IT.

HYDROXYLAMINE AS AN INTERMEDIATE IN NITRATE REDUCTION BY BACTERIA

NITROGEN TRANSFCRMATION STUDIES IN MIXED SOIL CULTURES USING NLO

By
LOUIS AUGUST %EII\TRI CH
Bachelor of Arts
Hofstra College
Hempstead, FHew York

1932

Submitted to the faculty of the Graduaste Sehool of
the Cklahoma Agricultural and Mechanical College
in partial fullfillwent of the reguirements
for the degree of
MASTER OF SCIENCE
August, 1954

ii



I. HYDROXYLAMINE AS AN INTERMEDIATE IN NITRATE REDUCTICON BY BACTERIA

II. NITROGEN TRANSFORMATION STUDIES IN MIXED SOIL CULTURES USING 19

Thesis Approved:

%W/M

Thesis Adviser

(. .

Taculty Refresentative
%&“«M—\_’

f Dean of the Graduate School

iii

€
oy
g

e
o
By



ACKNOWLEDGMENT

The authox wishes to express his sincere appreciation to Dr. Robert
‘MacVicar, under whose direction_this study was c@nductgd, for his guidance
énd supervision throughogt his graduate work. BHe also wishes to express
appreciation to Dr. Charles Sarthou and Mr. Ieso Hall for their és§istance
in prepération and collection of the soll samples.

The- author is indebted to 1he Department of Agricultbural Chemistry

Research for the use of its laboratory facilities, to the Cklahoma
Agricultural Experiment Station, and the Atomic Energy CGommission for

finaneial suppert in this research.

iv



I,

II.

TABIE OF CONTENTS

HYDROXYLAMINE AS AN INTERMEDIATE IN NITRATE REDUCTICN BY BACTERIA

Pege

Literature Review o« o « ¢ o ¢ ¢ ¢ « ¢ o 6 ¢« o« a o« & « o s o 1

chperimeﬂtal-oooo--oo--onoooatsooooc4

DiScCUSSIion o « o o o o o o 2 o o a o 5 ¢« o @ o o« o s o« o ¢ s 21

Summary

NITROGEN TRANSFORMATION STUDIES IN MIXED SOIL CULTURES

Literature Review .« « «
Experimental .,. e o & o
Results and Discussion .

L] L] L L ] L] o ° L )

Summary

Appendix < o ¢ o 6 o o o
Literature Cited « + o &«

Vita

- L] - o L] o L ) © °

i

B J L] - - L] L - L d L] L L] L ) L [ ] L o ° . L d L d L] . L 4 L] » ® 25

vsING n15
c oo 24
. 28
. e . 30

L] Ld L] 4:4

* & ® 4’6
e o o 49

L ) L] L ) 52



Ie HYDROXYLAMINE A3 AN INTERMEDIATE IN NITRATE REDUGTION BY BACTERIAL

: LITERATURE REVIEY

Most earlier'investigators accepted the hypothesis that ammonisa
was the central intermediate compound in the amino acid synthesis
believing that nitrate as well as molecular nitrogen was reduced to
ammonia, However, the validity of this hypothesis was doubted as
early as 1884, when Meyer and Schulze (1) propesed hydroxylamine as
the 11 kely key intermediate. ihey suggested that this compound could
arise from ammonia and molecular nitrogen by oxidation or from nitrete
by reduction. Blom (2) and then Andres (3) showed the pregence of &
compound with an =NCH group 11nkcd to earbon to bs normally present in
cultures of Azmctobacter using nitrate or molecular nitrogen. By hyd:ro-
lyzing such compounds with sulfuric aeid end then oxidi: g them with
jodlne nitrite was produced. Conseguently, the intermsdiste must
contaln either the oxime group { =C=H(H), or the hydroxamic acid group
(OﬁéLNOH)g The findings of Virtanen and Lainc (4,5) showed that the
cempound in the medium that was oxidized te nit. ite arose either from
Pydroxyl&mine or oximinowPitrogenn

Virtanen”and Csdky (6}, examining the formation of the bound BWOH
group in Torula yeast growing on nitrate, found that a considerszble
amount of oximino-nitrogen was feormed within the first 10 minubes bub
hisappeared rapidly thereafter. DBecause the amount of oximino-nitrogen
decreased during the course of the experiment, the suthors concluded
that the cells utilized this form of nitrogen. They also pointed outb
that these findings do not give conclusive evidence the significence
Pf oximino-nitrogen nor explain its mode of formation, because oximino-



nitrogen is also produced from ammonium-nitrogsn by certain asrobes. In
both cases oximino-nitrogen might have been formed only after ammonia

formation., If this is the course of the reaction, the oxime formation

noted in nitrate reduction would not be adequate proof of the formation
of hydroxylamine as an intermediate. Oximino-nitrogen formation from
ammonium~-nitrogen was noted by Less (7). His experiments with washed

suspensions of Nitrosomonas have shown that while hydroxylamine is toxic

to nitrification in excess of a few micrograms of N per ml., yet at
concentvations below about l.5 microgrsms of W per ml., the rate of
formation of nitrite from hydroxylamine is at least as great or greater
than its rate of formation from ammonia at the same concentration of
nitrogen. It might be argued that the hydroxylamine was first dismuted
to ammonia and nitrous oxide or nitrogen and actually the ammonia aris-
ing from the dismutation was nitrified, but the maximum smount of
émmonia that could be formed in this way would contain half the nitro-
gen concentration of the originel hydroxylamine and ammonia at this
concentration was nitrified far more slowly. At a pH lower than 8.4,
hydroxylamine was found to he nitrified considerably more rapidly than
émmoniau From these results, it seems probable that hydroxylamine is an
intermediate in the nitrification of ammonia, and fherefore could
presumably acet as an intermedliate in the reductive process.

Reutanen (8) obtained po&itive tests of the presence of oximino-
!
ﬁitrogen in greer plants sssimilating nitrate. This cbservation agrees
with those of BurstrBm (9) who stated that the reduction in green plants
rroceeds only as far as h&droxylamine. This then rezcts with carbonyl

Tcompounds with subseqguent amino aeid and protein synthesis.
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i Virtanen and Jérvinen (10) also sxamined the formation of oximino-
i
nitrogen by Azotobzcbter vimelandii in nutrient solutions containing

éither amronium or nitrate salts as the sole source of nitrogen, and in
gitrogen»free solutions where active nitrogen fixation was occufring.
The rate of formation of the bound hydroxylsmine was Ffound to be much
more rapld when nitrate or molecular nitrogen served as the nitrogen
source than when ammonium-nitrogen was the source, even thougp the‘
essimilation of ammonium-nitrogen was as rapid as, or more rapid than the
other nitrogen foﬁms,v They concluded that during nitrogen fixation and
ﬁitrate reduction, hydroxyleamine was formed before the complete reduct-
ion of nitrogen to ammonia., The results alsce indicated that armonium or
émino—nitrogen was oxidized to some extent to yield hydroxylamine.

On the other hand, those opposing the hydroxylamine hypothesis have
demonstrated the toxicity of hydroxylamine and oximes to mieroorganisms
|
tll,lz) and have presented evidence indiceting that they are not avail-
able even in non-toxic concentrations (13,14). Burke and Horner (13)
early demonstrated, by using a micro respiration method, that hydreoxyl-

emine in non-toxic cgoncentrations of 1 to 3 micrograms per ml. was not
|

Hovak and Wilson (15), in a series of earefully controlled trials,

showed that the oximino-nitrogen of the oximes of pyruvie, oxalacetic

gnd(%-ketoglutaric acids was not available to Azotobacter rinelandii.

Similarly, Segal and Wilson (14) have demonstrated that hydroxylamine,
in extremely low non~toxie concentrations, was not utilized ss a source
of nitrogen by Azotobacter. Burris and Wilson (16) have concluded from

their studies with aserated cultures of Azotobscter, that ammonia is the

first stable intermediste formsd in nitrogen fixation.
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EXPERTMINT AL
Orgenisms— The organisms used in these studies were as follows:

Pscudomonas fluorescens, strain from the stock of the Department of

Agricultural Bacteriology, University of Wisconsin; Pseudomonss fluor-

escens, NRRL~B-6 of the Northern Regional Research Laboratory; Bacillus
gubtilis, strain from the Department of Bacterioleogy, Ckishoma Agricult-

ural and Mechanical College; Pseudomonas denitrificans, isolate from

s0il from the Division of Plent Nutrition, University of California.

Culture Conditions— All of the orgenisms were trained to grow on

simple media containing: Inorganic nitrogen salts as the source of
nitrogen; glucose, potassium gluconate, or potassium citrate ag the
carbon source; Henderson's and Snell's SaltS‘C as a source of mineral
salts; and biotin. The mediuwnm was buffered with monobasic potassium
acid phosphate or monobasic_poﬁassium acid citrate, and adjusted to

EH 6.8. Adaptation of the organisms to the different nitrogen and
carbon sources was accomplished by long seriél subculturs on nutrient
media in the presence of varying concentrations of the desired compound.

Transfers were made every 24 or 48 hours depending on the rate of growth.

Culture Methods—— Two types of culiture methods were used in these

studies, small still cultures and larger cultures with mechanical aeration.
The shallqw--layer9 st111l cultures were used to compare the toxicity

and utilization of the nitrogen compounds studied. Nineteen ml. portions

Ef nitrogen free media (normal medium containing sll of the required

cqnstituents except a nitrogen source) were placed in 125 ml. erlenmeyer

flasks, and the stoppered flasks were autoclaved. Iach flask then

received an aseptic addition of 1 ml. of a solution of the nitrogén



;source which hed been previously made neutral in pH_and sterilized.
Each flask was then inoeculated with 0.2 ml. of a homogeneous cell
jsusPension of & 24 or 48 hour subculture of the organism under study.
Incubation was conducted at constent temperature (25° C. for Ps. fluor-
escens and 38° C. for the other orgenisms) until heavy growth had

" oceurred on the control inorganic nitrogen salts. The cells were kill-
ed and separated from the medium as described below under sampling
procedures. The washed cells were then analyzed for cellular nitrogeh,
The cell free filtrate and washings were made to 100 ml., and portions
bf this were used to determine the kinds and amounts of nitrogenous
bompounds remaining in the mediunm.

Studies with larger aerabted cultures wesre performed using one liter
of media in two liter filter flasks fitted with fritted glass dispersion
tubes. A sfream.of compressed air was bubbled through water ( in order
to minimize evaporation of the medium}, filtered through a cotton filter
and passed into the medium through the fritted dise. The passage of air
was so adjusted to agitate the medium and meintain a dispersion of
minute air bubbles throughout. The medium was inoculated with 10 ml.

;of a8 24 hour eell suspension of the organism, which had been previously
subcultured on the same medium. Upon depletion of the original nitro-
gen form, as determined by testing an aligquot by the brucine sulfate
ime'bhod (17) for nitrate or by aseration and testing for ammonia by
nesslerization, an initial sample was removed. The nitrogen compound
under investigation was then added, and the culbure was again sampled.
Sampling was thereasfter repeated periodically for 6 or 8 hours.

Sampling Procedurss— Samples were obtained by withdrawing 25 ml.




of the culture and pipetting into 2 ml. of boiling 0.8% HsS04. The

gamples were then brought to a bpil, gtoppered and stored under refrig-
%ration unfil analyzed. The bacterial cells were removéd from the
éample media either by filtration or centﬁifugation. When the célls
wers light and did not clump readily, it was found that filtration of
fhe sample gave more precise results. The cells were washed on the
filter papsr and the paper containing the ceells was placed in a Kjel-
dahl flask. The contents was made basic with HalH and boiled 5 minubes
to remove occluded ammonia. The filtrate of the sample along with the
%ashings was made up to 100 ml, It was then sterilized or frozen and
reserved for analysis.

Analvtical Procedures—— Cellular nitrogen was determined by & semi~

micro modification of the Kjeldahl procedure. Total medium nitrogen
ﬁto include nitrate-nitrogen) was determined by a semi-micro modifieatm
ion of the iron-sulfuric scid reduetion procedure as developed by Pucher
et 8l.(18). When oximino-nitrogen was presént, this method recovered
onl& about 90% of the nitrogen. Therefore, & modification wes inbroduced
#hat resulted in higher rscovery of oximinbwnitrogen. This procedure

%as as Tollows: About 25 ml. of the solution containing the oxime Cl 1o
5 mg. N¥) were placed inva gsemi-micro Kjeldshl flask. Eight ml. of
concentrated Hps30, containing 50 gm. of salicylic acid per litér was
;addad9 end this followed by the addition of 0.5 gm. of zine dustor After
Lompletion of the reaction, the flask was heated on a digestion rack
until 0o more white fumes escaped; After cooling, 4 ml, of HESG@ and &
%mali amount of seleniumwcopper sulfate cafalyst were added and digestion

continued. This procedure, while not ideal, was found serviceable.
i
!
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ﬁecovery experiments showed & range of 96 to 100 %, 94 to 98 %, and
bz to 97 % of the nitrogen of the oximes of (¢-ketoglutsric, oxalacetic
iand pyruvic, respectively.

Analysis for ammonia was made on suitable aliquots of the supernate
ént by thebaeration method of Pucher gzugio(l9). The distillates from
fhe seration apparatus were diluted to known volumes, and ammonia deter-
mined by nesslerization.

Nitrate analysis was made on aliquots of the supernatant by & mod-
;ification of the brucine sulfate method developed by Gad (20). This is
Ea rapid and conven.ienfmethod9 which has been checked and found to give
results which agree within 5 % of those obtained by the Devarda's salloy
reduction of nitrate to ammenia.

Free hydroxylamine and the hydroxylamine liberated by aeid hydrolys-
iis of oximes was determined by Endresﬂmodification (21) of Blom's method
’(22) as presented by Cséky (23). Hydroxylamine is oxidized to nitrite
with lodine-acetate solution. With sulfanilic acid, the nitrite forms a
diazo compound that is then coubled with.aénaphthylamine to form a red
idye that ig estimated colorimetrically. Since hydroxylamine rapidly
1decomposaé in aqueous solution, particularly if basic conditions exist,
all samples and sample filtrates were made acidic (pH 4) and either
frozen oxr refrigerated until analyzed.

i Oximino-nitrogen of the cell free supernatant weas determingd by aecid
ihydrolysis of the oxime by the method of Csfky (23). The oxime was
?boiledlwith 3 N Ho804 containing some sulfanilic acid for 6 hours in a
iboiling water bath. Nitrous and hyponitrous acids are totally destroyed

| -
by this treatment, while hydroxylamine is stable against boiling with



BQSQ4 if it is alome in solution, whereas it is partially destroyed in
the presence of one of these oxidized forms. Oximino—nitrogén determin-
§d by this method thus tends to be low., Oxime determinations were
performed as shortly after sampling as possible due to the instability
of oximino compounds. Usually only an hour or two elapsed between
sempling and analysis,.

Preparation of Oximes— Three equivalents of the various keto acids

were used for each equivalent of hydroxylamine in order to reduce the
concentration of free hydroxylamine in the oxime preparations. The acid
Was dissolved in a minimal amount of 50 % aleohol and water and this
solution was neutalized with WaCH. The weighed amount of hydroxylamine
hydrochloride was added to the sclution, and a slight excess of Nall
was added. The resulting solution was refluxed 10 minutes in a boiling
Water bath. The refluxed solution was made acidic, quantitatively
%ransferred to a volumetric flask and made up to volume. The flask was
then set in a r@frigerator for a day or two until analysis for free

hydroxylamine showed a non-toxic concentration.
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Attempts to Demonstrate the Presence of Hydroxylamine and Oximes-—

Investigations by Dishburger and MacVicar (24) on the assimilation of

ammonium and nitrate nitrogen by Ps. fluorescens and Ps., denitrificans
suggested the presence in the medium of a form of nitrogen, which
appeared to be neither nitrate, nitrite ndr ammonia and which was util-
izable by the ecells for synthesis of cellular constituents. A high
concentration of isobopic nitrogen was found to remain in the medium at
the termination of the sampling period in a eulture of one of these
organisms supplied with labelled nitrate. Hall amd MacVicar {25) observ-
ed that in aerated cultures of B. subtilis to which KN1505 and (NHg) 2S04
were added simultaneously, the nitrate was reduced extremely rapidly to
a goluble form of nitrogen with @ high Nl5 content that was then utiliz-
ed for cellular synthesis. All analytical methods indicated that this
compound with the exeeptionally high concent:ation of le was ammonia.
gnspection of the data suggest that nitrate was first converted to some
bther soluble nitrogen compound which was then further reduced to
‘ammonia. Characterization of this unidentified form of nitrogen would
possibly assist in the elucidation of the pathwaey of nitrate reduction.

‘ The theory that hydroxylamine is an inbtermediate in nitrate reduct-
ﬁon is supported by the detection of oximino-nitrogen in the cultures

of certain aerobes utilizing nitrate-nitrogen. In previous studies with
Ps. fluorescens and B. subtilis, itwas impossible to detect the presence
of any free hydroxylamine or oximino-nitrogen in the culture media,
hespite the sensitivity of the method (0.05 ug. N per ml.)., These
experiments, however, had not been designed toc test the possible role

pf hydroxylamine, and the results were, therefore, subject to some

question.



HAccordingly, experiments were so designed to determine whefther it
was possgible to detecﬁ hydroxylamine oryoximino compounds under condit~
ions designed to p@rmit‘their identification. Oximinp~nitrogen has been
detected in the éulture ﬁedium.of Azotbbacter on nitrate and ammonia
nutrition, but its quantitstive estimation was said to be indefinite
because the free carbohydrate present in the medium decomposed giving a
color which interfered .with the estimation of the red dye (10), Im
these gtudies, this difficulty was avoided by adapting the organisms to
citrate as the source of carbon. No interfering colors developed-upon
treatment with acid.

One liter of a medium containing 1 gm. of NaNOB, 31.2 gm., of potass-
ium ecitrate, and the,rquired salts was prepared and st@rilized. The
medium was inoculated with 10 ml, of a 48 hour subculture of B. subtilis,
gnd incubated at 38° C. with vigorous aeration. Upon depletion of the
hitrate»nitrog,ens 2.5 mge. NOz~N and 2.5 mg. NHp-N per ml. were added. 4
semple was immediately withdrawn; followed bylsampling at regular inter-
vals up to 8 hours. No free or bound hydroxylaﬁine eould be détected in
any of the sample filtrates through 8 hours of growth, even though the
gamples were analyzed within 1 hour éfter saﬁpling and so treated that
very little decomposition could have occurréd during this time. The
same experiment was repeated, with the only differences being that the
medium was inoculated with a 24 hour culture of Ps. fluorescens and
incubation was at 25%. Likewise, no hydroxylemine could be detected in
ény of the samples through 8 hours of reduction of nitrate.

‘ & liter of media was prepared and inoculated with B. subtilis as

described in the preceeding experiment. M~Affter depletion of the original



nitrate, 2.5 mg. NOz~N and 2.5 mg, NHg~N per 100 ml. were added. The
cells were harvested from the medium by filtration after 90 minutes of
growth. Ihe greatest reduction of nitrate occurs between the Lirst

and second hour. The filtrate was made 5 N with respect to HpSO. A
600 ml. portion of the filtrate was reduced to 60 ml. by vacuum distil-
lation. Any_hydrox&lamine in the medium would be stable under these
conditions, and any oxime present would be hydrolyzed to yield hydroxyl-
amine. High concentration of the medium caused slight coloration, which
interfered somewhat with the estimation of hydroxylaminef Wher hydroxyl-
amine determination was performed on 5 ml. of the conecentrated mgdium, a
Taint red colop developed, which corresponded to about 0.01 ug. N per ml.
as compared to a standard. Since the medium was concentrated about 10
times, this represents aboutb one millimicr@grgm of N per ml. of medium
Qerived from elther free or bound hydroxylamiﬁe.

Failure to detect hydroxylamine in anything but the minutest traces
doesnot preclude its'fun@ti@ning 28 an intermediate in the reduction
path from nitrate Yo ammonia. All the svidence in these studies, how-
ever, fail to provide any support for the concept that it, rather than
;mm@nia, is the key compound in the reduection of nitrate. It does not
seem probable that hydroxylamine is the intermediate of unknown eharact-
er cbserved to ascumilabte in the redu@tim of nitrate to armnox;ia by
B. subtilis. There was indicatioﬁ that some other compound in the
ﬁedium.was converted to ammenia, but no detectable acecumulation of

hydroxylamine could be foeund.
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Attempts to Demonstrate Utilization of Hydroxylamine and Oximes--

Those opposing the hypothesis that hydroxylamine is an important inter-
;mediate in nitrogen fixation and reduction have drawn support from
evidence based on demonstrations that hydroxylamine is elther toxie to
or is unavailable to micro-organisms. Such toxicity studies and studies

of the utilization of hydroxylamine have been confined primarily to

strains of Azotobacter and Nitrosomas. . It was therefore deemed of
interest to determine whether or not utilization of hydroxylamine could
be demonstrated using the organisms that had been used in these labor-

atories in previcus studies on the mechanism of nitrate reduction,

Three series of flasks, each conbtaining 19 ml. of a nitrogen free
medium, were used for each organism. One ml. of solution containiﬁg
10 to 200 mg. NﬂgnN was added to each flask in the first series; each
‘flask in the second series received 0.5 ml. of the same solutioms plus
0.5 ml., of hydroxylamine golution of equal nitrogen concentrafion.

The only nitrogen in the third series was that supplied by hydroxyi«
amine from the 1 ml. addition to each flask in concentrations of 10 to
3200 mg. N. The inceulated flasks were incubated at 38°¢ and the time
of appearancé of growth in the clear medium was noted. In the media
containing only hydroxylamine, no growth appeared before 48 hours.

The toxicify of free hydroxylamine to the different organisms was
?determiued by comparison of the rate of growth in the series containing
ammonia with the series containing both ammonium and hydroxylamine

hitrogen, After 24 hours of incubation, the cells in both series wmere

killed. They wore removed from the medium and total ceellular nitrogen



was determined on them. &t a concentration of O.S/ug, N. per ml.,
hydroxylamine slightly retarded the growth of Ps. fluorescens and B.
subtilig, and complete inhibition occurred in the presence of about 0.8

ug. MHROH-N per ml., Ps. denitrificans wes found to be more seusitive

with a concentration of.0.5 ug. NHpOH-N.per ml. preducing mﬁge than 50%
inphibition.

Growth aﬁpeared in the media containing only hydroxylamine
nitrogen in levels up to 1 and 2 jg. N per ml. between 24 and 48 hours.
Also some gr@wth in all of the flasks containing higher concentrations
of hydroxylamine had occurred by 48 or 72 hours. Analysis of uninoecul-
‘ated Tlasks of the sawe hydroxylamine econcentration showed that by
the time growth was appearing the concentration of hydroxylaﬁine had
been reduced to less than 1 pg. N per mle due to its instability in
ithe media under these eonditions'(pﬂ 558 to 7.0). This decomposition
yields ammonia which the cells thén utilize for growth.

Since the non~toxic level of hydroxylamine is so low and it is
so unstable in culture media, actual utilization of this form of nitro-
V‘gen by these organisms could mot be eonclusively demonstrated by our
'}present analytical techniques. Therefore, the demonstration of the
utilizafion ér the non-utilization of hydroxylamine bound in the
form of oxime was attempted.

The studies of the toxicity and the utilization of oximino
%nitrogen,were performed with the same three organisms on shallow media
in still cultures using three (i-keto oximes prepared from the écids of
pyruvic, oxalacetic and (b-ketoglubaric. An exp@niment with each organ-

ism consists of three series of flasks prepared as has been previously



:describedu Bach flask received a 1 ml., addition of solution of the
fnitrogen source, which contained 0.20 to 4.00 mg. of nitrogen. The
flasks were inoculated with 0.2 ml. of a homogeneous cell suspension
of the organism and were theﬁ incubated at constant temperature for‘a
Pixed periods, The cells were killed and total cellular nitrogen was
determined. Total mediuﬁ.nitrogen and oximino nitrogen were determined
on aliquots of the cell free filtrate.

The results are tabulated in Tablesil, 2, and 3. No growth appear-
ed in any of the flasks that contained oximino nitrogen as the sole
source of nitrogen. After 4 days of'incu‘bations the medium was filter-~
;ed and total nitregen determined on thermaterial remaining on the
‘filter paper. In no case was the amount of cellular nitrogen more than'
0.05 mg., which corresponds closely to the amount of cellular nitrogen
in the inoculum. Becovery of the medium nitrogen amounted to at least
90% of the added oximino nitrogen in all cases.

That growth did not take place due to the unavailability of this
form of nitrogen to the organisms, and nob to the toxieity of the
preparations can be seen by a comparison of the rate of growth on the
iinorganic ﬁitrogen with growth on the toxieity comtrols (Tables 1, 2,
3,)s When heavy growth appeared in the inorganic nitrogen series, the
cells in that series and in the toxicity controls were killed ahd file-
:tered from the medium. Total medium, oximino and cellular nitrogen
?Were determined. The Okketoglutarie oxime preparation was found the
least toxic,‘béing oﬁly slightly inhibitory at the highest concentration
iuSed {200 uge N per ml.) to any of the three organisms. The oxalacetic

éwas only slightly toxic at concentrations of 100 ug. N per ml. and did



TAELE 1.

UTILIZATION OF QXTMINO NITROGEN BY BS. FLUORESGENS, NRRL-B-6

.20 mle still cultures incubated st 38°¢ G,

NHz=N Gello.N Oximino-N Oximino-N Oximino-N Total Medium=N Free
added found added raecoverad vrecovered Medium-N recovered NHpCH
mgo mgo mgo g e A mnge Hg N/ul.
2 INORGANIC-N CONTROL 1
0.20 0.24 nons. none
1.00 0.89
2,00 1.46
4,00 1.59
TOXICITY CONTROLS 1
Fyruvie Oxime . 1.00 0655 1.00 0,93 93 0,08
200 D.77 2,00 1.89 94 0.16
4,00 0.05 4,00 - 3.59 92 0.32
ralacetic Oxims 1.00 0.8l 1.00 0,93 93 0010
2.00 1.13 2.00 1.86 92 0.20
4,00 0.62 400 3,70 92 040
Ketoglutarie Oxime 1.00 0,79 1.00 0,94 94 006
' 2,00 1l.31 200 1.82 91 0.12
4,00 1.33 4,00 3.68 92 0.32
OXTMINO-N UTILIZATION 2
Pyruvic Oxime none 0.03 .20 0.16 80 019 95 0,04
' 0,04 1,00 0,91 91 095 95 0.08
0.04 2,00 1.79 91 1.86 93 0.16
0,05 4,0C 3.68 92 3072 93 0.32
Oxalacetic Oxime none  0.05 - 0020 0.18 90 0.18 20 0.05
0e04 1,00 0,92 92 0e94 94 0,10
0.03 2,00 1.84 - 92 1.87 94 0.20
Keteglubtaric Oxime nonse 0,03 0,20 0.18 90 0,19 95 0.03
0,04 1.00 0,94 94 0,96 95 0-06
0.04 2,00 1.81 91 1.86 93 0e12
0,02 4,00 3466 91 93 0.24

3673

3 Cells killed following 48 hours incubation
" 2 Cells killed following 96 hours incubation



- TABLE 2. UTILIZATION OF OXIMINO NITROGEN BY B. SUBTILIS Ce e e

20 ml. still cultures incubated at 38° C.

NH,-N Ceoll.N Oximino-N Oximino-N Oximino-N Total Medium=N Free

added found added recovered recovered Medium-N recovered NH,OH
mgo nge mgo ngo YA mgo yA pg N/ml.
INORGANIC-N CONTROL *
C.20 0623 none none
1.00 0.76
2.00 1.26
4.00 1.86
TOXICITY CONTROLS 1
Pyruvic Oxime 1,00 042 1.00 0.93 g3 0.08
200 0.31 2000 1.83 92 . .15
4.00 0.09 4,00 3.70 92 0.32
Oxalacetic . 1.00 0.42 1.00 .22 92 0.10
2,00 0.85 200 1.84 92 0.20
4,00 0.59 4.00 3.86 91 0.40
Ketoglutarie 1.00 Co87 1.00 0.93 93 9,06
2,00 1.11 2,00 1.86 93 0.12
4,00 0.90 4,00 3.64 91 0.24
OXIMINO UTILIZATICN?
Pyruvie Oxime none 0,04 0420 0.18 90 0.19 95 0,04
0.02 1.00 0.91 91 0.95 95 : 0.08
0.04 2.00 1.80 90 1.88 94 0,16
0.04 4,00 3.70 92 378 95 0.32
Oxalacetic none 0.02 0.20 ~ 0.18 90 019 95 0,05
0.05 1.00 0.92 92 0697 97 0.10
0,01 2.00 1.82 o1 1.91 96 0+20
C.04 4.00 3065 91 3.73 92 0.40
Ketoglutaric none 0.01 0.20 0.19 95 0.18 20 0.03
0.04 1.00 0.93 . 93 0,96 96 0.08
0,04 2,00 1.82 90 1.85 92 0.12
0.02 4,00 360 90 368 92 Q.24

1 Cells killed following 51 hr. incubation
2 (Cells killed following 96 hr. incubation

9T



UTILIZATION OF OXIMINO NITROGEN BY P§. DENITRIFICANS

20 ml. still cultures incubated at 38° G

NH,-N

Coll.N Oximino-N Oximino-N Oximino-N Total  Maodium-N

“Free ...

added found added recovered recovered Medium-N recovered NHyOH-N
mg. mg. mge mge o mge A JAgoN/ml.
: : INORGANIC-N: CONTROLt
020 0.23 none S none
1600 0.92 ’
200 1.58
4400 182
' TOXIGITY CONTROLS1
Pyruvi@ Oxime 1.00 077 1.00 .. .. .0.90 . 90 0.08
, ' . 2.00 1.11 2,00 1l.78 91 0e16
B » 4.00 0.21 4.00 367 92 0632
Oxalacetic Oxime 1.00 0.87 1.00 0.92 92 0.10
2,00 1.19 2000 1.79 91 0620
4,00 1l.02 4.00 3«69 92 0,30
Ketoglutaric Oxime 1.00 0.88 1.00 0490 90 0.06
: 2000 1.23 2.00 " 1.84 93 ‘0612
4.00 1.28 4,00 366 92 0.24
: - OXIMINO-N DTILIZATION2
Pyruvie Oxime none 0.05 0620 . . 061l7. - 85 0.18 90 0-04
004 1.00 0490 90 0.92 92 0.08
0.04 200 1l.81 92 1.87 93 0el6
' ' : 0.02 400 3465 91 3.84 95 0032
“Oxalacetic Oxime none 0.04 0.20 0.18 920 0.19 91 0,05
. ’ OQOO 1000 . 0091 91 0093 93 0010
004 2400 1.83 92 1.88 94 0620
_ 0,05 ~ 4.00 361 90 3.:53 .89 0040
Ketoglutaric Oxime none 0.02 - 0.20 0419 95 0.18 90 0.03
. , 0.07 1.00 0092 92 0.94 94 0.06
0.04 2'&30 1.76 89 ’ 1»86 93 0012
0.03 4.00 3464 91 3669 92 0424

1 @ells killed following 50 hours incubation
2 €elis killed following 98 hours incubation

4T
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ﬁot totally inhibit growbth until preseﬁfﬁinAconcentrations ekceeding 200
uge N per mles The pyruvie oxime preparation was gquite toxie tobthe
qrganisms tested in excess o? SQ‘pg. . per ml. The highest concentra-
ﬁion of free hydroxylamine in any of these ecultures was O.é?pé.»N per
@l. which is definitely below the toxiec level to these organisms.

An attempt was made to see if B. subtilis or Ps. fluorescens,
NRRL~B-6 could be adapted to the utilization of oximino nitrogen.
Strains of both organisms previously adapted to nitrate or ammonia
ﬁutrition were further subcultured bn media containing glucose and
ammonia or nitrate nitrogen in the presence of 50 pg. of oximino nitro-
éen per ml. The subculturing waé continued every 48 hours for more than
two monrths, but when thésa organisms were used to inoculate media'con~
tainipm bximiho nitrogen as the only source of nitrogen, no growth
éccurrgd;-’
| Studies on the utilization oi‘keto oﬁimino nitrogen by large
aerated cultures of actively growing‘cells of Ps. fluorescens, Ps.
fluorescens NRRL»B;E, end B. subtilis were performed so that more con-
?lusive nitrogen balance information could be obtaineds
| One liter of medium containing 1.6".5 ng. oi‘ NHy~N pei- 100 ml., 20
gme of glucose, andithe required salts wers prepared and sterilized.
The medum was iﬂocuiated with 10 ml. of a 24 hour subculture 6f“§§3;‘
fluorescons NRRLmeg,.and incubated at 25° with rapid aeration. At the
iéime of depietionrgf the original ammonia (31 hr.), the meﬁiuﬁ:w;s'h:
sampled and 25 ml. of an(lmketoglutaric'oxime solution was added to the
éul?ure to_makeng ggnqentration of_5.0 g oximino N per lQO ml.

$amples were withdrawn at the definite intervals to 8 hours after the
| ' - _
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6xime addition. The cells were killed and separated by filtration.
After washing and removal of ocecluded ammonia, cellular nitfogen was
determined, The medium and cell washings were made up to 100 ml., and
aliquots were used for the determination of total mgdium, oximino and
hydroxylamine nitrogen. Table 4 shows that there was no increase in
cellular nitrogen and hence no evidence of growth after the additionb
of the oximino nitrogen. Both cellular and total medium nitrogen
remained constant throughout the 8 hour sampling period, and, as far
as can be defermined from the‘recovery of oximino nitrogen ranging from
90 to 93 %, the oxime concentration remained unchanged througﬁoﬁt.‘
That the cells eould still use ammonium or nitrate nitrogen for:cellﬁlar
synthesis was demonstrated by the addition of one of these forms of
nitrogen at the end of the sampling period (when the oxime éoﬁcentration
was unchanged) with the subsequent detection of an increase in ceilular
nitrogen wii;hin.one hour. |

The rssults in Table 4 are typieal of those obtained in other
experiments with the above mentioned organisms when non-toxic levels

of any of the three keto oximes were added to actively growing cells.



TAELE 4. . UTILIZATION OF déKETOGLUTARIC OXIME NITROGEN BY B. SUBTILIS

1 liter aerated culbture incubated at 38° C.

Time €ellular-N  Total Medium-N Oximino-N Oximino-N Hydroxylamine
‘minutes mg./ 100 mlo. mg./ 100 mio mgo/ 100 ml. % recovered uge N/ mle.

=2 13.61 2057 {residual) none R .
~ 0 13:57 7238 4,61 93 0el2
15 1362 7011 ’
30 13.58 7e17 4.58 92 0.10
45 13,55 7.10 . - ‘
60 13:60" 7019 4.67 - 83 010
- 80 13.49 720 4,62 92 - 0.09
100 1353
120 13066 7018 4,50 20 ; ' 0.08
- 1%0 13,61 7023
180 13655 D712 44,63 92
230 1347
270 13,53 7.08 4,47 90 009
300 13.81 T Tel8
360 13,59 TeRl 4,56 92 0.09
480 13649 To1l 4,49 20 ' 0.08
490 1 ‘
510 - 13.78

540 13.93 4054 91 008

1 Ammonium sulfate was added to medium to give it =
eoncentration of 5 mge NH,=N per 100 ml.

2 An increase of about 0.3 mg. of cellular-N per 100
ml. oecurred, showing that the presence of the oxime
- was non-toxiec to the utilization of NH,-=N
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DICUSSION
The'hydroxylamine hypothesis is supported. by the direct evidence of
the detection of hydroxylamine and oximes from nitrate reduection or

nitrogen fixation by Azotobaeter, Tifrosomonas, yeast cells and green

3 i b
w2

plants. In the experiments presented here on the reduction of nitrate

by Pseudomonas fluoreseens and Bacillus subtilis, hydroxylamine or oxime
could be detected only in extremely small amounts in the meaia. Those
opposing the hydroxylamine hypothesis, have demomstrated that hydroxyl-
amine in non-toxic concentraticns is not used by micro-organisms (13,14)
and that oximino nitrogen is unavailable to Azotobacter (15). Any
hydroxylamine, if present in the bacterial system, in such low, non-boxic
concentrations would most probably combine with carb@nyl g@mpeunds
present to form oximino comboundse The ecarbonyl compounds present in
-the largest amounts usually are the ({-keto acids formed from carbohydrate
metabolism. The more important keto acids are pyruvie, oxalacetic and
O~ketoglutaric. Oximino nitrogen pf the Ol-keto oximes of these acids
was demonstrated t0 be an unavailable form of nitrégen for growth of Ps.

fluorescens, Ps. denitrificans, and B. subtilis. The possibility still

femains that difficulties of permeability may account for this non-ubtil-
ization, but this seems unlikely as the detection of oximes excreted into
medium by'many asrobes has been reported and the free keto acids have
likewise been found to be produced by many bacteria. The choice of the
- NRRL strain of Pg. fluorescens was, in fact, largely because of its
tendency to form large amounts of (-ketoglutariec acid (zéi.

This lack of utilization prevents the use of speeific critical tests

that previously hsd been used to establish ammonia as an intermediate
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in nitrate reduction by these orgenisms. In some respects, the negative
results presented here are more definitive than if they showed that
either free or bound hydroxylemine was utilized, for if growth had
occurred it would have been difficult to prove that it was from the
nitrogen of hydroxylamine and not from its decomposition product--
ammonigie.

Until the utilization of hyuroxylamine or oximino nitrogen is
demonstrated so that eritical tests can be applied or until the lack of
utilization of oximino nitrogen can be proven to be due to permeability
difficulties, the hydroxylamine hypothesis finds no support in the
results of these experiments designed to test its role as an inter-
mediate. This, coupled with the previous work from these laboratories,

supp@®s ammonia as the key intermediate in nitrate reduction.
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| SUMMARY

1, No hydroxylamine or other oximes could be detected in the media

of cultures of Pseudomonas fluorescens or Bacillus subtilis actively

faducing nitrate. Even concentretion of the medis pnly gave a faint,
rather indefinite indication of the presence of hydroxylamine, corre-
sponding to about one microgrém of hydroxylamine nitroggn per liter of
media.

2. Abttempts to demenstrate the utilization of free hydroxylamine

by Pse. fluorescens, Ps. denitrificans, and B. subtilis were inconelusive.

drowth would not take place unless the concentration of free hydrox-
ylamine was less than one microgram per millilitera The toxicity of
hydroxylamine for each organism on ammoniarnutrition was determined and
Qade use of in the studies with the oxime preparations. Combination of
hydroxylamine with G-keto acids rendered the compound non=-toxic at levels
from’50 to éOO.times_the toxicity of free hydroxylamine . -

3¢ Attempt to adapt Ps. fluorescens and Be subtilig to the utiliza-
- tion of the nitrogen of oximes of (/-keto acids failed.
| 4, Experiments with both still cultures and aerated cultures of
rapidly growing cells of the threevorganisms mentioned above showed that
the oximino nitrogen of the &-keto oximes of pyruviec, oxalaqetic, and

O=keto-glutaric acids was unavailable to those orgamisms as a source of

nitrogen.



24

II. NITROGEN TRANSFORMATION STUDIES IN MIXED SOIL CULTURES USING N1°
LITERATURE REVIEW

Oklehoma soils have been gradually deplested of their netural fertil-
ity in past ysars, and now if theiﬁ utilization, with any degrse of
productivityg_is to be continued, agronomic practices most conductive to
the ereation and maintenance of soil fertility must be employed. .
Increasing the fertility of these depleted soils has necessitated the
use of increasing émounts of nitrogenous fertilizers, which has in turn,
made the questions of the most efficient forms and methods of addition
of fertilizer nitrogen of utmest importance. Nitrate, particularly as
ammonium nitrate, is meking up an incressing fraction of fertilizer>u8eds
both in terms of quantity and in dollars spent. Losses of nitrogen due
to denitrification‘represent9 therefore, an increassing loss., Another.
ﬁroblem of importance in the wheat producing ereas of Oklahoma and the
Southwest is:the best m@tﬁod of disposal of wheat straw. It is qﬁite
possible thaﬁ during the decomposition of straw, some of the nitrégén
is lost by conversion to gaseous nitrogen by §oil miceroorganisms. -
MOre'ﬁitrogeh is lost in the prdduction»of éynthetic manure from straw
fo which nitrates are added as compared ﬁith the addition of ammenium
salts. It hAs also been observed that nitrates formed in the soil dis-
appear when leached into the subsoil.

These problems have not received extensive study because of lack of -
suitable methods whereby nitrogen transformations of this kind could be
accurately measured. Such techniques are now available by use of the
stable isotope of nitrogen, N15°

The bacterial reduction of nitrates to nitrogen gas is a process



ﬁhat has been known for nearly a century. That denitrification in soil
could be brought about by many soil bacteria was established by early
workers. Demnitrification was found to take place when organic complexes
were available as sources of energy (27, 28); in wet soils even when no
additional carbon had been added (29); even during the cold seasoné {30);
and that it is favored by the addition of large quantities of manure
(31) or other diffieculty decomposable organic materials (Sé)o Later
workers found that soils lost nitrogen threugh denitrification only
when considerable amounts of organic matter were added along with
ﬁitrate. Voorhees (33) reported that little denitrification takes place
in normal soils, Weksman {34) reached a similar coneclusion-- that deni-
trification is of no economical importance in well aerated, net too
moist soils, in the presence of m@derate amounts of organic matter or
%itrate, This viewpoint seemed to have been generally accepted until
quite recently, but certain evidence suggests that this may not be
entirely true. Corbet and Wooldridege {35) reported that in soils there
is a biological mechanism that is able 1o effect the loss of nitrogen in
the presence of carbonaceous material together with nitrate or ni'brite,

Msikle john (36} described two species of Pseudomonas eapable of deni~-

trification in aerated cultures a&s well as under asnaerobic conditions.

Nitrate reduction by Pseudomonas aerugincsum and Achremcbacter siccum
was found by Korsakova {37) not to be affected by aeration or the pérfial
pressure of oxygen, but was dependent upon the amount of drgaﬁié maﬁter
ﬁresenta Broadbent (38)9 after studying nitrogen lesses in incuba%éd
sandy loam soils in an apparaﬁus designed to vary the rate of aeration

Qf the soil, likewise, comcluded that low oxygen c@neentrationsin the
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sbil atmosphere is not a necessary condition for the denitrifieation
process, and that denitrification is affected mors by the gquantities of
' nitrete and QxiQizable carbon in the soil than by partial pressure of
OXygen. In similer experiments using isotopiec nitrogen, Broadbent and
Sfojanovic {39) have presented evidence that ﬁenitrificatioﬁ is inverse-
ly related to partiél pressure of oxygen, but is of apprecible magnitude
even undgr fully aerobie conditions. The maximum recovery of the added
nitrate nitrogen under fully aerobic incubation eonditions was 75 %.
Tpeir data suggests that denitrification is not restricted to soils
réceiving recent additions of organic material. ' Isctope data showed that
a negligible amount ¢f the added nitrate was reduced: to anmonia, but
ammonification of organic nitrogen compounds did cccur, except when
glucose was added as a source of energy material. Their findings empha-
s;ze the advantages of ammonia fertilization ffom.the gtandpoint of its
_rétention in the soil.

Jansson and Clark (40} have investigated the nitrogen changes oceur—
riné during the decomposition of oat straw and alfalfa hay in the pfesence
of added organic nitrogen under different comditions of incubation.

Tieir experiments demonstrated that in the presence of abundant nitrate,
the denitrification process is self-inhibitory in ascid substrates, because
of the toxicity of the nitrous acid developed to the bacteria. It was
found that mature cat straw constituted a less suitable substrate for
dénitrification than did alfalfa hay. Under standard conditions of
incubation, and with the moisture content at 2/3 saturation,; there was

no denitrification in oat straw treated culturesol However, if the water

concentration was inereased to saturation, or a more finely ground plant



ﬁaterial was employed, or if sugar or psptone was added to the substrate,
denitrification oceurred. Thée oxygen supply was thus influenced by
these modifications in incubstion, amd the suthors suggest that the

" biological oxygen demand” in such instances shouldbnot be overlooked.

| Despite its great importance in the fiéld of-agriculture5 the pro-
cess of nitrifieation has racéived relatively 1ittle atttention and thatb
primarily with pure cultures of nitrifying orgenisms. Practically no
work has been done =it mixed soil cultures. The early work in this
area was comprised of attempts to isolatg the responsible organisms.

fhe fact that the presence of orgsnic matter in the medium tended to
inhibit the growth of nitrifying organisms 1@dvearly workers t0 assume
that oréanic matter per se was deleterious to the growth of these organ-
ismé9 Later this assumpticn became the subject of much disecussion but
qomparatively-little experiment. The nature of the éffect of organic
matter on ﬁitfifiers is still undeecided.

An experimenf was designed, therefofe9 to study the changes in the
nitrogen»fractiéns of three soils of widely differing types to which
were added two forﬁs’of labelled nitrogen, nitrate and ammeonia, each
with and without added organic matter. A fifth culbure combained plant

residues, the nitrogen of which previously had been labelled with Nl5,
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EXPERTMENTAL

S0ils—= Three Oklahoma‘soils of widely differing type and structure
were selected for comparison. They were: Stidham loamy fine sand;
Renfro clay leam; and Vanoss fine sandy loam.

Treatments~- Bach of these soils, conbaining their criginal bacte-
rial population, were divided into five 1000 gm. portions and given the
following treatments: (1) KN15039760 PeDome I; (2) as 1 plus 20000 peDem.
cellulose: (3) (N15H4)3804, éO DPepella N3 (4) as 3 plus 20000 pePems cell-

ulose; and (5) plant residue labelled with le

s, 4153 p.pelle sSupplying

60 pep.m. o The nitrogen was added in solution and the soils were
thoroughly mixed. This addition of nitrogen:as either nitrate or ammonia
corresponded t o an addition of 120 younds of nitrogen per acre. The
amount of cellulose added was approximately equivalent to the amount of
wheat straw that would have $o be added to yield this smount of nitrogen

{60 Depole).

Incubation and Sampling—— After treatment, the soils were incubated

for a period of seven_months under conditioms simulating those of normsl
ﬁerobic soils=- maintained at mear optimmm meisture levels, in secluded
iigh‘b9 and at 20 %o 235° C. The soil cultures were sampled weekly for 4
Weeks and at essentially monthly intervals thereafter. A4ll soll samples

were rapidly dried by exposure to a current of air in an oven at 65° C.

Analytical Procedures— Tobal nitrogen determinations were made on

5 gm. of the air dried soil by the customary semi-micro Kjeldahl proce-
dures.
Ammonia and nitrate nitrogen were debermined by a semi-micro aera-

tion method adapted from Pucher et al. (19). Ten grams of homogeneous
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soil were placed in one tube of an aeration train. Twenty ml. of distill-
éd water were added end the pH brought to 9 by the addition ef 3 ml. of
NaOH-NazP04 buffer. The alkaline mixture wag then rapidly aerated into
10 ml. of N/56 HoSO4 for 4 hours. The liberated ammonia was determined
ﬁy nesslerization. To the same mixture, now free of ammonia, was added
1l gm of Devarda’s alloy. The mixture was rendered more strongly alkaline
by adding 2 ml. of 40% NaQH, and the mixture first gently and then rapid-
ly aerated to carry over the ammonia, produced by reduction, inte an acid
trap.

The Kjeldahl titration mixtures from the tobal nitrogen snalyses
and aliquots of the ammenium solutions from the debterminations of ammenia
and nitrate were prepared for conversion as suggested by Schoenheinmer
{41)c The conversion apparatus was similar to that described by him.
Anaiysés for NlS were made on a Westinghouse mass sPectrometer under the
éupervision of Mr. Glenn Hallmarlk of the‘Departmemﬂ of Electricsl

~ Engineering, A. and M. College of Texas.



RESUITS AND DISCUSSICN

Changes in Total Nitrogen of the Soil Cultures—— The total nitrogen

contents and isobtope ratios of all the soils are‘presenﬁed in Appendix
Table 1. . The total nitrogen of =1l the soils remained quite constant
throughout the 7 month incubation peried. The largest wvariation at the
seventh month from the initial value was about 5 %f This is e¢lose 1o
the precision of the Kjeldahl procedure used. I% is therefore difficult
to deduce from these results whether absolute changes in the total nitro-
gen content took place, In general, however, there was no substantial
évidence to suggest that demitrification had occurred to any appreciabls
extent when the total so0il nitrogem is considered. This is in con-
trast to previous @bservations by Bowers and MacVieér'(éz) with Chieck-
asha silt lecam in which some losses of nitrogen appearéd %o occur during
a similar incubation.

The isotope ratigs of the soils showed a gradual decrease in wio
content. The largest emounts of decrease were about O.4 to 0.6 atom %
ni5 excess,vwhiéh is an apprecible leoss corresponding to about 10 to 15 %
qf the N15 present.. & general trend im the total nitrogen of all the
soils and their vari@us treatmenﬁs can be discerned from study of the
isotqpe‘data.presented in Appendix Teble l.and as represented by a typ-
ical soilvin.Eigure 1. The greatest loss of NI® occurred within the
girst two menths and thereafter the amount remained quite constant
ﬁhroughouf the rest of the incubation.

In so0ils to which emmonium nitrogen had been gddedg,analysis for N9
showed that there were measur@able losses at the end of two months. These

losses varied Trom 11 %o 13 % of the added fertilizer nitrogen in fthose
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éoils to which ne organi¢ matter in the form of ecellulose had been added.
iossas in the soils conbaining cellulose additions were less, being from
4 t0 6 % of the nitrogem added. After,this initial decrease, the NLO
level remained fairly comstant throughout thg remainder of the period.
The greater semsitivity of the §15 mgasurements as compared to the
analysis of total nitrogen permited the detection of these losses whiech
are»relatively small in comparison to the total ﬁitrogen of the soil,

but represent substantial losses of added nitrogen. If such lesées were
dontinued over long periods of time, as would be the case under natural
conditions, the total effect might be substantial.

The smaller losses in the presence of organic matter is presumed to
be due to the stimulatory effect of a source of readily-available mate-
rial for bacterial growth of the microbial population of the soil., In
the presence of cellulose, the available nitrogen is taken up by the
bacteria amd imcorporsted infe cellular material. This reduces the "pool®
éf nitrogen available for transfgrmations which might vltimately resﬁlt
inAdenitrification. These results are in agreement with those of Bowers
(ﬁaszho found smeller losses in a virgin soil, high,in organic matter,
fhah in the corresponding eultivated soil.

& similar, though smaller, loss of N15was noted in corresponding
soils treated with mitrate nitrogen. Imn this situation, also, lesses
occurred in Nl5 during the first few months of incﬁbatione The magnitude
df thé losses, howevef9 seemed less related to the presence or absépce of
added orgamic matter; in féct” the higher losses cecurred in’those eul-
tﬁres to which cellulose had been added. This might be rationalized on
tﬁe basis that nitrate nitrogen is available both as a source of nitrogen



and as an accepbor of hydrogen arising from the dehydrogenations of
ﬁ@tabolizabla compounds. Thus, if there iz a deficit in hydrogen accep-
tors, denitrification might be promoted in the presence of nitrate by an
excessive amount of available organic¢ matter. This would not occur if
the available nitrogen were im a reduced form such as ammonia.

Analysis for total nitrogen of soils trested with plant residues
labelled with le failed to reveal any significant changes. Isctope
data, however, showed that Nl5deereased throughout the incubation period.
The amount of losses ranged from sbeut 11 to 14 %. These data are in
general agreement with the observations of Jansson and Clark (40) who
éh@wed that loss of nitrogen occurred when alfalfa forage was incorporat-
ed into soil and allowed to decompose.

Apparently equilibration between the avallable nitrogen of the soil
and the added fertilizer nitrogen as ammonium and nitrate nitrogen takes
place relatively rapidly, since after two memths there was little further
loss of Nl5. Changes with respect to nitrogen transformations in the
presence of added plant residues oceurred more sléwlya The data indicat-
es that the major losses in nitrogen occurred after the fourth monthe.
A;‘will be ssen in Eigura_é, it was iny during this time ﬁhat nitrate

was present in significant quantity in the culbure.



Changes in the Ammonium Nitrogen Fractioms of the Soil Cultures-——

fhe axmonium nitrogen fraetion of the three soils was determined, and
the results are presented in Appendix Table 2. The results were all
founq to be qualitetively very similar, and, theréfore, the medium soil,
Renfro clay loam, was ehosen for furtlier isotope mnalyses (Tables 1, 2).

The ammonia conbtent of the cultures treated with only ammonium nitro-
gen rapidly decreased during the first and second months of incubation.
A slight increase occurred fram the seceond month with the maximum amount
of ammonia accurmlating at abeout 4 months. Thereafier a decreasse again
toek place with the result that byvé or 7 months the ammenium nitrogen
éoncentraﬁion had reached a relatively low level of about 10 pep.m. N.

The soil cultures to which cellulose had been added along with the
ammonium nitrogen Showed an even more rapid deminution of ammonia. By
twoe Week§, the ammonia concentration was already below 10 pepem. Neo
The ammenia concentfation was found to increase sl;ghtly»fram the second
to the fourth month, and them to decrease again to a level below 10.p.p.m.
N The added carbon source stimulated rapid cell growth, ard hence the
ﬁree emmonium nitrogen was assimilated more rapidly and was tied up in
the form of nitrogenous cellular components.

The ammoﬁium.nitrogen concentration of the solls treated with nitrate
or both nitrate and'cellulose was low initially (7 or 8 p,pom.“N)Q The
addition of cellulosé apparently had little effeet on the coneentréﬁion
df ammonia in‘these cultures, as the ammonia concentrations of the cul-
tures containing added cellulose were only slightly less than those cul-
tures having no additional sourcd Qf organic matter. There was a slight-

1y greater increase of ammonium hitrogen in the cultures containing add-
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ed nitrate from the second to the fourth menth. The peak in the con-
'eéntration occurred about 4 momths (10 to 25 p.p.m. N} and was followed
by a rapid decrease g0 that by 7 months the concentration of ammcnie was
about 5 p.p.m. N,

The~ammoniaxcontent of all the soils treated with plant residues
was low (aboubt 8 p.pe.in. N} ab the beginning of ineubation and followed
very closely the curves of the nitrate=-treated culitures.

By 6 or 7 months the ammonium nitrogen content of all the soils,
#@gardless of treatment, was below 10 p.p.l. N,-wThé reason for the
increase in ammonium nitrogen, reaching a peak about 4 months, is not
élear but this corresponds to the time of year when the cultures were
exposed to increasing temperatures of incubation due to higher temperatur-

es in the room in whieh they were kept.

The rapid deerease of the ammonium nitrogen of the culture treated
with ammonia is confirmed by a répid decrease in the Nl5 gontent of this
fraction (Appendix Table 2 and Figure 3). This deerease;isydue to the
entry of the added nitrogen, which had a high wio excess, intoc The "mei-~
gbolic nitrogen pool® with subsequent dilution. The deerease in the Nl5
ratios of the cultu‘ré treated with both ammonia and cellulose was much
more rapid than in the culture without any additional carbon source.

The N° content of the ammonivm nitrogen was 30 % at the iniﬁiafibn of’
incubation, but by 2 weeks it was less than 5 % and continued to decrease
élightly from then on. This rapid decrease in the Nl5 content showeﬁ
that not only a rapid dissppearsuce of ammonium nitrogen had oceur:ed,

but there also was a very rapid rate of transfer of the ammonium nitrogen

present with other available sources of nitrogen in the soil.
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The N*° content of the ammemium mitrogen fractiom of the soils treat-
ed with nitrate was low initially and remained low throughout the course
of incubation, Cellulose added with the nitrate had little effect on
the isotope ratios of the culture. The N‘15 concentration was low in the
beginning and gradually decreased during the 7 month period of incubation.

The content of N1° of the culture treated with plant residues was
7.3 atom % excess at the start qf incubation and rapidly decreased during
the first 2 months and ‘thereaftér decreased gradually. This indicates
that initally a substantial amount of the ammonium nitrogen in the
culture was derivable from the added plant residues, probably most as
amide nitrogen. In common with the free N15H4, however, this was rapid-
ly incorporated into the cells of the microbiological flora, whose
growth was stimulated by the presence of a readily-available source of

carbon.
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Changes in Nitrate Nitrogen Fraction of the Soil Cultures—

The changes taking place in the nitrate nitrogen fraction of the soils
during incubation are presented in Appendix Table 3, and the isotope
ratios for Renfro soil are represented in Figure 5.

The cultures treated with nitrate showed that a steady increase
in the nitrate nitrogen took place during the incubation period due to
nitrification by the nitrifying orgemisms present in the soil. The
initial concentration was 60 p.p.m. N and increased to 85-100 p.p.m. in
the three soils by 7 months, This is an increase of more than 50%.

The nitrate nitrogen of the soils treated with nitrate and cellulose
showed an extremely rapid decrease during the first 2 weeks of incuba=
tion. By 2 weeks the concentration of nitrate nitrogen was less than
15 p.pem. N, for all three soils, and by 2 months the concentration had
reached a low and constant level (less than 10 p.p.m. N). This is
presumed to represent utilization of nitrate nitrogen for cellular
synthesis by those soil orgenisms capable of reducing nitrate. It may
also, to some degree, represent losses of nitrate nitrogen through
denitrification.

The ammonia treated soil cultures showed rapid inereases in their
nitrate nitrogen content. The concentration of nitrate nitrogen of all
the soils had reached 60 p.pem. N or more by 3 or 4 month:. That some
of this increase was due to the oxidation of the original addition of
60 p.pe.m. ammonium nitrogen is shown by the isotope ratio curve which
shows an incerease in the isotope concentration of the nitrate nitrogen
freetion during the first few months. Additiomnal evidence is that this

increase corresponds to the decrease of ammonium nitrogen in the same
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cultures, A rapid up take of IS in the nitrate fraction occurred
during the first 2 months correspending to the rapid decrease of o

in the ammonium nitrogen fraction taking plaece at the same tims, After

2 months the Nl5 ratio leveled off and gradually decyeased. This

&ecrease in the Nl5 ratio is due to dilutiop caused by the increase in
nitrate formed from other sources, primerily the "metabolic pool™
nitrogen of the culture.

As was observed before, the addition of eellulose along with the
ddded fertilizer nitrogen caused the free nitrogen form to be tied up
fﬂCellular constituents. The nitrate in the soil culture treated with
both nitrate and cellulese was reduced extremely rapidly during the
first month of incubation., The isotope Patio also shows this rapid
decrease. The nitrate nitrogen im the seil treated with ammonia and
qellulose was initially very low and remained at this low level ‘through-
out the whole incubation period as the ammeniwm nitrogen was rapidly
reduced to cellular nitrogeno~ cempounds and hence, no ammonia was
left in the culture that could be oxidized to nitrate. The addition of
added carbonaceous matgrial when a soll is fertilized with a free form
Sf nitrogen inereases the C/N ratio and, henee, causes the free mitrogen
in the soil to be incorporated into forms of nitrogen of the soil
baeteria. This prevents niirogen losses due to denitrification, but
dlso producés conditions whieh may be poorly suited for crop growth.

i The nitrate nitrogen of the soil treated with only the plant
residues showed a rether marked increase from the second to the fourth

month, apparently after the attainment of a stabilized C/N ratio, due

to nitrification. While the amount of fertilizer nitrogen added as
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ﬁlant residues was the same as that added as free nitrate or amfnania,
the amount of carbon added was much less that the amount of cellulose
added te eerresponding cultures. It would seem that to a considerable
degree, the added organic matter im the form of plant residues hed been

stabilized by 4 months.
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SUMMARY

Three Cklahoma soil, namely, Stidham loamy fine sand, Renfro clay
loam, and Vaness fine sandy loam were used in these studies. Five
treatments were set up on each soil as follows: 60 p.D.I. (N15H4)2304;
60 Poperme (N15Hg)5S0, 4 20000 p.p.m. cellulose; 60 p.p.m. KN190z; 60
D.Dole KNIS03 -4 20000 popem. cellulose; and 60 Dp.p.um. N as N0 enriched
plant residues. The total nitrogen, ammoniwm nitrogen aﬁd nitrate
nitrogen fractions of each culture were analyzed periodically throeugh-~
out a seven mopth incubation peried. Also the iseotope ratios of the
’éotal nitrogen of each soil were determined. ?‘he results for the three
diffgrent soils wers found to be qualitatively similar. Therefore, the
Renfro clay loam was chosen for further isctope analysis of the ammonium
and nitrate nitrogen fractions.

1. The total nitrogen of all the soils (as;determined by a Kjeldahl
procedure)‘was quite constent over the seven month ineubatbion periodu
However, ﬁhe isobtope ratios showed that scme losses had occurred, . pre-
sumably due to denitrification. The greatest amount of loss occurred
during the first two months im all the soils and all the treatments of
éachs After two months the losses of nitrogen were slight.

2. The greatest loss of nitrogen occurred in the treatments con-
taining émmonia without added organic matter. |

3. Losses of added N° from fertilizer nitrogen additions were de~
ko

creased in the case of Hy by adding organic matter. Aaddition of organ-
ic matter to soils fertilized with N1505 was without beneficial effect.
4, Added ammonium nitrogen was rapidly counverted to other ferms,

This turnover was accelerated by the additiom of organic matter.



5. .The nitrata concentration increased im all soil treatments,
except those conbalning added cellulese, due to nitrification baking
place mere rapidly than the amount of nitrate utilized for bacterial
growth., An increase of 50 per cent occurred by seven momths in those
sbils fertilized with either smmonia or nitrate. Evidence suggests

the direct conversion of added N1SH, to Wl90z,
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TABLE 1.

TOTAL NITROGEN

Time in Menths

Soil Treatment Change Change
No. 0 0.5 2,0 4.0 5.4 7.0 over Over
7 moe 7 MO,
- mg. N/ Kg. %
Stidham 1 0,285 0,25 0.26 0,28 0.26 0,26 0.01 5
2 0,28 0,287 0,28 0,28 0.27 0,27 0,01 + 5
3 0.27 0.28 0,27 0.28 0.27 0,28 0,01 + 5
4 0,87 0.287 0.27 0,29 0,27 0,27 0 0
'5 0eR7 0628 0.28 0.31 0,27 0.26 0,01 - 5
Renfro 1 0.55 0.54 0.55 0,59 0.58 0057 0.02 + 5.
' 2 0.56 056 0,57 0.58 0,58 0,57 0,01 + 2,5
3 0.58 0,89 0.39 0.60 0.57 0,57 0.01 = 2.5
4. 0.58 0,56 0.58 0,80 0,57 0,57 0,01 = 2.5
5 L 0.57 0,59 0,59 0,61 0,58 0.57 0 0
| _
Vaness 1 0.76 0.76 0,78 0.81 0,79 0.78 0,02 + 3
2 0.76 0,77 0,81 0,84 0.79 0.77 0,01 + 1.5
3 0.78 0.76 0,82 0,8 0,80 0,78 0 0
4 0,79 0479 0.72 0.83 0,80 0.79 0 Q
5 0,81 0.80 0,82 0.84 0.8 0.81 0 0
L Atom % N1 Excess %
Renfro 1 Todd . 2.94 2,97 2.99 3,02 0.42 = 12.2
2 3,37 Be24 3,82 3,17 3.24 0,13 = 369
3 BaBLl 3.27 3.8L 3.1l 3.29 0.22 - 6.3
4 3.70 332 3489 J.21l 3.3l 0,39 = 10.2
5 l.61 1.48 1.50 1,53 1.48 0,13 = 8.0
Vanoss 1 255 2,26 2,83 2.87 0.28 - 1l.4
2 2,49 2.36 2,31 2.34 0.15 = 6.0
3 2.63 2.47 2.48 2.49 0.l4 = 5,3
4 2,70 2.55 2,41 2,51 0.19 - 7.0
5 1.42 1.28 1.23 1.26 0,16 = 11.2
Stidham 1 6,89 6,07 5.93 6.10 0.79 - 1l.4
2 6,39 Bell 6,05 6,00 0,39 =  Bel
3 5,88 547 5,57 5.55 0,33 = D5e6
& 6.74 629 5,98 6e28 0,48 = 6.8
5 303 2,98 2,93 2671 0,32 - 10,7
Treatment l. NHg-N

Zo
3o
4o
Do

NH4=N - Cellulose

NOz =N

NMOz-N - Cellulose
Organic Matter



TABLE &

AVMONIUM NITROGEN FRACTION

Time in Months

- Soil Treatment _ . \ : '
No. 0 0.5 2.0 4.2 5.4 7.0
0. N/ Kg o
Stidham 1 24.7 15.4 2.81 2.63 2.95 2.87
2 18.4 7.83 3e15 1.57 1.49 1.53
3 7290  4.68 2.15 6.57 2e33. 2445
4 8,01 4.10 2095 5.85 1.97 2.17
5] 7.23 5.20 2475 10,8 3¢35 3470
Renfro 1 BR,0 20,9 14,95 17.4 5.07 6.28
2 26,8 6.78 be32 12.3 5.11 6,06
3 8,37 8,50 7.283 14.5 6471 5.07
4 6655 S04 7 « 35 12,5 7 20 4.27
5 9.10  92.87 14.0 18.3 5,07 4,97
Vanoss 1 45,0 26,9 12.6 2249 12.5 6,23
2 384 143 789 82.6 9.90 6.04
3 8,91 12.3 18,8 267 9.23 7480
4 6,56 9,30 12.3 22.7 10.5 6,05
5 9,15 10.5 15.4 29.2 13.0 8,38
Atom % ,J.\Il‘ﬁ Excess
Renfro 1 21610 17.67 8.72 2.26 1092
2 16.32 9.96 5,10 4084 2.23
3 dedb B.34 2.28 2.19 2.14
4 4,72 R.7R 2.60 2.46 2.19
3 T30 4,87 B3 283 2,72
Treatment l. NHy-N B0 DpePomie N ,
2e NEM‘—‘N "9"' Celliuleose 60 PoDelMe N "’?” 20000 PePells
3. NOz=N ' 60 Depelme N - gellulese
‘ &y NOS—N '!GN Celluolose 60 PeaPollle N "1’}"’ 20000 PeDolle

5, Organie Matter 60 pePpols N ,cellulecse



TABLE 3.

NITRATE NITROGEN FRACTIQN

Time im Months

Seil Treatment
: Neo.
0 0.5 8.0 4.2 5e4 7.0
mﬁg 6 N/ Kga
Stidham 1 8,82 34,5 6065 73.9 78,5 82,6
: 2 8.78 8,35 773 7..80 9.86 9.10
3 £2.5 64.8 71.0 7.9 83,5 86.5
4 58.8 16.5 9.08 84,60 ?034 5.65
5] 8435 8.55 9,17 47,6 48,9 54,7
Renfro 1 8,95 13.4 B4 e5 71.0 794 90,6
' 2 7.55 8,25 9.75 10.4 10,9 9.88
3 58.8 60.9 777 84,8 89.5 93,0
4 53.4  15.4 10.9 770 795 7¢53
5 5.15 5454 12.4 26,0 28,5 28,3
Vanoss - 1 7.65 16.5 73.0 98.7 100.8 102 .5
2 710 8.71 8,85 8,10 8,35 8,20
3 66.6 805 91,0 94,7 100.5 102.5
4 63.2 13,5 10,8 6,40 6,15 4o24
5 7.35 9,15  12.1 36,0  40.8 4648
Atom % N Exeess
Renfro 1 6467 1l.76 18,95 18.75 11.94
2 6.34 6425 6,05 5,78 5,67
i 3 29.86 26.73 23.59 17.65 10.47
‘ & 19.87 4.13 4,08 3,67 3606
5 8.76 6,55 3696 3462 2,88
Treatment l. NHy-N 60 popome N
2. NﬂénN 4 Cellulese 60 p.Telle N ~b 20000 pepems
3.  HNO3=N ' 60 pspeme N cellulose
4. NOgoN = Cellulose 60 DeDelle N ~ 20000 popeit.
5, Organic Matter 60 pepems N cellulose
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