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Denitrification is, as the term implies, a
reducing rrocess in which the soil nitrocen is
eliminated in one form cor ancther by the break-
ing dowm of tihe nitrate or ccmplex nitregenous
conpcunds, thereby bhecoming lest to plart crowth.
it is s8till to a great degree an open question
in what form the nitrogsen is lostf whether as
oxides of nitrozen, free nitrogen or free amicrnia
or in more than one of these forms.

The denitrification phenomenon was first
noeticed in cultivated soil in 1862 by Goppel-

-

sroeder (Technical >‘yecology Lafar), and for a
lons time it was regarded as a purely chericral
pfocess. The first reference to the arsency of
hacteria in the changes produced was nrde in

1875 by C. leusel (Tech. “yc.) and the earliest

rure cultures of sueh micro-organisms were made
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jn 1882 by U. Cayon and C. Dupetit (Tech. lyec.)..
In 1886 W. Feraeus (Tech. Myc.) made known
several species of the denitrifying class, and
two years later Percy Franklend and R. Taringtcon
(Franklard's I’icro-creganisms in Mater) found a
larce percentase of 80il rvacteria capable of re-
ducing nitrates to nitrites altlcugh %the: .doc rot
state whetlier their cultures possessed the power
of further reduction.

In later years scores of workers have enter-
ed the field, and, workine upon different phases
of the subhject, have secured some very valuahle
results.

The object of the present investication was
tc contribute soethire toward a sclution of the
protlem by a detailed study of the denitrifyvins
proverties of three germns found cormmonly at a
depth ¢f two to six inches in different soils
upon the collere farm, viz.; P. Subtilis, R.
Tesaterium, and B. Tycoides.

A brief outline of the investigation pur-
sued follows:-

1. Action vpon nitrate.

2. Acticn upon nitrite.

3. Action upon ammonium salt.
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4. Tffect of the presence of organic matier,
5. Tnfluence of abundant oxyrsen suprly.
1. Action upon Yitrates.

As has been stated, in 1888, Trankland and
arincton found a large number c¢f soil tacteria
capable of redneine nitrate to nitrite. Tor
their work the used a mineral solution which
contained besides the mineral elerents necessary
for plant growth, a small amount of organic
rnatter in the form of pertone. In our studies
an endeavor was nade to determine quantitatively
the reduction of nitrate to nitrite, and whether
any further oproducts resulted.

Tne culture soluticn used wes made up &8

follows:-
Potassium nitrate 5. grams.
Potasgsium phosphate 1 gre..

iTasnesium sulphate (eryst) .02 "

faleium chloride (fused) .01 "

Glucose ) "
Teptone (Wittes') .25 "
Calcium Carbhonate 5. "
Distilled Water 1000, c¢. cm.

75 ¢. eni. Trlenmeyer flasks, plurgred and steril-

ized, received about 2?5 c¢. cm. each of the
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culture soluticn and were sterilized intermittent
1y in moist heat. The inoculaticns were made
with .5 ¢. cm. of cultures of the gerns in a
mineral solution containing a minimum of nitrate
or orgenic matter, some of the flasks teing re-
tained uninoculated for con*rols. The cultures
were kXept in a darkered rcom at an avuroximestely
average termrerature of 25° C. Determinations
of nitrite and free amiionia were made at the time
of inoculatiocn and at intervals thereafter. In
all the work witn mirneral scoluticrs bcuillen
tuhes were inoculated with snell portiors from
the culture and control flesks, to verify the
vitzlity of the cultures and stcrilit, of the

con%rols.
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Titrites expressed in m. g. ver c. em. N, 0,

Axconia exuressed in m. g. per c.

BD. Suntilis
R, Megraterium
he] .. s 0
.. Mrreoides

Uninoculsted

Centrol

At

.kl.z’ J
Yone
Ione

Tone

MNone

T
N,
Yone
Tone

Yone

None

M, 0,
Yone
Jone

iTone

Yone

At

inoculation two days

I‘w{J

.0048

None

cm. NE

J"-~J

At

seven days

.
¥, C,
None
Y one

Xone

.
None

NH,
.0194
.0242

0091

None

At

sixty days

N,0;
Trace

Trace

.C11

Trace

TH,
.0048
.0291
.0194

Tcne
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Trom a comparison of the tables tne fact bHa-
comes evident that mest of the armonia in the
nitrate cultures results from the rpeptone. Yo
reaction for nitrites was chtained until the cul-

ures were old and then only a trace. Whether
this ms due to spontanecus chemical changes is a
question. The fact tha* the controcl, which re-
mained sterile, showed a trace of nitrite would
lead one to suspect that such was the case. The
work was duplicated in order to verify the results
The same methods were enployed except tnat fewer

tests were made of the results.

TABILZEX IIT.
Nitrites expressed in m. g. per c¢. cn. ,0,.
Armonia expressed in m. g. per c. em. IYH,.
At At

inoculation forty-five days.

T J o N

0, NH, N, 0, NH,
E. Subtilis Yone None Mone ,02°1
R, Yeraterimim Nnrne Yene None .0194
R. “Mycoides Yone None None .0243

Unincculated

Control Yone Yone None It
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Hlere again the results show that the nitrites
result from the reducticn of nitrate, but that at
least a portion of the armmonia is the result of
the decomposition of the proteid ﬁolecule.

These results agree with those of !'aassen (Cent.
f.Takt. 1902.I7. Yo. 5. S. 152) who grew 109
corummon bacterial species in mineral solution con-
taininz peptone, and who says in statins his re-
sults;"Considerable aimonia was also preduced on
account of tne vigorous pentonization."

2. Do the liecro-orranisms Fave a Reducing
Action upon Nitrites?

To determine whether the micro-organ-
isuis were capable of reducing nitrites, a nutrient

sclution was prepared as fcllows:

Potassium nitrite .3 grams
Macrnesium Sulphate .05 "
Potassium phosphate .1 "
Glucose ) "
Pentorne .25 »
Calcium carbonate 5. "
Distilled water 1000. e¢. cm.

About 25 e. em. of this solution was olaced

in 75 e¢. em. Trlenmever flasks and sterilized
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intermittently in ncist heat. Triey were ircculat—

ed witn one-tenth ¢. cn. of liquefied gelatine

.

culiuvres of ine resgnective racteria and re t in

5

sei-darkness st 25° C.

[}
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TARLE TV,
The anount of ¥ O,estimated in original cul-
ture solution, equals .2329 m. g. per c¢. cnm. Ke-

gults in m. g. per ¢. cn. = ,0,.

Av At At At
inocula- five eignteen forty-five
ticn days days days
B. Subtilis .22 22 R2 .22
L. Yegaterium .22 22 .22 22
L. 2yeccides .22 Al .C77 077

Uninociilated

fontrol e L2 L2
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Trne only consideraticn was tne ascunt of re-
duction of tne nitrite, and in only one casge,

B. ycoides, was any decrease in nitrites apparent.

3. Action of tne Organisis vpon Armonia

Cultures were made in tne following solution
te deterxmine, if any, the action of tne germs upon

amnnionium sulphate.

Aaonium sulinate 1. gram
Pucaseili puospuate L. "
lasnesiwvm sulpnate .02 "
Calciwn cnlcride .01 "
Glucose .3 "
Ferrcus sulphate 3 "
PepiLone .25 "
Calciwn carponate 5. "
Nigtilled water 1000, c. cm.

The cultures were made as trefcore in
75 c¢. en. Frlemieyer flasks, the inoculations re-
ing made withh a platinum loop from cultures cf
the gerris in bouillcn. Yessler determinaticns
were rade at intervals to discover, if any, tne

decrease in the amount of ammonia, standard






ammonium chloride being used for compariscn.
Tuplicate tests were made at different periods,
the results cof wnicihi eorressond. At no time weas
any chan:e observed in trne amionia content, show-
ire tnat the pactveria have not tne power of re-
ducing awmonium sulpnate, and Jurtnermore tnat
the salt prevents the production of ammcnia from
tiie pertone present,

4, The Fffect of tne Presence of Organic
Yatter upon Tenitrification,

Yinnenan in 16%&8 (Tandw. Vers. “tat. 1898
JT-TT. €. 65-113), in experiments carried on witn
a nmicro-organisa winlech he nad isclated from horse-
dung, foind taat tace amcunt of denisrification
decreases as tie wiount of organlce metlier increases,
wnicn ohservaticn was also mmade by ‘‘atz and Tagner
(Lardw. Vers. Stats. 1837-YL7TIT, 247) who statea
tnat as "hunification™ orcceeds the power of

desiroring nitrate decreases, On tre other nand,

”,

Pfeiffer (Devt. Landu. Tresse., 1827-C11) staies
tnat denitrification carn take place only in tne
bresence of particles of siraw, faecces or vege-
table tissue whicn act a3 food subhstance for tne
denitrifying orranis s, Stutzer and Iaul {(lent.

f. Bakt. 1e26- XV, S. 473-474) isolated *two micro-
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orzanisais wnich gave very uwrked nitirave reduecing
DGwel wien Jrogin in a sclution cunvaining a smadil
arount of creanic matter. Maassen (loe. cit.)
states triat in a strictly inorganic sclution he
obtaincd very litile reauction cof nitrate by
coniaon hacteria. In cur studies along tnis line
five solutions were used, differing only in tle
nature of tne material furnishing tihie combined
nitrogen to be acted upon, the pases of the 4if-
ferent solutions heinpg as follows? Ammonium
nitrate ard Potassiwn nitcate, Asparagsin, Potass-
ia1 nibtrite, and Potassium nisrate and nitrite
co:thined in equal amncunts. The othsr eloments
necessary to plant growth were added in varicus
salts but none of trne sclutions, excepgt the aspar-
agin, ccntained any organic matter. The cul-
tires were tested at tre end «f foriy-five days
Tor tne reduction producis. ITn ocnly cone c¢i the
socluticns, Ascearasin, were satisfactory results
oonvained, Tnure was practicallyy noe fermation

of nitrite or am-onia, and upon plating in
cerdinary gelatine it was found tnat wnile toe
micro-organisiis still possesscd vivalisy, wnere
was no viger of erowta. The cultures in Ascara-

£in developed vigorously, and trere was a very



marked production of earmmonia, the contrcls yield-
ine no reaction for armonia. A comparison of
the results obtained in tnese strictly mineral
solutions with thoese in solutions containing a
snall amount of organic metter, leads t¢ the con-
clusion that tue presence of at least a small
amount of the latter is imperative in order to
secure vigorous denitrification. That would be
the effect of large amounts of organic matvter is
still an unsettled question.

5. The Tffect upon Tenritrification of an
Abundant Supply of aAir.

In a study of this question, Denerain in
1837, upon growing micro-organisis from straw
and the solid excrement of animals, found that
the reduction of nitrates was ruch more rapid in
closed than in open flasks, although he does not
sar whether the conditions were strictly an-
aerobic. laassen (loe. cit.) states, that
while denitrificaticn is not inhibited by an-
aerohic conditions it proceeds best in a limited
supply of air. Pfeiffer in 1897 (Chern. Zeit.
21-1€27) found that in a culture of T. Denitri-
ficans t:e admitting of pure air did nct lessen

the amount of denitrification. In 1€926, Ampola
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and Ulpiana (Tzcn. ye.) isolsted from soil a
nicrco-organism whnich grew well hoth in the zre-
sence and absence <f air.

In our work one puruose was to so consiruct
a niece ofagparatus that air micnt tre freely
drawn through the culture, and yet that the dan-
er of contaminations he eliminated. Five 75 c.
an. Frlenmever flasks were tigntly fitted witl:
two-hole-rutber stoprers a~d conrected by means
of U tubes, one arm of which extended to the
tettom of the flask., Two each of tne erd flasiks
contained normal-fiftn sulphuric acid, the middl
one hclding tne culture solution. Thus whren
air was drawn throurh the anparatus the sulphuric
acid in the first twc flesks would arscrb any
ammonia from the air passing through, as well as
any micro-corganisis which misht e drawn in with
tne current. The other two scid flasks were to
catcli any armonia that »ijgnt he given off from
tite culture and dra.n over upon acration. Acret-
ed and ncn-aerated control fleslzs of acid were
also used.

Furtnermore, one series each of cultures
sealed, and simply plugrped with cotton wool were

used, unirnoculated controls teing retained in each



ease; also cultures a»d controls srere rlaced in

ab)

n atmosphere entirelyr devoid of oxyren, The
culture sclution vsed wes Trankland's denitrify-

ing soluticn , which is made vp as fcllowsi-

Potassium nitrate 168 gram
Pctassiun phosphate .1 "
Jacnesgium sulphate .02 "
Calcium “hloride .01 "
Gluccese ) "
Pentene .25 »
Caleium cartouate 5. gras
Distilled Vater. 1000, c. cnm.

The incculations were made from pure
cultures in this soluticn and kept in the dark
at an averare temperature of 25° C, Atter
eleven days determinations were made of nitrites
and free ammonia in the cultures and controls.
The acid flasks of the aeration apraratus were
titrated against normal-fifth sodium nrydroxide,

Lut sncwed no indication of absorption of amionia .
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Jitrites expressed in m. g. per c. cCni.

Ariricnia expressed in nm. g. per c. ecmnm,

Cultures in Absence of Oxygen

o

B, Surtilis
B. Yegaterium
B. liycoides

Uninoculated Control

Cultures Sealed.
. Subtilis
. Jegateriunm

B, Trcoides

Uninoculated Ccntrol

Cultures Unsealed
S. Subtilis
E. Tecaterium
B, lMycoides

Unincculated Tontrel

Cultures Thrroughly Aerate
k. Subtilis

b. legaterium

5. Mycoides

Uninoculated Control

X, 0

1‘2 3

Tone
Trace
Trace

Mone

.0330
.C440
Yone

Yone

.0440
.0495
.C651

one

L0826
.1101
.0551

Yone

.C064
.008g0
.0240

Yone

.C128
0244
.0160

lione

O
=
[T0]
av]

. O]. 5 C
0240

Trace



1l e. cin. sterile culture solution contains
(1264 w. g. T, 0

1l c. ern. sterile culture sclution centains
L0282 m. g. KHJ.

Tihie results snow that the reduction derzends
alincst entirely upoen the presence cf at least a
small anount, of oxrgen, and that, exceuvt in the

case of B. lycoides, a greater supsl;y of air

induces a greater amount of reduction.

CONCLUSICIL S ..

1. The three micro-organisms under
investigation have the prower of acting upen ni-
trates to reduce them to simpler substences, ni-
trites, free armocnia, and probahly free nitrogen.

2. The nitrites present in a culture sol-
ution having nitrate for its hasis result eatire-
ly from the nitrate.

3. A portion of the ammonia usually found
in nitrate scluticns containing organic matter,
results frcm the decompesition of this latter
material.

4, For a vicorous development and activity

of these micro-organisms, the presence of at
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least a trace of crganic matter is essential.

5. Yot all bacteria having the power of
acting upen nitrates are canable alsc of exerting
a redvcing action upon nitkrites.

6. Tne hacteria studied can not reduce
amrmonium sulphate; furtherriore, the ammonium
sulphate checks the production of free amrionia
from the pevione in the solution.

7. These micro-orgnnismg act more vigorous-
ly in the preseice of an abhundant supply of

atmospneric oxygen.
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