSFPK | 0.1381
(556 3 SPKN 0.0782 @ 1920 7 PK 0.1376
“  |1887] 4 | LSPKN | 0.0747 @ 1921| 8 LPK 0.1304
“ |18s8| 5 S 0.0760 @ 1922| 9 PEN 0.1311
£ REER) SR LS 0.0760 & 1923 10 LPKN 0.1297
“ 11890| 7 | LSFPKN | 0.0823 @ 1924| F 1 | SPK 0.1320
IR0 8 LPK 0.0698 % 1925| 2 LSPK 0.1306
B Rg2 1 g LFPK 0.0752 @ 1926] 3 SPKN 0.1306
‘11893 10 LSPK 0.0695 ¢ 1927 4| LSPKN | 0.1318
“  |1964| J 1| LSFPK | 0.0740 w 1928 5 S 0.1306
i 1965 2 LPKN 0.0664 i 1929 6 LS 0.1348
“ |1966] 3| LSPKN | 0.0699 w 1930 7 | LSFPKN | 0.1393
(rossville |1894| ¢ 1 L 0.0817 L 1931 8 LPK 0.1247
: 1895 2 F 0.0897 o 1932 9 LFPK 0.1818
‘ |1896] 3 LF 0.0874 @ 1933 10 LSPK 0.1291
B TR07 | 4 0 0.0817 @ 1970| J 7 | LSFPK | 0.1350
B 118088 5 LSF 0.0868 s 1971 8 LPKN 0.1247
“ |1899] 6| LSFPK | 0.0848 (o 1972| 9 | LSPKN | 0.1298
‘00| 7 PK 0.0788||Jackson [1934] G 1 i, 0.0620
B 1907110 8 LPK 0.0759 1935 2 F 0.0674
902 o PRN 0.0774 = 1936 3 LF 0.0656
Y 1903 10 LPKN 0.0776 @ 1937 4 0 0.0568
“ |1904| D 1 SPK 0.0871 @ 1938] 5 LSF 0.0725
“ [1905] 2 LSPK 0.0835 w 1939| 6| LSFPK | 0.0664
Y l908] 3 SPKN 0.0869 e 1940 7 PK 0.0568
© 907 4| LSPEN | 0.0837 @ 1941 8 LPK 0.0569
B T s 0.0815 « 1942 9 PKN 0.0561
© e ¢ LS 0.0800 o 1943 10 LPEN 0.0572
© 90| 7| LSFPEN | 0.0860 w 1944| H 1 SPK 0.0598

— |
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TarLE XIII (Continuned)

5 g g 5?) S g E aF

somw | 7 | 2 £ _g- |l som 5| 2 £ 4s
2 R e L

| O B B H| 8 g SR
Jackson (1945 2| LSPK | 0.0649||Jackeon |1955| 2 i 0,054
& 1946] 3 SPKN 0.0626 £ 1956| 3 PK 0.0525
& 1947| 4| LSPKN [ 0.0631 0 1957| 4 SFPK | 0.0654
@ 1948 5 S 0.0624 £ 1958/ 5 SF 0.0854
o 1949 6 LS 0.0610 “ 1959| 6 LSF 0.0643
¢ 1950 7 | LSFPKN [ 0.0694 « 1960 7 FeSF | 0.064
e 1951 8 LPK 0.0524 i 1961 8 | LSFPK | 0.0718
& 1952| © 9 LFPK 0.0586 < 1962 9 LPKN | 0.0557
@ 1953  10. LSPK 0.0567 & 1963| 10 | LSPEN | 0.0569
@ 1954 11 (o} 0.0562 < 1973| J10 | LSFPK | 0.0648

Samples taken in 1914, at the end of the five-year period
Cookeville (8799 A 1 L 0.0684 || Crossville (3825 7 PK 0.0742
< 3800 °2 F 0.0759 a 3826 8 LPK 0.0737
@ 3801 3 LF 0.0795 @ 3827 9 PEN 0.0762
e 3802| 4 (o} 0.0741 st 3828| 10 LPKN | 0.0763
4 3803 5 LSE 0.0828 @ 3829| D 1 SPK 0.0838
i 3804 6| LSFPK | 0.0896 s 3830 2 LSPK | 0.08%
et 3805 7 PK 0.0709 © 3831 8 SPKN | 0.0824
@ 3806| 8 LPK 0.0724 & 3832 4| LSPEN | 0.0846
<t 3807 9 PKN 0.0714 i 3833 5 S 0.0821
¢ 3808 10 LPKN 0.0724 & 3834 6 LS 0.0783
¢ 3809| B 1 SPK 0.0731 £ 3835 7 | LSFPKN [ 0.0011
“ 3810/ 2| LSPK | 0.0711 « 3836| 8 LPK | 0.0704
s 3811 3 SPKN 0.0755|/  « 3837 9 LFPK | 0.0763
D 3812 4 | LSPKN 0.0740(|,  “ 3838| 10 LSPK [ 0.0707
@ 3813 5 S 0.0746 & 3892 J 4 | LSFPK | 0.0784
it 3814 6 LS 0.0726 s 3893 b LPKN | 0.069
g 3815 7 | LSFPKN | 0.0838 s 3894 ¢ | LSPRN | 0079
& 3816| 8 LPK 0.0646||Gallatin (3839 E 1 L 0.1184
& 3817 9 | LFPK 0.0750 4 3840 2 F | 0120
« 3818 10 | LSPK | 0.0681 « 3841 3 LF | 048%
“ 3889| J 1| LSFPK | 0.0749 “ 3gda| 4 0 0.1217
% 3890 2 LPKN 0.0619 < 3843 b LSF 0.1894
& 3891 3 | LSPKN | 0.0658 <6 gg44| 6| LSFPK 01867
Crossville [3819] C 1 T 0.0796 4 38451 7T PK 0.1219
& 3820 2 F 0.0904 & 3846 8 LPK 0.1245
“ 3821 3 LF 0.0943 «“ 3847| 9 pRN | 018
0.1270
« 3822 4 (o) 0.0820 « - |[3g48] 10| LPEN

£ 3823 5 LSF 0.0915 < 3849| F' 1 SPK 0.12::
% 3824| 6| LSFPK .| 0.0904 i sss0| 2| LSPK 0/12_
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TasrLe XIII (Continwed)

] i b £8 : ; ] g8

SOIL 4l E 5 g“ é s | % | 5 £ i g] s
A $ 8£0 8 | e 8 qE T
s E BLEla
callastin [3851] 3 SPKN 0.1251! | Tackson  (3869] H 1 SPK 0.0625
« |3s52| 4| LSPKN | 0.1283 % 3870 2 LSPK 0.0672
« |s858| B s 0.1242 38718 SPKN 0.0625
« |as54| 6 LS 0.1290 @ 3872| 4| LSPKN | 0.0670
« |sgss| 7| LSFPKN | 0.1283 £ 3878 5 S 0.0598
o |sss6| 8 LPK 0.1146 @ 3874| . 6 LS 0.0689
W aes7 9 LFPK 0.1211 % 3875| 7 | LSFPKN | 0.0791
«  |ass8| 10 LSPK 0.1201 & 3876| 8 LPK 0.0539
« [3895| T 7| LSFPK | 0.1228 w 3877 9 LFPK 0.0610
«  |ss96| 8 LPKN 0.1123 w 3878| 10 LSPK 0.0560
« 3897 9| LSPKN | 0.1157 & 3879| I 1 0 0.0544
Jackson  [8859] G 1 L | 0.0615 L 3880 2 L 0.0534
«  |3s60| 2 F 0.0669 w 3881 3 PK 0.0524
alisgell '8 LF 0.0711 s 3882l 4 SFPK 0.0645
«  lsgea| 4 0 0.0555 @ 3883 & SF 0.0688
v |3863] & LSF 0.0739 © 3884 6 LSF 0.0635
“ |ss64| 6| LSFPK | 0.0739 & 3885 7 FeSF 0.0689
@ lases| 7 PK 0.0565 w 3887| 9 LPKN 0.0542
O R LPK 0.0603 o 3888| 10 [ LSPKN | 0.0564
4 laser[ 9 PEN 0.0595 tw 3898| J10 | LSFPK | 0.0640

“ |sse8| 10 LPKN 0.0617

Tane XIV—The nitrogen content

of the subsoils at different periods.
Estimations calculated ta moisture-free basis

S0IL

Lab. No.

Cyl. No.

Surface-soil
treatment

nitrogen
Per cent

Total

SOIL

Lab. No.
Cyl. No.

Surface-soil
treatment

nitrogen
Per cent

Total

“Average” samples of “6-to-12-inch’ subsoils taken in 1908, at time

of placing in cylinders

—

Tl S 010300 [ Gallatiniih| S=3S | SERER BHE SRR e

Qe gyl 0.0607||Jackson  [1280] ———oo| —ocoooo____ 0.0324

—

—__ Samples of “6-to-12-inch” subsoils, taken in 1914

Cokeville (3899 A 1 L 0.0261||Cookeville 8902 4 0 0.0261
8900 2 F 0.0274 % 3903 LSF 0.0270
3901 3 LF 0.0274 & 3904| 6| LSFPK | 0.0277

= !
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: TarLe XIV (Continued)
e
el ) &8 ; g% %
soiL | = | £ $E 28| somw |2 | & it | &
A £8 ek Sl g% |3l
G Roh e R e 8| 5| g |5
& 3905 7 PK 0.0265||Gallatin  |3940] 2 P 0.0770
¢ 3906 8 LPK 0.0807 < 3941 3 LF 0073
@ 3907 9 PKN 0.0276 o 3942| 4 0 0.0681
@ 3908| 10 LPKN _ | 0.0274 e 3943 5 LSF 0.0768
£ 3909| B 1 SPK 0.0275([ - « 8944 6 | LSFPK ' | 0,073
« 3910 2 LSPK 0.0266 & 3945 7 PK 0.0691
& 3911 3 SPKN 0.0269 s 3946 8 LPK 0.0702
x 3912 4| LSPKN | 0.0289 o 3947 9 PKN 0.0775
£¢ 3913 5 S 0.0259 & 3948 10 LPKN | 0.0752
<€ 3914 6 LS 0.0256 £ 3949| F 1 SPK 0.074
@ 3915 7 | LSFPKN | 0.0272 st 3950 2 LSPK | 0.0750
& 3916 8 LPK 0.0234 € 3951 3 SPKN | 0.0743
® 3917 9 LFPK 0.0267 £ 3952| 4| LSPKN | 0.0740
£ 3918| 10 LSPK 0.0257 < 3953 .- b S 0.0719
% 3989 J 1 LSFPK | 0.0274 & 3954 6 LS 0.0733
= 3990 2 LPKN 0.0262 i 3955/ 7 | LSFPKN | 0.0723
s¢ 3991 3| LSPKN | 0.0274 & 3956| 8 LPK 0.0684
Crossville [3919] C 1 L 0.0569 e 3957 9 LFPK | 0.0699
& 3920 2 F 0.0578 & 3958 10 LSPK | 0.0697
& 3921 3 LF 0.0610 £ 3995/ J 7| LSFPK | 0.06%8
& 3922 4 (0} 0.0571 a; 3996| 8 LPKN | 0.0605
@ 3923 5 LSF 0.0589 £ 3997 9| LSPKN | 0.0624
s 3924 6 LSFPK 0.0609||Jackson |3959 G1 L 0.0286
s 3925 o7 PK 0.0608 g 3960 2 F 0.0284
@ 3926 8 LPK 0.0444 ot 3961 3 LF 0.0274
4 3927 9 PKN 0.0563 0 3962 4 0 0.0254
£ 3928| 10 LPKN 0.0604 4 3963 b LSF 0.0297
% 3929| D 1 SPK 0.0548 ¢ 3964 6 | LSFPK | 0.0274
& 3930 2 LSPK 0.0576 0 3965 7 PK 0.0285
@ 3931 3 SPKN 0.0584 o 3966 8 LPK 0.0282
@ 3932 4| LSPKN | 0.0595 & 3967 9 PKN 0.0287
% 3933 5 S 0.0564 = 3968 10 LPKN | 0.0817
“ 3934| 6 LS 0.0526 & 3969| H 1 SPK | 00289
s 3935 7 | LSFPKN | 0.0574 @ 3970 2 LSPK | 0.0306
< 3936] 8 LPK 0.0593 © 3971 8 SPKN | 0.0311
ge 3937 9 LFPK 0.0576 1 ag72| 4| LSPEN [ 0.0806
« 3938 10 [ LSPK | 0.0528 « 3973| 5 S 0.0306
o 3992| J 4 LSFPK | 0.0563 & 3974 6 LS 0.0829
i 3993 5 LPKN 0.0542 ® agrs| 7 LSFPKN | 0.0
o 3994 6 | LSPKN | 0.0562 e 3976| 8 LPK 0-0295
Gallatin (3939 B 1 L 0.0684 5 3977 9 LFPK _‘1@-
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TasLE XTIV (Continued)

= =
S ¥ 5% il 38 5%
SOIL [ Z | Z $8 Ll SoIL |z | g §§ '—%au
2l e Esgo U €9 q5 5
G > 8] ISR < > 58 o AN
(=] O 17} H = o n H
Jickson  [3978( 10 LSPK 0.0297|Jackson  [3984 6 LSF 0.0319
a 3979 I 1 (0} 0.0312 “ 7 13985 fif FeSF 0.0327
4 3980 2 L 0.0318 Ly 3986 8 LSFPK 0.0347
© 3981 3 PK 0.0312 i 3987 9 LPKN 0.0319
4 3982 4 SFPK 0.0323 5 3988 10 LSPKN 0.0324
U 3983 5 SF 0.0312 i 3998| J10 LSFPK 0.0327
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