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THE PROBLEM

In the course of a study of the biology of certain acid soils it was
lound that magnesium carbonate causes a great increase in the reproduction of soil bacteria. Just what effect this great increase in number of
bacteria has on the fertility of the soil is a problem beyond the scope of
this paper. However, it is a well-established fact that the majority of
the changes of soil constituents are brought about by microorganisms.
These substances, which are constantly undergoing changes, are influenced by the number and kinds of bacteria.
The beneficial effect of lime, calcium carbonate, and magnesium carbonate on the growth of higher plants is generally preceded by an increase
in the number of bacteria. Evidence is sufficient to warrant the conclusion that an increase in the number of soil microorganisms is usually
reflected in a more rapid decomposition of organic matter and a greater
liberation of the inorganic soil constituents, chiefly potassium and phosphorous.
Although many important data have been obtained in relation to the
effect of liming on the bacteria in soil, there still remain problems which
deserve careful investigation—for example, the amount and kind of lime
and calcium and magnesium carbonates that can be applied most economically and yet give the best results.
The investigations of this paper were undertaken with the hope of
throwing some light apon the problem of soil bacteria and their response
to applications of magnesium carbonate, calcium carbonate, and limestone.
The effect of these substances on pure cultures of bacteria and on the
ordinary soil flora was observed in—
(a) Acid Colby silt loam soil;
(6) Acid Plainfield sand;
(c) Neutral Miami silt loam.
1
This paper is submitted in partial fulfillment of the requirements for the degree of doctor of philosophy
in bacteriology in the Graduate School of the University of Wisconsin, July, 1917.
s
The writer is indebted to Dr. E. B. Fred, of the Wisconsin Experiment Station, for supervision and
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Journal of Agricultural Research,
Washington, D. C
me

Vol. XII, No. 8
Feb. as, 1918
Key No. Wis.—11

(463)

464

Journal of Agricultural Research

vol. xn. No. s

REVIEW OF LITERATURE
A complete review of the literature, showing the effect of lime (CaO).
calcium carbonate (CaC03), and magnesium carbonate (MgC03) on soil
microorganisms, is not attempted in this paper. Only a brief résumé of
certain of the more important papers is given.
Although this paper is primarily concerned with the relation of soil
microorganisms to calcium and magnesium carbonates, it was deemed
worth while to include a brief review of results obtained from the use of
lime and limestone. Under ordinary soil conditions, calcium oxid, or
lime, is soon converted into calcium carbonate. Because of the frequent
occurrence of magnesium in limestone, this substance was included in
the discussion.
NUMBER OF ORGANISMS
1

In 1901 Chester (7) made plate counts of an acid soil which had received lime at the rate of 1,000 to 4,000 pounds per acre. In every case
the lime increased the total number of bacteria; the greatest gain was
noted where the largest amount of lime was applied.
Fischer (J^) treated soil with lime and calcium carbonate at the rate
of 0.1 to 3.0 per cent by weight of soil. The calcium carbonate and lime
were added in gram-molecular equivalents. His results showed that
0.1 and 0.2 per cent of lime after three days gave an increase in the
total number of bacteria. Treatments amounting to 0.5 per cent and
more were harmful at first, but later gave an increase beyond that of the
control. The data showed that a slight increase in the number of bacteria occurred when calcium carbonate was added to the soil.
Several years later, Hutchinson (23) made somewhat similar experiments, using lime and calcium carbonate. He also found that lime at
first exerted a depressing effect but later gave rise to an increase in the
number of bacteria. He concluded that the reduction in the number of
bacteria immediately after treatment with lime was due to the caustic
effect of the oxid, since no injury was noted after the oxid changed to
carbonate. He believed the benefit from liming was due in part to the
. gain in soluble organic matter, to the improvement in the physical condition, and to the correction of the acid reaction of a soil, all of which
tended to bring about a better environment for the development of bacteria. However, this investigator held that these changes brought
about by the action of liming did not seem sufficient to account for the
enormous increase in plant growth. He assumed, therefore, that the
action of lime was much the same as an antiseptic—that is, it caused a
partial sterilization.
In a later publication, Hutchinson and MacLennan (24) reported the
results of experiments with lime and calcium carbonate on five different
soils. The range of reaction in these soils varied from neutral to strongly
1

Reference is made by number (italic) to "Literature cited," pp. 500-504.
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acid. Lime was added in amounts varying from 0.1 to 1.0 per cent,
while calcium carbonate was added in amounts of 1.0 per cent only.
Besides the total number of bacteria, these investigators determined the
nitrate and ammonia nitrogen of the soils subjected to this treatment.
The results of the experiments showed that in all of the soils, liming
increased the number of bacteria. At first the heavier applicatiops of
lime retarded and later stimulated the reproduction of microorganisms.
The acid soil required more lime to retard the growth of bacteria than
the nonacid soils. As a result of liming, ammonification and nitrification in all of the soils was increased. The authors concluded that different soils varied in relation to the amount of lime needed to effect partial
sterilization. They assumed that each soil absorbed a certain amount
before the antiseptic action began.
Miller (57) carried out a rather intensive study of the effect of lime
and calcium carbonate in both calcium-rich and calcium-poor soils, and
also in soils low and high in organic matter. His results were in accordance with those obtained by many other investigators—namely, that
lime in small amounts increased the number of bacteria, while larger
application, decreased at first and later increased the number. To this
investigator it appeared that lime was a direct stimulant to the soil
flora. The same general increase was obtained with soil low and soil
high in calcium content, and also in soils low and high in organic matter.
Unlike lime, calcium carbonate brought about only a slight increase in
the number of bacteria.
Beckwith, Vass, and Robinson (3) applied lime at the rate of 2 tons
per acre to both acid and nonacid soils. Only the soils with an acid
reaction or where large amounts of organic matter were added showed
an increase in the number of bacteria from the lime treatment. Under
the same conditions ammonification and nitrification responded in a
like manner.
Soil was treated with lime, magnesium oxid, and magnesium carbonate by Lemmermann and Fischer (34). They found that magnesium oxid caused a greater increase in the number of bacteria than
did either lime or magnesium carbonate.
Engberding (13) treated clay soil with 0.1 per cent of lime and with
0.5 per cent of magnesium oxid. Both treatments increased the number
of bacteria, although the lime seemed to give better results.
Jenkins and Britton (26) showed that by using heavy applications of
lime with raw-bone meal, the latter was decomposed more rapidly.
Fabricius and Van Feilitzen (14) noted an increase in the number of
bacteria in moor soils treated with lime.
Lemmermann, Fischer, Kappen, and Blanck (55) reported a gain in
the number of bacteria in cultivated and noncultivated moor soils and
in clay soils when lime or calcium carbonate was added. However, an
increase in the number of bacteria was not shown in a sandy clay soil
or in a sandy soil.
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AMMONIA AND NITRATES

Withers and Fraps (62, 63) added calcium carbonate to soil treated
with nitrogenous material and observed a gain in nitrates which was
greater in the caldum-carbonate soil than in the control. Koch (jr)
reported similar results by applying lime. Fraps (19) treated acid and
nonacid soils with calcium and magnesium carbonates and noted an
increase in nitrates in all cases, especially in the acid soil. However,
calcium carbonate gave better results than were obtained with magnesium carbonate.
By applying calcium carbonate to a soil treated with ammonium
sulphate, Lemmermann, Blanck, Heinitz, and Von Wlodeck (36) noticed a loss in ammonia. Lipman, Brown, and their associates (4, 5,
42, 43) studied the effect of calcium carbonate on the actitivies of soil
microorganisms. Lipman and Brown (44) showed an increase in ammonification with monocalcium phosphate [CaH4(P04)2] and dicalcium
phosphate [Ca3H2(P04)2], but a decrease with tricalcium phosphate
[Ca3(P04)2] when applied to soil.
Wohltmann, Fischer, and Schneider (64) inoculated liquid media
with soil treated with magnesium oxid and lime and observed an increase
in both ammonification and nitrification. Hutchinson {22) observed
that in liquid cultures magnesium carbonate retarded nitrification in
practically every case, while calcium carbonate had but little influence
on this process.
Vogel (57) inoculated a nitrogenous solution containing calcium
carbonate with a soil suspension and obtained an increase in ammonia.
A similar test for nitrification was made, but an increase in nitrates was
not obtained. Somewhat similar results were obtained by Paterson
and Scott (55). Hutchinson and McLennan (25) reported that calcium
carbonate treatments caused a slight increase in nitrification in soil.
Greaves (21), working with a Utah soil high in lime and magnesium
oxid, found that calcium carbonate in all concentrations increased the
formation of ammonia, while magnesium carbonate retarded ammonification except when applied in very small amounts. The chlorids of
magnesium and calcium appeared to be very toxic. With a Japanese
soil Machida {48), of the Japanese Experiment Station at Tokio, noted
that calcium chlorid retarded ammonification, while magnesium chlorid
increased it. He found that nitrification was favored more by the use
of magnesium carbonate than by calcium carbonate.
The work of McBeth and Wright (49) showed that the chlorids, the
sulphates, and especially the carbonates inhibited nitrification. Lyon
and Bizzell (47) reported that 10 days after treatment with lime the
number of bacteria was doubled.
*
Fred and Graul (20) concluded that the accumulation of nitrates from
casein or gelatin in acid soils was not materially benefited by calcium
carbonate. In many cases in acid sou calcium carbonate increased and
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later decreased the nitrate content, and it was assumed that a loss of
nitrate nitrogen occurred because of the increase in the total number of
microorganisms.
Allen and Bonazzi (1) showed that the addition of ground limestone
to a noncalcareous soil brought about a more rapid nitrification. Kelley
(28) studied the effects of calcium and magnesium carbonates on ammonification and nitrification in a California soil high in basic substances.
His results showed that calcium carbonate benefited ammonification
slightly and nitrification to a great extent, while magnesium carbonate
was toxic tó both processes. This investigator failed to show any definite ratio of calcium and magnesium which favored the nitrifying and
ammonifying power of this soil. With Hawaiian soils, high in lime and
magnesium oxid, Kelley (29) obtained similar results. Dolomitic and
calcareous limestones gave results similar to those obtained with calcium
carbonate.
Kellerman and Robinson (27) obtained nitrification of ammonium
sulphate in a soil with a high magnesium content. When calcium carbonate was added, an increase in nitrification was noted; with magnesium
carbonate a decrease, except when the latter substance was added to the
soil in very small amounts. Owen (52) reported that magnesium carbonate favored nitrification more than calcium carbonate.
White (61) and Voorhees and Lipman (5^) treated soil with pure lime
and with a lime containing magnesium. Better nitrification and in most
cases better ammonification was obtained from the magnesium than
from the nonmagnesium limed soil. Soil treated with magnesium carbonate and inoculated into a liquid medium was shown by Lipman and
Brown (41) to retard nitrification.
It was shown by Ehrenberg (12), Lemmermann, Aso, Fischer, and Fresenius (37), and Wheeler, Sargent, and Hartwell (<5o), that when lime or
calcium carbonate was applied to soil, the decomposition of organic
matter was accelerated.
NITROGEN FIXATION

Fischer (15, 16) demonstrated the fact that both lime and magnesium
oxid increased the reproduction of Bacillus azoiobacter in soil. The oxid
of magnesium seemed to give better results than lime.
So much is Bacillus azoiobacter influenced by lime that Christensen and
Larsen (9) suggested the use of this organism to measure the reaction of
soil. In a later publication Christensen (8) showed that the growth of
this organism in solution took place only when inoculated with a basic
soil. In their work with Danish soils, Weis and Bornebusch (59) confirmed
Christensen's results. Loew (45) showed that lime added to a soil increased the growth of the film of B. azoiobacter formed in liquid cultures.
Results similar to Loew's were obtained by Cauda (ó) when calcium carbonate was used.
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Fischer (16) obtained a better growth of Bacillus azotobacier from limed
than from unlimed clay soil. On the other hand, Koch, Litzendorf, Krull,
and Alves (32) reported that lime retarded free-nitrogen fixation. Krüger
(33) treated soil with lime and obtained an increase in nitrogen fixation.
Purer and better film growth of Bacillus azotobacier was obtained by
Ashby {2) with magnesium carbonate than with calcium carbonate.
The effect of calcium carbonate and magnesium carbonate on the
fixation of nitrogen by Bacillus azotobacier, both in liquid cultures and in
soil, was studied by Lipman and Burgess (40). In every case magnesium
carbonate alone proved toxic. These authors observed that when 15
parts of calcium carbonate were mixed with 1 part of magnesium carbonate, the latter was no longer toxic to this organism.
SUMMARY OF UTERATURK

From the citations just given it appears that the addition of calcium
and magnesium, either in the form of oxid or carbonate, to soil, and
especially to acid soil, brings about conditions favorable to the growth
of certain groups of microorganisms. There are many factors which have
been given little or no consideration—for instance, what relationship
exists between the total number of bacteria in soil and the quantity of
soil acid neutralized? With few exceptions, little attention has been
directed toward the relative effect of calcium and magnesium carbonates
on the soil flora. There exists a diversity of opinion with regard to the
relation of bacteria to these two compounds. This lack of harmony may
be due to the difference in the soil types which have been studied.
Again, it seems that no one has tried to measure the effect of calcium
and magnesium carbonates on pure cultures of bacteria in sterilized
acid soil. To obtain information with regard to these points, a series of
experiments was planned.
EXPERIMENTAL WORK

For this study three Wisconsin soils, acid Colby silt loam, acid Plainfield sand, and neutral Miami silt loam, were used. The Colby silt loam
was collected near Marshfield, the Plainfield sand from Hancock, and
the Miami silt loam from Madison. At the laboratory each soil was
passed through a 4-mm. sieve and thoroughly mixed.
The percentage composition of these soils is given below :
Constituent.

Potassium
Nitrogen
Phosphorous...
Calcium oxid..
Organic matter

Colby silt
loam.

Miami silt
loam.

.198
. 072
. 0907
3-91

2.16
•IS
•IS
.185
2.74

Plainfield
sand.

0-93
.09
.032
.0023
1. 41
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The calcium-carbonate requirement of the acid soils was determined
according to the Truog barium-hydroxid method. In calculating the
amount of acid in each soil only the active acidity was considered. For
every 100 gm. of Colby silt loam on the dry basis 1.05 gm. of calcium
carbonate were required to correct the active acidity, and for 100 gm. of
Plainfield sand 0.21 gm. Three different bases were used to neutralize
the acidity in these soils—namely, pure precipitated calcium carbonate,
pure precipitated magnesium carbonate, and commercial ground limestone. The limestone, the analysis of which showed 53 per cent of calcium
oxid and 43 per cent of magnesium oxid, was ground to pass through a
100-mesh sieve.
Aside from the compounds just named, monocalcium phosphate was
used in certain experiments. The phosphate was employed to find out
whether or not the calcium of this phosphate salt would serve in a like
capacity as that of calcium carbonate. Accordingly the monocalcium
phosphate was added to the soil alone and in various mixtures with calcium carbonate.
The calcium carbonate, magnesium carbonate, and limestone were
added in amounts sufficient to satisfy one-fourth, one-half, and full calcium-carbonate requirement—that is, to neutralize one-fourth, one-half,
and the total active acidity. The phosphate was added in varying
amounts. After the bases and phosphate were thoroughly mixed with
the soil, the latter was then poured into earthenware jars and the moisture
content raised to one-half saturation with distilled water. At definite
intervals samples were drawn and plate counts made. The soil of each
jar, after the sample had been drawn, was poured on sterile paper, thoroughly mixed, and returned to the original jar. In order to reduce evaporation and to prevent outside contamination, the jars were covered with
cheesecloth. The entire series of jars was incubated in the greenhouse
at approximately 22o C.
At regular intervals the effect of these compounds on the total number
of bacteria in the soil, on ammonification, and on nitrification was
studied.
INFLUENCE OF CAIyCIUM CARBONATE, LIMESTONE,

AND MONOCALCIUM

PHOSPHATE ON THE NUMBER OF BACTERIA IN SOIL
COLBY SILT LOAM.—Two-kgm. portions of soil were treated as outlined
in Table I and incubated for a period of five months. During this time
eight plate counts were made with Heyden-Nährstoff agar. These plates
were incubated at 27o C. for 10 days. The influence of monocalcium
phosphate on the number of bacteria in the soil was tested simultaneously
with that of the carbonates. The data of this experiment are given in
Table I.
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I,—Influence of calcium carbonate, limestone, and monocalcium phosphate on the
number of bacteria in Colby silt loam
Number of bacteria in i gm. of dry soil.

Treatment.

None
One-fourth calcium
carbonate
One-half
calcium
carbonate
Full calcium carbonate
One - fourth limestone
One-half limestone..
Full limestone
0.5 gm. monocalcium
phosphate
8 gm. monocalcium
phosphate
0.5 gm. monocalcium
phosphate + onefourth calcium carbonate
0.5 gm. monocalcium
phosphate + full
calcium carbonate.
9 gm. monocalcium
phosphate + onefourth calcium carbonate
3 gm. monocalcium
phosphate + full
calcium carbonate.

After i
week.

Relative.

After a
weeks.

Relative.

After 3
weeks.

Relative.

After 8
weeks.

Rela- After so
tive. weeks.

Relative.

18,6oo, 000

100 19,200,000

100 13,800,000

100 13,000,000

100 6,700,000

100

21,000,000

113 22,400,000

116 21,300,000

166 18,000,000

138 16,400,000

»45

20,500,000

III 26,000,000

13s 14,000,000

109 13,000,000

100 14,700,000

220

18,100,000

97 21,200,000

no 13,100,000

102 18,000,000

138 13,600,000

303

31,000,000
25,399,000
22,300,000

113 24iS0o> ooo
136 i9,S°of<
120 18,100,000

137 15,000,000
ÍOI 15,500,000
94 20,700,000

"7 16,000,000
121 14,900,000
161 17,100,000

123 13* 50O1000
114 11,500,000
131 12,700,000

SOX
I73
189

14,300,000

77 15,500,000

80x8, 000,000

148 13,500,000

103 6,400,000

95

23,300,000

120 31,000,000

20,200,000

157 13,600,000

104 8,300,000

X34

16,000,000

86 15,000,000

78 18,300,000

17,200,000

133 17,400,000

36s

31,300,000

114 31, 700,000

15,400,000

14,300,000

31$

14,200,000

76 21,100,000

109 26,300,000

204 15,300,000

11,600,000

16,too,000

86

20,900,000

108 35,600,000

278 12,500,000

165 33,500,

164

It will be seen from the figures in Table I that in practically every case
calcium carbonate, either pure or in the form of limestone (dolomitic),
increased the growth of bacteria to a considerable extent. As compared
with the untreated soil, the favorable influence of the calcium compounds
on the number of bacteria was greatest 3, 8, and 20 weeks after treatment. Apparently these compounds of calcium, especially the carbonate,
have little influence on the soil flora for the first week. This is to be
expected, since calcium carbonate is very slowly soluble.
The most striking fact noted from the results of this experiment is
the marked stimulation of the microorganisms following small applications of calcium carbonate. Figure 1 is a diagram showing the effect
of calcium carbonate and limestone on the total number of bacteria.
One-fourth enough calcium carbonate to neutralize the entire soil acidity,
with only one exception, showed the greatest increase in the number of
bacteria. If grouped according to their effect on the number of soil
organisms, one-fourth calcium carbonate gave the greatest gain in the
number of bacteria, one-half, the next greatest, and full, the least. The
beneficial effect of calcium carbonate extended over the entire period of
five months—that is, the treated soil gave a decided increase in the total
number of bacteria as compared with the untreated soil. In general,
pure calcium carbonate proved superior to limestone in its effect on the
bacteria of Colby silt loam soil. This superiority of calcium carbonate
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as compared with limestone was due probably to the difference in solubility of the two compounds; pure calcium carbonate is more soluble
than the dolomitic limestone.
The monocalcium phosphate in small amounts apparently did not increase the total number of bacteria, whereas in larger amounts, applied
alone, it was slightly beneficial. In two instances a combination of
calcium carbonate and phosphate showed an increase in the total number of microorganisms. However, in most cases the increase was no
greater than that obtained with calcium carbonate alone.

tU/eeh

ZU/eehs

t ¿ 3 4 5 6 7
3C¿reaÁs

t Z 34 5 6 r
âUTetAs

i 2 3 4 5 6 7

¿oa&eAs

I?IG. 1.—Diagram showing the influence oí calcium carbonate and limestone on the number of bacteria in
Colby silt loam.
i—no treatment,
a—one-fourth cacium carbonate.
3—one-half calcium carbonate.
4«» full calcium carbonate.

5=-one-fourth limestone.
ó=* one-half limestone.
7—full limestone.

A comparison of the influence of calcium from calcium phosphate
with that from calcium carbonate on the number of bacteria in Colby
silt loam is shown in figure 2. Although there are many fluctuations,
the results indicate that calcium phosphate alone or with calcium carbonate increases the number of bacteria much sooner than does the
carbonate alone. Here the maximum gain with the phosphate was
noted 3 weeks after treatment instead of 20 weeks, as in the case of calcium carbonate.
PLAINFIEIVD SAND.—The preceding experiment was repeated with a
Plainfield sand, a soil very low in organic matter. The results obtained
in this test are presented in Table II.
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II.—Infltience of calcium carbonate, limestone, and monocalcium phosphate on the
number of bacteria in Plainfield sand
Number of bacteria in i gm. of dry soil.

Treatment.

None
One-fourth calcium
carbonate
One-half calcium carbonate
Full calcium carbonate
One-fourth limestone...
One-half limestone
Full limestone
o.s gm. monocalcium
phosphate
2 gm. monocalcium
phosphate
0.5 gm. monocalcium
phosphate -f onefourth calcium cai>
bonate
0.5 gm. monocalcium
phosphate + full
calcium carbonate,..
3 gm. monocalcium
phosphate + onefourth calcium carbonate
2 gm. monocalcium
phosphate + full
calcium carbonate

After i
week.

Rela- Afters Relative. weeks. tive.

Afters
weeks.

Rela- After 8 Rela- After so Relative. weeks. tive. weeks. tive.

lo, 300,000

3,500,000

looj 5,500,000

4,700,000

2,450,000

10,ooo,000

3,600,000

102

6,000,000

6.600.000

|4,850,000

6,600,000
6,000,000
5,800,000
8, ooojoooi
9,700,000

64 4,660,000
6o¡5,520,ooo
[4,660,000
3,800, oool
4,200,000]

1301 11,200,000
158 18,300,000
130 11,000,000
109 10,000, oool
120 9, 700,000

303 j 7.700.0001
332 7,300,0001
200!¡8,500,000!
180 7,700, oool
176 7,200, oool

164! 4 330*000
155 5,800,000]
181 [4,ooo,oooj
164!|3,ooo,ooo|
154 4,530,000

8,500,000 [

4,200,000

120 5,700,000

X03)[4,100,000

87 [2,650,000

5,000,0001

4,200,000

120 8,900,000

1611 3,200,000

68 2,000,000!

16,000,000

156 [3,100,000

14,500,000

363 8,000,0001

170

12,000,000

116 4,300,000

9,400,000

I701 6,800,000

144 7,770,000

317

11,200,000

3,700,000)

Sol 9,300, oool

169 6,600,000

140 [3,410,000

139

187

172

3,660, ooo¡

X48

150! 10,300,000

172
336
161
123

I84
IOS

86

130

<5

to\

(23*567
iU/eeJf

a 4 3 b 1
ZOWeeHs

AG« «•—Diagram showing the influence of calcium carbonate and monocalcium phosphate on the number
of bacteria in Colby silt loam.
x»no treatment.
»»•o.s gm. monocalcium phosphate.
S—3 gm. monocalcium phosphate.
4—0.5 gm. monocalcium phosphate +one*fotirth calcium carbonate.
5—0.5 gm. monocalcium phosphate-}-full calcium carbonate.
6—2 gm. monocalcium phosphate+one-fourth calcium carbonate.
7—3 gm. monocalcium phosphate+full calcium carbonate.
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The results reported in Table II differ somewhat from those obtained
with Colby silt loam. One week after the treatment there was a decrease
in the number of bacteria in the soil treated with both the calcium carbonate and limestone. However, after the first week the treated soil
showed an increase in the number of bacteria.
In contrast with the results of the Colby silt-loam experiment, the
Plainfield sand, to which one-fourth calcium carbonate or limestone was
added, did not give any marked gain in the total number of bacteria
after 1 and 2 weeks. After 3, 8, and 20 weeks, one-fourth calcium carbonate caused a slight increase in the number of soil organisms. It is
evident that one-half or full neutralization of the soil acids by the calcium
carbonate was required to give the greatest increase in the number of
bacteria (fig. 3).

1 areeA
FIG.

3.—Diagram showing the influence of calcium carbonate and limestone on the number of bacteria in
Plainfield sand.
1—no treatment,
a—one-fourth calcium carbonate.
3—one-half calcium carbonate.
4—full calcium carbonate.

S=" one-fourth limestone.
6=-one-half limestone.
7—full limestone.

In general, light applications of limestone gave a greater increase In
the number of microorganisms than did calcium carbonate. A difference
in the nature of the soil acid in Colby and Plainfield sand probably accounts for the difference in quantity of calcium carbonate required to
stimulate the reproduction of bacteria.
Where monocalcium phosphate was added alone to the sandy soil,
practically no increase in the number of bacteria was obtained. A combination of the phosphate with calcium carbonate apparently did not
stimulate the multiplication of bacteria any better than did calcium
carbonate alone except where a combination of 0.5 gm. of monocalcium
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phosphate and one-fourth calcium carbonate requirement was used. It
is surprising that this combination should favor the development of bacteria more than a heavier application of the same combination (fig. 4).
INFLUENCE OF MAGNESIUM CARBONATE ON THE NUMBER OF BACTERIA
IN SOIL

COLBY SILT LOAM.—Since

pure calcium carbonate or dolomitic limestone failed to give a large increase in the total number of bacteria, an
attempt was made to determine what effect magnesium carbonate would
have on the soil flora. Accordingly an experiment was planned in which
pure magnesium carbonate was added to the soil. The magnesium car-

12 3 4 5 6-7

iU/eeh

FIG.

1 Z 3 4 5 6 7

ZU/ee h s

I 2 3 H 3 6 7

$Uree/t$

i z 3 4 5 6 7
Ô Wee to

1 2 3 4 5 6 7
i» ¿¿reeA9

4.--Diagram showing the influence of calcium carbonate and monocalcium phosphate on the number
of bacteria in Flainfield sand*
1—no treatment.
a—0.5 gm. monocalcium phosphate.
3— a gm. monocalcium phosphate.
4—0.5 gm. monocalcium phosphate+one-fourth calcium carbonate.
S— 0.5 gm. monocalcium phosphate+full calcium carbonate.
6-» a gm. monocalcium phosphate+one-fourth calcium carbonate.
7** a gm. monocalcium phosphate+full calcium carbonate.

bonate was applied to the soil in the gram-molecular equivalent of calcium carbonate. The procedure in this experiment was similar to that
just described. The results of this test are presented in Table III.
TABLE

III.—Influence of magnesium carbonate on the number of bacteria in Colby silt
loam
Number of bacteria in 1 gm. of dry soil.

Treatment.

None
One-fourth magnesium carbonate
One-half magnesium carbonate..
Full magnesium
carbonate

After
1 week.

Relative.

Rela- After Rela- After Rela- After
After
Rela2 weeks. tive. 3 weeks. tive. 8 weeks. tive. 20 weeks. tive.

25,200,OOO

100 21,000,000

100 19í 300,000

100 14, OOO, OOO

100 8,600,000

xoo

36,600,000

14s 29> 700,OOO

141 30,500, OOO

157 17,200,000

122 11,700,000

136

44,800,000

178 41, OOO, OOO

195 45,200, OOO

234 19,400,000

138 12,200,000

X4I

156,000,000

615 Z25, OOO, OOO

595 74> Soo, 000

386 59,100,000

422 26,000,000

3°*
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Unlike calcium carbonate and limestone, full applications of magnesium carbonate increased the number of bacteria far beyond the increase
obtained with the one-half and one-fourth treatments. From the
figures in this table it will be seen that the effect of the application of
magnesium carbonate to Colby soil invariably increased the reproduction
of the soil bacteria, especially during the first, second, and third week.

¡234

iU/eek

l 2 3 4

ZUTeetts

12 34

sUfeefo

i £ 34

ÔUfeeÀs

12 3 4

Fio. 5.—Diagram showing the influence of magnesium carbonate on the number of bacteria in Colby silt
loam.
i—no treatment.
a—one-fourth magnesium carbonate.

3 MI one-half magnesium carbonate.
4-" full magnesium carbonate.

Figure 5 shows very conclusively the marked effect of magnesium carbonate on the number of soil bacteria. For instance, the increase with
full magnesium-carbonate treatment was more than six times as great
as that of the control. The absolute numbers varied with the time of
the count, but the ratio of numbers between the different quantities of
magnesium carbonate remained almost the same throughout the entire
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period of 20 weeks. The increase was maintained for a period of 20
weeks, but the total number of organisms decreased greatly during this
time.
PivAiNtfiE^D SAND.—It was next arranged to determine the effect of
magnesium carbonate on the number of microorganisms in Plainfield
sand. The results are summarized in Table IV.
Here again, magnesium carbonate caused a striking increase in the
number of soil microorganisms. The results are very similar to those
obtained with magnesium carbonate in Colby soil. An enormous
increase in the number of soil organisms was noted after 1 and 3 weeks.
The sudden drop in numbers after the 3-week period was due probably
to a mistake in weighing which resulted in a low moisture content.
After the 8- and 20-week periods, the gradual decrease in the number of
bacteria was observed, which agrees with the results obtained in Colby
silt loam (fig. 6).
TABLE

IV.—Influence of magnesium carbonate on the number of bacteria in Plainfield
sand
Number of bacteria in i gm. of dry soil.

Treatment.

After 1
week.

ro, 300,000
None
One-fourth magnesium carbonate... 21, 100,000
One-half magnesium
13,500^000

Full magnesium car73,300,000
bonate

Rela- Afters Rela- Afters
tive. weeks. tive. weeks.

Rela- AfterS
tive. weeks.

Rela- .After 20 Relative. weeks. tive.

100 3,500,000

100 5,500,000

100 4,700,000

303 5,100,000

145 10,400,000

190 5,800,000

123 3,560,000

14s

5,300,000

151 19,300,000

350 10,300,000

219 5,620,000

228

230 58,300,000 1,060 16,000,000

340 6,530,000

366

711 8,100,000

100 2,450,000

The results secured with these two soil types show clearly that magnesium carbonate in certain soils is a potent factor in the reproduction
of soil bacteria.
INFLUENCE OF A MIXTURE OF CALCIUM AND MAGNESIUM CARBONATE ON
THE NUMBER OF BACTERIA IN SOIL

In every case magnesium carbonate gave a much greater increase in
the number of bacteria than did calcium carbonate. Therefore the
question which suggests itself is, What effect will a mixture of calcium
and magnesium carbonates have on the soil flora?
It was shown by many investigators, principally Loew (46) and his
associates, that a soil should contain calcium and magnesium in a certain
ratio in order to secure the best plant growth. On the other hand,
Lipman {38) made the following statement :
In their behavior toward salts, bacteria differ in some respects from both plants
and animals and occupy a position by themselves.
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From his study of B. subtilis, he concluded that no antagonism exists
between calcium and magnesium. In a later .publication Lipman (59)
gave an extensive review of the literature bearing on the subject of the

60

50

40

M

20

10

i Z 3 4

i Week

FIG.

\ 2 3 4
ZUfeeAs

12 3 4
ôWeeAs

t Z 3 4

Ô Weefo

t 2 3 4

¿0 UTee/ts

6.—Diagram showing the influence of magnesium carbonate on the number of bacteria in Plainfield
sand.
i=no treatment.
3— one-half magnesium carbonate.
2= one-fourth magnesium carbonate.
4=* full magnesium carbonate.

proper lime-magnesia ratio in soils. He concluded that there is little
evidence to support this hypothesis of the lime-magnesia ratio. In accord
with lyipman's results, certain investigators {28% 29) showed that various
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mixtures of calcium and magnesium carbonates are not favorable to the
development of soil bacteria.
To study the effect of a mixture of calcium and magnesium carbonates
on the total number of bacteria in both Colby silt loam and Plainfield
sand, a series of tests was made. This mixture was employed in amounts
equivalent to the neutralizing power of calcium carbonate—that is,
enough of the mixture was added to neutralize one-fourth, one-half, and
all of the soil adds. Each mixture was made by adding the carbonates
in gram-molecular equivalent amounts. The results are presented in
Table V.
TABLE

V.—Influence of a mixture of calcium and magnesium carbonates on the number
of bacteria in Colby silt loam and Plainfield sand
COtBY SILT LOAM
Number of bacteria in i gm. of dry soil.

Treatment.

None.

After
z week.

Relative.

After
3 weeks.

Rela- After
Rela- After Relative. 3 weeks. tive. 8 weeks. tive.

After
30 weeks.

Retative.

19,300,000

100 37*600,000

too a?» 500,000

100 14,300,000

xoo

8,700,000

xoo

36,500,000

190 39,000,000

xos «7» 500,000

xoo 30,700,000

145 15,100,000

173

76 33» SOO, 000

«7 38,600,000

X04 17,000,000

130 13,300,000

140

165 4S> 300, OOO

163 44» 500,000

x6a

30,000,000

140 13,300,000

X5i

100 4,700,000

100 2,450,000

xoo

SO©, OOO

117 4,350,000

173

One-fourth:
carbonate
One-half magnesium carbonate.
One-half:
One-half calcium
carbonate
One-half magnesium carbonate.
Pull:
carbonate

t4,100,000

31,800,000

*

sium carbonate.
PLAINFIELD SAND
None
One-fourth:
One-half calcium]
carbonate
One-half magnesium carbonate.,
One-haH:
One-half calcium]
carbonate
1
One-half magne-|
Full:
One-half calcium
carbonate
One-half magnesium carbonate. J

10,300,000

too 3,500,000

100 5,000,000

11,300,000

109 3,300,000

91 xx, 700,000

ix, 800,000

«5 3,800,000

10913,300,000

366 8,400,000

180 3,500,000

143

13,100,000

127 5,000,000

X43 18,400,000

370 8,600,000

184 3,630,000

X07

334

SJ

It will be seen from the figures of the table that a mixture of calcium
and magnesium carbonates increased the number of bacteria in Colfoy
silt loam and Plainfield sand. The most interesting fact ascertained
from this test is that magnesium carbonate plus calcium carbonate is
less efficient in its effect on the reproduction of bacteria than the equivalent weight of magnesium alone.
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INtfI,USNCE Ot CALCIUM CARBONATE, CAUXUM CHI¿>RID, MAGNESIUM
CARBONATE, MAGNESIUM CHLORID, DIBASIC MAGNESIUM PHOSPHATE,
AND MONOCALCIUM PHOSPHATE ON THE BACTERIA IN SOIL
COLBY SILT LOAM.—Since the increase in number of bacteria in soil
treated with magnesium carbonate seemed far too great to be accounted
for by the correction of the soil acidity alone, an experiment was made
to study the effect of a neutral salt of magnesium, and a magnesium
phosphate, on the number of bacteria in Colby silt loam soil. Two
points were considered in planning this test: First, the action of the magnesium and calcium ions on the bacteria; and second, the possibility
of the combining of the calcium or magnesium, especially the latter, with
the phosphate of the soil, thus liberating the phosphate in a more available form.
It was reported by Truog (56) that magnesium phosphate favors the
phosphorus assimilation by plants more than any other phosphate. If
this be true, then the bacteria (lower plant life) should be favored by a
phosphate when in this form. Therefore the question arises, Does the
magnesium carbonate when added to soil react with the phosphates to
form magnesium phosphate ?
In order to make these tests, magnesium carbonate, magnesium chlorid, dibasic magnesium phosphate, also calcium carbonate, calcium chlorid, and monocalcium phosphate were added to the soil alone and in
various mixtures.
VI.—Influence of calcium carbonate, calcium chlorid, magnesium carbonate,
magnesium chlorid, dibasic magnesium phosphate, and monocalcium phosphate on the
bacteria of Colby silt loam

TABI,E

Number of bacteria in i gm. of dry soil.
Treatment.

Relative.

After a
weeks.

28,000,000

19,000,000

16,000,000
18,200, OOO
89,IOO,OOO
l65,O0O,O00

57
65
318
590

22,100,000
17,600,000
37j6oo,ooo
121,100,000

30,500,OOO

108

38,OOO, OOO

After 1
week.

None
0.1 per cent magnesium chlorid
0.1 per cent calcium chlorid...
Full calcium carbonate
Full magnesium carbonate...
0.1 per cent dibasic magnesium phosphate
0.1 per cent monocalcium
phosphate
0.1 per cent dibasic magnesium phosphate+full calcium carbonate
0.1 per cent monocalcium
phosphate+full calcium
carbonate
0.1 per cent dibasic magnesium phosphate+full magnesium carbonate
0.1 per cent monocalcium
phosphate + full magnesium carbonate

Relative.

Relative.

After 8
weeks.

197
637

14,000,000
27,500,000
43,300,000
20O,OOO, OOO

60
118
186
862

17,700,000
10,500,000
26,260,000
58,700,000

481

13,100,000

67

14,000,000

60

15,600,000

137

I3S

9,300,000

47

24,000,000

103

11,600,000

95

74,100,000

264

66,100,000

347

33,100,000

26,000,000

313

38,000,000

I3S

47,300,000

«49

46,200,000

31,500,000

•58

191, OOO, OOO

682

190,000,000

106,OOO, OOO

45Ó

85,500,000

700

233,000,000

800 144,000,000

197,000,000

849

78,000,000

639

Afters
weeks.
33,200,OOO

116
93

Relative.

12,200,000

145
86
314

The effect of magnesium phosphate pn the number of bacteria was compared with that of magnesium carbonate, calcium phosphate, and calcium carbonate. If the action of the magnesium and calcium carbonates
27811°—18
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on the bacteria is derived from the basic part of these compounds, then
the salts of these substances—namely, magnesium and calcium chlorid—
should increase the number of bacteria in a similar manner. These salts
were added in quantities equivalent to o.i per cent of the dry weight of
the soil. The data for this experiment are presented in Table VI.
The chlorids of calcium and magnesium failed to increase the number
of bacteria in Colby silt loam. Instead, the majority of cases showed a
loss, especially with calcium chlorid. Calcium and magnesium carbonates, in agreement with a previous study, increased the number of
microorganisms. Magnesium carbonate stimulated the development of
the bacteria far greater than did calcium carbonate.
When the dibasic magnesium phosphate and monocalcium phosphate
were applied alone there did not seem to be any gain in the number of
bacteria. The mixtures of monocalcium phosphate and dibasic magnesium phosphate with magnesium carbonate resulted in all except one
period in an increase in the number of bacteria beyond that obtained by
the use of magnesium carbonate alone. The mixtures made by adding
these same phosphates with calcium carbonate did not result in an
increase in the number of bacteria beyond that noted where calcium carbonate was used alone.
From the data of this experiment, which are diagramed in figures 7
and 8, it seems safe to conclude that neither the phosphates nor the
chlorids of magnesium and calcium alone caused a marked multiplication of the bacteria in Colby silt loam.
MIAMI SILT I^OAM.—A similar test of these different compounds was
made with Miami silt loam, a neutral soil. The chlorids of magnesium
and calcium were eliminated in this experiment. Since the effect of a
carbonate on the number of bacteria in Miami silt loam soil was not
known, the carbonates were added in amounts equal to the one-half and
full calcium carbonate requirement of Colby silt loam. The data for
this experiment are presented in Table VII.
VII.—Infltience of calcium carbonate, magnesium carbonate, dibasic magnesium
phosphate, and monocalcium phosphate on the number of bacteria in Miami silt loam

TABLE

Number of bacteria in i gm. of dry soil.
Treatment.

None
One-half calcium carbonate
Full calcium carbonate
One-half magnesium carbonate
Full magnesium carbonate
0.1 per cent monocaldum phosphate
0.1 per cent dibasic magnesium phosphate. .
0.1 per cent monocalcium phosphate + full
calcium carbonate
0.1 per cent dibasic magnesium phosphate
+full calcium carbonate
o.i per cent monocalcium phosphate -(-full
magnesium carbonate
0.1 per cent dibasic magnesium phosphate
-f full magnesium carbonate

Rela¡After i week. tive.
10,000,000
10,300,000
13,800,000
17,000,000
47,000,000
10,600,000
15,700,000

100
103
138
170
270
106
IS?

After 2
weeks.

Relative.

After 3
weeks.

18,500,000
18,500,000
23?700,000
25,400,000
52,400,000
20,400,000
27,000,000

100
100
128
137
283

9,600,000
13,800,000
15,100,000
15,500,000
21,600,000
12,300,000
14,300,000

100
143
157
lot
225
128
150
140

no
146

Relative.

12,400,000

24,000,000

130

13)$00,000

1 r, 100,000

20,000,000

108

14,600,000

IS*

20,000,000

200

35,000,000

Ï89

19,000,000

198

21,600,000

216

43,800,000

236

11,700,000

X2X
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7.—Diagram showing the influence of the carbonates and chlorids of magnesium and calcium on the
number of bacteria in Colby silt loam soil.
1= no treatment.
a™ 0.1 per cent magnesium chlorid.
3—0.1 per cent calcium chlorid.

4=* full calcium carbonate.
5=full magnesium carbonate.
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JtiQ. 8.—Diagram showing the influence of dibasic magnesium phosphate, monocalcium phosphate, calcium
carbonate, and magnesium carbonate on the number of bacteria in Colby silt loam.
i» no treatment.
a—ci per cent dibasic magnesium phosphate.
3— o.i per cent monocaldum phosphate.
4—o.i per cent dibasic magnesium phosphate+
full calcium carbonate.
5— o.i per cent monocalcium phosphate+full
calcium carbonate.

6=« o.i per cent dibasic magnesium phosphate+full
magnesium carbonate.
7—0.1 per cent monocalcium phosphate+full magnesium carbonate.
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From the results which are given in Table VII and from figure 9 it
will be seen that both magnesium and calcium carbonate increased the
number of bacteria in Miami silt loam soil. Here, again, the increase
was much greater with magnesium carbonate than with calcium carbonate. The greatest increase was obtained two weeks after treatment.
In all cases, the heavier applications increased the number of bacteria
more than did the smaller ones.

/ 2 3 4 5 à 1 6 9 iO //

IM/cfA

FIG.

fe¿4367o9/o/t

¿WeeM

/ £ 3 -f 5 6 7 6 9 10 tt

à Weeks

9.—Diagram showing the influence of caldtun carbonate, magnesitim carbonate, dibasic magnesium
phosphate, and monocalcimn phosphate on the number of bacteria in Miami silt loam.
1—no treatment.
2—one-half calcium carbonate.
3—full calcium carbonate.
4«* one-half magnesium carbonate.
5—full magnesium carbonate.
6—0.1 per cent monocalcium phosphate.
7—0.1 per cent dibasic magnesium phosphate»
8— o. t per cent monocaldum phosphate+full calcium carbonate.
9—0.1 per cent dibasic magnesium phosphate-f full calcium carbonate.
10—0.1 per cent monocaldum phosphate -f full magnesium carbonate.
11=0.1 per cent dibasic magnesium phosphate+full magnesium carbonate.

The results differentiate themselves from those obtained with acid
Colby silt loam soil since the phosphates increased the number of bacteria
in the neutral Miami silt loam. It was expected that these phosphates
would have a more beneficial effect in neutral than in acid soil, since it
is probable that the phosphate was hydrolyzed,, thus adding more add
to the soil. In every test magnesium phosphate gave a larger increase
in number of bacteria than was obtained by the use of calcium phos-
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phate. The dibasic magnesium phosphate increased the number of
bacteria to about the same degree as an application of one-half magnesium carbonate. A combination of each phosphate with each carbonate
did not prove beneficial in augmenting the number of bacteria in Miami
silt loam beyond that caused by each carbonate when used alone. It is
evident from the foregoing data, as shown in figure 9, that the relative
increase of the number of bacteria from the use of carbonates of calcium
and magnesium in Miami silt loam was not so great as when Colby silt
loam was treated with the same compounds. However, the phosphate
gave a greater relative increase in the neutral Miami silt loam than in
the acid Colby silt-loam soil.
INFLUENCE OF MAGNESIUM CARBONATE, CALCIUM CARBONATE, LIMESTONE,
AND MONOCALCIUM PHOSPHATE ON THE BACTERIA IN SOIL

Another series of jars was filled with Colby silt loam treated with
magnesium carbonate; a second series with the same soil treated with
calcium carbonate; a third series with limestone, and a fourth with
monocaldum phosphate. All jars were placed in the greenhouse and
the soil moisture maintained at half saturation. After one, two, and
three months samples of this soil were drawn and tested for ammonifying
power, for nitrate content, and for the number of bacteria.
The ammonifying power was detennined by mixing 2 per cent of
dried blood, which contained 13.4 per cent of nitrogen, with 100 gm. of
soil. After adding the dried blood meal, the soil was placed in tumblers,
the proper amount of water added, the tumblers covered with petri-dish
covers, and incubated at 27o C. for six days. The ammonia jvas determined by the steam-distillation method.
In order to measure the nitrification in the treated and untreated soil,
samples were taken from the jars and the nitrate content determined
immediately. This was simply a study of nitrate accumulation in
the soil; no nitrogenous substance was added. Nitrates were determined by the phenol-disulphonic acid method. The data for the experiments with Colby silt loam and Plainfield sand are shown in Tables
VIII to XI, inclusive.
From the data in Table VIII it will be seen that after one month the
increase in the number of bacteria in Colby soil, in conformity with
previous tests, was greatest with the magnesium-carbonate treatment.
The increase was very marked, about five times greater than that derived from the use of calcium carbonate or limestone. The favorable
effect of the magnesium carbonate was noted after both the 2- and
3-month periods. In most cases the calcium carbonate and limestone
increased the number of bacteria, notably after two months. The
monocaldum phosphate apparently exerted no effect in increasing the
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number of bacteria, since it gave no increase except when usecj in combination with calcium carbonate, and then the increase was no greater
than that obtained with calcium carbonate alone.
TABI,:^

VIII.—Influence of calcium carbonate, magnesium carbonate, limestone, and
monocalcium phosphate on the number of bacteria in Colby silt loam
Number of bacteria in 1 gm. of dry soil.
Treatment.

None
One-fourth calciufti carbonate
One-half calcium carbonate
Full calcium carbonate
One-fourth limestone
One-half limestone
Full limestone
One-fourth magnesium carbonate
One-half magnesium carbonate
Full magnesium carbonate
0.1 per cent monocaldum phosphate
0.1 per cent monocaldum phosphate 4- onefourth calcium carbonate
0.1 per cent monocaldum phosphate + full '
caldum carbonate

RelaAfter
2 months. tive.

After
Rela3 months. tive.

15,180,000
26,000,000
101,400,000
15,000,000

102
95
108
185
724
107

10,700,000
13,400,000
17,000,000
14,800,000
17,600,000
11,200,000
14,300,000
11,900,000
25,700,000
43>700>000
10,700,000

8,000,000
8,800,000
7,100,000
8,700,000
10,300,000
8,700,000
10,700,000
10,900,000
13,200,000
33,500,000
8,300,000

18,100,000

130

10,800,000

11,380,000

80

13,600,000

Relative.

After
1 month.
14,000,000
I

100
102
87
102

00

4í370J0

12,200,000
14,370,000
12,200,000
14,370,000

87

13? $40,000

125
158
138
164
104
133

m

240
408
100

7,600,000

100

no
88
108
128
108
133
136
IÓ5
418
103
95
128

The data in Table IX are in agreement with those obtained with Colby
silt loam—that is, magnesium carbonate increased the number of bacteria in Plainfield sand to a considerable extent beyond that produced
by calcium carbonate or limestone. The effect of the magnesium carbonate on the number of bacteria was most noticeable one month after
the treatment was applied. In general, limestone proved inferior to
calcium carbonate in stimulating the number of bacteria in Plainfield
sand, except that in one case the monocalcium phosohate when applied
alone did not increase the number of bacteria.
TABLS

IX.—Influence of calcium carbonate^ magnesium carbonate, limestone, and
monocaldum phosphate on the number of bacteria in Plainfield sand
Number of bacteria in 1 gm. of dry soil.
Treatment.

None
One-fourth calcium carbonate
One-half caldum carbonate
Full calcium carbonate
One-fourth limestone
One-half limestone
,
Full limestone
One-fourth magnesium carbonate
One-half magnesium carbonate
Full magnesium carbonate
0.1 per cent monocalcium phosphate
0.1 per cent monocalcium phosphate+one-fourth
caldum carbonate
0.1 per cent monocaldum phosphate+full caldum carbonate

After
x month.
6,800,000
6,220,000
6,100,000
8,770,000
S, 600,000
9,180,000
7,700,000
7,240,000
12,640,000
44,800,000
4,380,000

RelaAfter
RelaAfter
Relative. a months. tive. } months. tive.
100
91
90
128
82
135
113
164
185

658
64

7,550,000
6,620,000

97

6,550,000
5,440,000
7,800,000
8,440,000
5,900,000
4,900,000
7,660,000
5,400,000
7,300,000
28,500,000
3,000,000

100
83
119
128
90

74
116
82
m
435
45

2,100,000
2,450,000
3,200,000
2,900,000
1,780,000
2,550,000
2,550,000
3,000,000
S, 000,000
4,800,000
2,340,000

100
116
152
138
84
121
X2X
I33
238
238

4,670,000

71

3,230,000

I54

4,500,000

68

2,700,000

I28
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FORMATION OF AMMONIA

The ammonia determinations were made at the end of two and three
months. It will be seen from the data in Table X that all treatments
accelerated the formation of ammonia from dried blood. After two
months monocalcium phosphate plus calcium carbonate showed the
greatest effect, although the phosphate-alone treatment gave nearly as
good results. Of the carbonates, calcium carbonate appeared to have
the greatest effect in increasing the ammonifying power, an effect nearly
as great as that obtained from the phosphate applications. Magnesium
carbonate exerted a less effect than did calcium carbonate, and limestone had even a less effect than was obtained with magnesium carbonate. After three months the phosphate still retained a lead in
stimulating ammonification. Limestone caused a greater increase in
ammonia-producing power than did calcium carbonate, while calcium
carbonate gave a greater increase than was obtained with magnesium
carbonate. From the data on Colby soil it is shown that the increase
in ammonifying power is not always parallel with the increase in the
total number of organisms.
X.—Influence of calcium carbonate, magnesium carbonate, limestone, and monocalcium phosphate on the ammonification of dried blood in Colby silt loam and Plainfield sand

TABI<E

Ammonia nitrogen in loo gm. of dry soil.
Plainfield sand.

Colby silt loam.

Treatment.

InAfters
InInAfter a
Afters
months. crease. months. crease. months. crease.

None
One-fourth calcium carbonate
One-half calcium carbonate.
Full calcium carbonate
One-fourth limestone
One-half limestone
Pull limestone
One-fourth Tnagnegiiini carbonate
ate
Full magnesium carbonate...
ci per cent monocaldum
phosphate
O.I per cent monocaldum
phosphate+one-fourth caldum carbonate
ci per cent monocaldum
phosphate+full caldiun carbonate

Mçm.

Mçm.

Mçm.

Mçm.

Mçm.

Mçm.

After 3
Inmonths. crease.
Mçm.

Mçm.

+12.8
+ 18.0

49-0
47-7
40.1
40.1
Si. 8
38.7
37-7

- 1.3
-8.9
- 8.9
+ 2.8
-10.3
—11.3

SS-i
52. 2
47.0
S3-I
51.0
51-3
73-8

- 2.9
— 8.1
— 2.0
— 4.1
— 3.8
+18.7

+ a.9
+ 6.S

51-7
SS-S
61.6
62.3
61.6
64-5
69.7

49-o

+II.3

58.1

+ 6.4

40.3

- 8-7

46.7

-8.4

St-6
57-1

+13-9
+19-4

53-7
Sa-S

+ 2.0
+ 1.8

39-9
35-2

- 9-1
-13-8

47-5
47.0

- 7.6
- 8.0

ÓI.O

+23-3

63.1

+11.4

S6.7

+ 7-7

75-3

+ 20.2

S7.S

+19.8

78.0

+26.3

S©-S

+ ï-S

73-3

+ 18.3

72-5

+34-8

80.6

+28.9

48. s

- 0.5

65-7

-Í-10.6

37-7
39-o
53-0
45-7
40.6
44-a

+ 1.3
+IS-3
+ 8.0

+ 3.8
+ 9-9
+ 10.6

t 9-î

The data in Table X for Plainfield sand showed very different results
from those obtained with Colby silt loam. After two months a decrease
in ammonifying power was noted, except in the case of the one-fourth
limestone treatment. The phosphate when applied alone gave the
greatest increase, but where calcium carbonate was added in combination with the phosphate, the formation of ammonia was not so great.
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With an increase of calcium carbonate there was a decrease in ammonia
production. This decrease was shown with all carbonates, magnesium
carbonate causing the greatest decrease.
After three months the same order was held by these compounds in
stimulating ammonia formation. At this time the full limestone had a
greater effect than the smaller limestone applications; the effect was
almost as great as that due to the phosphate treatment. It is evident
from the results obtained in both Colby silt loam and Plainfield sand,
that the greatest accumulation of ammonia (six days' incubation) does
not occur where the largest increase in the number of bacteria was
obtained, ^here the greatest number of bacteria developed, it seems
probable that the greatest amount of ammonia should be formed. Since
the substances which gave the highest number of bacteria also neutralized the soil acids, it is probable that the ammonia partly escaped through
volatilization. Because of the open texture of the Plainfield sand, more
ammonia escaped from this soil than from the Colby silt loam.
XI.—Influence of calcium carbonate, magnesium carbonate, limestone, and monocalcium phosphate on nitrate accumulation in Colby silt loam and Plainfield sand

TABLE

Nitrate nitrogen accumulated in 100 gm. of dry soil.
Colby silt loam.

Treatment.

»1
None
One-fourth calcium carbonate..
One-half caldmn carbonate
Full caldum carbonate...
One-fourth limestone
One-half limestone
Full limestone
One-fourth magnesium
carbonate
One-half magnesium carbonate
Full magnesium carbonate
0.1 per cent monocalcirnn phosphate
0.1 per cent monocalcium phosphate + onefourth calcium carbonate
0.1 per cent monocalcium phosphate 4- full
calcium carbonate

Plainfield sand.

«1

1!

«1

SI

5!S

Mgm, Mgm. Mgm, Mgm, Mgm, Mgm. Mgm. Mgm. Mgm, Mgm. Mgm, Mgm,
6.62
6.0s
5.86
1.74
1.58
1-33
1-37

6.94

0.89

8.56

1.94

2.42

0.68

1.8s

6.10
.24
• 37
6*25
5-53 — .33
.00
5.86
6.51
.65

7.56
8.18
6.05
6.40
6.42

i-51

9-37

a-35

2.31

2.20
2.20

.61
.46
.46

1.87
1.97

6.58

.73

6-75

8.13

3.2?

8.44

13-28

7-42

13.00

6-95 IS-OO

S.63 — .23

7*33

1.67

0.34

3-55

1.23

2.22

•73
.64
.22
.09
.29

1-73

•13
•23

1.80
1.67
1.87

2.00
2.80

•35
•37

7.2S
8.56

3-75
5-38
•63
•63
•94

•70

9-43

3.81

a. 10

.36

1.24

- «34

1.50

• 17

2-39 12. OO

5.38

2.20

.46

2.22

.64

2. 70

1.37

8.38

2-34

.60

2.78

1.30

4.62

3-29

•38

I.85

.37

3.08

1-75

2.13 12.00
.00
7-25

6.0s

.00

7-25

.63

2.12

6.10

6.42

•37

9-37

2-75

2-35

.61

2.4I

6-73

8.18

2-13

11.25

4-63

2.80

.06

I.80

2.92

1-59
.40
.67
1.47

.87
3- 08

1-75

ACCUMULATION OF NITRATES

From the data presented in Table XI it will be seen that nitrates
accumulated faster in both the treated Colby silt loam and Plainfield
sand than in the untreated. In both soils the magnesium carbonate
benefited nitrification more than did the other carbonates. Next in
order to magnesium carbonate was calcium carbonate, and lastly, lime-

Journal of Agricultural Research

488

Vol. XII, No. 8

stone, in increasing the nitrate content of Colby silt loam and Plainfield
sand; the heavier applications gave the highest nitrate accumulation.
In the case of the magnesium carbonate with Colby silt loam soil, the
increased accumulation reached as high as 8 mgm. The increase in
nitrate in the Plainfield sand ran parallel with that in the Colby silt loam
where similarly treated, though the accumulation in the sand was much
smaller, since this soil is low in organic matter.

/ * j -f s 6 r a 9 to H n /J

/ month

FIG. IO.—Diagram

2mo*tfn

I Z S f $rTTô "f iOUñto
3fflontJts

showing the influence of calcium carbonate, magnesium carbonate, limestone, and
monocalcium phosphate on nitrate accumulation of Colby silt loam.

x—no treatment.
3— one-fourth calcium carbonate.
3-one-half calcium carbonate.
4"-full calcium carbonate.
5«* one-fourth limestone.
6—one-half limestone.
y—full limestone.
8—one-fourth magnesium carbonate.
9s- one-half magnesium carbonate,
i o« full magnesium carbonate.
II=-O.I per cent monocalcium phosphate.
i a—o.i per cent monocalcium phosphate+one-fourth caldum carbonate.
13—o.i per cent monocalcium phosphate+full calcium carbonate.

The monocalcium phosphate apparently did not favor nitrification in
the Colby soil, while in the sand this substance proved beneficial. A
combination of the phosphate and calcium carbonate did not increase
nitrification beyond that obtained from the use of calcium carbonate
alone. The effect of these substances on the reproduction of soil
organisms and on the formation of nitrates was similar. A review of
the entire data is shown graphically in figure 10.
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INÎXUSNCE} OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, LIMESTONE, AND MONOCALCIUM PHOSPHATE ON THE NITRIFICATION OF
GELATIN IN SOIL

In order to study the effect of caldum carbonate, magnesium carbonate, limestone, and monocalcium phosphate on nitrification in Colby
and in Plainfield sand to which nitrogenous material was added, a series
of tests was made. After the soils had been treated with the forenamed
substances separately and allowed to incubate for three months, 100-gm.
samples were drawn and to each portion 23.6 mgm. of gelatin were added.
The soil was- placed in tumblers, which were covered with glass, and
incubated for six weeks at 27o C. At the end of this time the nitrate
content was determined. The results of this experiment are given in
Table XII.
XII.—Influence of calcium carbonate, magnesium carbonate, limestone, andmono'calcium phosphate on the nitrification of gelatin in Colby silt loam and in Plainfield
sand

TABI,3

Nitrate nitrogen in 100 gm. of dry soil.
Treatment.

None
One-fourth calcium
carbonate
One-half calciti'"1 cfirbonate
Full calcium carbonate
One-fourth limestone
,
One-half limestone
,
Full limestone
One-fourth magnesium carbonate
One-half magnesium carbonate
Full "HiagnesiuTrt carbonate
0.1 per cent monocalcium phosphate
ex per cent monocalcium phosphate+one-fourth calcium carbonate
0.1 per cent monocalcium phosphate+full calcium carbonate...

Colby silt loam.

Plainfield sand.

After 6
weeks.

Increase.

After 6
weeks.

Increase.

Mgm.

Mgm,

Mgm.
9.06

Mgm.

20.87
32.31
35-00
38.43
30.87
33.12
35.00
33.12
36.12
25.00
23.31
33.1a
38.43

1.44

Va

.00

3.25
4.13
a. 35
5.35
4-13
1.44

Va

11.70
10.57
11.12
11.70
11.70
It. la
11. la
13.09
13.24
9.06

3.64

13-09
13.24

4-03
3.18

2.06
3.64
3.64
3.06
3.06
4-03
3.18
• 00

In reviewing Table XII it will be seen that with the exception of onefourth limestone treatment in Colby loam, and phosphate alone in
Plainfield sand, there was an increase in nitrification in the treated
soils. The increase in most cases was very slight, especially in the sand,
where only about half of the nitrogen of gelatin apparently was nitrified,
while in the Colby loam the greater part of the nitrogen of gelatin was
nitrified. A comparison of the amount of nitrate formed in the soil to
which magnesium or calcium carbonate was added, both with and without
the addition of gelatin (Table XI), showed a relatively greater nitrate
formation in the soils to which no organic nitrogen was added. These
results were to be expected, since it is likely that some of the ammonia
formed from the gelatin in the neutral or partly neutral soil escaped.
On the other hand, the combined effects of the gelatin and the carbonates
increased the multiplication of bacteria beyond that of the soil treated
with gelatin alone. The great gain in the number of bacteria is no doubt
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followed by an increase in assimilation of nitrates. These results agree
with those obtained by Fred and Graul (20).
In the Colby silt loam the full calcium carbonate gave the best results
while magnesium carbonate and limestone rank in the order named.
The magnesium carbonate when added to the soil with gelatin did not
give as good results as calcium carbonate. This difference may be due to
the fact that the large increase in the number of bacteria caused by the
magnesium carbonate treatment favored a greater assimilation of nitrate
by the microorganisms. Plainfield sand apparently gave better results
where the one-fourth or one-half neutralization was obtained. Very
probably the sand releases more ammonia when neutral than does the
Colby silt loam. In both soils the phosphate benefited nitrification but
slightly.
INFLUENCE; OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, LIMESTONE,
AND

MONOCALCIUM

PHOSPHATE

ON

NITROGEN

FIXATION

IN

SOIL

An effort was made to study the influence which carbonate and phosphate treatments would have on the independent nitrogen-fixing organism, Bacillus azotobacter chroococcum. Three months after treatment,
Colby and Plainfield soils were sampled and the soil placed in large soup
plates, 1 per cent of mannit was added to each plate of soil, which was
then inoculated with a culture of B. azotobacter. After incubating for
four weeks in the greenhouse, the soils were dried and ground to a very
fine powder in a ball mill. Total nitrogen determinations (Kjeldahl
method modified to include nitrates) were then made. Duplicate determinations were made from each plate and an average of these taken.
The results for this experiment are given in Table XIII.
XIII.—Influence of calcium carbonate, magnesium carbonate, limestone, and
monocalcium phosphate on nitrogen fixation in Colby silt loam and Plainfield sand
treated with mannit and inoculated with Bacillus azotobacter

TABLE

Nitrogen in 100 gm. of dry soil»
Colby silt loam.

Treatment.

None
One-fourth calcium carbonate
One-half calcium carbonate
Full calcium carbonate
One-fourth limestone
One-half limestone
Full limestone
One-fourth magnesium carbonate
One-half magnesium carbonate
Full magnesium carbonate
0.1 per cent monocalcium phosphate.
0.1 per cent monocalcium phosphate + one-fourth calcium carbonate
0.1 per cent monocalcium phosphate + full calcium carbonate
S

Plainfield sand.

After 4
weeks.

Average.

Increase.

Mom. Mçm.

Mçm.
a7S-o
276.5
«74-0
276.0
*75- o
274.0
278-5
276.5
277.0
375-o
275.0

Mom,

375'o
277.0
273-0
276.0
275-0
273-0
278.0
277-o
278.0
275.0
274.0

275.0
276.0
275-0
276.0
275.0
275.0
279-o
276.0
276.0
275.0
2 76. o

279.0

282.0

280.5

283.0

277.0

280.0

After 4
weeks.

Average.

Increase.

Mçm. Mgm. Mgm.

Mçm.

63.0
59-o
61.0
64.0
61.0
61.0
62.0
59-o
62.0
63.0
61.0

61.0
59.0
61.0
62.0
59-o
63.0
64.0
59-0
62.0
63.0
61.0

62-0
59-o
61.0
63.0
60-0
6a. o
63.0
59-o
62.0
63-0
61.0

+ 5-5

61.0

59-o

60.0

—2.0

+ 5.0

65.0

65.0

65.0

+3« o

+ 1-5

—i. o
+ 1.0
.0
— I.o

+3.5
.4-1-5
+ 2.0

+1.
—2.
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From the data presented in Table XIII it appears that there was no
decided gain in total nitrogen in the Plainfield sand, and only a small gain
in Colby silt loam. It is difficult to explain why no gain, and in some
cases a loss, of nitrogen was found. The loss may have been due to a
disturbance in the balance of the flora of these soils. Since the mannit
which was added to the soil, and the neutralization of some of the soil
acids by the basic substances caused a great increase in the number of
bacteria, it is possible that a part of the nitrate nitrogen was set free as
elemental nitrogen. However, a gain in total nitrogen is shown in the
Colby silt loam soil due to the carbonate and limestone treatment.
INFLUENCE

OF CALCIUM CARBONATE, MAGNESIUM CARBONATE,
LIMESTONE ON ORGANISMS IN PURE CULTURE

AND

An effort was made to determine the influence of calcium carbonate,
magnesium carbonate, and limestone on pure cultures of bacteria in sterilized soil. In order to simplify the work, only Colby soil was employed.
It was observed that when this soil is heated for a long period at a
high temperature, there is a reduction in soil acidity. Other investigators have reported similar results in acid soils. Conner (10) showed a
decrease in acidity when soil was heated to complete dryness. He suggested that possibly the acid silicates were hydrolyzed with the formation
öf a base. On heating soil to 1400 C. for one hour, Sharp and Hoagland
(55) noted a decrease in acidity. On the other hand, Schreiner and
Lathrop (54) increased the acidity in an acid-reacting soil by heating the
soil for three hours at 30 pounds' pressure, which in all probability
changed the organic matter to such an extent as to increase the acidity. *
The work of Kelley and McGeorge {30) and Darbishire and Russell (JJ)
showed a change in the soil consituents on heating, especially in the solid
inorganic constituents, which were made more soluble.
In order to overcome as much as possible this reduction in acidity,
various methods of sterilization were tried. Both dry and moist soils
were sterilized in Erlenmeyer flasks, which were heated in steam under a
pressure of 15 pounds for three hours. On testing this heated soil for
its degree of acidity by the Truog zinc-sulphid test, the dry soil showed
practically no change in its acid content, while the moist soil, one-half
and full water-saturated, showed a considerable decrease. The very wet
soil after sterilization contained less acid than that which received one
half as much water. From the evidence it seems safe to conclude that
the silicates of this soil are partially hydrolyzed with the formation of
bases.
Further tests were conducted with dry soil. It was dried for 24
hours at about 45o*C. and placed in flasks; these were then plugged and
sterilized for three hours at 15 pounds' pressure. After sterilization, the
soil received water'sufficient to bring it to half saturation. This was
done to determine if hydrolysis took place by adding water after the soil
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had been sterilized. At the end of four days tests were made on the
dry and on the watered soil. The acidity of both appeared unchanged.
From the results of the foregoing experiments it appears that dry
Colby soil can be sterilized and sterile water added until the soil is half
saturated, without interfering seriously with the original reaction of
the soil. Therefore this method of sterilizing soil was adopted for all
of the pure-culture work.
INFLUENCE) OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, AND LIMESTONE ON THE AMMONIFICATION OF BLOOD MEAL BY PURE CULTURES
OF BACTERIA IN SOIL
COLBY SILT LOAM.—One-hundred-gm. portions of dry soil were each
treated with calcium carbonate, with magnesium carbonate, and with
limestone separately. To the soil of the entire series 2 per cent of driedblood meal was applied. The treated soil was placed in 300-c. c. Erlenmeyer flasks and sterilized as previously stated. Sterilized water was
then added to bring the soil to half saturation. The sterilized soil was
then inoculated with water suspensions of Bacillus tumescens and J5.
subtüis. The flasks were incubated at 27o C. for seven days and at the
end of this period the ammonia in each flask was determined. In Table
XIV are recorded the complete data for this experiment.
TABLE

XIV.—Influence of calcium carbonate, magnesium carbonate, and limestone on
the ammonification of dried blood with pure cultures in Colby silt loam
in 100 gm. of dry soil.

Bacillus tumescens.

Treatment.

None

One-fourth ralntir" rarhonatíí,,..,,.,,.,,,,

One-half calcium carbonate
Full calcium carbonate
One-fourth limestone
One-half limestone
,
Full limestone
One-fourth magnesium carbonate
Full magnesium carbonate

...,,,...,,,.

Badllus subtilis.

After
7 days.

Increase.

After
7 days.

Increase.

Mçm.

Mçm.

Mçm.

Mçm.

11.3
16.4
16.4
11.2
14.6
14.8
IS-7
16. s
IM

11.0
4.2
S-1
S-1
—o.i
3-3
3-S
4*4

16.0
16.0
11.7
13-0
13-9
12.5
17.6
21.0

S'O

5.0
0.7
3.0
2.9

1.5
6.6
10.0

The data in Table XIV show clearly that the ammonification of dried
blood by Bacillus tumescens or B. subtilis was increased when the
sterilized soil was treated with calcium carbonate or with magnesium
carbonate or with limestone. Magnesium carbonate gave better results
than did calcium carbonate, while the latter gave better results than did
the limestone. In every case full treatment with any of the compounds
gave the largest increase of ammonia. This is in agreement with results
obtained in unsterilized Colby silt loam two months after treatment with
the limestone or calcium carbonate.
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INFLUENCE OF CAIvCIUM CARBONATE), MAGNESIUM CARBONATE, AND LIMESTONE ON BACILLUS AZOTOBACTER IN STERILIZED SOIL

COLBY SILT LOAM.—Dry soil in 200-gm. portions was treated with calcium carbonate, with magnesium carbonate, and limestone, and placed
in 500-c. c. Erlenmeyer flasks. To each flask was added 1 per cent of
mannit by weight of dry soil. The flasks were plugged, sterilized, and
sterile water was added to bring the soil to the proper moisture content.
Inoculations of Bacillus azotobacter in pure culture were then made by
adding a i-c. c. suspension of the organisms to each flask. The entire
set of flasks was incubated at 27o C, and after one, two, and three weeks
plate counts, using mannit agar, were made. The results for this experiment are recorded in Table XV.
»
TABLç

XV.—Influence of calcium carbonate, magnesium carbonate, and limestone on
Bacillus azotobacter in Colby silt loam treated with mannit
Number of bacteria in,i gm. of dry soil.
Treatment.
After 1 week. After 2 weeks. After 3 weeks.

None
One-fourth calcium carbonate....
One-half calcium carbonate
Full calcium carbonate
One-fourth limestone
One-half limestone
Full limestone
One-fourth magnesium carbonate.
One-half magnesium carbonate..,
Full magnesium carbonate

<I,O0O
6,603,000
3,200,000
8,400,000
<IiOOO
<i,ooo

<I,O0O
4,170,000
13,500,000
11,350,000

<T,O0O

<i,ooo
<I,000
850,000

36,200,000
5,150,000
30,800,000

3,620,000
47,000,000
477,000,000

<ïf000
3,440,000
33,300,000
45,500,000
<i,ooo
<i,ooo
36,000,000
10,350,000
368,000,000
35S,ooO|000

The results of this experiment showed the striking effect of magnesium
carbonate on the multiplication of Bacillus azotobacter cells in Colby silt
loam soil. Calcium carbonate caused an increase in the number of these
organisms, but the increase was not as great as that obtained with magnesium carbonate. With limestone the increase was very small. This
great gain with magnesium carbonate was obtained where amounts
equal to full neutralization were applied. After the third week the onehalf neutralization by magnesium carbonate also gave a large increase,
while two weeks after treatment the greatest gain was shown.
INFLUENCE OF LARGE APPLICATIONS OF MAGNESIUM CARBONATE ON
BACILLUS AZOTOBACTER IN STERILE SOIL

COLBY SILT LOAM.—Because magnesium carbonate when applied to give
neutralization, increased the number of Bacillus azotobacter in sterilized
Colby silt loam soil to a great extent, a further test was made to determine if heavier applications, enough added to give a distinct alkaline
reaction, would continue to increase the reproduction of Bacillus azotobacter. These applications were made by adding magnesium carbonate
sufficient to make iK» iK» and double neutralization.
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The data for this test, presented in Table XVI, showed that itf magnesium—carbonate treatment after one week gave a greater increase in
the number of Bacil2,500,000
lus azotobacter cells
than was obtained by
the 1% application;
after two and three
weeks, the iX treatment gave a greater
increase than was obtained by the i*4
treatment. In every
case the heaviest application of magnesium carbonate caused
less increase in the
number of these organisms than did the
lighter treatments.
However, as compared
with the control, the
heavy application also
gave a great increase.
In comparing the
data of Table XVI
with those of Table
XV, it will be seen
that i}4 and in most
cases i}4 magnesiumcarbonate treatment
caused a greater increase in the number
of Bacillus azotobacter
organisms in sterilized
Colby silt loam than
the full treatment. It
is difficult to explain
why such an enormous increase in the
12 3 4
t Z 3 -f
i 2 3 4
number of these orlU/eek
ZUfeeh
ganisms
was obtained
FIG. II.—Diagram showing the influence of large applications of magwhen more than
nesium carbonate on Bacillus azotobacter in sterile Colby silt loam,
enough magnesium
i-no treatment.
3s- iM magnesium carbonate.
a— zX magnesium carbonate.
4» double magnesium carbonate.
carbonate was added
to neutralize the soil adds. From the data in Table XVI, one is led to
believe that this great multiplication in Bacillus azotobacter cells was due
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to something besides the correction of the soil acidity,
in Table XVI are presented graphically in figure 11.
TABLE
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The entire data

XVI.—Influence of large applications of magnesium carbonate on Bacillus azotobacter in Colby silt loam treated with tnannit
Number of bacteria in i gm. of dry soil.
Treatment.

None
One and one-fourth magnesium carbonate
One and one-half magnesium carbonate
Double magnesium carbonate

After 1 week.

After 2 weeks.

<i,ooo

<i,ooo
1,030,000,000
357,000,000
338,000,000

13,500,000
147,500,000
10,300,000

After 3 weeks.
<i,ooo
2,500,000,000
605,000,000
481,000,000

INFLUENCE OF MAGNESIUM CARBONATE ON BACILLUS AZOTOBACTER IN
STERILE NEUTRAL SOIL
MIAMI SILT LOAM.—Since magnesium carbonate increased the number
of Bacillus azotobacter cells in an acid soil when more than enough of the
carbonate was added to neutralize the acidity, an experiment was planned
to determine the effect this compound would have on Bacillus azotobacter
in a neutral soil. The soil selected for this work was Miami silt loam,
previously described. Magnesium carbonate, along with 1 per cent
mannit, was added in one-fourth, one-half, and full neutralization based
on the acidity of Colby silt loam. The data for this test are fabulated in
Table XVII.
TABLE

XVII.—Influence of magnesium carbonate on Bacillus azotobacter in sterile
Miami silt loam treated with mannit
Number of bacteria in 1 gm. of dry soil.
Treatment.
After 1 week. Relative. After 2 weeks Relative. After 3 weeks. Relative.

None,
One-fourth magnesium carbonate
One-half magnesium carbonate
Pull magnesium carbonate

3,020,000

100

37,500,000

100

51,000,000

100

3,870,000

95

53,500,000

140

127,000,000

249

44,000,000
67,700,000

IT 4S6

11,200,000
2Ó,200,000

30
70

I37>ooo,ooo

269
768

2,241

392,000,000

In studying the data in this table, it will be seen that in Miami silt
loam, a neutral soil, where magnesium carbonate was applied in an
amount great enough to neutralize all the active acidity in Colby soil,
there was a great increase in the number of Bacillus azotobacter cells.
At this time no explanation can be offered to account for the drop in
number after two weeks where one-half and full magnesium carbonate
were applied, since the other counts, made after one and three weeks
with the one-half and full application gave a decided increase. The
count made after the 3-week period showed the greatest increase. From
the results of Table XVII it is clear that magnesium carbonate plays some
rôle in stimulating the B. azotobacter organism other than that of
neutralization.
27811°—18

3
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INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, AND
LIMESTONE ON BACILLUS RADICICOLA (ALFALFA) IN STERILE SOIL
COLBY SILT LOAM.—This experiment was planned to measure the effect
of calcium carbonate, magnesium carbonate, and limestone on the
reproduction of Bacillus radicicola in sterilized Colby silt loam soil.
The alfalfa strain, which is supposed to be sensitive to acidity, was selected
for this work. The soil was treated with i per cent of mannit, and the
magnesium carbonate was added. Two-hundred-gm. portions of the
treated soil were placed in 500-c.e. Erlenmeyer flasks. The flasks were
then plugged and sterilized according to the method used in the preceding experiments. Inoculations were made by introducing a i-c.c.
suspension of the organisms.
From the data presented in Table XVIII it will be seen that calcium
and magnesium carbonates increased greatly the number of alfalfa
organisms in this soil. The magnesium carbonate after one week did
not increase the number of these organisms to any greater extent than
did calcium carbonate. The smaller amounts were surprisingly effective,
though the increase was not as great as that obtained with larger
amounts. Limestone increased the number of these organisms to a
very slight extent.
XVIII.—Influence of calcium carbonate, magnesium carbonate, and limestone
on Bacillus radicicola (alfalfa) in sterile Colby silt loam treated with mannit

TABLE

Number of bacteria in i gm. of dry soil.
Treatment.
After 1 week.
None
One-fourth calcium carbonate
One-half calcium carbonate
Full calcium carbonate
One-fourth limestone
One-half limestone
Full limestone
One-fourth magnesium carbonate.
One-half magnesium carbonate
Full magnesium carbonate

12,500
340,000,000
1,310,000,000
1,750,000,000
101,000
227,000
a, 450,000
87,000,000
4,100,000,000
4,900,000,000

After 2 weeks.
i, 300
1,350,000,000
1,650,000,000
x, 630, OOO, OOO
100,000
5,000
4,170,000
1,212,000,000
1,112,000,000
600,000,000

After 3 weeks.

1,170,000,000
1,870,000,000
6,200
50,000
«40, OOO, OOO
x, 540, OOO, OOO
1,770,000,000
935,000,000

INFLUENCE OF CALCIUM AND MAGNESIUM CARBONATES ON BACILLUS
RADICICOLA (LUPINE) IN STERILIZED SOIL
COLBY SILT LOAM,—Since the alfalfa strain of Bacillus radicicola was
greatly benefited by the carbonates of magnesium and calcium, it seemed
desirable to see what effect a similar treatment would have on the lupine
strain of B. radicicola, which, is frequently tenüed an acid-resistant
organism. Limestone was eliminated in this experiment; otherwise the
procedure for this test was similar to that in the preceding experiment.
The results of this test are tabulated in Table XIX.
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XIX.—Influence of calcium carbonate and magnesium carbonate on Bacillus
radicicola {lupine) in sterile Colby silt loam treated with mannit
Number of bacteria in 1 gm. of dry soil.
Treatment.
Alter 1 week.

None
One-fourth calcium carbonate
One-half calcium carbonate
Full calcium carbonate
One-fourth magnesium carbonate,
One-half magnesium carbonate...
Full magnesium carbonate

113,000
875,000,000
1,300,000,000
1,837,000,000
886,000,000
950,000,000
1,750,000,000

After a weeks.
30,000
3,770,000,000
3,630,000,000
a, 760,000,000
4,025,000,000
4,837,000,000
8,850,000,000

After 3 weeks*
60,000
5,530*000,000
3,830,000,000
4,300,000,000
135,000,000
5,000,000,000
9,170,000,000

From the data given in Table XIX it is evident that the lupine strain
of Bacülus radicicola was benefited to as great an extent as the alfalfa
strain when Colby soil was treated with magnesium or calcium carbonate. After the second and third weeks the counts showed that magnesium carbonate gave better results than did calcium carbonate. The
untreated soil gave a slightly higher number than was obtained with the
alfalfa strain under similar conditions. This difference may be due to
the fact that the lupine strain is slightly tolerant to an acid reaction.
Here, as in the tests made with unsterilized soil, the smaller applications
stimulated multiplication to a greater extent, in proportion to the
amounts applied, than did the larger treatments. However, the maxi*
mum gain in number of bacteria was obtained with full magnesiumcarbonate treatment. From the data obtained in this and the preceding
experiment it is clearly evident that either magnesium or calcium carbonate (the magnesium to a somewhat greater degree than the calcium)
greatly increased the number of legume bacteria, alfalfa and lupine
strains, in an acid soil.
CONCLUSIONS

From a general review of the results of the experiments just described
it is clearly shown that carbonates of calcium and magnesium when
applied to acid Colby silt loam, acid Plainfield sand, and neutral Miami
silt loam increase the number of bacteria. A greater increase was
obtained in the acid soils than in the neutral Miami silt loam. These
carbonates increased the number of bacteria in both sterilized and unsterilized soil. The sterilized soil was inoculated with an organism in
pure culture. Not only was the number of bacteria in the soils increased
by applications of magnesium and calcium carbonates, but an increase
in activity of the various groups of bacteria was shown.
The form of carbonate which gave the best results was magnesium
carbonate. There was an enormous increase in the number of bacteria
produced by the magnesiuin carbonate over that of calcium carbonate.
Ground dolomitic limestone did not prove quite as efficient as calcium
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carbonate in increasing the number of soil bacteria. This variation can
possibly be explained by the difference in solubility of these compounds.
It was shown (50) that magnesium carbonate is more soluble in carbonated water than is calcium carbonate, and that calcium carbonate is
more soluble than limestone. Dolomitic limestone, however, is less
soluble than the nondolomitic. This order of solubility is in agreement
with the order in which the bacteria of the soil responded to treatment
with these different compounds.
It does not seem correct to say that the entire influence which these
compounds had on the soil bacteria was due to the neutralization of the
soil acids. When neutral soil was treated with magnesium carbonate
' or with calcium carbonate, the number of bacteria was increased, especially in the case of magnesium carbonate. Both in neutral and in acid
soil, the latter doubly neutralized, magnesium carbonate increased the
number of Baculus azotobacter. All this would indicate that carbonates
either serve in part as a stimulant or effect an indirect action on other
compounds which are in turn rendered more soluble.
Since the magnesium and calcium carbonates increased the number
of bacteria in acid soil when added in small amounts, and since application in acid soil of these compounds gave better results than when
applied to neutral soil, it appears that the greater part of this influence
on the bacteria was due to neutralization.
It may have been that the magnesium carbonate when added to the
soil was partially converted into magnesium phosphate. Truog (56)
pointed out the fact that for the amount of phosphate used, magnesium
phosphate increased the phosphorus content of plants more than did
other forms of phosphates. If this be the case, and the formation of
magnesium phosphate takes place in soil when magnesium carbonate is
applied, then magnesium chlorid and magnesium phosphate should give
an increase in the number of bacteria. The results from the magnesiumchlorid treatment did not prove beneficial, however, even in so small
amounts; the chlorin radical may have been toxic. Magnesium phosphate did not prove favorable to the reproduction of bacteria in acid soil
but did in neutral soil. In the latter soil, the effect of magnesium phosphate was more beneficial than the effect of calcium phosphate. From
this evidence it appears that magnesium phosphate in a soil favorable
for the development of bacteria is a stimulant to the growth of bacteria.
This action of magnesium phosphate on bacteria in soil may in part
account for the enormous influence which magnesium carbonate exerts
in increasing the number of bacteria in both neutral and acid soils.
From all the data obtained in the various experiments performed,
magnesium carbonate appears to play an important part in the development of soil bacteria, much more so than does calcium carbonate.
Magnesium phosphate, when applied to neutral soil, caused an increase

Feb. 25t 1918

Influence of Carbonates on Soil Bacteria

499

in the number of bacteria. In the neutral soil magnesium phosphate
proved superior to calcium phosphate in stimulating the bacteria; in
add soil neither compound appeared to benefit the soil flora.
SUMMARY
(1) The number of bacteria in acid Colby silt loam and acid Plainfield sand is increased by the applications of calcium carbonate, magnesium carbonate, or limestone.
(2) Magnesium carbonate increases the number to a much greater
extent than does either calcium carbonate or limestone.
t (3) Monocalcium phosphate and dibasic magnesium phosphate slightly
increase the total number of bacteria in neutral soil.
(4) Nitrification is benefited by limestone, calcium-carbonate, and
magnesium-carbonate treatment. Magnesium carbonate in soil to
which no nitrogenous substance was added favors nitrate accumulation
more than does either calcium carbonate or limestone. The phosphates
increase the accumulation of nitrate nitrogen to a very small extent.
When gelatin was applied to the soil, magnesium carbonate did not
benefit nitrification any more than calcium carbonate or limestone.
(5) Ammonification in Colby sou is benefited by all three forms of
the carbonates, while in Plainfield sand a decrease in ammonia is shown.
Monocalcium phosphate increases ammonification in both soils.
(6) Pure cultures of Bacillus twmescens and B- subtilis ammonify
blood meal better when sterile Colby soil is treated with any one of the
three forms of carbonates.
(7) A culture of B. azotobacter in the two soils treated with the carbonates and mannit fails to show an increase in total nitrogen in the
sand and only a slight gain in the Colby soil.
(8) Pure cultures of B. radicicola, of both alfalfa and lupine strains,
and JB. azotobacter are greatly benefited when inoculated into sterile
Colby soil previously treated with magnesium or calcium carbonate.
Limestone barely increases the number of B. azotobacter in Colby soil.
In neutral and acid soils treated with magnesium carbonate until the
soils were strongly alkaline, B. azotobacter is greatly increased in munber
over that of the untreated.
(9) From the data considered as a whole, magnesium carbonate is
superior to calcium carbonate or limestone in stimulating the reproduction of bacteria in Colby silt loam and Plainfield soils. In general, the
smaller applications of either compound give better results than do the
heavier applications.
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