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FERTILITY EXPERIMENTS IN A ROTATION
OF COWPEAS AND WHEAT

PART IT*—THE EFFECT OF LIMING ON
THE CROP PRODUCTION

INTRODUCTION

Widespread interest has recently been aroused throughout the
State in the subject of liming. In addition to the possibility of adding
to the number of profitable crops that may be grown, two questions
are of present importastce in this connection. . First, what increase in
vield may Le expected at the outset or in the course of the first three
to five years after liming? Second, what effect has liming on the
nitrogen and hunus content of the soil? As regards the first ques-
tion, the contents of this bulletin relate to only two of the common
farm crops, neither of which is recognized as being especially respon-
sive to liming; that is, both cowpeas and wheat will thrive on a soil
so poor in lime as to be called “acid,” or “sour.” There are other
crops, such as clover and alfalfa, which thrive only on a soil relative-
ly well supplied with lime and for whose successful culture on the
soils under investigation liming is a necessity. As to the second
question, there are presented, in Part III, some analytical data which
show the effect of a maderate application of burnt lime on the nitrogen
and humus content of the soil at the Station farm at the end of both
the second and the fifth year after its application.

THE FIELD DATA

The major part of the field data are recorded in detail in Part
I (Bull. 90), but a summary of the most important results from Part
I is given here, in Table I. The data for the other plots, which are
shown in the diagrams of Part I but unrecorded there, are presented

in detail in Table II. )
In every series recently slaked burnt lime was applied once at

the outlset of the experiments and at the rate of nearly one ton per
acre, and none thereafter.
THE NATURE OF THE SOILS UNDER INVESTIGATION
Each of the three experimental series which are here considered
represents a distinet type of soil. The series at the Station farm has

*For Part I, see Bulletin No. 90,
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TABLE IT— Vields of cowpea hay and of wheat from three sevies of experiments (results obtained in the
Same Sevies with those Published in Past L, Bull, 90)

SERIES I, oN EXPERIMENT STATION FARM

-_— -—_

‘ Cowpea hay
Plot | vear Fertilizer per ncre Disposition of | ] T T T Avérage of
COWpEN erop l Un- Limed | Aver I Gulimed limed nnd
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! | * I P B
~ i —_— — ﬂli“_ Grain | Straw
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o ! | 0 LI PR N i 35. 2,
19053] e : { HO 7 | 1.88 b1y
1907 I\othmg........,._..‘..,......,i o ; 92 9] ag 917130
1908 ! 4 tons farmyard manure. v N 2 C1.14 0 = o
Oiyg | “ e . { i R f 7 eI
1909 | “ ; | R R
| eraee. ; T ! “ e
| ! Average.. . .. 0 161 ; T2
] ; ;
o vt tons farmvard manure ; { ; !
( =) o e, ..., ( i e - i :
¥ b;; 1905 7200 Ths, acid phospliate ... (Removed 00 14 | LUSE s
1908 . o W 06T o Pano g -
! 1on7 © 2 1bs, aeid Phosphate L Todd 1687 1m0 : ;Q:: ;’,\,
Dl 4 tous fanmyvard munare, .,y Ceee bess
. : A ' . B -
ST 200 s, acid phosphate . .« . Lo 175 1 IR IRV AR B
i " Te . . . _ ! .
| 14y St Fis ) nu 150 LUET ] s
i : Averape o 112 1.3 T S D A S T A TR BT
H 5 ’ T f\'_’l_rn 1hs. ’JCi(]. ;»husyh:xlc ,,,,,, f ’
[ Lo EONT muwittcotponedn 0 G138
¢ any M b o - -
| 107 - - 31 s
| 190s . e oo .3 i 1.30
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| i 119.7 [ 117 | 17.4
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been conducted for five years. The soil, which is a friable loam of
a dark red color, such as is characteristic of the best limestone soilg
of Kast Tennessee, is relatively well supplied with the three impor.
tant elements of plant food, phosphoric acid, nitrogen, and potash,
The series on the Ford farm has run for four years. This soil is the
rather heavy yellowish-red silt loam which results from the decompo-
sition of the blue limestone of Bast Tennessee and responds readily
to phosphatic fertilizers. The series on the Weaver farm
has run for three years, and this soil, which is decidedly the poorest of
the three in all plant-food elements, is a gray-colored silt loam, un-
derlaid with a red-colored subsoil such as is characteristic of the
Highland Rim of Middle Tennessee.

DISCUSSION OFF THE RESULTS GIVEN IN TABLE I

As one-half of every plot in each series was limed, the effects
of liming on the crops grown may be studied under a number of dif-
ferent conditions, such as with and without the addition of phos-
phate, with the cowpea crop turned under, and with it removed an-
nually as hay.

Although two of the three soils clearly stood in
Profit from need of an additional supply of phosphate, the ap-
liming plication of lime by itself was highly profitable in

each series. Where the cowpea crop was furned
under the average annual increase of wheat attributable to the lime
was 8 bushels per acre. Allowing $5.00 per acre as the cost of one
ton of burnt lime, including cost of application, the increase for
two years would in each series more than repay this expenditure,
Where the peas were removed for hay, the average annual increase of
cowpea hay due to liming was 260 pounds per acre, and of wheat
5 bushels, or taken together they amount annually te somewhat more
than enough to pay the cost of liming for the entire period.

The effect of liming in conjunction with the ap-
Influence of plication of different phosphates was found to
various phosphates vary with the kind of phosphate.

Where acid phosphate was used the liming was
even more profitable than where mno phosphate was ap-
plied; the average annual increase per acre of the limed
sections over the unlimed being 4.1 bushels of wheat where
the cowpeas were turned under, and 420 pounds of hay
and 4.3 bushels of wheat where the hay was removed. On the
bone meal plots liming proved profitable in each series, but the aver-
age profit was a little less than on the unphosphated plots. Where
Thomas slag meal was applied in large quantity the value of liming
is questionable. According to the results obtained, it was unprofita-
ble at the Station farm, but profitable at the Ford farm. Leaving. out
of consideration the possible inequality of fertility in the halves of
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the same plot, varying results would naturally be expected on dif-
ferent soils, depending on the need of lime. Also, for experimental
purposes, 2,800 pounds per acre of the slag meal, which furnished
about 1,000 pounds of lime capable of neutralizing acidity, were used
on the Station plot, but only 1,690 pounds, containing some 600
pounds of lime, on the Ford plot. Apparently enough slag meal could
be profitably used to take the place of liming on either soil. With
regard to a light annual dressing of this material, such as would or-
dinarily be made in practice, plot I6 at the Station farm shows
throughout the five-year period profitable returns from the liming.

An entirely different proposition is presented by
Lime unfavorable the results obtained on the phosphate rock plots.
to the utilization = Where this material was used there was, at most,
of phosphate rock according to the experimental data, a narrow

margin of probable profit from liming where the
cowpea crop was turned under and a decided loss where the cowpea
crop was removed; but the slight apparent effect from the
liming as noted under the former condition can not he at-
tributed, as in the case of the slag meal, to the lime in
the phosphate. There 1is, it is true, a small amount of
carbonate of lime in nearly all samples of phosphate rock—more in
the low-grade rock than in the high-grade—but not sufficient to be of
.any special value in supplying .lime to an “acid” soil. At least two
of these soils, Ford’s and the Weaver Brothers’, were poor in phos-
phoric acid and the low yields obtained under liming on the phosphate
rock plots can, in the writer's opinion, be attributed only to the in-
sufficient supply of soluble phosphate furnished under this condition,
It should be noted in this connection that the yields of wheat from the
limed sections of the no-phosphate plots are very similar to those
obtained on either the limed or the unlimed sections of the phosphate
rock plots.

COMMENTS ON THE RESULTS GIVEN IN TABLE II-

Table II gives some important data not only with regard to the
effect of lime on both of the crops when manured and on wheat where
no cowpeas were grown, but also as an important aid in the explana-
tion of the increased yields of both cowpeas and wheat under the
various conditions noted.

At the Station farm the two plots F'6 and G6,
Liming may not which received light annual applications of farm-

be effective on yard manure, agree in showing little if any effect
cowpeas when  from the application of lime. Also a similar result
removed was obtained on plot H8, where only cowpeas were

-grown and were turned under each year. On the
other hand where no cowpeas were grown (plot H5) there was a de-
cidedly profitable increase in the yield of wheat, and this was true in
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each of the other two series. The question now arises, why did the lime
where farmyard manure was used and where only cowpeas were
grown (but turned under) fail to give the increased yields which pe.
sulted under other conditions?

Although liming undoubtedly produces a numbper
A possible ex- of different effects in the soil, in these experimentg
planation of the the explanation of its action appears to be this,
results obtained  that it increased, probably indirectly, through the

action of bacteria, the supply of available soil pj-
trogen, so that whether it were the non-legume wheat or the legume
conea the result was increased growth. In the case of plots F6 and
G6 the manure furnished sufficient additional nitrogen to produce, so
far as that element was concerned on this particular soil, maximum
crops. In the case of plot H8 the annual turning under of the only
Crop grown, cowpeas, was sufficlent to furnish an abundance of nitro-
gen where no lime was applied. If the correction of soil “acidity”
were the cause of the increased yields following liming on plots 74
and F5, for example, then liming might be expected to produce on F6,
G6 and HS a similar result, which was not the case,

The increased crop production on the limed sections can not be
attributed to any direct demand for calcium as an element of plant
food because of the ample supply of soluble calecium, which is always
found in acid phosphatée combined both with the “available” phos-
phoric acid and with sulphuiic acid, on the acid phosphate plots, those
heavily treated in particular. One of the best proofs that the ip-
creased yields from the liming were due to soluble soil nitrogen is
furnished by the data of Part III of this bulletin, which shows a
marked decrease at the end both of two and of five years in total
nitrogen on the limed side of nearly every plot, The additional
point was brought out by the examination of the roots of the cowpea
plants from various plots that the nodules were appreciably smaller
and less numerous on the limed than on the unlimed sections. This
finding is of interest in view of the fact that sparse and small-sized
nodules are the rule*on cowpea roots growing in a soil rich in nitrogen,

Also it is of interest to note that chemical analy-

Percentage of ses, which were made of the 1907 crop of cowpea
nitrogen in cow- hay from 11 of the plots, showed that in addition
pea crop in- to the increased production the per cent of ni-

creased by liming trogen in the hay from the limed areas was ap-
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SUMMARY OF RESULTS.

1. Burnt lime applied at the rate of one ton per acre gave a
profitable increaseé in the yields of both cowpea hay and wheat under
most of the experimental conditions of all three series.

2. The effect of the liming was appreciably modified by the kind
of phosphate used, with results as follows:

a. In each of the three series liming was most profitable on the
acid phosphate plots.

b. In two out of the three series the second most profitable re-
sults were gotten on the no-phosphate plots.

c. In two out of three series the third place was taken by the
bone meal plots.

d. Where very heavy applications of Thomas slag. were made,
as in two of the series, the value of liming proved questionable, but
on the plot receiving the light application of slag liming was
profitable.

e. Where phosphate rock was used liming proved of little value
and in at least one series was unprofitable.

3. The excellent yields on the unlimed section of the plots re-
ceiving the heavy application of Thomas slag meal may well be due
in part to the lime in the slag, and the comparatively low yields on
the limed side of the phosphate-rock plots are attributed to the un-
favorable effect of the lime on the phosphate rock in rendering it
less soluble.

4, As an exception to the general result stated in summary 1,
the yields both of cowpea hay and of wheat were not increased by
liming where light annual applications of manure (4 tons per acre)
were made; also it did not increase the growth of cowpeas on the
plot where only cowpeas were grown each year and turned under.

5. In these experiments the increased yields obtained from liming
are attributed to an increase in available nitrogen, which was utilized
by both the cowpeas and the wheat.
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PART II—THE EFFECT OF LIMING AND OF GREEN
MANURING ON THLE SOIL CONTENT OF
NITROGEN AND HUMUS

INTRODUCTION

That the final result of liming without the return to the soil of
adequate quantities of vegetable matter, either through applications
of farmyard manure or by the turning under of green crops, or the
like, may be decreased productiveness, is well known and has given
rise to various adages, such as the following:

“Lime and marl without manurve
Make both farm and farmer poor.”

With a view to cutting down the possible waste of soil nitrogen
and humus, the common recommendation in recent years has been to
make light and frequent applications of lime rather than heavy and
infrequent ones. Also at the present time the use of ground lime-
stone is being urged by many writers in preference to burnt lime, both
because of its relatively slow action in the soil and because of its com-
parative cheapness. Accurate data, however, with regard to the quan-
titative effect of either form on the nitrogen and humus supplies of the
soil are far from abundant. In fact, extensive investigation is needed,
under various conditions of eropping, rates of liming and fertilizing,
and on various types of soil, and under different climatie conditions,
in order to get the information desired. This publication is intended
as a contribution to our knowledge in this direction.

Attention may be called to the following results which were got-
ten in this country, and which are of present intercst:

In a series of pot experiments at the Rhode Island
Experiments at Station® 4 tons of air-slaked lime per acre were
the Rhode Island found at the end of two years to have materially
Station decreased the percentage of humus and to have

very slightly decreased the percentage of humus
nitrogen, when calculated on the dry-soil basis. For the average
of the three sets of these Rhode Island experiments, which are com-
parable on the 4-ton basis, we have calculated that at the close of the
period the percentage of humus was 3.87 in the case of the unlimed
soil but only 3.52 for the limed; and that the percentage of total nitro-
gen was 0.1333 for the unlimed and 0.1827 for the limed.

2R, I. Bxp. Sta. Rep., 1899, pp. 152-162, hy Wheeler, Sargent, and Hartwell.
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At the Pennsylvania Station,* in a series of field
Experiments at  experiments with a four-year crop rofation, which
the Pennsylvania had run for 23 yearns, the calculation was made
Station " that without manure the plots which received lime

at the rate of two tons per acre once every four
years had yielded products worth every four years of the rotation §4.21
less than the untreated plots. With 6 tons of manure per acre, how-
ever, the burnt lime gave a profit amounting to $2.59 per acre for each
set of four years. In connection with these field experiments rather ex-
tensive laboratory investigations have been made for several years,
and among other determinations are those of total nitrogen and car-
bon on both unlimed and limed plots. As these data are unpublished,
~ we are indebted to Director Hunt and Mr. McIntire of the Pennsylvania
Station for permission to use the following resulis:

The nitrogen and carbon contents of ce1 tain volation plols al the Agricul-
tural Experiment Station, Slate College, Fa., al the end of 30 years
—analyses by W. H. Mclutire.

Plot (Ave, " Total Total oreganic
4 tie(rs)g ) Treatment nitrogen carbon
Per acre Per cent Per cent
18 6 tons manure every two years. .. 0.1528 1.961
22 2 tons burnt lime and 6 tons ma- 0.1589 1.86Y
nure every two years.... .....
23 | 2 tous hurnt line every two years 0.119¢ 1.467
24 Nothing .....ooovevviviini.n 0.1122 1.482
84 4 tons ground liniest-.ne every four
FEATS o e e e 0.1222 1.698

The fact that these analyses, while showing, with the exception
of plot 34, a decrease in total carbon, show an inerease in total nitro-
gen on all the limed plots as compared with the unlimed is interesting
in connection with the data from the cowpea-wheat plots, which, re-
sembling the Rhode Island results, show a decrease in both total ni-
trogen and humus on the limed sections as compared with the un-
limed.

The question naturally arises as to the cause of
Possible causes such different results, but the number of factors
of variance in involved is so great, including, as they do, differ-
experimental data ences in system of cropping, physical and chemical
differences in soil, and different degrees of alkalin-
ity and acidity of soil, that no definite conclusion can safely be drawn,

*Pa. Sta. Bull. 90,-p. 26, by T. F. Hunt.
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A recent publication by Brown™ brings out clearly
Experiments at the most important effeet of liming on the bac-
the Towa terial activities of the soil and sugpests reasons
Station for some of the diverse results, Liming in-

ereased the total number of soil Dbacteria, the
ammonifying power, and the nitrate productian, and, to a marked
extent, the fixation of nitrogen from the air, and this especially where
the largest amounts of lime (ground limestone) were present.

SOIL STUDY OF THE COWPEA-WHEAT PLOTSt AT THE
TENNESSEE EXPERIMENT STATION T'ARM

'SOME PRELIMINARY CONSIDERATIONS

The actual amount of burnt lime applied per acre
The soil acidity in the cowpea-wheat experiments at the Station

farm was 1,800 pounds. Two years after liming,
four plots showed an average acidity by the Veitch Method of 0.076
per cent for the unlimed sections. Of the limed sections, two showed
an acidity of 0.01 per cent, one was neutral, and ane wasg slightly
alkaline. We would conclude, therefore, that the liming was not
heavy enough to make the soil distinctly alkaline. At the same time,
this rate proved to be sufficient to produce strong, healthy growths
of both alsike clover and alfalfa on adjacent plots where without lime
both crops were practically failures even when rather heavily
manured.

At the outset of the experiments and before any
The soil samples fertilizer or lime was applied, soil samples were

carefully taken from cach plot. Two years later
(1907) and again in three years (1910) samples were taken from
both the limed and unlimed sides of each plot. The samples in every
instance were taken at the same time of the yecar—shortly after
wheat harvest—and in a uniform and methodical manner, as follows:
The depth of sampling was 8 inches, as determined by a mark on
the sampling instrument, which was a steel tube 234 inches in di-
ameter. The method of using the tube was found to be of consequence,
for if it were driven at once to the required depth, the soil was apt to
clog in the tube, which was then driven down without cut-
ting, and like a solid bar, so that the sample obtained represented
only the upper 3 to 5 inches, as the case might be. To avoid this
difficulty the tube was driven down about 2 inches, the sample of soil
removed by means of a plunger, and the process repeated until the
required depth was reached. In this manner 10 samples from each

*Towa Exp. Sta., Research Bull. 2, 1911, p. 100, by P. E. Brown.
fFor diagram of plots and chemieal analyses of the soil see Part I, Bull. 90.
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half plot were taken in two Tows about § feet apart, as indicated in
Diagram 1. :

] ® ] [ ] [
’ ’ . . 4
o e e - =9
L . - - ©
- L] L g - A 4

DIAGRAM 1—SHOWING THE NUMBER AND DISTRIBUTION OF 8017,
SAMPLES TAKEN FROM Eacit Hank or KveEry Pror i 1907
AND AGAIN IN 1910,

The lots from each half plot were mixed together and about 2 pounds
taken to the laboratory for analytical purposes.

Since comparable results from plot experiments van be expected
only where there is great uniformity of soil conditions, the uniformity
of depth, as well as of composition of the surface, or humified por-
tion, of the soil, in which the major portion of the plunt roots de-
velap, is of great importance to the understanding and interpretation
of the results obtained.

There is given, therefore, in Diagram 2 the soil
The soil profile profile of each plot in the range in which it is

found. The profiles show that the dark-colored
surface soil extends below the depth of sampling and of plowing in
18 out of the 20 plots.
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The extreme depths are found in range F, with
Soil depth and the minimum of 8 inches for plot 4, and the max-
uniformity imum of 9% inches for plot 8. The average depth

for the 20 plots was found to be 8.9 inches. The
differences in depth of soil over the experimental area are therefore
appreciable, but are considered to be as little as can be expected on
this type of soil. In fact, this field was chosen at the outset because
of its apparent uniformity. The depth of the subsoil to the underly.
ing rock (dolomite) is not known, but is probably 20 or more feet,

This soil appears to be derived in part from dolo-
Derivation of soil mite and in part from an ancient alluvial deposit

from the Tennessee River; the experimental field
being the third bench above the river,

.In Table ITI are given the results of a mechanical
Mechanical soil analysis, made according to the method of the
analysis Bureau of Soils of the U. S. Departinent of Agri-

culture, of a composite sample from each of the
five ranges. They show marked uniformity throughout.

THE ANALYTICAL RESULTS, ETC.

. Table IV gives the analytical data obtained from the plots at the
Experiment Station farm. In Table V is a summary of the most

1905 1907 1910

o ed e —m o =TT g
und&r_u_”[.”ﬂ'e‘- b I L b7 - .
Sowng BT T e T T U Sy oy
ime» e P
e ad 44mET-
oteh- moved

DIAGRAM 8—SOLID LINES INDICATK THE CHANGE IN PER CENT O SOIT,
NITROGEN UNDER FOUR CONDITIONS. BROKEN [LINES INDICATE THE
SUM OBTAINED BY ADDING THE NITROGEN REMOVED By THE CROPS
TO THE NITROGEN FOUND IN THE SOIL.
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important averages derived from Table IV. Table VI furnishes sone
caleutations, in pounds per acre of nitrogen, of interest in connection
with the other tables.

SOURCES OF ERROR

As there are always possible sources of error in connection with
this kind of investigation, an understanding of the possibilities in
this direction is necessary in order to form a true opinion of its
worth, .

Probably the most serious chance of error comes
Spil sampling 8 from some wvncertainty as to whether the soil
source of error samples represent exactly the same quantity of

surface soil in every year's sampling. That is,
did the samples taken in 1910, for example, represent the same weight
of soil as those taken in 19057 The depth of sampling was the same
each year, but might not the soil have been more compact in one year
_ than in another, and hence, on the assumption that the nitrogen-
content decreases with the depth, introduce an error?

As to the 1905 samples, the first plowing was
Depth of plow- fully 8 inches deep, and the furrow slices were
ing, ete. not completely inverted, but tipped to an angle of

about 45°, so that the after-preparation must have
given a thorough mixture, which could hardly have failed to make the
8-inch samples representative to the full depth of plowing. Separate
samples were, however, not taken from each half plot, and this prob-
ably accounts for some lack of uniformity in the analyses from cer-
tain plots, so that special stress can be placed only on averages from
a number of plots. To pet evidence in regard to the possible error in
later samplings, samples were taken in January, 1912, from both the
unlimed and limed sides of each plot, of the soil stratum which lies
immediately under the 8-inch depth, but above the usually well-defined
subsoil line, as referred to under the soil profile.

At the same time there were taken samples rep-
Soil and subsoil  resenting the first two inches of subsoil lying

samples taken immediately heneath the soil. Tour composite
below depth of samples were then made up, two of soil, one each
plowing from the unlimed and limed sides, and similarly

two of subsoil. The analyses are given in Table
VII, and show for the soil stratum only 8.7 per cent less nitrogen on
the unlimed and 3.5 per cent less on the limed sections than were ob-
tained from the 8-inch samples taken in 1910,

The subsoils show, as would be expected from
TFalling off of their relatively light color, a marked falling off
nitrogen and in both nitrogen and humus, amounting, as com-
lwmus in subsoil pared with the 1910 soil samples, to 87 per cent

on the unlimed and 36 per cent on the limed sides.
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Provided, therefore, that the subsoil were not
Small probable penctrated, an inch difference in depth of samp-
error in sampling ling does not appear seriously to affect the re-

sults. For example, if the stratum analyzing
0.1150 per cent nitrogen were included by error in the sampling of the
unlimed areas, the percentage of nitrogen found would be changed
from 0.1194 per cent to 0.1189, or a difference of only 0.4 of 1 per cent.

Much of the analytical work was duplicated by
Analytical errors  two or more analysts, and the same methods were

followed throughout. Of the two estimations,
however, that of nitrogen is recognized as much more exact than
that of humus*, and is, indeed, one of the most reliable of analytical
methods.

Of course the various chances of error would be expected to
affect in particular the comparison between the nitrogen and humus
contents of the soil for the different years, but to have little influence
on the comparison between the limed and the unlimed areas.

THE NITROGEN DATA

The nitrogen data of Tables IV and V show that a marked de-
crease in the soil content of nitrogen took place under all of the ex-
perimental conditions, but especially where lime was applied. The
average per cent of nitrogen found in the surface 8 inches of soil of

TABLE VII—Zercentages of lotal nitrogen and humus in composile
samples laken below the 8-in. depth of plowing, elc. (resulls
ealculated to waler-free dasis)

Ii\?;) ; Description of snmple Nitrogen | Hunus

1979 | Soil front unlimed sides, but below 8-in.
depthe, v s 0.1150 1.21

(Average thickness of stratum about 1 1in.)

1978 | Soil from limed sides, but below 8-in.
AePth oo 0.1116 | 1.17

(Average thickness of stratum about 1 in.

1981 First 2 in. of subsoil immediately under- 0.0751 0.68
lying 1979, . ............ e )

1980 | First 2 in. of subsoil immediately under- | ¢ g740 0.61
Tying 1978, ..o o '

*For the estimation of nitrogen, the Official Method, with 10g. of soil, and with
blanks run on the reagents, was followed throughout. In the estimation of humus the
Official Method was used except that special pains were taken to get rid of the clay
by repeated evaporation, ete., of the humus matter. Also, in order to make the re-
sults as comparable as possible, a correction of 14 per cent for loss of water from
the insoluble residue left after the humus was burnt off was made. The amount of
this insoluble residue was usually in the neighborhood of one-half of one per cent
of the original soil, but the vaviation was sufficient to make the correction advisable.
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the 20 plots at the outset of the experiments was 0.1273, or 2,951
pounds per acre. At the end of the (irst two years Lhe same plots
gave an average of 0.1225 per cent for the unlimed and 0.1204 per
cent for the limed sections, or 2,840 pounds and 2,791 pounds per
acre, respectively. At the end of five yeoars the unlimed scetions
showed an average content of 0.1194 per cent and the limed
of only 0.1156 per cent, or 2,768 pounds and 2,680 pounds per acre,
respectively.

As determined by crop analyses, which were

Amounts of made annually for a number of plots, a close ap-
nitrogen removed proximation to the nitrogen removed by the wheat
by the crops crops* in five years from the four typical plots,

H4, T4, T'5, and I'8, is 237 pounds per acre for the
unlimed and 260 pounds for the limed sections, but 170 and 258 pounds
are the losses from the soil as calculated from the estimations of
nitrogen for the average of ‘the 12 plots where the cowpeas were
turned under, and where, consequently, an appreciable quantity of
nitrogen must have been added to the soil through the action of the
nitrogen-gathering bacteria, which were abundantly present in the
roots of the cowpea plants. This leaves for the unlimed sections 67
pounds of nitrogen per acre derived from sources outside of the
surface 8 inches of soil, but for the limed only 2 pounds. IFrom
plots I4, G4, G5, and G8, which were fertilized exactly as the other
four, but from which the cowpea hay was removed, the approximate
quantities of nitrogen removed by the two crops, cowpeas and wheat,
in five years amounted to 369 pounds per acre for the unlimed and 467
pounds for the limed halves, and the calculated soil losses were 188
pounds and 290 pounds, respectively. This leaves in each case nearly
180 pounds of nitrogen per acre to be derived from sources outside
of the surface 8 inches of soil, and probably in large part from the
atmosphere. Table VI and Diagram 3 show that more nitrogen was
removed by crops in every case save one than appears to have heen
lost from the surface 8 inches of the soil.

The comparison between the plots which received
Acid phosphate acid phosphate and those which were either un-

may cause loss phosphated or received applications of phosphate
of nitrogen rock, was made in Table V because of the popular
and humus impression that commercial fertilizers consisting

chiefly of acid phosphate “burn up” the soil; that
is, are destructive to the vegetable matter of the soil, which then be-
comes less productive and more difficultly managed than formerly.
The results of the analytical data give some foundation for this
opinion, but further evidence is needed in order to establish it as a
fact.

*Approximately 1.73 pound of nitrogen was removed, on the average, by the
grain and straw of a bushel of wheat.
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The commercial fertilizer mixtures in common use
Tertilizers furnish little nitrogen (2 to 3 pounds per 100)
wrongly blamed and a relatively large amount (8 to 12 pounds

per 100) of phosphoric acid, so that their use
is practically limited to soils poor in phosphate. Such soils at first
may respond well to the usual light applications of 100 or 200 pounds
of the fertilizer per acre, and are therefore put oftener than before
into grain crops, which draw heavily on the soil supply of nitrogen,
and through whose culture humus is lost rather than gained. The
fertilizer can therefore be blamed only indirectly for the soil deteriora-
tion, which should be attributed first of all to the system of cropping.

REMARKS ON THE LOSSES OF NITROGEN

The question arises as to the reason for the rather excessive
losses of nitrogen which took place in the brief period of five years
and even where the conditions of the experiment were favorable to
the maintenance of fertility. Previous to the experiments the land
had been in grass for some ten or more years, and had accumulated,
for a Tennessee soil, a comparatively large supply of vegetable mat-
ter. Since 19056 the land has been plowed twice eacll year and
thoroughly harrowed, rolled, and the like, in preparation for seeding.
These manipulations greatly expose the soil to the air, so that the
oxidation processes causing loss of organic matter would be in-
creased. Some loss can be attributed to erosion. The surface of the
experimental field was slightly sloping, ample to permit of surface
drainage, ahd, as is common for soils throughout the State, there was
a perceptible loss of soil during heavy rains; but this must have been
less than that which takes place under usual field conditions, both be-
cause of the lay of the land and because it was covered almost
throughout the year by a growing crop, which protected and helped
to hold the soil in place. The fact, therefore, that the soil content of
nitrogen was not even maintained where a leguminous green crop
equal to more than a ton per acre of thoroughly cured hay, on the
average, not to mention the fallen leaves, stubble and roots, was
turned under each year is almost startling and shows the necessity of
a superior system of management if anything like high fertility of the
soil is to be maintained without recourse to outside supplies of nitro-
gen, such as would be furnished by nitrogenous fertilizers and com-
mercial feeding stuffs. Certainly there is little in the findings to en-
courage the claim that cowpeas when removed as hay are of per-
manent benefit to the land or are at all comparable to clover in this
respect.® ‘

*The authors recognize, however, the fact that cowpeas, even when removed,
have & decided effect on the mechanical condition of a heavy soil, which is made loos-
er and morve friable than it was before the peds were grown, and that this effect
might be followed by an increaged yield of the succeeding erop. Also a very poor soil
might, even when the pea ecrop is removed, be appreciably better supplied with avail-
able nitrogen than if none had been grown.



41

ITuMUus

The humus results indicate gains on the unlinmed sections, but
losses are the rule on the limed. Naturally the greatest gains.at
the end of the five-year period are where the cowpea erops were turned
under and no lime was used, the average gain for 12 Plots being
8.79 per cent over that found at the outset; but on the cm‘respnndin;ﬁ‘
limed sections, although the cowpea crop was increased, the humus
supply was on the average only maintained. TFor these 19 plots the
average difference in humus between the limed and unlimed scetions
anlounted at the end of five years to 1,159 pounds per 8-inch acre in
favor of the latter. Even where the cowpea crop was removed there
appears to beé a gain of 2.38 per cent of humus in the unlimed sce-
tions, but on the limed there is a loss of 8.17 per cent, or a dilference
between the limed and unlimed scetions amounting to 1,623 pounds
per 8-inch acre in favor of the latter.

Table VI is of interest not only because of its bearing on the
possible error in sampling, but also as showing that the effects of
liming extended plainly below the depth of plowing, both the soil
and subsoil samples {rom the unlimed sections giving a slightly higher
per cent of both nitrogen and humus than the limed.

THE CHANGES IN SOIL CONTENT OTF NITROGEN AND ITUMUS
FOR THE FIRST TWO YEARS AFTER LIMING (1905-1907)
AS COMPARED WITH THOSE OI" THE LAST
THREE YEARS (1907-1910)

Table IV gives a summary of the changes in soil content of ni-
trogen and humus under various conditions, both at the end of two
and of five years. According to the average results from all 20
plots, there was a considerably greater annual decrease in nitrogen
under both limed and unlimed conditions the first two years than the
subsequent three years. This annual decrease for the first two years
amounted to 1.89 per cent of the total content at the outset for the
unlimed sections but was increased under liming to 2.71 per cent.
During the next three years the annual decrease was only 0.81 per
cent on the unlimed sections and 1.26 per cent on the limed. In the
case of the humus there appears at the end of the first two years to
have been neither gain nor loss on the average for the unlimed sec-
tions, but an average annual loss of 0.77 per cent for the limed, while
for the three-year period there appears to have been a pgain of 3.85
per cent of humus on the unlimed sections and an annual loss of 0.39
per cent from the limed.

These results indicate, therefore, that the losses due to the va-
rious operations of tillage were much greater during the first two
years than those during the following three years. In fact, even the
turning under of the cowpea crops where no lime was applied did not
result in a gain of humus at the end of the first two years. The



42

loss of soil nitrogen due to liming shows an appreciably slower change
in rate for the last three than for the first two years; the average
annual loss directly attributable to the liming being 0.52 per cent of
the total soil content for the last three years and 0.83 per cent for the
first two years. Of course not all, by any means, of this loss from
the soil was an actual waste, as is proved by the increased crop
yields on the limed sections. There does appear, however, from the
calculations given on page 38, to have been an actual waste of ni-
trogen due to liming, amounting, in the course of the five years, as the
average of the twelve plots where the cowpeas were turned under, to
at least 656 pounds per acre.

SOME PRACTICAL CONSIDERATIONS FROM THE FIELD AND
ANALYTICAL DATA

The data of Part II of this bulletin show that liming was highly
profitable on all three of the soils in question, but Part III shows that
it causes an appreciable loss of both nitrogen and humus fron: the
soil. In view of these facts, the practical question may arise, under
what conditions is liming justified? No complete answer is attempted
here, but the foregoing, together with well-known facts, allow, in the
opinion of the writers, the following conclusions:

1. Liming, to the extent of that practiced in the experiments
reported, is justified—

a. In order to get crops which can not otherwise be obtained;
in particular, such crops as clover and alfalfa.

b. In case of a poor soil which needs stimulating in order to
produce profitable crops, especially if the purpose be to increase the
fertility of the soil by fertilizing, manuring, and a judicious rotation
of crops.

2. Liming is not apt to be justified—

a. When the soil is able to produce without it (though some
manure or commercial fertilizer be 1equ1red) healthy and vigorous
crops of clover and alfalfa,

b. When used for the sake of the immediate returns without
regard to the future condition of the soil; that is, without applications
of farmyard manure, green crops turned under, or a suitable rotation
of crops.

3. In view of the excellent results obtained both by this Station
in trials on numerous soils throughout the State, and by others,
ground limestone can be recommended as a desirable source of lime.
Two tons of this material, the usual application for one acre, contains
about as much calcium oxide as one ton of burnt lime, but its compar-
atively coarse mechanical condition prevents its ready solution in the
soil, and its effect on the nitrogen and humus must, therefore, be
much more gradual than that from one ton of the burnt lime when
properly slaked and distributed. Fortunately, the two-ton applica-
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tion of the rock appears to be sufficient, so far as lime is concerned,
to preduce excellent crops of either clover or alfalfa on almost any
Tennessee soil.

SUMMARY OI' GENERAL CONCLUSIONS

1. Land in sod for a number of years suffered in five years,
under cultivation in a double-crop rotation of cowpeas and wheat, a
serious loss of nitrogen. Loss took place under all of the experi-
mental conditions, including the turning under annually of a cowpea
crop, which amounted to more than a ton of hay per acre, not in-
cluding the fallen leaves, stubble, and roots.

2. The loss of nitrogen was appreciably greater on the limed
than on the unlimed areas, and extended below the depth of plowing.

3. The average annual loss of nitrogen directly attributable to
liming was calculated to be 0.83 per cent of the total soil econtent lor
the first two years and 0.52 per cent for the last three years.

4. A slightly greater loss of nitrogen took place from the acid
phosphate plots than from the no-phosphate and phosphate-roclk plots.

5. By taking the nitrogen removed by the crops into considera-
tion, there was found to be, at the end of five years, (1) where the
cowpea crop was turned under, a gain per acre on the unlimed scc-
tions of 67 pounds, to be accounted for in sources outside of the 8-inch
depth of plowing, but on the limed sections none; (2) where the cow-
pea crop was removed, a gain per acre of 181 pounds on the unlimed
and 177 pounds on the limed, to be accounted for as before.

6., Where the cowpea crop was turned under each year for five
years there was found at the end of that time, on the unlimed sec-
tions, an increase of 3.79 per cent of humus as the average of 12
plots, but neither gain nor loss on the corresponding limed sections.

7. Where the cowpea crop was removed for the five years there
was an appatrent gain of 2.38 per cent on the unlimed sections as the
average of four plots,® but an apparent loss of 3.17 per cent on the
corresponding limed sections.

*Three of the four plots, however, showed no appreciable gain, whereas all of the
corresponding limed sections showed appreciable loss. .



