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HISTORICAL.

Centuries of farm practice have led to the discovery of
nearly all of the easily applied natural materials that teﬁd
to make soils mofe productive. Such was the case with manure,
bones, the growing of legumes, and just as truly tho perhaps not
80 extensively, with lime* in the form of marl and chalk. Marl
and chalk are not adapted to long distance transportation, how-
ever, and it rested with such countries as England, so situated
as to have large supplies within easy reach, to develop their
use on an extensive scale. We read that as early as 1795 it
was the"prevailing practice to sink pits for the purpose of
chalking the surrounding land therefrom" and in the same publi-
cation, "On the famous Rathamsted Experiment Station it has been
found that the fields that had received liberal applicatione of
this natural limestone a century ago are still moderately pro-
ductive, while certain fielde, remote from the chalk pits, which
‘show no evidence of such applications are extremely unproductive®.(l)
We are told also that"Marl was used by the ancient Romens". (3)
Naturally, therefore, when chemists began to take an interest
in agriculture their attention was attracted to finding the reasons
for the use of lime, as well as to the discovery of other forms whicl

might be used where chalk and marl were not available. This led

* For the purposes of this discussion the term lime will often

be used to mean calcium carbonate.
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to a very larce amount of experimental work covering conditions
in many parts of the world. Among thé countries from which
recent investigations have been reported are Germany, Russia,
France, Scotland, England, and Japan, as well as nearly every
experiment station in the humid sections of our own land.
That there is at present a very real interesf in the use of lime
not only among investigators but among farmere as well is evi-
denced by the fact that recent publications from the Deleware (3),
Indiana (4), Iowa (5), Massachusetts (6), Michigen (7), Pennsyl-
vania (8), Vermont (2), and Virginia (9) agricultural experiment
stations all refer to a popular wave of interest in liming among
the farmers of those states.

The determination of the exact function of lime in solls
‘and plants has proved to be very complex and even after this large
amount of study many phases of the problem are yet unsolved. The
numerous purposes for which lime is applied to soils, such as
correcting soil acidity, making better bacterial conditions, im-
Proving tilth, acting as a plant food, releasing other plant foods
from insoluble compounds, and combatting disease, all add to the com-

Plexity of the problems as also does the fact that each soil and each

specles of plant respond to lime in a different way.



THE PHYSICAL EFFECTS OF LIME IN SOILS.

Lime applied to soils in the form of the oxide, hydroxide,
or carbonate readily flocculates the finer clay and colloidal
material thus making o more porous, better aerated, and hence a
warmsr more productive soil, In the amounts ordincrily used
in this country this effect is probably slight. Rugsell of
England, however, submits a2 comparison of two pairs of English
soils!'similar in constitution and general external conditions,
temperature, water supply, etc., but very different in agricul-
tural value because of thelr different content of calcium carbomate
one being readily cultivated while the other is wet and sticky,

and only suitable for pasture land". (10)



THE CHEMICAL EFFECTS OF LIME IN SOILS.

It is very important that a soil contaln a fair concentra-
tion of calcium compounds, particularly of the carbonate and
phosghate. Probably all the chlorophyl bearing plants require
calcium as a plant food, and without the presence of the carbonate
in the soil certain adverse conditions arise,particularly an acid
goil reaction. Calcium phosphate is known to be one of the
best carriecrs of phosphorus. Secondary effects of lime such
as the displacing of potassium in insoluble compounds are largely
matters of theory and have not been well substantiated. That
such a reaction takes place with pure feldspar can scarcely be
doubted but in the presence of common soil constituents, probably
the clay, the displacing of potassium by calcium has not been
clearly demonstrated. (11) (13)

The nature of the acidity which develops in soils is not
clearly understood tho it has been the object of a great deal of
8peculation aes well as experimentation. Early investigators
believed it %o be’largely if not almost wholly due to organic
acids. Probably one of the chief reasons for such a conclusion
1s the insoluble nature of the soil acids.(13) Leter work has
shown that much of this acidity is not due to organic compounds
but that it is often found in great degree in soils almost free
from organic matter. Loew (14) after extensive studies of a
certain soil of t:is nature concludes that the acidity is due to
an acid clay and suggests the formula HO - S{EO—AI - OH

0

10 - S§i-0-Al1 - OH
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‘Harris (13) concludes that the acid reaction of soils is chiefly
due to the presence of colloidal matter deficient in basic material,
these colloids absorbing the base from indicators or from salts
with which they come in contact. According to this theory
neutral or alkaline soils have an excess of basic material, and
the colloidal matter exists in a flocoﬁlated state. It becomes
acid thru removal of the basic radical by plants, and by acids
formed in the soil solution, This would seem to explain the
fact that old soil formations, particularly thoee subject to
rapld leaching are usually acid. Which of these possible
sources of acidity is of greatest importance probably depends
upon the soil in question. Peaty soils and acid clays probably

owe their acid reaction to widely different compounds.



THE BACTERIOLOGICAL EFFECTS OF LIME IN SOILS.

Lime, thru its effect on the soil reaction, has a profound
influence on the number and kind of microorzanisms in the socil.
Brown (15) working a% the Iowa Station found that ground lime-
stone at the rate of three tons per acre more than doubled the
bacterial count and additional work showed that ammonification,
nitrification and nitrogen fixation were all increased. Follow-
ing this with pot cultures and later with field experiments (18)
he found a corresponding increase in crop production. Naturally,
increased bacterial activity alonz these lines tends to break
down organic matter more rapidly and numerous experiments have
shown the necessity of maintaining the organic matter where lime
is used. The influence of the bacterial flora on a soil's

fertility is being gilven more and more attention by investigators.



THE PHYSIOLOGICAL EFFECTS OF LIME.

Numerous experiments have demonstrated that calcium salts
are necessary to the growth of all higher plants. Loew (17)
observed a greater accurulation of calcium in the green parts
of plants, and after studying the higher algae in various solu-
tions with and without calcium, some of them containing closely
related compounds such as those of magnesium and strontium,
concluded that the nucleus and chloronhyll bodies contain
calcium protein compounds. Neither magnesium nor strontium
can bg substituted for calcium in these compounds, and the
poisonous effect of oxalic acid, he concludes, is due to the
bpreciwitation of the calcium. It is the belief of other in-
vestigators that calcium compounds figure only. in the processes
of metabolism and that they are not an essential part of plant
tlssue in its final state.

Calcium is known to be necessary to the normal transporta-
tion of starch. This failure to transfer starch in the absence
of calcium is thought by Loew to be due to the lack of calcium
to form the necessary starch forming plastids.

Calcium is also necessary to the proper formation of the
cell wall in cell division.

"It has been shown by Boehm, Von Liebenberg, and Breal
that lime is the first constituent extracted from the soil
in the function of plant growth. In addition to the neutraliz-

ing action of lime by which plant sap acids are removed from

the center of activity and returned as dormant constituents or



expelled to the surface, it is known that the presence of lime
3 essential to cellulose feormation in the leaves, and that
it promotes diffusion of certain forms of albuminoids with
which it unites to form soluble crystallizcble compounds", (18)
These numerous functions of the calcium compounds, in
Plant life, are all to be considered, but the present practice
of liming soils to increase crop production is based on the
supposition that a soil to be most productive should have a
neutral or slightly alkaline reaction. Naturally, the amount
to be used, the time of application and the effect upon the
801l and crop will vary with the soil in question as well as
the plants to be grown. This variation of plants in thelr
need for lime has been investigated by Wheeler and Adams (19)
and latcr by Hartwell and Damon (20) at the Rhode Island

station, also by liooers (21) at the Tennessee station.



SCOPE OF PROBLEM,

It is the purpose of this investigation to secure data
on the effects of adding calcium carbonate in the form of
ground limestoné to types of soils of common opcurrence in
the state of Missouri. These effects were studied in crop
yields, in per cent of grain in cereal crops, in inoculation
of clover, in the soil reaction, and in amount of nitrates
present as well as the easily soluble phosphorus and

potassium contained in the soil.
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WORK OF OTHER INVESTIGATORS.

Data have been collected at most of the experiment stations
of this and other countries orn the effect of calcium carbonate
on amount of plant growth. The work at the Rhode Island
Experiment Station deserves special mention in this connection.
The effect on per cent of grain has had little discussion,
however. Calgium being found chiefly in the vegetative parts
of plants it might be supposed that calcium compounds should
increase those parts of the rlant more than the grain. Again
the well known effect of lime in increasing soil nitrates might
be expected to stimulate vegetative grovth more than graln
rroduction. Data reported by Watson (22) working at the
Pennsylvania station show, on the contrary, that for corn and
oats, at least, the increase in grain was greater than that
in stover or straw.

As to the effects of limestone on factors which contribute
to the increase in,yield much has been done, but soils are so
Complex and so varied in nature that results secured under cne
set of conditions do not necessarily hold under others.

~ Karraker (38) working at the Missouri Agricultural
Experiment Station found that nodules on the roots of clover
Were smaller but better distributed and more numerous where
limestone was applied.

The quantitative effect of additions of lime on the soil

reaction has been the subject of much discussion but of little
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exact record. Gardner and Brown (23) at the Pennsylvania
Experiment Station report that, "Of 4€ scil samples treated
with slaked lime and ground limestone in amounts sufficient
to meet the lime requirement as indicated by the Vietch
determination, only seven were satisfied when reexamined

at the close of the pot test".

"When a ton of limestone in excess of the requirement
was applied only three remained acid at the close of the test.
One of these was evidently contaminated and the other two were
only elightly acid."

"Slaked lime aprplied in the amounts indicated by the Vietch
method reduced the average requirement by 71 per cent as based
on the average amount applied. On the came basig limestone
reduced the requirement by 72 per cent.”

They further conclude that finely ground limestone has Dbeen
fully as prompt and effective in reducing soil acidity and pro-
moting the growth of clover as equivalents of slaked or caustic
lime,

The greater nitrifying power of a limed soil is a matter of
eagy and frequent demonstration and Brown (16) as well as others
has shown that in a fallow pot increasing the lime content in-
Creases the amount of nitretes produced. Brown and MacIntire
in working with field samples,on which a crop of oats was grow-
ing, found, however, that the application of lime did not in-
Crease the nitrate content of the soll as shown by periodic

determinations.
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The effect of liming a soil, on its content of easily
soluble phosphorus and potassium compounds, has been studied
by a number of investigators. Hartwell and Kellog (24) working
at the Rhode Island Agricultural Experiment Station found greater
amounts of assimileble phosphorus in limed soils as compared with
unlimed ones.

Brown and MacIntire (2) found that lime did not increese the
amount of water socluble potassium in field plats on which oats
Were growing. In fact there wes a slight decrease as a general
average.

Bradley(25) working at the Oregon Agricultural Experiment
Station, found thet lime did meke a slight increase in the
amount of water soluble potassium where ecil and fertilizer were
mixed in percolators and the leachings analyzed. Working on
unfertilized soils, however, he found a decreese in water soluble
pPotassium from the addition of lime. He also found that there
was very little effect of lime on the water soluble phosphates.,

Morse and Curry (11) workino at the New Hampshire Experiment
Station found that while lime increased the amount of water sol-
uble potassium in feldspar,it had no such action in soil, altho
Considerable feldspathic minerals were present. Continuing
this study they found that adding clay to the pure feldspar
Prevented the increase in soluble potassium by lime. They
therefore ascribe the failure to secure an increzse in soluble

potassium of soils to the presence of clay.
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PLANS AND METHODS OF INVESTIGATION.

It was planned first to examine the large amount of data
already accumulated from the experiment fields of the state on
limed and unlimed field plots. These data include yields of
grain, straw, stover and hay'of the common field crops of this
country. They furnish evidence not only as to the effect of
lime on the total weight of different crops but on the per cent
of grain as well.

This study was followed by an examination of field samples
of soil from five of the experiment fields included above.

In all 44 samples were taken half of them from limed plots and
half from unlimed plots. Careful studies of their nitrate
contents and lime requirements were made.

Large amounts of goil from two of the above experiment
fields, selecting two of the most acid soils, were secured and
Pot experiments were conducted to study the effect of different
amounts of lime on the growth of clover. The effect of
arplying 1lime at long or short intervals before seeding was
also sfudied. The soils in these pots were carefully sampled
and studies made of the effect of the ground limestone applica-
tions on the nitrate content and the lime requirement. In the
case of the series of pots limed at different intervals the

easlly soluble phosphorus and potaesium also were determined.
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FIELD EXPERIMENTES VITE GROUND LIMESTONIE.

Along with other soil experiments conducted on various
soll types, most of them acid, which occur in Missouri, careful
records have been kept of the yields of grain, hay, stover, and
straw on plots treated exactly alike except that in each case
one plot was limed and the other was not. It seemed that
these records should furnish an excellent scurce of information
not only as tc the effect of lime on the yield of the various
crops but as to the effect on the per cent c¢f grain, in case
of the cerecls. The following tables were computed with this
in view. They cover nineteen different localities in the state
and a period of years from 1905 to 1913. There are 95 tests
showing the effect of lime on corn, 31 tests with oats, 68 tcsts
with wheat, 2l tests with clover, 41 tests with cowpeas, and
4 tests with soybeans. Nearly all of these soils show an acid
Teaction, the amount vorying from none to a lime carbonate re-

Quirement of about four tons to neutralize the surface seven

inches of an zere. From one to two tons of lime was applied
in each case. In most cases this was not enough to neutrealize

the acid shown by the Vietch method of determination.
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CENT OF GRAIN IN CORN

EFFECT OF LIME ON YIELD AND PEL

.
L]

:Yield of Grain:¥ield of Corn Stover:” Grain 6f total;Increase;Increase:Increase

Field

:in Grain:In Stov-:in % Grain

s without

With

3
.

WITh :Without :With ;Without

<+
(o)
4>
‘H
o
d 99 €0 00 o9 o0
~
(0]
i) o
] §]
Q
4
(]
-] 80 4
~{
R“uGAu 5
Ml
a0 ® se oQ oo oo
(]
S|
L)
=
eejes g3 oo ece oo
(]
=]
o
L.'
.
[2]
Yo
(o] o ]
=]
ot
=t
oo o’. e e ee ev
Q|
gl
bl !
=
m MO o
ldig S
=i < 0
D] o
g3 R S A
- 0O
L50024 )
g
o
&
.
o= =
4 &
4 <

15

212 39502

L] ® O o [ ]
052047«-05

nuaunuayoanfi.v
® e L ]

3512466

0O HOIO A HWD

04058549
[ ]

48429555
0 HOIOQ WK

€6 9% €0 ee ee oo 0 a0 oo

DU WOVOOIRWVI
DO~OOAN N~
DDONO DN
HAAAAQ~E A
e @e o+ e . - (L] *e 90
OCOoOWOOQOWw
O HNIOO
QRO OHH
etk e tete

23582953

« o o o o o
76019324
N HIOQ N

®® e¢ 98 9o e oo ue oo e

sSEEREER

Billings
1]

€0 00 40 00 9% o0 0° 0 0 o

®® 0¥ 0 go 0 9V ¢° e¢ 09 o

es 00 €6 S 40 o0 9 oe ee o

46.4

48.9 :

0.l

76

® 08 00 o0 c0 o0 00 oo

7005157
0055250

0.6

PO 48 00 g0 % oo <o oo

®8 90 0% o0 o0 ¢4 oo <o oo

0192476 5

57291 5 8
52245&

@9 @9 o0 o0 ¢ s o0 oo 00.(

I I

sz s e

Av._Billings

Bowling Green
Av.Bowling Green




TABLE I (centinued)
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TABLE I (continued)
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TABLE I (continued)

EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN CORN.
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TABLE I (continued)
EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN CORN.

Yield of Grain Yield of Corn Stover: % Grain of total Increase: Increase Increase

Field

T WITE TWItHouty With I WItHouT — : WITH TWItNOUt— :In Grain:in Stov-:in % Grain
: Lime : Lime ¢ Lime : Lime : Lime : Lime : Yield :er Yield: of total
t bue ¢ bu. ¢ 1lbs. : lbs. s : . bu. lbs. @
Victoria : 46.3 ¢ 40.9 : 3360 : 2000 t 52.3: 53.3 : 5.4 : 360 : = 1,0
" $ 19.1 : 24.5 .: 1045 : 1445 s 50.5: 47.9 t= 5.4 1= 400 : 2.6
" : 20.6 ¢+ 19.0 : 1335 : 1000 : 48,5: bBl.5 : 1.6 : 335 s - 5.0
Av. Victoris  : 88.8 i 88.1 3 1577 : 1483 : 49.8; 50.9 : 0.5 & 95 i = 1.1
Wittenberg : 35.4 : 20.5 : : : : 4,9 i :

032



TABLE II

EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN OATS.
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TABLE II (ccntinued)

EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN OATS.

s Increase
of total

:in Grain:in Straw :in % Grain
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TABLE III
EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN WHEAT.

Field ;Yield of Grain;Yield of StraW;”éGrain of total:Increase:Increase; Increase
:With :wWithout :With :without : With:without :in Grain:in Straw: in » Grein
:Lime : Lime :Lime : Lime : Lime: Lime : Yield : Yield : of total
4 buo . buo . 1bS-: leO ° N . buo . leo .
Adrain :19.6 ;: 15.6 ; : : : 4.0 :
. : 5.7 : 4.1 :2022 : 1850 :14.5 ; 11.7 ;. 1.6 . 172 : 2.8
Av. Adrain 12,6 : 9.8 : . g . 2.8 . »
Billings : 6.2 1 6.3 : : . : = Ol s -
n : 4.4 5 b.1 : : : i : = 047 :
n :13.0 : 12,2 :1735 : 1445 :31.0 : 33.6 : Q.8 : 290 ; - 2.6
" :13.6 : 12,0 :2087 : 2541 :28.1 : 22,0 : 1.6 ; =454 : 6.1
n : 9.0 1 6.8 :1224 : 4760 :30.6 : 7.9 : 2.2 :=3536 i 22.7
" :20.0 : 14,2 :1700 : 1020 :41.3 : 45.5 : 5,8 : 680 : - 4.2
Av. Billings :11.0 ; 9.4 :1686 : 2441  :32.7 ; 27.2 . 1.6 ;=755 i 5.5
Bland :11.5 : 13,0 :2125 ; 2633 :124.5 ; 22.8 i = 1.5 1= 508 i 1.7
Bowling Green  :25.1 : 26.5 14230 : 4655  :20.2 : 25.4  : = 1.4 1= 425 i 0.8
" " :24.8 : 22,7 :2320 : 2520  :39.0 : 35.1 : 2.1 = 200 : 5.9
g J : 8.1 : 11.3 : 869 : 1739  :35.8 : 28,0 : = 3.2 =870 : 7.8
" " :18.1 3 17.3 31996 : 2132  :35.2 : 32.7 8 =136 : 2.5
" " :23.5 : 15.8 13234 : 20M&  :30.3 : 31.3 i 7.7 1160 : = 1.0
4v.Bowling Green:19.9 : 18,7 12530 : 2624  133.3 : 30.5 : 1.2 i 94 .+ 2.8

23



TABLE III (continued)

EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN WHEAT

. of total

Increase;Increase

:in Grain:in Straw:; in % Grain
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TABLE III (continued)
EFFECT OF LIME ON YIELD AND FPER CENT OF GRAIN IN WHEAT.

of Grain:Yield

e

ﬁGrain of total Increase: Increase Increase

Field :Yield Yi of Straw:
: With :;without :With :Without: With : Without :in Grain:in Strewsiin % Grain
: Lime : Lime :Lime ¢ Time : Lime : Lime Yield :Yield  j;of total
: bu. : bu. : 1bs. : 1bs. : . :  Dbu. : 1bs. :
Hurdland : 21,0 : 22.5 : 2970 ; 3400 : 29.8 : 28.4 s =1.5 3 =430 ¢ 1.4
" : 14,7 : 17.3 : 2245 : 1890 : 28.2 : 35.4 : =2.6 3 B55 i =7.2
nn :14.7 : 11.6 : 1700 ; 1564 : 34.1 ; 30.8 : 3.1 i 136 i 3.3
" : B2.56: 32,16 : 3143 ; 3473 : 38.2 : 35.7 : 0.4 3 =330 i 2.5
Av.Hurdland : 20,7 : 20,9 : 2514 : 2582 : B2.6 : 32.6 £ =0.1 :-67 i 0.0
Laclede $10.9 : 8.8 1920 : 1672 : 25.4 : 24.0 § 2.1 i 248 i 1.4
" 1 22,7 : 27.2 :4085 : 4630 : 25,0 : 2640 :=4.5 =546 3 =1.0
" P 949 : 9.9 :1665 : 1690 :26.3 : 26.0 : 0.0 : - 25 i 0.3 =
" :15.1 : 18.8 : 2391 : 2281 i 27.5 : 33.6 $=3.7 i 170 i -6.1
b : 14.0 ;: 12,0 : : 2 . : 2.0 : :
nu 1 28446 24,76 : 3055 : 2882 : 35.5 : 34.8 DB 3 173 i 0.7
Av. Laclede :16.8 : 16,9 : 2623 : 2619 : 27.9 : 28.8 sl i 4 i-.9
Lamer :25.9 :21.0 : . : s 4.9 g
" $19,1 : 15.9 :3030 : 3255 ; 27.4 : 22.7 P3.2 :=225 i 4.7
" 12342 1 27.2 :2415 : 3700 :36.5 : 30.6 i =4,0 =1285 : 5.9
n :13.6 : 17.3 :2858 : 2541 :22.2 : 29.0 $-3.7 3 317 i =6.8
" :18.9 :18.1 :3040 : 2223 :27.1 : 2.8 T W8 i 817 i =5.7
e :17.9 H 22.5 H 2580 . 2925 . 29.5 . 31.56 H -4,6 H "545 :-2.2
AV. Lemar :19.8 : 20,3 : 2784 : 2929 ;28,5 :29.3  1- ,6  :-14d .- .A
Tebanon £20.2 :17.6 . 3188 f5795 Sen.s o1 7 2.6 . :
, : . M . s . . . b -607 P4 5.8
" :18.9 :32.0 :2330 ;34280 :32.7 :46.1 =13.1 -1090 i -2.4
AV.Lebanon :19.5 :24.8 :2759 :3607 :30.1 - 33.4 = 5.2 = 848 15,3




TABLE III (continued)
EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN WHEAT

93

Field :Yield of Grain:Yield of Straw;% Grain of total:Increase;Increase;Increase
¢  With: without: With: Without: sWithou :in Grain:in Straw: in % Grain
: Lime: Lime : Lime; Lime ; Lime: Lime : Yield : Yield ; of total
s bu.: bu. : 1lbs.: lbs. . . H M H
Msryville : 38.0: 37.0 : 1232: 1084 : 64.9: 67.2 : 1.0 : 148 : =2.3
" s 23.6;: 20.8 s 2400: 2312  37.1l: 35.0 : 2.8 : 88 : 2el
Av. Msryville  : 30.8: 28.9  ; 1816; 1698 : 51.0; 5l.1 _ : 1,9 : 118 : =0.1
Monros City ;10,7 9.3 : ; : :l.d :
o " : 18.7: 13.2 : : § $ : 3.5 : ;
" n : 19,0: 13.2 : 2907; 1880 ; 28.13 2946 : 5.8 1 1087 i =1.5

Av; Monroe City : 15.4: 11.9 : : i ; 2 3.6 ; :

St. Jemes : 13.4: 12,1 4 1815: 1452 : 30.7: 33.3 i 1.3 : 363 : -2.6
noom ¢ 16,7 13,7 : 1310: 1110 : 43.3: 42,6 ¢ 3.0 : 200 : 0.8
noom : 16.6: 15,0  1266: 1200 : 44.2: 42.8 : 1.6 : 55 3 1.4

Av. St.Jemes i 15.8: 13.6 & 1460° 1254 : 39.4% 39,5 i 1,96 : 206 i =0.1

Union : 168.7: 15.9  : 3075; 3027 : 26.7: 23.9 i 2.8 : 44 : 2.8

Unionville : B.4: 2.5 : : : P 0.9 i :

" : 15.0; 10,0 : : . : : 5.0 : :
" : 18.0; 13,6 : 2730; 2315 : 28.3: 26.0 : 4.0 : 415 : 2.3

AV, Unionville : 12.1: 8.7 : : : : . aa :

Vandalia : 10,2: 11,9  : 3040: B403 : 16,7: 17,3  : =l.7 : =363 : =0.6




TABLE III (continued)

EFFECT OF LIME ON YIELD AND PER CENT OF GRAIN IN WHEAT

Field :Yield of Grain:Yield of Straw:% Grain of total:Increase:Increase:Incresse.
: With :Without; With :Without; with :Without :im Greain:in Straw: in % Grain
s+ Lime ; Lime : Lime : Lime : Lime : Lime « Yield  : Yield : of total
: bue : Dbue : Lbse : lbse : . Du, s 1DSe :

Vie toria : 4.7 ;¢ 2.0 : : H : 2.7 : :

L . 1307 H 506 : . : . : 8.1 L :

Av. Victaria I 9.2 : 3.8 ; : / P54 : ;
Wittenberg , 12.8 : 11.9 ¢ 2320 2364 : 24.1 : 23.2 i 0.4 : -44 ¢ 0.9
= ! 13.8 f 9.6 : 2170 1536 : 27.6 ¢ 27.3 s 4,2 : 635 r 0.8

: . : . . : : : 4
Av.Wittenberg : 13.0 ¢ 10,7 : 2245 : 1949 ¢ 25.8 ¢ 25,2 i B.3 ¢ 295 ¢ 0.6

43



EFFECT OF LINE OX YIELD QF CLOVIER HAY

Field - Yield of Hay ; Increase in
With Lime :Vithout Lime : Hzy Yield
R S & - - WA SR § -7~ s lbs., T
Alradn . _ % 2800 _ __: __B373C __ _: 50
Billinge : 1435 1450 : =15
" : 22235 : 1330 : 97B
" : 200 : 250 : =50
Av. Billipgs :__1286° . __ 983 : 803
Dowling Green : 5250 : 3350 : 1700
" " . 1850 :  11C0 : 850
Av.Bowling Green: 3600 s ®88%5 1875 ______

Certhage : 1340 : 810 430
u : 2035 : &7716 : =850

Av. Corthege _ . _B133 i 3342 : =310

Fulton . 860 . 1400 . 450
Hi-h Hill ~ 950 . 000 : 950
n " . 1275 - 000 : 1375

Av. High H11l . 1113 10000 ;1113 R
Hurdlend . 6975 . 6350 : 735
o 1 3250 2 3400 ¢ =150

Av. Hurd;ggg;*":ﬁﬁmﬁglz - : 4835 w--ﬁ,-;§§3 ........ _

Laclede . 8020 . 5400 : 830
" . 3280 . 3608 ., -328

Av. Laclede . 4650 . 4504 . 146

Lawmer 2500 3 8800 : 000

lonroe City : 2700 : 3150
Unionville : __1875 1575

Victoria . 875 . 750 :
n : 3500 2300 ¢ 1200

Av. Victoria 2187 : 1535 : 663
2840 . 324

» o’ o s0les oo
m.
o
(@

*0 o

Wittenberg 3364
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TABLE V
EFFECT OF LIME CN YIELD OF COWPEA HAY

Field I Yield of Hay _ Increase in
‘'t With Lime : Without Lime : Hay Yield
T6s, :  1bs. T 1bs.
Adrain L. 4500 . : 5000 s __ =500
Billingzs 3485 : 3325 : 140
n ! 4875 H 4100 : .875
" * 1100 - 1150 3 =50
u : 5025 : 4525 : 500
" 2250 - 1735 : 525
" 775 : 1400 :  -835
Av. Billinze ' 2881 t 2704 i 177
Bowling Green P 3800 : 3200 ; -600
* - 2100 g 2150 : =50
8 b : 3050 : 2800 : 850
Av.Powling Green® _ 2583 _______ 2714 T =133 _
Carthage t 4000 : 3500 : 500
. : 4380 - ¥ 4350 : 30
" P 4700 : 4130 : 570
: 5650 : 8175 : =535
Av, Corthage 1 4g82 i ___453g s __las
Fulton 3240 : 2080 : 180
High Hill © 1180 : 1380 =40
" " 3 1100 : 1325 ¢ =135
" : . 2350 g 2250 : 100
2 o 2300 : 2700 : =400
© 1700 : 2100 : =400
Av. High Hi11 __: 1728 s 1899 s o173
Hurdland 1 5850 : 7150 4 =1300
Laclede T 2616 : 2448 : 168
" 3 3500 : 3360 : 140
" s 3320 - 2680 : 640
Av. Laclede 2 3145 ; 3839 . 516




TAELE V
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(continued)

EFFECT OF LIME ON YIELD OF COWPEA HAY.

Field t___Yield of Hay Increase in
¢ Uith Lime: Without Lime : Hay Yield

: ibe. . 1cs. 1bs.
Lemar : 2800 2 2950 : =50
" . 2300 i 3200 :  -900
n : 3050 : 3050 : 000
n : 3700 & 3675 : 25
" : .2050 : 1750 . 300
n : 3000 : 1900 : 100
Av. Loner : 266873 2754 : - 87

Yeryville : 5700 i 5075 : 835
lonroe City : 3398 i 3180 . 208
St. James : 2085 : 1985 : 80
mooow : 400 : 250 : 150
o " - 250 - 120 : 130
Av. C%. James i 905 i 7S : 120
Unionville : 3750 : 3800 : - 50
n : 4100  : 4800 : - 800
Av. Unionville:  : 3935 _ i __ 4350 : - 4235
Vandalia : 2357 : 2321 . 136
n : 1771 : 2028 . =257
Av. Vendalia ¢ 2084  : 2124 : - 80
Victoria s 835  : 1000 : - 375
Wittenbers : 4250 : 3150 : 1100
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TABLE VI
EFFECT OF LILE ON YIELD OF SOYBEAN HAY.

g i 1480 1080 380

247

Field s Yield of Hoy _~_ Increase in
¢ With Lime ¢ Without Lime: Hay Yield
TTITTTIE T Tbs. : I5s.
Bowling Green 3 2700 : 2500 s+ ____20¢ ~
St. James - 32378 : 3125 160
u " . 3710 : 3500 210
n .

e @0 weo o0 o oo

2815 2588

{00 oo

Av, St. Jamss
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Averaging all the recorde which show the per cent of grain

based on total weight of crop the following results are secured:

TABLE VII

EFFECT OF LIMESTONE ON PER CENT OF GRAIN.

e oo

Crop : Treatment Per cent ¢ Number of crops
: : Grain ¢ averaged
Corn __: limed : 45.7 : 83
Corn _ : not limed : 44.5 : 82
Oats _: limed i 34,3 : 37
Oats __: mot limed : 34.1 : 27
_VWheat _: limed : 32,0 : 55
_Wheat  : not limed : 31.6 : 55
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@pparently the use of ground limestone, on the common soil
types found in Missouri, has little effect on the per cent of
grain produced. It should be noted, however, that the small
effect shown in each case is slightly indicative of an increase
in per cent of grain. In view of the facts that most of tha
calcihm in plants is found in the vegetative parts and that one
of the chief effects of lime is to increase nitrification in
the soil, the opposite might have been expected. Work at
the Pennsylvania Agricultural Experimént Station previously

noted substantiates these results, however.



TABLE VIII
'EFFECT OF LIMESTONE ON CROP YIELDS
AVERAGES OF FIELD EXPERIMENTS (Tables I-VI)

Crop : Av. Yield per Acre :Increase or decrease;ﬁumber
: With Lime:Without Lime: per acre from ¢ of
N NI : }iming: : tests
Corn | 36.1 bulg 33.4 bu.§ 2.7 bu. g 95
Corn Stover:1717 1bs.: 1743 1be.§ -~ 25  1lbs. § 83
Oats : 38.4 bu.:  36.3 bu. 2.3 bu. % 31
Out straw 13311 lbs.: 3249 Ibe.; 62 1bs. § 37
Wheat i 16.9 bu.i  16.1 bu. : 0.8 bu, : 68
Wheat Strew:2332 lbs.: 2381 lbs.: -48 lbs. i 55
Olover Hey 13640 " : 2300 " éw-,WLQ%Q,,MWE,,,_-¢,é,ji;,,,,,_
Cowpea Hey :2929 o, : 3926 " § 3 n § 41
Soybesn Hay :3786 L3551 " g 335 W 1 4

As may be seen from the above table, applications of
ground limestone have increased the yields of all crops except
corn stover and wheat straw. With wheat and cowpeas the increases
have been very slight howewver, and a glance at the yearly records

(tables I-VI) will show this effect to have been consistent.
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NITRATE CONTENTS AND LIME REQUIREMENTS AS INFLUENCED
BY FIELD APPLICATIONS OF LIMESTONE.

During the fall of 1813 samples of surface soil were secured
from the limed and unlimed plots on the experiment fields at
Bowling Green, Hurdland, and Vandalia in north Missouri and at
Carthage and St. James in south Missouri. In all 44 plots
were sampled. These were taken to a depth of eight inches
by means of a 1% inch soil auger and each sample consisted of
about twenty borings well distributed over the plot. A deter-
mination of the nitrate content and lime requirement was made
on each sample, and the results are shown in the following
tables. Nitrates were determined by the method of Schreiner
and Failyer as outlined in Bulletin 31 of the Bureau of Soils,
U.S.D.A. Lime requirements were determined'by the Wﬂgtch
method. Because of the prevailing practice of expressing lime
requirements in pounds of CaCOz necessary to neutralize the acid
in two million pounde of soil, this being about the wéight of
the plowed layer ( 7 inches deep) over an acre, it was thought
best to express the NO3 content as parts per'two million of soil.
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A study of the niltrate contents,Tables Iti XIII, shows no
increase in nitrate from the addition of lime, In fact there
seems to be a slight negative correlation since the average
‘nitrate content, in parte per two million, for the unlimed plots
is 118 while that for the limed plots is only 111l. This dif-
ference is probably within the limit of error for the method
used. These tables do show consistently, however, thaﬁ the
nitrate content 1ls greatly g@ffected by the plant growth on the
land, even tho the samples were taken in late fall. The
nitrate content as here shown is highest on the corn land, the
corn being in shock in all cases, followed in order by fall
wheat, wheat stubble, cowpeas, clover, and soybeans. The results
are hardly comparable for clover and soybeans, however, as they
represent but one crop in each case. It is significant that
the plots carrying most growth have least nitrates. The samples
were taken before the fall sown wheat had begun to draw on soil
nitrates appreciably and the corn land was practically free from
growing plante. = The wheat stubble had a considerable amount
of weed growth. Cowpeas, soybeans, and clover are late grow-
ing crops, which probebly accounts for the exhaustion of nitrates.
This general arrangement of crops as to their influence on soil
nitrates agrees with the findinge of Lyon and Bizzell and others(28)
who have worked on this problem. This is particularly true with

respect to the high nitrate content under corn.

A study of the effect of the limestone added on the lime
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requirements of these soile shows that the lime requirement was
never reduced by as great an amount as the limestone added.

In fact the average reduction was only 41.3 per cent of the
amount of limestone added when the data from all plots are
averaged. This per cent of reduction varies considerably
with the soil used, a possible reason being that the acid com-
pounds are different in different soils. In half of the sam-
plea studied, however, the per cent ranged from 40 to 50 per
cent.

During the progress of this experiment a new method for the
determination of soil acidity was suggested .by E. Truog of the
Wisconsin Agricultural Experiment Station (29) and is described
by him as follows. "Ten grams of soil are placed in a 300 cc
Erlenmeyer flask and to this is added 1 g. calcium chloride,

0.1 g. zinc sulphide, and 100 cc of water. This is thoroly
shaken and then heated over a flame. After the contents have
boiled one minute, a étrip of moistened lead acetate paper is
placed over the mouth of the flask and the bolling continued
two minutes more, when the paper is removed. If the soill is
acid the paper will be darkened on the under side in piOportion
to the degree of acidity. If it:;on-acid, no darkening will
oceur." It was found that very small differences in acidity
could be detected by this method and for the soils under investi-
gation it seemed the mgst satisfactory of the several methods

tried. The chief difficulty in its use 1is in the fact that

the results must be shown in shades of color and not be expressed



in figures. As all methods for determining lime requirements
aré approximate and:SZkely to remain so, as long'as the exact
nature of soil acidity is in doubt, the practice Qf expressing
results in exact figures is more or less misleading.

As the black lead sulphide developed on the ‘test papers
is rather easily'oxidized to the white sulphate the only exact
and permanent method of recording the test seems to be to
represent the test papers in permanent color. This was done
in the accompanying plates on which water colors were used in

copying the original test papers.



TABLE IR
BOWLING GREEN EXPERIMENT FIELD.
Soil samples taken Oct. 25, 19213.

- " - — - —

Amount of limestone :Plot
applied yrer acre
with dates of appli-
cation

Crop on Field: NOg gLime reduire-
in 1lbs. :ment in 1lbs.
per & ! per 3

..... e s million  million

Btubble : 123.5 ; 8690 ___

o0 06 o0

*

=
(¢}
m
ct
o0
.0

L]
*
.
[ ]
Noe ¢
[ ]
L ]
L )
L ]
.
*

2

No Limestone

; : Wheat : :
3000 1lbs. 1907 . 8 3 __Stubble _: 85,7 : _5798
\ : : Fall : H
No Limestone 10 :  TWheat ... 20,2 : 7138
: : Fall : :
2000 1bs.1007 t1l ¢ TWheat 2 137.7 ¢ 4480
4000 lbs. fall,1913 : - :
o : + Cowpeas : I
No Limestone 18 ! just recent-: 93.7 : 8690
: $ Jy frosted ¢ :
3 iCowpeas just * : :
2000 1lbe. 1907 19 : recently $ 64.9 4460
4000 lbs.spring,1913 :.frggjgﬂL : R
o : orn L :
No Limestone £38 ¢ Jx%fﬂuuﬂL,@.wiqulQQAQuﬁln_JﬂﬁuL__-..
- : : orn s . e
3000 lbs. 1907 ¢ 37 ¢ in shock ¢ 115.0 2 4480
4000 lbs, spring, 19132 E -4 :



PLATE I
BOWLING GREEN EXPERIMENT FIELD

Soil samples taken Oct. 25, 1913.

Amount of limestone applied
with date of application,

PLOT 3
NO LIMESTONE

PLOT &
30C0 lbs, 1907

PLOT 10
NO LIMESTONE

PLOT 11 .

2000 lbs, 1207
4000 1lbs. fall 1213

PLOT 18
NO LIMESTONE

PLOT 19

3000 1bs. 1907 = na
4000 lbs. spring 1913 e et

PLCT 26
NO LIMESTONE

PLOT 87

2000 lbe. 1807
4000 lbs.spring 1213




TABLE X |
HURDLAND EXPERIMENT FIELD.
Soil samples taken Nov. 20, 1913.

Amount of limestone Plot: Crop on Fleld: NQS Lime requirement
applied per acre H : in 1bs. : in 1lbs. per

o0 oo

Wwith detes of appli- @ No.t :per 3 : 2 millions
cation . : 2 million
No Limestone : 8‘;Wheat,Stubble ; 117.7 ; 71386
3000 1bs.1907 : 3 :Wheat Stubble : 83,3 : 5798
. : :Cowpsas just - :
No Limestone - ¢ 10 ¢ recently : 8344 : 6244
* ¢ frosted s :
: :Cowpeas iust H $
2000 1lbe.1907 * 11 ¢ recently s 98¢3 ¢ 5353
3 Prosted : .8
Ho Limestone : 18 :Fall Wheat 3 118.6 : 6690
2000 1bs. 1908 : 19 :Fall Wheat ¢ 137.9 : 5798
8000 1bs, fall, 1913 : & : : ]
- ¢ Corn in : - : _
No Limestone s+ 36 ¢ shock : 175.0 ¢ 8690
300C 1bs. 1908 : 27 + Corn in : : 5708

183.7;

00 o»

8000¢ lbs, epring 1913: : shock




PLATE II

HURDLAND EXPERIMENT
~hs AL e - - - wd N

=

FIELD

Soll samples taken Nov. 30, 1913.

Amount of limestone applied

with date of application.

PLOT 2
NO LIMESTOMNE

PLOT &
2C0C lbs, 1207

PLOT 10
NO LIMESTONE

PLOT 11
3000 lbs., 1207

PLOT 18
NO LIMESTONE

PLOT 19
3000 1bs.1908
8000 1bs. fall
1913
PLOT 28

NO LIMESTONE

PLOT 37

2000 lbs. 1908
8000 lbs.spring |

1213
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TABLE XI
VANDALIA EXPERIMENT FIELD.

Soll samples taken Sept.26,1913.

. .

Amount of limestone :Plot:Crop on Field:  NOx Lime requirement

applied per acrs g : tin 1bs. ; in 1bs. per
with dates of appli-: HNo.: Per 2 ¢ 2 million
cation : : :million
No Limestone :*5U.; Being sown ; 116.1 ; 8028

: D,: %o Vheat . 2

1 : : g
2000 1lbs. 1908 17 Ue: i - °8.0 : 8690
4000 lbs. £211,1913 : D.: : b

5 4 . : .
No Limestone 0 De3 " ¢ 154.6 : 8930
2000 1bs. 1908 ¢ : 152.9 : 5798

4000 1bs. fall, 1913 :7.D.

* PFirst two plots poorly drained, second two plots tile drained.



PLATE III

VANDALIA EXPERIMENT FIELD

Scil samples taken Sept. 2

(0)]
-

l - |
w
H
N

Amount of limestone applied
with date of application.

PLOT & D*

NOo LINESTONE

PLOT 7 D

2000 1lbs. 1908
4000 1lbs,. fall 1913

PLOT 5 U.D.
NO LIMESTONE

PLOT 7 U.D.

2000 1bs. 1908
2000 1bs. £all 1913

* Plots moarked D are tile drained and plotsmarked U,D, are

flat and poorly drained.
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TABLE XII
ST JAIES EXPERIMENT FIELD
801l samples taken Oct. 8, 1913.

Amount of limestone :Ploj:Crop on Fisld: ¢  NOz ¢ Lime require-
applied per acre : : $in 1lbs.. : ment in 1@s.
with dates of appli-: o.: tper3 :per 2
cations : : st million : million
: T Soybeans : :
No Limestone : 1 : in shock ¢ 50.0 t 44860
: : Soybeans N : T
4000 1lbs, 1909 :t 2 : in shock : 50,0 : 3133
2 .. Corn £ . . 5
No Limestone : 8 %?,ghock : 87.0 ': 5353
: : N : . : ...
4000 1bse.,1910 : 9 ¢ in shock s _93.1 : 35688
: : Wheat s $
No Limestone .+ 15 : Stubble : 48.4 P 6344
: : ¢ Wheat T :
4000 1bs.,1911 : 18 : Stubble : 56.6 : 4460
: :Cowpeas off : : ‘
No Limestone t 22 :ready for wheat: 68.4 : 6244
: :Cowpeas © : e
4000 1lbs.,1913 : 233 :ready for wheat: 57.9 : 4460




am
N & o

JAlL

PLATE IV

rIOY
Ll

TYPIRTVRYT TR

sk Ldn Ao e llaiN 4

&L

1
daldid @

SAd 2 - ) ol " o
Soil samples tzken Oct. 8, 1913.
" P T3 maoda S & =
Amount of limestone applied with
T A € arvmlinn
ate 3 QL;‘;'l.LC:.’itiC)__..

PLOT 1

NO LIMESTCNE

PLOT 8

4000 lbs. 1209

PLOT 15

10 LIMESTONE

PLOT 16
4000 lbs. 1911

PLOT 33

4000 1lbs. 1912
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TAELE XIII
CARTHAGE EXPERIVENT FIELD.
Scil samples taken Oct. 4, 1913.

Amount of limestone :Plot:Crop on Field: NO3 :Lime requirements

applied per acre, : H :in 1bs. :in 1lbs. per 3
with dates of aprli-: No.: pwer 3 ¢ million
cation 3 : ___ewmillion
I Corn : : o
No Limestone HEP SR in shock ¢ s 3857 .
4000 1bs.,1909 t 2 o i 85.7: 934
No Limestone 2 7 : n i _223.0 : 4621
4000 1bs.,1909 i 8 n i 226.5 : 2773
: ¢ Ready to : :
No Limestone T 9 : sow wheat s 163.2 4621
4000 1bs.,1909 110 " : 193.7 : 3773
No Limestone 115 - n : 218.0 : 4631
4000 1bs.,1909 116 : " : 315.5 : 3773
: T Wheat : :
No Limestone 217 Stybble ¢ 314.3 : 4014
4000 1bs.,1911 18 n : 135.3 : 3330
Ho Limestone 23 n : 103.9 f 2310
4000 1bs.,1911 24 : n :  63.1: .924
No Limestone ;25 ; Clover H 48,4 3857
4000 1bs,,12810 26 3 " - E 37.0 1848 _
No Limestone 331 n i 87.1 ¢ 2773
4000 1bs.,1810 32 " : B4.5 : 924




PLATE ¥

CARTHAGT TYDTRTUTNT TR
CANLIA LAPBRIMENT FIE LD

limestone applied
;e of application

PLOT 1

MESTONE

PLOT 3
4000 1bs. 1909

PLOT 7
NO LIMESTONE

PLOT 8
4000 lbs. 1909

PLOT ©

NO LIMESTONE

PLOT 10
4000 1bs. 1909

PLOT 15
NO LIMESTON.

Sample lost sample lost

PLOT 16

4000 lbs. 1909




PLATE V
CARTHAGE EXPERIMENT FIELD (continued)
Soil samples taken Oct. 4, 1913.

Amount of limestone applied
with date of application.

7

PLOT

[

NO LIMESTONE

PLOT 18
4000 lbs,.l1911

PLOT 33

NO LIMESTONE

+d
c
£
¥
v}
™

R

O

4000 lbes,.l181l1

Lt

PLOT 25
NC LIMESTONE

|

PLOT 36
‘ 000 1bs. 1910 2
‘iz‘ 4 @; » 7.;‘ :
PLOT 31

N0 LIMESTONE

PLOT 38
4000 1bs.1210




POT EXPERIMENT WITE DIFFERENT AMOUNTS OF LIMESTONE,

In order that a closer study might be made of the effect
of different amounts of limestone both on plant growth and
certein soil constituente, a pot experiment was begun in the
fall of 1913. Soil was secured from the Bowling Green and
Hurdland Experiment fields,the first being typical Putnam silt
loam and the second Grundy silt loam. Putnam silt loam is
a gray prairie type of level topography underlald by a very
plastic clay layer at fifteen to twenty inches. beneath the sur-
face. The Grundy is a similar type not quite so level in topo-
greprhy, darker in color and with a clay layer which is not quite
so heavy. Both have a high degree of acidity. Only the
surface soil to a .depth of eight inches’was used.

The soil was air dried and sifted through a sieve having a
quarter inch mesh. It was then weighed into three gallon glazed
pots, 12000 grems of air dry soil per pot. This was equivalent
to 11558 grams of water free soil in case of the Putnam silt
loam and 11443 grams of the Gruhdy silt loam. Each pot was then
emptied on a rubber cloth and the proper amount of limestone thoio-
ly mixed with the soil. The limestone used was & very pure
non magnesian variety and was passed thru a 100 mesh sieve. The
pots were watered from the bottom and no drainage was provided.
Lime requirements were determined by bot%Dth.Wﬂdfch method and
the provisional method of the Association ofAAgricultural CGhemists
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as described in Bureau of Chem. Bul. 107. The Bowling Green
soil was found to have a requirement, by the Vi\ghch method, of
3528 pounds and by the provisional method of 850 pounds, both
being the number of pounds of calcium carbonate necessary to
neutralize two million pounds of soil. The Hurdland soil gave
requirements of 5512 and 1042 pounds respectively, by the two
methods. Determinations at the close of the experiment seem
to indicate that these amounts may be somewhat low, tho the deter=-
minations were repeated and were found to check closely.
Duplicate series of pots were provided for each seil making
in all four series of\eight pots each. The first two were
left unlimed, one to be cropped and the other left fallow.
Number three in each series received lime enough to reduce the
requirement shown by the Viletch method to 3000 pounds. Number
four_had enough lime to make the requirement 1000 pounds and
aumber five to make it neutral. Number six had just enough
limestone to neutralize the acid shown by the provisional method
and hence had the lightest application of any limed pot in the
series. Potes,seven and eight,were given excesses of one and
two tons per acre respectively as based on the Vietch determina-
tion. All of these applications were calculated on the Buppdsi_
tion thatlthe lime requirement would be reduced by an amount
equal to the amount of limestone added, which in the brogress of
this experiment was found to be untrue. The general plan of

this work is shown in the following tables.
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TAELE XIV

AMOUNT OF LIMESTONE EXPERIMENT

BOWLING GREEN SOIL

T T s O o L o e S e s e M. SO

Pot i :Grams of ;Equivalent
5 Soil Treatment tlimestone tapplication
Number : tper pot tin lbs.per
: - SR SR £ - <2 o -
BAl & BBl ; Fallow, no limestone : 0.0 ; 0000
BAZ & BB§*; Clover, no limestone : 0.0 ; 0000
BA3 & BB3 ; Clover,lime requirement reduced @ :
g to 2000 1bs, v 9.7 :+ 1528 -
BA4 & BB4 : Clover,lime requirement reduced : : )
_ : to 1000 lbs, s 15445 : 23528 -
BAS5 & BBS : Clover, limed to neutralize by @ H
X Vietch method : 21.2 3528
BAG & BB6 ; Clover, limed to neutralize by @ H
H provisional method -8 Bad & 850
BA7 & BB7 : Clover, limed with 1 ton in : :
- excess of Vdigtch required4: 33.7 : 5528
: ment : . .
BA8 & BBS ; Clover, limed with 2 tons in ex-:? 3
- : cess of Vdgftch require- @ 44,2 : 7528

ment
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TABLE XV
AMOUNT OF LIMESTONE EXPERIMENT
HURDLAND SOIL

*

tGrams of ;Equivalent

cess of Wletch require- 2

ment :

Pot :
Number : Soil Treatment :limestone :tapplication
: per pdt in 1bs. per
: : . tacre
HAl & Hg;,i Fallow, no limestone : 0.0 : 0000
HA3 & HB3 ; Clover, no limestone ; 0.0 ; 0000
HA3 & HB3 ; Clover, lime requirement reduced: ;
5 to 3000 lbs. : 30.0 : 3513
HA4 & HB4 : Clover,lime requirement reduced : 85,75 i 4513
: to 1000 1bs. : -
: \ : :
HA5 & HBS : Clover,limed to neutralize by : 31.5 ¢ 5513
"2 Vlektch method S :
HAB8 & HBS ; Clover,limed to neutralize by : 8.0 ¢ 1045
: Pprovisional method : S -
HA7 & HB7 : Clover, limed with 1 ton in ex- : 43,0  : 7513
: cess of Vdetch require- I $
: _nment s :
HA8 & HBS ; Clover,limed with 2 tons in ex- 3 54.5 : 9513
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All pots were inoculated by means of liquid culture from
the Bureau of Plent Industry of the U.S. Dept. of Agr., and all
except the number one pots in each series were sown with red
clover Jan. 30, 1914. Water was added to the amount of
3,000 cubic centimeters or 25 per cent of the air dry weight of
goil. This amount was maintained by weekly additions until
growth became so rapid that seml weekly watering was necessary.
On March 1lst, it was observed that Pots HAZ, HB3, HAG,\ani HBS were
much the best of the Hurdland series. The plants were taller
and more vigorous. Next in order were HA3 and HB3. Those
in the Bowling Green éeries stood in the same relative order,
showing a uniform and consistent depression in growth, from
liming. The chief difference between the two series on dif-
ferent soils was in the fact that more seeds germinated and the
plaﬁts started off more vigorously on the Hurdland than on the
Bowling Green soil. This was probably due to the fact that
the latter contained less organic matter and less nitrates as shown
by analysis. |

On Hay 1llth the following observations were made. During the

seedling and earlier stages of growth there was a distinct énd
consistent depression in growth from liming. There seemed to
be a little less depression on those pots having enough lime to
néutralize by the Vigtch method with another downward tendency
with increasing excess of lime. After about the first of April

there was a tendengy of the heavier limed pots to overtake the
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unlimed ones and on May llth, when the clover was being attacked,
by the red greenhouse spiders the heaviest limed pots seemed to
withstand their attacks best tho the spiders seemed about equally
thick on all pots. |

On May l6th the clover was harvested from all pots, and the
weights are shown in tables XVI and XVII. It should be noted
that there was very little variation in amount of growth at that
time. The reason for harvesting so soon was that the red
splders became very bad and resisted all efforts to eradicate
them, ~ The plan éf cutting proved to be a good one as the clover
was not bothered agaiA thruout the season.

The clover was permitted to send up new tops and growth came
on very rapidly. This time, however, the limed clover grew some-
what more rapidly than the unlimed on the Bowling Green soll, and
there was little effect of liming on the Hurdland soll. No dep:es-
sion from liming was to be noticed. Not.only did the limestone
inorease'growth on the Bowling Green soil, but the clover growing on
the iimed pote was a much darker green. Pots BA2,BB3,BA6, and BBg
were deoidedly yellowish, altho the remaining pote showed little
difference among themselves. Plate VI was made from representative
lea#es taken from the unlimed and limed pots. This darker color
of the plants on ‘the limed pots together with the fact that they
were later in maturing than those receiving no lime indicated that
the avallable nitrogen was increased by liming, The limed

clover was stockier and denser in growth, however. The



Wnlimmed

PLATE VI

Limed



unlimed plants grew rather spindling. It is probable that the
slight effect of lime on the Hurdland soil may have been due to
the fact that this soll, being better supplied with organic
matter had sufficient ﬁitraﬁes to more than balance its supply
of other available plant foods. |

‘On July 17th, two months after the first cutting was made,
Athe clover had blossomed and most of the blossoms were drying up.,
A second cutting was made at this time, and notes were taken as
to the number of mature and immature blossoms with a view to
getting some data reg@rdingvthe effect of limestone on maturity.
These are shown in taﬁles XVI and XVII and only indicate a slight
delay in maturity due to liming. The general appearance of the
plénts indicated a gréater difference. The effect of the
limestone on the aﬁount of growth during this second period was
very marked on the Bowling Green soil as is shown in tdble XVI
and in plates VII and VIIIL. It should be noted, also, that
there was a gradual increase in effect as the amount of limestone
was increased. With the second cutting,just as with the
first , the Hurdland soil showed little effect of liming. Some
increase was produced,by'the light applications of limestone but
amounts over 30 grams per pot or 3500 poﬁnds per acre seemed
to be no more effective than the amaller amounts. The deter-
minatiops of acidity both before and after the experiment show that

these small amounts are .far from being enocugh to make the soil
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neutral,

Immediately after the second cutting the pots were allowed
to dry out rapidly; in fact they were dried down almost to the
wilting point before harvesting, in order to prevent new leaves
from starting. When dry the soil was slipped out of the jars
and the mass of roots and soil thoroly loosened up. The so0il
was then sifted thru a + inch mesh sieve and the roots carefully
picked out. In this way the soil was saved for reseeding and
all except the very small rodts secured. After being thoroly
washed and dried the roots were weighed, and the weighte . are
shown in tables XVI and XVII. In general the amount of roots
grown in the Bowling Green soil varied directly with the amount
of tops from the second cutting and showed marked benefit from
liming. With the Hurdland soil there was even less effect of
the limestone on weight of roots than on the weight of tops.

The difference in the response of these two soils to
apélicationa of limestone is difficult to interpret with assur-
ance. Some of the difference in}effect.on plant growth might
easlly be due to a difference in chemical composition of the

. (pse
two soils, and their analyses are gilven, below‘,for comparison.
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TABLE XVI.
CAMOUNT OF LIMING EXPERIMENT
;lst cut- ! 32nd cut-:Roots
dry wt.
in grams :in grams

:added per:dry wt.

:Grams
tpot

Pot
Number tlimestone iting togrsiting tops:dry wt.
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TABLE XVII

AMOUNT OF LIMING EXPTRILENT
HURDLAND SOIL
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ANALYSIS OF SURFACE SOILS FROM BOWLING GREEN AND HURDLAND
EXPERIMENT FIELDS.

Expressed in terms of pounds of the element in 2 million

pounds of soil.

Bowling Green  Hurdland

‘ lbs.. lbs.
Nitrogen, total =————m—=—wmomea——— B0 = = - = = 3760
Phosphorus, sol. in strong acid - 2030 - - - - - 1978
Potassium, " " " " - 4835 - - - - - 6009
Calciunm, n R » . - 4964 - - - - - 6702
Organic matter, wet combustion method 5.77% ===—== 6.54%

The greater effect of limestone on the Bowling Green soil
as compared with that from Hurdland might partly be due to increase
in nitrates or in easily éoluble potassium, or to a direct addi-
tion of calcium, if these analyses be taken as evidence. The
increase in calcium is unlikely to cause an apprecable effect,
howefer. A greater neutralizing effect of limestone when
applied to the Bowling Green soil is shown in the acldity deter-
minations on the field samples as well as those on the soils of
the pot experiment. This seems to indicate a difference in
the nature or at least in the effect of the acids of the two

soils. This variation may be assocliated in some way with the
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difference in the content or character of the organic mattér.
Probably too little attention has been given to this factor in
studies of soil acidity.
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EFFLCT OF LIMESTONE ON INOCULATION OF CLOVER,

-1

A careful examination of the clover roots for the effects
of lime on inoculation revealed the following conditions.
The clovar on the unlimed cots ond those having the smallest
application in each series hud relatively few nodules but they
were larze and were borne in (pelmately branched) clusters.
Pots three, four, and five in each series had well distributed
and very numerous nodules, very few of them in clusters. The
one exception wans pot EES5 with an enormous cluster of nodules
which, when flattened out, was about the size of a silver dollar.
Pots with an excess of lime,particularly those having an excess of
twe tons above the Vietch lime requirement, seemed to have the
nodule formation denressed. Thev had very few nodules but
unlike the unlimed pots thece were well distributed with little
tendency to form in clusters. They were very small, also.

11 pots had been well inooulated with the liquid culture
used. It is impossible to determine from the data at hand
whether the difference in nodule formation was due to greater
nitrate production in the heavier limed pots or to the direct
effect of a difference in degree of acldity on the growth of the
nodule forming organisms. The nitrate content of the gsoil in
the heavier limed pots was no greater than in the unlimed pots
at the close of the experiment. In fact the nitrates decreased

as the lime increased on the Bowling Green soil but the later
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maturity and deeper green color,as well as the larger growth of
the limed clover,indicated that the extra amount of nitrate

producéd was being taken up.

The following tables give the results of determinations
of nitrate content and acidity at the close of the pot test.
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TABLE XVIII

EFFECT OF AMOUNT OF LIMESTONE ON NITRATE
CONTENT AND ON LIME REQUIREMENT

BOWLING GREEN SOIL

: : Grams :Parts ¢ CaCOgz
Pot H ¢ lime-:NOgz ‘requirement
Number: Soill Treatment : stonetdin 2  :at close of

: ¢ per million:iexperiment

: s pot _:of soil:
BAl __: Fallow, no limestone : 0,0 :36l.5 : 8489
BBl : " AL : 0.0 :494.8 : 6931
BA3 Clover, no limestone ;Q.Q i 17.0 5083 -
BBZ _ : n " " : 0.0 3 21.2 : so07

: ; \ I : : ’
BAg 2 Clower,limed to neutralize 1 Bed % 8.1 ¢ 5545

: by provisional method : H 3
BBE @ n noom " : 5.1 3 15.5 : 5083
BA3 : Clover limed to reduce 19,7 : 10.9 & 4159

:.  Videtch requirement to % : :

2 2000 lbs, - i L 2 »
BB3 ; " " n . ; Q.7 : w
BA4 : Clover ,1‘imed to reduce :15.45 : 11.6 . 3335 .

: Vdettch requirement to $ : : ;

3 1000 1lbs, : s 3
BR4 ] "  " " ;15.45'; 14.5_- 4631 _
BRS Clover,limed to neutralise :31.3 6.4 : 3335

. : by Wietch method -3 : H

BpS i m m___m " 1813 : 15.0 1 4831
BAY? ; Clover,limed with 1 ton excess 33,7 i 6.3 4631
BB7 3 m, " "o" M 38,7 i 9.8 : 4189
BAS . Clover,limed with 2 tons excesa:Mmh
BBE " " # u N 144,32 1 8.8 3 3773
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TABLE XIX
EFFECT OF AMOUNT OF LIMESTONE ON
NITRATE CONTENT AND LIME REQUIREMENT
HURDLAND SOIL

.Grams :Parts : CaCO3

Pot ; Soil Treatment :lime=-: NO3 requirement
Number : «8tone: in%2 iat close of
: per ! milliontexperimen
: <pot ¢ of soil: -
HAL Fallow, no limestone : 0,0 : 553.6 : 7856
HBL : M m 10.0 : 685.6 : 8318
HA3 : Clover, no limestone £ 0.0 ¢ 11.9 : 7858
HER . v m o 040 213 : 7856
H \ 4 : :
HA6  : Clover,limed to .neutralize 16,0 = 18.4 : 5083
. by provisional method 3 . *
HRg : " "o ! 8,0t 11.3 : 5545
HA3  : Clover ,limed to reduce :20.0 7.6 ¢ 8007
: Vietch requirement to : : :
$ 2000 l1bs. : : :
HB3 ; n n n n " $20.0 : 12.68 ; 5545
HA4 ; Clover,limed to reduce 325-75: 10.1 : 4831
: Vietch requirement to . : :
H 1000 l1bs. . : :
HB4 + M " W " 35.75:  1l.4 : 4159
HAS5 ; Clover, limed to neutralize i3l.5 ¢ 11.6 : 4631
s by Vietch method N : :
HBS  + ; " n 31,6 1 13.9 : 4159
HA? ’; Clover,limed with 1 ton excess 43,0 E 10.8 : 4821
HBY? P ' nonor " 43,0 :  10.6 : 4631
HA8 ; Clover,limed with 2 tons exce33354.5 ii 7.l 3 4831
“HBS ; " " noon " n 5445 10.9 ; 4631 v
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The nitrate content of the Bowling Green soil as shown in
these tables,1s ciosely correlated with the amount of growth and
to a somewhat less extent with the maturity of the clover, It
varies inversely with the amount of growth and directly with
degree of maturity. This waquld seem to indicate that the
nitrate content in the cropped soil is no meéeure of the nitrify-
ing efficiency of the so0il unless accompanied by determinations
of the nitrogen in the crop. A larger growth takes up any
increase in nitrates and,as the plants begin to mature,nitrates
are no longer used in sﬁch quantities and some accumulation
begins. As the heavily limed pots were delayed in maturity,
this accumulation had not begun when the crop was harvested.

There was little consistent variation in nitrates in the Hurdland
80ill just as there was little consistent variation 1n amount and
char&cter of growth.

In this connection 1t is interesting to note the nitrate
content of these soils at the beginning of the experiment. The
Hurdland soil used contained 139.6 parts NOz in two million of
soil while that from Bowling Green contained but 40 parts in two
million. The more rapld early growth of clover on the Hurdland
soll was probably due largely to ite greate; nitrate content since
the two solls were found to contain practically equal amounts of
easily soluble phosphorus and potassium. The Bowling Green soil
gave an analyeis of 36 parts fifth normal acid soluble phosphorus

and 23 parts water soluble potassium in two million of soil,
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The analysis of the Hurdlend soll gave corresponding amounts of
37 parte phosphorus and 21 parts potassium.

The lime requiréments shown in these tables are all
surprieingly high, and they do not show a reduction from liming
as great as the amount of lime applied. The general tendency
toward higher requirements than at the beginning of the experi-
ment is probably due to some slight difference in handling the
determination,tho an effort was made to handle it in exactly
the same way.

The following plates, XI and XII, show the results of Truog
acldity tests on the soils of this experiment. They should be
compared with the V@@hoh lime requirements shown in tables XVIII
and XIX. The steady reduction in degree of acldity 1s striking
altho it is naturally to be expected. The Truog method indic-
ates a somewhat greater reducing power of the limestone applied

than does the Vilgtch method.



PLATE XI
LIME REQUIREMENTS - TRUOG METHO
11558 grams W.F, s0ll per pot with amount of ground

limestone indicated, added € months before sampling.

Bowling Green Secil.

BBl

NO LIMESTONE
FALLOW

NO LIMESTONE

LLddlnol

CLOVER

5.1 g LIMESTONE

CLOVER

BBS _
21.2 g LIMESTONE 3
CLOVER

 BA7 _ “BB7

33.7 g LIMESTONE

CLOVER

BA8

)

MESTONE

™

e

o

)
4

|

|

«Q
.
O
a




PLATE XII :
LIME REQUIREMENTS -~ TRUOG METHOD

11443 grams W.F. soil per pot with amount of ground
limestone indicated, added B8 months before sampling*.

Hurdland Soil.
NO LIMESTONE
FALLOW

NO LIMESTONE
CLOVER

8.0z LIMESTONE

CLOVER

20.0g.LIMESTONE

Ubnp

CLOVER

25,.7g LIMESTONE
CLOVER

3l.5g LIMESTONE

CLOVER
HA? —
43.0g LIMESTONE | |
CLOVER %
HAS HRR

54 ,5g LIMESTONE
CLOVER
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TIME OF LIMING EXPERIMENT.

At the time of starting the pot experiment with different
amounts of lime, another experiment was begun with a view to
finding the effects of liming at long or short intervals before
sowing clover. Sixteen pots were used, all being filled with
the same amount of goil and in the same way as described for the
Hurdland soil series in the amount of liming experiment. The
selection of the Hurdland soil proved to be unfortunate as it wasg
found to be less responsive to liming than was the Bowling Green
soil, but thie was not known at the beginning of these experi-
ments. All pots were watered with an amount equal to twenty-
five per cent of the air dry weight of soll, and kept at approximate-
ly this content by setting them on a balance and adding water
to the 1lesired weight. They were thus kept in optimum con-
ditions for plant growth for ane year beginning Jan. 30th, 1914,
They were mot seeded. however, until Jan. 20th, 1915 when all
pots were turned out'on rubber cloths and sampled after thoro
mixing. Any difference in compactness of the 801l in the
various pots was thus equallzed.

Each pot iecéived an addition of 43 grams of ground lime-
stone, passed thru a 100 mesh sieve, applications being made by
turning the soil out on a rubber cloth and thoroly mixing.

These additions were made at intervals as shown in the following

table. This amount of limestone is equivalent to a field
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application of 7500 pounds per acre or a ton in excess of the

Vﬁgkch requirement determined at the beginning of the experiment.
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TABLE XX
TIME OF LIMING EXPERIMENT

Soll Treatment Date of Liming: Pot Numbers

® sojos 000 orjee 80 o

Fallow,no limestone TAl & TBl
Clover, no limestone : TAZ & TB3
Limed just before seeding: Jan.30,1015 : TA3 & TB3
Limed 1 month before : Dec. 20,1914 :
. seeding : : TA4 & TB4
Limed 2 monthe before  : Nov. 20,1914 : TA5 & TB5
geeding H $
- \ : :
Limed 4 months before ¢ Sept. 20,1914: TA6 & TBS
: seeding : : : ‘
Limed, 8 months before & May 30,1914 ¢t TA? & TBY?
gseeding I :
Limed 12 monthM before : Jan. 20, 1914: TAS & TBS

gseeding
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The pots were not seeded to clover until the end of the
first year and no weights have been secured, but soil studies
have been made of the lime requirements, the nitrate content, and
the easily soluble phosphorus and potassium, The methods for
determining nitrates and lime requirement have been discussed.
Phosphorus was determined by dissolving out with fifth normal
hydrochloric acid as described in Bureau of Chem. Bul. 107.

Water soluble potassium was determined by the colorimetric

method No. 1 of Schrelner and Failyer as given in Bureau of

Soils Bul. 31.
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TARLE X¥I

[t

£ ™ TITIA AT oM
;O LINING i THT A

“re

S SV

PHOSPHORUS SOLUBLT IN w/s-ﬁcn.

UIT OF

Sl

TA?
T87

8 months before
gampling

« 00303

60.4

.00303

60.4

+ 00306

8l.2

Pot ; Time of Liming ;Per cent ; Lbs. phosphorus
: tof phosphorus @ in 3000000 1bs.
Humber: swater free v of soil
: e basie :
TA1 ¢ 1ot 1limed : «00284 : 56e8
™1 s . : . 00245 : 49,0
743+ Yot limed . .00277 : 5544
The : s . 00271 2 54.2
TAS ¢ Immedietely before & . 00357 : Tle4
. gamplins s . 00280 : 56.0
TA4 : 1 month before : .00312 : 63.4
‘ ! sampling $ « 00333 : 66+6
TAS ; 2 months before 3 ,00323 : B4.8
' : gampling 5 « 00294 : 58.8
TAB ; 4 monthse before ; « 00376 : 5542
g\ : sampling : » 00500 : 6l.8

TAS
L

2 86 eo0jles o

12 months before
sampling

o

3.4




THE EFFECT COF LIMESTONE ON THE EASILY SOLUBLE PHOSPHORUS
IN SOILS.

These tablee indicate that liming has slightly increased
the amount of easily soluble phosphorus, but there 1s'no indica-
tion that the proceee is gradual. The potsvlimed 1mmediate1y
before sampling secem to bé affected about as much as those limed
earlier. It was expected that this study might reveal g
reason for the depressing effect of lime which was obser#ed in
the first seeding of “the amount of liming experiment. As pre-
viously noted this effect wes not noticesble after the pots had
been limed for three months. In this time of liming experiment,
however, there was no depression of growth due to liming even when
the lime was applied immediately before'seeding.‘ As the same |
soil wac used which gave a distinct depression in the other e;per-'
iment this is difficult.to explain. Evidently the cause for the
depression did not operate in this cxperiment. The large amount
of phosphorus dissoived by fifth normal(aéid seems to indicste
that 1t wais probably not a limiting factor. Doubtless keeping
the soil under favorable bacterial conditions for a year had much
to do with making large amounts of plant food available. It should
be noted thét this soil contained, at the beginning of the experi-
ment, only 37 parts of soluble phosphorus in two million of soil.
The very rapid growth of clover on these pots when they were

seeded, Jan. 20, 1915 is another indication that there
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was much available plant food present. This would seem to
indicate that the depression in growth, due to liming immediately
before seeding, is caused by thé lime reacting with compdun&s
containing available plantvfoods, particularly phosphorus, and
thus meking them less soluble. With so much soluble . phosphates
present in this soll after a year of fallow the portion~ieacting
with the lime added éeems not to have affected plant'groﬁth.
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TABLE XXII
EFFECT OF TIME OF LIMING ON THE AMOUNT OF

POTASSIUM SOLUBLE IN DISTILTLED WATER

;Per cent of

lbs. potassium in

:  Time of Liming ipotassium & 2000000 1bs. of
Number: swater free . soll

: s basis :
TA1 ¢ Not limed :_ .00393 i 58.6
TB1 - v : 00291 H 58 o8
TAZ  : Not limed :  ,00292 i 58.4
TB2 : $ 00313 H 62.68
TAZ _“' Immediately.fbefore; « 00417 ;: 83 44 .
TBa - sampling i L0033 : 6246
TA4 : 1 month before ;k ., 00351 : 7042

: sampling ¢ .00336 3 678
TAS s 3 months before ; : 00303 ; 60.68

5 - sampling . ,00303 s 60.4

TAG : 4 months before  : .00395 : 59,0
TE6 sampling ¢ ,00807 3 6led
TA7 ; 8 months before ; ..00303' s 60468
™7 sampling s .00320 : 64,
TA8 : 13 months before : 00308 : 81.8
TES H sampling : ,00293 : 5842
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THE EFFECT OF LIMESTONE ON THE WATER SOLUBLE POTASSIUM
IN A SOIL.

From table XXII it may be noted that the average per cent
of water soluble pctassium of the four unlimed pots is .00297
while the twelve limed ones average .00320 per cent. In this
az in the work of other investigators previously noted there is
but slizht evidence of an increase in water soluble potassium from
the application of limestone. This was true when the lime-
étone was added immediately before the detsrmination was made ag
well as when it was added a2t longer periods up to one year before
making the detemmination. The large amount of water soluble
potassium found in these samples is probably due to the same
factors which caused a high per cent of easily.soluble phosphorus.
An analysis of this soil before putting it in the pots gave 21
parts of watcr soluble potassium in two milllon of soil which
is equal to .00l1ll per cent.

Following this pot experiment; water enluble potassium wag
determined on soil from four limed and four unlimed plots on
the S%t. James experiment field. Ag an average of these no

effect of lime on soluble potassium could be detected.
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THE EFFECT OF TIME OF LIMING ON THE AMOUNT OF NITRATES
IN A SOIL.

The colorimetric method of Schreiner and Failyer is not
very well adapted to the determination of such large quantities
of nitrates as found in this experiment, and considerable variag~
tion is noticeable in the records. Each record in the table
is an average of four determinations, however, and the general
tendency toward a larger nitrate content ,where the lime has been
on longer,can hardly bg questioned. The fact that the soil
waalkept fallow and at summer temperature thru an entire year
accounts for the very large accumulation of nitrates. The
absence of any drainage would prevent thelr belng leached away,
Naturally liming immediately before sampling had no effect on
the nitrate content, and there is little evidence of an increase
in one month. There is little difference shown between the
two, four, and eight months periods, tho during the period from
elight months to one year a marked incresse resulted. The nitrate
content of pots limed for one year was practically double that
of the unlimed pots. It was expected that this would make
a difference in the way the clover started when the pots were
seeded Jan. 20, 1915, but apparently all pots had nitrates enough
since all the clover started very rapidly and with little dif-

ference. It is possible that the nltrates may become ex-

hausted earlier in the unlimed pots, however,
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TABLE XXIII
EFFECT OF TIME OF LIMING ON THE AMOUNT OF

NITRATES
Pot : ;Lbs. NOzin Average of dupiica’ce
Number : : : pots. Lbs. NOz in
: 3000000 1bs, : 2000000 1lbs.
: s of soll iof so0ll ,
TAl : Not 1limed : 485 : 576
TBL i @887 :
TAZ i Mot limed : 769 : 749
B2  : s ___728 :
TA3 { Immediately before : 601 : 599
: sampling : :
TB3 - : 5986 :
TA4  : 1 month before : 684 : 707
: sanpling : :
TB4 : : 730 H
TA5 _: 3 monthe before i 1009 : 1001
: sampling :
TB5 : H 2993 s
TA6 i 4 months before i __ 978 : 988
: sampling :
TB68 : s 1000 :
TA7 _: 8 months before  i__ 1008 : 983
R sampling :
T87 : 957 H
TA8  : 12 months before i 12386 : 1235
s gampling :
IB8 _ : + 1224 :
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The following plate shows the record of lime requirements
at the end of one year in this time of limingy experiment.
According to this Truog test the reaction of the limestone
with the soll was very gradual after the first main offect, and
it took eight months 1f not the entire year to bring it to
completion. The greater prart of the neutralization seemed
tc take plece almost immediately, however. The thoro mixing
both at the time +the limestone was added and at the time of
samrling may have hed much to do with this. Naturally the
limestone was teken in with the soll sample and the reaction was
hastened in the processes of meking the acldlty determinations.

The Whgdtch method does not indicate any difference in the

effect of the limestone when put on at long or short intervals

before testing. In fact if the results in table XIV be taken
as evidence there is a slight indication that the immedizte

liming is most effective.
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PLATE XIIT

Ul
POT EXPERIMENT

REMENTS - TRUOG METHOD

11000 grams of eoil per pot limed with 43 grams
of ground limestone at different intervals, as indicated.
All pots at optimum growing conditions for 1 year

efore samples were taken.

NO LIME

LIMED 1 MONTH
BEFORE SAMPLING

LIMED @ MCONTHS
BEFQRE SAMPLING

LIMED 4 MONTHS
BEFORE SAMPLING

LIMED 8 MONTHS
BEFORE SAMPLING

LIMED 1 YEAR
EEFORE SAMPLING

TBl

~.IBS

TB8

IB7

TE8
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TABLE XXIV

EFFECT OF TIME OF LIMING ON LIME REQUIREMENT

AS SHOWN BY THE

Wigrcr METHOD.

.

tLbs. of CaC

Pot :
Number : Time of Liming ‘necessary to0 neutralize
: 12000000 lbs. of soil _
TAL Not limed : 8318
TRl s : 7856
Eéé__.-~§ : 7856
TB2 B Not limed : - 7856
TAZ Immediately before : 2773
TB3 : - sampling : 2773
TAG s 1 month before : 3235
TR 3 sampling : 3235
TAS 2 months before : 3773
TBS5 : sampling : 2773
TAS ; 4 months before : 3697
6 : sampling : 3687
TA7 ; 8 months before : 3235
&8 : sampling : 3697
TA8 ; 12 months before ; 3697
e . sampling : 3697
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SUILIARY .

1. The use of ground limestone has 1ncreased the yield of all
the more couwicn crops of the state except corn stover and wheat
straw, when tried on experiment fields sltuated in nid%een
dlfferent localities in lissouri. The increases in céwpea

hay and wheat were very slight, however.

2e Under field conditions limestone has little effect on the
per cent of grain in cereal crops. Slight differences indi-

cated a tendency toward an increase in per cent of grain.

3. Studies of 44 field samples of soil, half of them limed and
half unlimed, indicated that the amount and character of growth
on the s0il had much more influence on the nitrate content than
did the application of limestone. In fact the limestone appli-
cations were found to make no increase in the amount of nitrate

present in the soil under these conditionms.

4. Determinations of the lime requirements of these same field
samples showed an average reduction in the lime requirement equal

to 41.3 per cent of the amount of lime applied.

-

5. Truog acidity tests on these samples indicate that the
neutralizing effect of limestone is comparatively quick when .

added to soiles in the field, also that 1t has greater neutraliz=-
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ing effect on some soils than on others.

Be In pot experiments it was found that the growth of clover
was depressed by additions of limestone, the depression increas-
ing with the amount of limestone but that this effect disappeared
after the clover had been growing about three months, and at the
end of slx months one soill showed a marked increase in growth of
clover due to liming. The amount of increase 1n both +tops

and roots depended upon the amount of lime up to an excess of

two tons above the VAgtch requirement.

e There is a marked difference in the response of different

solls to limestone, even when they are about equally acid.

8e Applications of limestone caused the nodules on clover
roots to be better distributed with less tendency to grow iun

clusters. They were also reduced in size particularly when an

excess of limestone was added.

Qe The amount of limestone was found to have no effect in
increasing the soil nitrates under clover in pot experiments.
On the other hand, because of the larger growth and later matur-

1ty of the clover, the heavier limed soils had less nitrates than
the unlimed solls.

10. With pots limed at different intervals before seeding and

when these were kept for a year under optimum conditions of
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temperature and moisture for plant growth, it was found that
solls limed for two, four, or eight months had more nitrates

than those unlimed or limed for any shorter period of time
before seeding. Soils limed for one year had about 20 per cent

more nitrates than those limed for eight months and nearly twice

as much as the unlimed soils.

11. The time of liming had no effect on the amount of phosphorus
soluble in fifth normal hydrochloric acid. Linming at any inter-
val, however, seemed to increase this easily soluble phosphorus to

gome extent.

12. Liming had little if any effect on the water soluble potas-
slum in the soil either when the application was made immediately

before sampling or when made at intervals up tc one year before

gampling.

13, Very high per cents of nitrates, of phosphorus soluble in
fifth normal acid, and of water soluble potassium were found in
soils that had been kept under favorable conditions for plant
growth for one year. ‘The very rapid growth of clover when

these pots were seeded was a further indication of the abundance

of available plant food in these solls.
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