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INTRODUCTION

Nitrogen occupies an important and prominent place in plant and
animal nutrition. large quantities are required by plants and must be
available in the soil. Recently the use of nitrogenous fertilizers has
increased manyfold. In view of the importance of this element in crop
production, even greater ﬁse is anticipated in the coming years. In
order to make full use of the applied nitrogen, continued investigations
of soil-nitrogen relationship are imperative; however, this element pre-
sents many complex and challenging problems to investigators.

The most important problem in nitrogen relationships concerns its
losses, inasmuch as it is depleted and lost from the soil very easily.
No other plant element suffers so varied losses as does nitrogen.

Losses through leaching, volatilization, biological process, and chemi-
cal reactions, under different soil conditions, have been investigated
and proved beyond any doubt. The extent and magnitude of nitrogen
losses are much more severe than originally suspected, and future in-
vestigators may reveal more hitherto unknown complexities of the problem.

Losses of nitrogen under poor aeration have long been kmown. One
of the surprising revelations of recent years is that such losses do
occur and assume considerable proportions even in soils kept in good
aerated condition. Much attention has been focused on this aspect of
the problem and several mechanisms, reactions, and pathways have been
suggested by the workers to account for the loss. At present, investi-
gations are being made into the reactions of nitrite ion. This ion has

long been known as an intermediate in the process of biological



oxidation of ammonia to nitrate and also in the process of denitrifica-
tion. Although it is a transitory intermediate in these processes and
rather unstable under normal soil conditions, in the nitrogen economy
of soils it assumes considerable importance, in view of its high degree
of reactivity. It is believed to react with many soil components,
resulting in the formation of diversified nitrogen compounds and losses
of nitrogen in varied forms.

Some of the most recent investigations in the Nitrogen Laboratory
of Utah State University suggest that nitrites may also react with soil
organic matter, yielding elemental form of nitrogen. The work reported
here was undertaken to determine some reactions of nitrite with organiec

mtter, which result in losses of nitrogen in elemental form.



REVIEN OF LITERATURE

It has long been suspected that losses of N may occur in nature in
appreciable quantities. Attempts to make soil nitrogen balance sheets
have revealed substantial deficits in total N (Allison, 1955). These
deficits were attributed to the losses of N by volatilization (Allison
et al., 1952; Clark et al., 19603 Soulides and Clark, 1958; Wagner and
Smith, 1958). In recent years there has been renewed interest in
volatile losses of N from soils and much information has accumlated on
the subject. The best studied mechanisms of volatile N losses involve
loss of ammonia under certain soil conditions and microbial denitrifi-
cation occurring under condi'h’.’fl-;qns of limited air supply (Martin and
Chapman, 1951; Broadbent and Stojanovic, 19523 Allison, 1955; Marshall
et al., 19535 Clark et al., 1960; Cady and Bartholomew, 1960). These
have been used by many workers to explain N deficits.

Smith and Clark (1960) have reported loss in excess of 50 percent
of the applied N under conditions where neither volatilization of
ammonia nor enzymatic denitrification of nitrate were of any conse-
quence. Many workers (Allison et al., 1952; Gerretsen and DeHoop,
1957; Soulides and Clark, 1958; Wagner and Smith, 1958; Clark et al.,
1960) have presented evidences that such losses may occur even in well
aerated arable soils, For a long time the investigators have felt
that the losses of N were tied up with the nitrite ion but they were
undecided on the mechanism of such losses as they lacked experimental
evidences. Allison et al. (1952), Gerretsen and DeHoop (1957),

Soulides and Clark (1958), Wagner and Smith (1958), Clark et al. (1960),



Wullstein and Gilmour (196L), Ruess and Smith (1965), and others are a
few of the many investigators who have presented experimental evidences

to show that N losses are tied up with reactivity of nitrite ions.

Conditions Favoring Nitrite Accumulation in Soils

Nitrites may accumlate in the soils for a temporary period as
transitory intermediates of the process of nitrification and denitrifi-
cation. The accumulation of large quantities of nitrite has been ob-
served in both field and laboratory experiments by many workers (Kelley,
1916; Martin et al., 1942; Chapman and Liebig, 1952; Broadbent et al.,
1957; Stojanovic and Alexander, 1958; Justice and Smith, 1962). The
accumlated nitrites may persist in the soil from a few days to several
weeks and the quantity may vary from traces to sizable amounts. In
view of the important role of nitrite in the losses of N and its toxie
effects on plants, it is important to see under what soil conditions

the nitrite accumulation takes place.

80il reaction

Alkaline soil conditions. 8Soil reaction is considered to be the

most important factor governing the accumulation of nitrite. Under
alkaline soil conditions greater nitrite accumulation takes place than
in acid soils. Kelley (1916) found large accumulation when small
amounts of sodium carbonates were incorporated with soils to which dried
blood or ammonium sulfate was added. In some cases the nitrite content
greatly exceeded the nitrate content. He noted distinct increase in
nitrite content and supression in nitrate formation with the addition

of alkali salts.



Robinson (1923) reported rapid loss of nitrite in all acid soils
without any nitrate formation. The greater the acidity, the more quick
were the losses. When ¢alcium carbonate was incorporated in soils re-
ceiving sodium nitrite treatment, the nitrites were retained for longer
periods.

Midgley (1932), in his studies of nitrification in heavily limed
soils, noticed nitrite accumulation sixteen times greater than those
soils heavily limed than in the same soils receiving light doses of
lime. His results were identical with those of Albrecht and McCalla
(1937) who, while studying the nitrification of ammonia, found that
soils with lime had seven times more nitrite than soils receiving no
lime, Similar results have been reported by Fraps and Sterges (1939).

Martin et al. (1942) made a comparative study of nitrification of
ammonium sulfate and urea in six typical Arizona desert soils and sug-
gested that the complete oxidation of ammonia to nitrite does not take
place in alkaline desert soils until the pH has been reduced to a
threshhold value of 7.7 % 0.1. They found accumulation of nitrites in
well aerated alkaline soils and concluded that in excessively alkaline
soils the nitrite oxidation phase of the process of nitrification will
be delayed until other natural chemical processes have reduced the pH
value to the point where mitrification can take place. If this reduc-
tion in fH is not accomplished, the formation of nitrates will be
greatly reduced.

Chapman and Liebig (1952), in their field and laboratory studies
on accumulation of nitrites, found substantial amount of nitrite accumu-
lation with the application of urea, anhydrous ammonia, ammonium or

ammonia foming fertilizers to neutral or alkaline soils. From this



observation they concluded that in neutral and alkaline soils of arid
and semi arid regions heavy application of ammonia or ammonia forming
fertilizers are likely to lead to nitrite accumulation. Such accumla-
tion may persist for months or may disappear rather rapidly, depending
on soil conditions, especially the resistance of soil to change in piH.
Wahhab and Fazaluddin (195L4) have reported accumulation and persistence
of large quantities of nitrite in soils of Punjab with a pH of 8.0 to
8.3, fertilized with ammonium sulfate. There are many others who agree
to this viewpoint. Duisberg and Buehrer (1954), Martin and Cox (1956),
Broadbent et al. (1958), and Stojanovic and Alexander (1958) found high
accumulation of nitrite in alkaline soils treated with large gquantities
of ammonium hydroxide, ammonium sulfate and ammonium nitrate.

From the foregoing discussions it is clear that alkaline soil con-
ditions favor larger accumulation of nitrite. It will be of interest to
see how the accumulation of nitrite occurs under alkaline conditions.

The process of nitrification is a two-step process and takes place
in two stages, each stage being brought about by a different set of
bacteria. The nitrite bacteria convert ammonia to nitrite

MY + 3/20, — N7 + H* +H0 . . . . . . . . ()
and in the second step nitrate bacteria convert nitrite to nitrate
N’O'2'+1/202——)N0§............(2}

Kelley (1916), Martin et al., (1942), and Chapman and Liebig (1952)
have reported that alkaline conditions are not conducive to nitrite
oxidizers.

Lees and Quastel (1946) have suggested that high concentrations of
ammonium ion inhibit the growth and metabolism of Nitrobacter and hence

the oxidation of nitrite. The degree of inhibition increases as the #H



of the medium increases. This may be because at pH greater than 7.0,
the free ammonia concentration, known to be injurious to the cells in
general, rises sharply. Broadbent (1957) and Stojanovic and Alexander
(1958) have supported this viewpoint, suggesting that at high pH free
ammonia is present in the soil in large quantities and this free ammonia
is selective as an inhibitor of the Nitrobacter species. Once the
has fallen sufficiently low to eliminate or reduce the level of free
ammonia to a non-inhibitory concentration, or the ammonium added has
been oxidized to a point where the remaining substrate has a non-toxic
quantity of free ammonia, nitrite oxidation commences. Aleem and
Alexander (1960) have also illustrated selective inhibitory effect of

free ammonia on Nitrobacter agile. Under similar condition they have

noticed only slight inhibition in the activity of Nitrosomonas.

Acid soil conditions do not favor the accumulation of nitrite. The
inhibitory effects mentioned in the foregoing discussions do not exist
under these conditions and hence the biclogical oxidation of nitrite to
nitrate is rapid. In addition, under acid soil conditions, the accumu-
lated nitrite may rapidly decompose resulting in the loss of N. There
are, however, some instances to show that nitrite may accumulate even
under acidic conditions. Wagner and Smith (1958) reported that a soil
having an initial pH of 5.6 treated with 500 ppm N as urea, accumulated
nitrite to the extent of 9L ppm after 2 weeks. Patil (1963) has reported
large accumilation of nitrite in acid Walla Walla soil (pH 6.5) when
treated with 1000 ppm N as urea, With the application of urea the soil
f shifted to alkaline condition. Within 3 days the fH rose as high‘a.s
8.8 and then declined gradually. After 6 weeks of incubation the [H

came down to 6.7. The maximum accumilation of nitrite reported by him



was 187 ppm. At the end of 6 weeks of incubation the nitrite content of

the soil was still high (138 ppm).

Other conditions

In addition to alkaline soil condition the next most important
factors favoring nitrite accumulation are the kind and rate of applica-
tion of nitrogenous fertilizers. Ammonia or ammonia yielding fertiliz-
ers give rise to larger quantities of nitrites than does the nitrate
form of nitrogen fertilizer. Stojanovic and Alexander (1952) have
emphasized the concentration of ammonia in relation to nitrite
accumulation.

Smith and Burns (1965) have reported higher concentration of
nitrite in the zone of decomposition of crganic material incorporated
in the soil.

Soil temperature is another factor which may influence nitrite
accurmlation or its persistence in the scil. Chapman and Liebig (1952)
have reported that once the nitrites have formed they can persist for
several months if the soil temperature is not sufficiently warm to
permit rapid microbial activity. Tyler and Broadbent (1960) have shown
that the nitrite oxidizers are very sensitive to low temperatures.
Justice and Smith (1962) have found high accumulation of nitrite both
at low and high temperatures. With the application of 450 ppm of N as
ammonium sulfate, the nitrite accumulated in soils incubated for 70 days
at 10 C was as high as 72 ppm.

Clark et al. (1960), working with many poorly buffered soils of [H
value ranging from 6.7 to 7.2, noted mineral N deficits exceeding 25

percent of the applied Ne Such soils accumulated nitrite during



incubation following the addition of urea. With the additicn of urea to
such soils the pH shifted towards greater alkalinity due to the release
of ammonia. This shift in pH favored nitrite accumulation in the poorly

buffered soils.

Chemical or photochemical processes

Rao and Dhar (1939) have suggested that under the actiom of sun-
light and in the presence of photo-sensitizers like oxides of titanium,
cadmium, zinc, aluminum, magnesium, and silicon, there is a vigorous
oxidation of ammonia or ammonium salts to nitrite. They have suggested
that in the presence of sunlight and photo-sensitizers the 02 of
atmosphere is converted to ozone (03). Ozone interacts with ammonia or
ammonium salts according to the following reactions

mhm + 0 ‘“‘“"—"?HN'Dz + 2H20 . o ° ° e . . . ° (3)

3
They have suggested that nitrification in secil is;, at least in part, a
photochemical reaction that takes place on the surfaces of the various
photo=gatalysts present in the soil under the influence of sunlight.
In a separate publication Dhar and Bhattacharya (1933) have pointed out
that even in the sterilized soil ammonium phosphate undergoes consider-
able oxidation in the presence of light, They found no difference in
oxidation in sterilized and nonsterlized soils. They, therefore,
suggested that nitrification in tropics is more a photechemical than a
bacterial process. It was pointed out by them, however, that ammonium
salts are photochemically oxidized to nitrites and not to nitrates.
From these discussions it is clear that nitrites may become an

important intermediate product under field condifions and may pose

problems with regard to nitrogen losses.
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Reactions of Nitrites in Soils Resulting

in the leoss of Nitroggg

In the foregoing discussions ample evidences have been presented
showing an accumulation of nitrite as transitory intermediate of the
process of nitrification. The nitrite ions are not stable. Depending
upon the soil conditions the accumulated nitrites underge rapid trans-
formations, resulting sometimes in the loss of N. In the recent years
information has begun to accumulate on these losses of N arising due
to nitrite reactivity. There is good agreement among the workers that
acid soil conditions aggravate the problem but considerable disagreement
exists with regard to the mechanism and end preducts of nitrite re-
actions. For ease in discussions nitrite reactions are categorized into
the following broad groupings:

l. Self decomposition of nitrite under acid conditions

2. HReaction of nitrite with ammonia or urea resulting in the

formation of ammonium nitrite

3. Reactions with various components of organic matter

(a) Reaction with amino acids
(b) Reactions with other fractions

L. Reactions involving hyponitrous acid.

Self decomposition of nitrite under acid conditions

The spontaneous or self decompositicn of nitrite under acid soil
conditions; resulting in the loss of N, is one of the well accepted
mechanisms. The majority of workers (Temple, 191Li; Robinson, 1923;
Fraps and Sterges, 1939; Clark et al., 1960) have reported nitric oxide

(NO) as the product of decomposition. However, N, has also been



reported in some instances (Tyler and Broadbent, 1960; Thorne, 1961).

Temple (191h) was probably the first person to suggest the possi-
bility of self 'decompoaition of HNOy according to the following reaction:

B O ()
He suggested that the NO may react with 0, resulting in NO, production
and setting up a cycle with gaseous intermediates which could be re-
absorbed to form nitrous acid or could result in gaseous losses.

In later years Robinson (1923) noticed a rapid loss of nitrite
from acid soils with the addition of NaNO,. The greater the acidity the
‘ more rapid were the losses. He observed complete loss of added nitrite
in a very short period and did not notice any accumulation of nitrate.
Where the soil had received a calcium carbonate tréatment, the nitrites
were retained for a longer period and the losses were retarded. The
loss of N in acid soil was attributed to the instability of nitrous acid
formed in acid soils asg

NaNOp « HR—NaR + HNOp &« . .« o o o o« o .« o .(5)
Nitrous acid is very unstable and escapes rapidly after decomposition
depending on the degree of acidity.

Fraps and Sterges (1939) added 100 ppm of nitrite-N to a group of
soils ranging in pH from L.L to 6.9 and recorded losses from 10 to 95
ppm over an 8-day period. They assumed the loss to be due te the
nitrous acid decomposition, according to the reaction No. L.

Clark et al. (1960) recorded deficits greater than 50 percent of
the applied nitrite-N from acid soils and suggested that even a weak
acidity is important in causing the breakdown of nitrite. They also
found that with the addition of KNO, to 41 different soils larger N

deficits occur from soils in pH range of 5.5 to 6.5 than from soils
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ranging in pH from L.5 to 5.5. This finding is not in agreement with
the fact that nitrous acid instability increases with increase in
acidity. The explanation suggested by them is that under more acid
conditions there is rapid conversion of nitrite to nitrate, thereby
reducing the supply of nitrite for conversion to a volatile form.

Tyler and Broadbent (1960) reported Np evolution from acid soils
ﬁpon the addition of nitrite. A trapping system failed te show more
than traces of NO or N0y, Mass spectrometer data confirmed No as the
ma jor component and failed to reveal the presence of NO or NOp. In
their studies the loss from sterile and non-sterile soil was the same,

Ancther interesting possibility has been brought to light by
Thorne (1961). While investigating the HNO, decomposition, he identi-
fied N, as one of the gases evolved from the system, This was apparently
arising from a spontaneous conversion of HNO, to N, and nitrate and
could be described by equation 6,

Sﬂmz—}Ng-tBNOE-rBH*-erD. « » &+ » = e o [6)
In addition to this he has proposed one more pathway of HNO, decompo-
sition.

}INDE..:2NO+N0°3'+H*+H2O.. v « » » % » » Kfb)
At pH 1l.L, reaction 7 accounted for 90 percent of HNO, decomposition in
Thorne 's studies. He has hypothesized that hyponitric acid (H2N203) is

an intermediate in reactions 6 and 7.

Reactions of nitrite with ammonis or
urea forming ammonium nitrite

Another suggested mechanism for the loss of N is the reaction of
nitrite with ammeonia or urea forming ammonium nitrite which ultimately

decomposes to yield Ny, In the literature there are many proponents
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(Lohnis, 1913; Dhar, 1960; Allison, 1963) of this idea and a few
opponents (Sabbe and Reed, 1964}, too. The ammonium nitrite mechanism
of nitrogen loss is distinctly different from that of Van Slyke
mechanism in view of the fact that the former may occur even in alkaline
conditions whereas the latter is strictly restricted to acid conditions,
Allison (1963) has pointed out that ammonium nitrite can also form from
interaction of ammonia or ammonium ions and nitrite in alkaline media
where there is no nitrous acid.

In the early part of this century Lohnis (1913) postulated that
nitrites accumulated in soil may react with ammonia to yield Ny. He
considered ammonium nitrite to be the intermediate in this reaction.

Dhar (1960) observed copious evolution of nitrogen gas when a con-
centrated solution of ammonium sulfate was mixed with a concentrated
solution of nitrite, even under feebly acidic conditions. It was sug-
gested by him that the nitrite interact with ammonia forming unstable
ammonium nitrite which decomposes, yielding N, according to the follow-
ing reaction:

NH) NO, —>N, + 2H,0 + 7TABKGal «. , +» + « « » o (8)

Allison (1963) has also favored the idea of formation and decompo-
sition of ammonium nitrite.

NH3 + HNO, —*Nﬂhm2—>l‘12 + 2120 s o s s » o [(9)

Ammonia and nitrite instantaneously unite to form ammonium
nitrite. This unstable compound then decomposes to Né gas and water.

Sabbe and Reed (196lL) have reported that when N is dadded to the
soil in a band, the inorganic N ions could reach the minimum concentra-
tions necessary for the ammonium nitrite reacticn to occur. However,

the conditions for an accumulation of nitrite to occur (i.e., alkaline
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media and high ammonia concentrations) are contrary to those under which
ammonium nitrite reactions will readily occur.

There is less certainty as to the nature of reactions batween
nitrous acid and urea. Krase (1932) stated that there was very little
direct reaction between the two substances unless a strong acid, such
as nitric or hydrochloric, is present. Sneed and Brasted (1956) have
suggested the following reaction between urea and nitrite.

co(m2)2 + JHNO, —»CO, + 2Ny + 3,0 « + . . . . (10)

Allison (1963} has favored the above reaction but he thinks the
reaction goes to completion with certain intermediate steps. The
intermediate steps suggested by him involve the formation of (Nﬂh)2003
and Nth\K}z according to the following reactions:

(NH,)oC0 + 2H0 ——)(NHh)chB

2N 10, 2N, + €Oy + LH,0

(m2)200 +* EHNOZ"—>2N2 * 002 + .3320
The sum total of all the intermediates is the same as suggested by
Sneed and Brasted (reaction No. 10).

Patil (1963) noted an increased N, evolution with the addition of
alfalfa, ammonium sulfate, and urea to nitrite. The increase in N,
evolution suggests reaction of nitrite with these substances. In his
studies a higher amount of N, was evolved with urea than with ammonium
sulfate. It is possible that the N, recorded by him was evolved by the
mechanism suggested by Allison (1963) and others which involves the
formation and decomposition of ammonium nitrite.

From these discussions it is evident that in both the reactions of

ammonia and urea with nitrite, ammonium nitrite could be formed. At
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present there is not much information available to show how concentrated
the ammonium nitrite solution must be before decompcsition becomes
appreciable, Sabbe and Reed (196L4) are of the opinion that the concen-
trations of both urea and nitrite needed to evolve N are seldom, if ever,
found in the soil.

It is generally recognized that ammonium nitrite in concentrated
solution is extremely unstable but in very dilute solutions is moder-
ately stable. It decomposes intramolecularly according to reaction
No. 9. Thorne and Roberts (195L) suggested that one part of the mole-
cule is oxidized and the other reduced and, hence, the complete change
appears to be one of direct decomposition. The rate of decomposition
of ammonium nitrite increases with temperature and is appreciably

greater if the medium is acidic instead of alkaline.

Reactions of nitrites with various
components of organic matter

van Slyke type of reaciion. Of all the mechanisms suggested for

nitrite reactivity, the Van Slyke type of reaction involving the alpha
amino acids of organic matter is probably the most controversial. There
are many workers (Barritt, 1931; Wilson, 1943; Wahhab and Fazal Uddin,
19543 Gerretson and DeHoop, 1957) who strongly favor this type of
reaction and there are many more (Allison and Doetsch, 1951; Jones,
1951; Clark and Beard, 1960; Smith and Clark, 1960; Allison, 1963;
Sabbe and Reed, 196L) who are strongly opposed to the idea.

It has long been known that nitrite react readily with many organic
nitrogenous substances producing nitrogen gas. Van Slyke studied this
aspect and found wide difference in the ratio of reaction of different

compounds. It was found by him that amino group in the alpha position
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reacts with nitrite most readily while the N of ammonia, methylamine,
and purine react at a slower rate. This reaction is represented by the
following equation:

RNHp + HNO,=—>ROH + H.O + Np &+ . . . . . .+ . (11)

Rl‘Hh+HI\D2-——&H{+2H20+N2 ¢ ® » @ s w = w (32)
In the Van Slyke apparatus the reaction is carried out in the presence
of glacial acetic acid and in an atmosphere of NO. Under such condi-
tions it proceeds rapidly and goes to completion.

Many investigators have tried to apply this reaction to soil con-
ditions and it has become a subject of much controversy.

Barritt (1931) found loss of amino nitrogen as a result of inter-
action of nitrite and glycine in solution, when maintained at pH 5.8
but not at 6.5, He concluded that direct conversion of amino nitrogen
to Np would not occur by biological reactions but could occur through
the reaction of nitrous acid with amino compounds.

Wilson (1943} is one of the proponents of this idea who reported
that Van Slyke type of reaction occurs throughout the nature. He
presented data to show that Np would be evolved from the reaction of
nitrite in the soil and such a reaction could also occur in plant
exudates at pH 6.3 to 6.7.

Wahhab and Fazal Uddin (195L4) investigated the possibility of
interaction of MH} and nitrite in soils of Pakistan with pH 8.0 to 8.3.
They found that even under alkaline conditions such a reaction takes
place provided the reactants are in high concentrations. They also
noticed slow evolution of elemental nitrogen when concentrated solu-
tions of ammonium sulfate and sodium nitrite were mixed at pH 7.2.

Most notable among those who favor the occurrence of Van Slyke
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type of reaction in soils are Gerretsen and DeHoop (1957). They have
emphasized that the nitirite can react with amino acids and ammonia in
well aerated acid soils, resulting in loss of molecular N. In pot
experiments with acid sandy soils, losses up to 74 percent of added
ammonium sulfate were reported by them. While accounting for the
losses encountered, they ruled out the possibility of wolatilization of
ammonia because the soils were acid and the nitrogen losses disappeared
when the pi was raised above 5.5. Under the conditions of their experi-
ment there were no chanses of denitrification. These losses were,
therefore, attributed by them to the reaction of ammonium sulfate with
nitrite even though nitrite levels were low in all cases, They have
also demonstrated that sterile buffer solutions containing KNOo and
ammonium sulfate can loose lot of N, gas at pH 4O to 5.5 but not above.
It is suggested that added nitrite gives rise to HNO,, when the concen-
tration of H* is raised. It is this compound which reacts with ammonia.
They have suggested that during the preccess of microbial decay of
organic matter a great variety of amino acids are produced in the soil
which can react with HNO, resulting in the loss of N.

Chao and Kroontje (1963) have reported the possibility of evolu-
tion of free N from reactions between nitrite and ammonium ions

Mi) + NO5; —>N, + H,0AF = ~85.88 KCal . . . . o (13)
and between nitrite and urea
HNO, + CO(M{2)2 —»C0, + 3H0 + 2N, AF = 0109.67 KCal (1L)

Patil (1963), working with acidified Fort Ccllins Soil (H L.2),

noted that upon the addition of ammonium sulfate or organic matter to

the soil treated with LOO ppm of nitrite-N, the losses of N, were high.

2
With the addition of alfalfa he found greater loss of N, as compared to
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the addition of ammonium sulfate. This indicates that some nitrogenous
compound of organic matter is more reactive than ammeonium ions. On the
basis of this observation, Patil suggested that Van Siyke type of
reaction may take place in the soil.

There are many investigators who do not agree to the possibilities
of occurrence of this type of reaction in the soil. Allison and Doetsch
(1951) did not find any reaction of amino acids or ammonia with nitrite
to form nitrogen gas in dilute solutions under conditions commonly
occurring in nature. In their view the N gas production is possible
only when the reacting materials are present in appreciable concentra-
tions and the reaction is sufficiently acid. In the presence of air
and moisture, they suggested strong possibility of conversion of
nitrite to nitrate than the reaction between nitrite and amino acids.
They have totally ruled out the possibility of such a reaction occurring
in normal soils on the grounds that conditions requiring for the com-
pletion of this type of reaction are almost absent, and if at all some
reaction takes place, it will be of minor importance.

Jones (1951) studied N, production in acid scil (g 5.8) under
aerobic conditions using various nitrogen scurces tagged with W5, 1In
his work he did not find Van Slyke type of reaction occurring in the
soil. Clark and Beard (1960), while studying the influence of organic
matter on volatile losses of nitrogen from soil, found some component
of organic matter responsible for dismutation of nitrite but they
totally overruled the pessibility of any reaction ¢f amino acids with
nitrites.

Smith and Clark (1960) were not able to get results similar to

those reported by Gerretsen and DeHoop. They compared the losses of
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nitregen from the treatment to which ammonium and nitrite were added
with the treatment in which nifrite plus an appropriate buffer was
added. As much nitrogen evolved from the latter treatment from which
ammonium sulfate was omitted as wherse it had been added. They, there-
fore, concluded that evolution of N was not due to the reaction between
ammonia and nitrite but rather the reduction of nitrite by some other
soil agent. However, in the presence of heavy concentrations of both
reactants, they noticed some reactlion between ammonia and nitrite.

In highly acid cation exchange resin, Reuss and Smith (1962)
noted NO evolution but no Ny, on treatment with NaNO, and ammonium
sulfate. When nitrite was added to soil of the same pH, they observed
Né besides NO. However, no additional Ny was evolved when ammonium
sulfate was added along with nitrite source. They, therefore, con-
cluded that ammonium sulfate may not react with nitrite under many
conditions.

In his most recent publication, Allison (1963) has reemphasized
the exclusion of true Van Slyke type of reaction occurring in soil.
Sabbe and Reed (196L) agree with Allison's view and are of the opinion

that this type of reaction is of minor importance in the soils.

Reactions with other components of organic matter

In additicn to amino acids, it has recently been suspecied that
some other component of organic matter may also react with nitrite and
accentuate the losges of nitrogen.

Robinson (1923), while studying the fertilizer value of sodium
nitrite, observed its rapid loss from neutral soils high in organic

matter as compared to the soils low in crganic mtter. He suggested
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that organic matter may cause rapid decomposition of nitrite.

Bremner (1957} encountered difficulties in determining nitrogen
from free amino groups and suggested that lignin or lignin derived
material may react with nitrite yielding nitrogen, resuliing in
apparent high amino-N values.

Soluides and Clark (1958) in their nitrification studies on grass-—
land soils in comparison with intertilled soils found higher retention
of ammonia and lesser production of nitrate, in all grassland soils
than intertilled counterparts when they wsre ammended with 0.1 percent
urea. In almost all cases they noticed nitrite accumlation and con-
sequently N deficits. Greater N deficits were commonly encountered in
the grassland than in the intertilled soils. Smith and Clark (1960)
studied N losses in Fort Collins soil containing 3.86 percent organic
matter and Durham soll with 0.5, percent organic matter. They noticed
greater evolution of mitrogen in Fort Collins than Durham and suggested
that some component of organic matter was mere reactive in reducing
nitrite than was ammonium ion.

Clark and Beard (1960) have presented data strongly supporting
that organic matter has strong influsnce on dismutation of nitrite and
consequent losses of N from scils at comparable pH values. They
observed that at a given pH value some compenent in soil served to
promote the reactivity of nitrite and development of much greater N
deficits than occurred in sand. This specific influence in soil was
greatly reduced by pretreatment éf the soil with hydrogen peroxide
(H202). Organic ammendments such as peptone or alfalfa meal added to
quartz sand increased the mineral nitrogen deficits. They, however,

have not reported the forms in which the N was lost.
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In recent years Stevenscn and Swaby (1963), Stevenson and Kirkman
(196L), and Stevenson and Swaby (196L), in their studiss, observed re-
action of nitrous acid (HN02) with humic acid, fulvic acid, lignin and
lignin building units and pelyphenols resulting in evolution of Np,

N

50, €Oy, and CH30N0 (methyl nitrite).

It is evident from the foregoeing discussions that many investiga-
tors have mentioned the "deficits" of nitrogen as influenced by organic
matter. No attempts have been made to define the "deficits® in c¢clear
terms.

Reuss (1963) has reported N, production when nitrite is added to
the acid soil. In his view the N, evclved was nct the result of reac-
tion of nitrite with ammonium ion. He thought that it might have
evolved either due to ihe interaction of HND2 arnd crganic matter cr
direct reduction of nitrite to Ny, catalyzed by some fraction of
organic matter.

In another recent study, Patil (1963) has observed N, evoluticn
with addition of nitrite to alfalfa. He noticed greater N, preduction
in nitrite-alfalfa reaction than nitrite-ammonium sulfate reaction.
This 1sed him to conclude that labile organic nitrogen compounds are

more reactive than ammonium sulfate.

Reactions of nitrite with hypenitrous acid

The reactions related to the process of nitrification have been
presented in simple equations (No. 1 and 2) but they are not as simple
as presented. There may be many intermediates. As early as the begin-
ning of this century, Mumford (19iL) cbtained evidences about hyponitrous
acid being an intermediate prcduct between ammeonia and nitrite. Corbot

(193L) and Lees (19L8) have also favored the idea of hyponitrous acid
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formation as an intermediate compound in the biologleal or photo-
chemical oxidation of ammoria tc nitrous acide.

Thorme (1961}, while suggesting certain pathways of nitrous acid
decomposition, has postulated hyponitrous and hypenitric acids as
intermediates. More recently Chao and Kreontje (1963) have suggested
that the formation of hyponitrous acid as an intermediate preduct of
nitrification is thermodynamically feasible,

Hyponitrous acid undergoes a variety of reactions. By ionie
decomposition it gives rise to N, as suggested by Buchholz (1963) and

Chao and Kroontje (1963).

=,
1]

HoN0p—> Ny + Hy0 .~ A 3
By free radical decomposition it yields N, and nitrate. Buchholz (1963)
has presented evidences to show that by adding sodium nitrite to
acidified sclution of hyponitrous acid (HENEOE) » Ny, and nitrate, small
amounts of nitric cxide (NO) and nitrous ocxide (NEO) evolve. He has
proposed the following reactions

N0§+HONN0H—-§H"+NO;+4N2¢(HT 6 % & @ @ & (16)
Nitric oxide (NO) and nitrous oxide (NEO) may be the product of decom-
position of nitrous acid and hyponitrous acid (}{21\1202) respectively.,

From the foregoing discussions it is apparent that there is good

agreeﬁxent among the investigators that in acid scils significant
amount of nitrogen is lost during the process of nitrification of NHE
or urea. It is also well agrsed that these losses ccour due to the
reactivity of nitrite ion., But as far as the mechanisms of losses are
concerned, there is no good agreement among the investigators. Variocus
workers have suggested various mechan‘isms,, some of which conflict with

others. Because of the high reactivity of nitrous acid and nitrite ion,
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diversity in the suggested mechanisms is not altogether unexpected, In
view of the diversified reactions of nitrite resulting in many inter-
mediates and end products, reader of this subject comes across many

contradictory views in the literature.
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STATEMENT OF THE PROBLEM

In the foregoing discussions sufficient experimental evidences of
the various workers have been reported to show that in the process of
nitrification of ammonia or ammonia forming fertilizers, nitrites may
accumulate in well aerated alkaline as well as acid soils. There are
also evidences that in the process of denitrification, nitrates are
first reduced to nitrites and then to gaseous products, N50 and Nj.

Thus in both the processes of nitrification and of denitrification,
nitrites are formed as transitory intermediates., Depending upon the
soil conditions and degree of acidity, nitrites undergo rapid chemical
transformations. Under alkaline soil conditions the accumulated
nitrites may persist for a long period, but under acid conditions the
transformations are sufficiently rapid to result in large deficits of N.

Most of the workers have assumed that the gas, NO, is the product
of nitrous acid decompostion. Recent investigations carried out at Utah
State University have indicated that one of the major products of the
decomposition of nitrite is the elemental form of N (Reuss, 1963). This
has not been identified or._reported by other workers.

There are very few references concerning the possibilities of
organic matter enhancing the losses of N from added or accumlated
nitrite (Soulides and Clark, 1958; Clark and Beard, 1960; Stevenson and
Swaby, 1963 and 196L4). The exact role of organic matter in these
losses is not clearly defined. The end products of these losses have
been vaguely reported as "deficits of N" without attempting to identify

them. No organized efforts have been made in the past to evaluate the
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role of organic matter in nitrite transformations.
Organic material, both dry and green, is often turned into the
soil in large quantities. The effect of added material is manifest in
overall improvement in soil conditions and productivity. There are,
however, some short term effects which are not always beneficial to the
crope The interaction of organic matter with the nitrites of the soil
resulting in the losses of N may be one of the short term adverse
effects. In view of the common practice of incorporation of organic
matter in soil and in view of the fact that some level of nitrites
will usually be present in soil, the postulated interaction of these
two soil components may be of great significance in the N economy of
soil. It was, therefore, considered pertinent to investigate and
evaluate the role of Qrganic matter, both dry and green, on the losses
of elemental form of N arising from reaction with accumulated nitrite.
Incorporation of organic matter brings in certain changes in soil
pH, and the soill pH is important in nitrite transformations. A simul-
taneous study of the effect of pH on loss of N along with the study of
the rcle of organic matter is considered desirable in clearly defining
the pattern and magnitude of losses of elemental N.
The objectives of the investigations reperted here were
1. To determine and compare the effect of incorporation of dry and
green organic matter, incubated for varying lengths of time, on
the pattern of loss of elemental N from soils of different pH to
which nitrites were added.

2. To evaluate the effect of initial soil pH and the changes arising
in pH due to the addition of organic matter on the magnitude of

losses of elemental N.
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To determine the effect of pH and organic matter individually and
collectively on the pattern of loss of N, from a simple system
which is devoid of all complexities present in soil.

To identify or pin point the fractions of organic matter which

react readily with nitrites, giving rise to Ns.

26
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MATERIALS AND METHODS

Different experiments were set up to evaluate the role of both the
dry and green organic matter on nitrite transformations resulting in the
losses of elemental form of N. The work reported here consists of three
major experiments. In Experiment I the soils of different pH were in-
cubated for varying lengths of time with and without green or dry
organic matter additions at 1 percent level on the dry weight basis.
Nitrites were then added to see the pattern of evolution of Ny«

Experiment II was designed to see the effect of pH and organic
matter individually and collectively and also to evaluate the role
played by the soil complex in enhancing the losses of N,. The media of
this experiment was a sand-bentonite mixture acidified to various levels
of fH and incubated for varying lengths of time with and without dry
organic matter additions at 1 percent level.

In Experiment III an attempt was made to determine the fractions
of organic matter which may react with nitrite, resulting in the evolu-
tion of Ny, Humic acids, fulvic acids, various phenolic compounds,
organic acids, and various amino acids commonly reported to be found in
plant material were included in this study.

In the studies reported here, four acid soils, Clermont silt loam
(fH 5.2), Olympic silty clay loam (pH L.6), Dayton silty clay loam (pH
1.8} and Miami silt loam (pH 5.6) were used. Some characteristics of
these soils are given in table 1.

Procedural details specific to each experiment are outlined along

with the results and discussions of that experiment, Methods and
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Table 1. Some characteristics of the soils used in these experiments

Organic Moisture level

Soils pH Texture matter (1/3 bar)
percent percent
Clermont 5.2 Silt loam l.72 25.7
Olympic L6 8ilty clay loam 698 34,0
Dayton L8 8ilty clay loam 3.76 30.2
Miami 546 Silt loam 2,01 24,2

procedure commonly applicable to all the experiments are discussed here.

Preparation of Soil Samples

The air dried soil, passed through a LO mesh sieve, was weighed in
100 g lots and placed in waxed paper cartons., Alfalfa, either green or
dry, was added at 1 percent level on dry weight basis to the samples
intended to receive organic matter ammendments. Finely ground alfalfa
was used in the study related to dry organic matter addition, and finely
chopped green alfalfa was used in green organic matter studies. Appro-
priate quantities of water were added to each soil to bring it to the
field capacity (1/3 bar moisture tension). After addition of water,
soil and organic material were thoroughly mixed with a spatula and
transferred to 250 ml suction flasks. The samples were then incubated
for the desired lengths of time in a constant temperature chamber at

30 1 c.

Changing the Gaseous Atmosphere in the Flasks

The original atmosphere in the flasks of the incubated and non-

incubated samples was evacuated with the aid of a vacuum pump. Pure
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helium (He) was passed through the flasks several times and then evacu-
ated. After flushing the samples with He several times, the final flask
atmosphere was adjusted with a mixture of He and 0, in 80:20 proportion.
Gas samples from the flask atmosphere were analyzed to see that N, had

been reduced to a negligible level.

Addition of Nitrite

In all the studies reported here, nitrite-N at a level of 200 ppm
was added as NalNO5. Addition of nitrite was made after evacuating the
original flask atmosphere and filling the flasks with the He:0, mixture.
To accomplish this, a small vial containing the nitrite solution was
placed in the flask before exchanging the atmosphere in the flask.
After adjusting the flask atmosphere with He:0, mixture and making sure
that no Né existed in the flask atmosphere, the vial containing the

nitrite solution was gently tilted to mix all the solution in the soil.

Gas Sampling

Special arrangements were made to draw the gas samples for analy-
sis purposes., The flask stoppers were bored through in the center,
making a hole of 12 mm in diameter. A cut portion of a serum cap was
placed tightly in the bottom of the bored stopper. A tightly fitting
silicon diﬁc was placed on this portion to make the sealing arrangement
more secure. Ihis sealing was further tightened by placing a serum cap
on the top portion of the boring. The entire arrangement was so effici-
ent that there were no leakages of gases from the flask atmosphere. Gas
samples were drawn from the flasks with hypodermic needle and syringe

and analysis was carried through a gas chromatograph.
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A Beckman GC-2 Chromatograph with a 6-foot molecular sieve and a
12=inch charcoal column, connected to a Bristol recorder, was used for
N5 and Néo separation respectively. Helium gas was used as carrier.
The machine setting for analysis wasg

Carrier gas flow rate . .« . 3.3 liter/min.

Filament current . . . . . 260 ma

Temperature . . . . . . kLOC

Gas volume . . . . . . - 1l mlfor N, and
5 ml for N,0

Peak heights were used for calculations, as it was found by previ-
ous investigations (Cooper and Smith, 1963) that peak heights proved to
be a linear function of the amount of gas present, The volume of the
flask was determined and corrected for the volume of soil, water, trap
solution, and vial in the flask, Calculations for N, were based on the

perfect gas law.

Oxygen Supply

Care was taken to see that complete aerobic conditions prevailed
in the flasks in all the studies reported here. After adjusting the
flask atmosphere with a mixture of helium and oxygen in proportion of
80:20, the reading of oxygen peak was normally 10 at an attumuation of
2. During the period of study of N losses, when the peak of oxygen of
the flask atmosphere went below 10 at an attumuation of 1, oxygen was
aﬁpplied to the flask to bring the peak back to its original level.,
Oxygen supply was accomplished by attaching the hypodermic needle to
the oxygen supply line and feeding the individual flask through the

sealing arrangement.
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Soil Analysis

Soil reaction

The pH was detemmined with a glass electrode pH meter on a 1:1

s0il water ratio using 10 g soil.

Nitrite and nitrate determinations

To determine nitrite and nitrate, 10 g sample of the soil was
weighed out from each flask. The soil samples were placed in a 250 ml
Erlenmeyer flask and 100 ml saturated calcium hydroxide solution was
added to the flask. After shaking the flask for 10 minutes on a mechan-
ical shaker, the solution was filtered. Aliquots of the filtrate were
taken for nitrite and nitrate analysis.

Nitrites were determined by the method of Shinn (1941), employing
a diazo coupling of sulfanilic acid and Nu(l—Naphﬁhyijnethelene
diaminedihydro chloride coupling reagent. A standard phenol disul-
phonic acid method similar to that described by Jackson (1958} was
used for determining nitrate after destroying nitrite with sulfamic

acid, Complete analytical procedures are included in the appendix.

Trap Analysis

The alkaline permanganate solution (5 ml 0,20 M Kﬂhoh in 2 M KOH)
was used to trap NO and IQD2 gases in the flask arising during the course
of reaction (Reuss, 1963). The absorbed NO and NO, would be oxidized to
nitrate in the system. The traps were removed every 2L hours and
analyzed. The solution was washed into a beaker, and Kﬂhoh was destroyed
by addition of 0.6 M NagC0) in 7 N H,80). The solutions were then made

alkaline with 5 N NaOH and the Mn compounds which precipitated were
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filtered off. The precipitate on the filter paper was thoroughly washed
several times with hot water and the volume of filtrate was made to 100
ml. Aliquots of this filtrate were analyzed for nitrate by the phenol
disulphonic acid method. The method was calibrated by adding the known
amounts of KI\'!OB to the original solutions of KMnOh and preparing a
calibration curve of added N versus optical density. Calibration curves

using either Na.mz or KNO., as a standard were identical. The complete

3
procedure is also included in the appendix.
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EXPERIMENT I. N, EVOLUTION FROM REACTIONS OF NITRITE
WITH DRY AND GREEN ALFALFA ADDED TO VARIOUS SOILS

INCUBATED FOR VAEYING LENGTHS OF PERIODS

This experiment was designed to determine the effect of additions
of dry and green organic matter on the pattern and magnitude of N,
evolution arising from nitrite reaction in soils of different g, non-

incubated and incubated for varying lengths of time.

Materials and Methods

The soils used in this experiment were Clermont silt loam (fH 5.2),
Dayton silty clay loam (pH L.8), Olympic silty clay loam, (pH L.6), and
Miami silt loam (pH 5.6). The soil samples were prepared as outlined
earlier, Dry ground alfalfa and finely chopped fresh green alfalfa were
used as the source of organic matier. Organic matter was added to the
soil at the 1 percent level on a dry weight basis. Na.ND2 was used to
provide nitrite-N at 200 ppm. In addition to the nitrite-N, those
treatments receiving organic matier have received additional organic-N.
It is estimated that in the experiment conducted with dry alfalfa,
addition of organic-N to the samples receiving organic matter was about
250 ppm on the basis of 2.5 percent N content in dry alfalfa. The
nitrogen content of green alfalfa was not determined. Since the imma-
ture plant material was used as a source of green organic matter, the N
content of this material must be higher than that of dry alfalfa. On
the basis of approximately 3.0 percent N content in green alfalfa, the

amount of organic-N added may be about 300 ppm.
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In the dry alfalfa studies the experiment was a factorial arrange-
ment in a completely randomized design with two replications. The
treatments were: three soils, Olympic silty clay loam, Dayton silty
clay loam, and Clermont silt loam; two organic matter levels, no organic
matter and 1 percent organic matter on the dry weight basisj; and three
incubation periods, O, 3, and 1L days. The studies were extended to 35
days for the Dayton and Olympic soils. The statistical analysis pre-
sented is for the N, evolved at 2Ly hours after the nitrite-N addition.

In green alfalfa studies the experiment was factorial with treat-
ments in a completely randomized design with two replications. The
treatments were: three soils, Olympic silty clay loam, Dayton silty
clay loam, and Miami silt loam; two organic matter levels, no organic
matter and 1 percent organic matter on the dry weight basis; and twe
incubation periods, O and 21 days. For the Dayton and Olympic soils,
studies were also made at the 3-, 6~, and 35-day incubation periods. In
this study the statistical analysis presented is for the N, evolved at

148 hours after the addition of the nitrite-N.

Results and Discussions

Dry organic matter addition

The N, recovered at 12, 24, 36, and 48 hours from Clermont, Dayton,
and Olympic soils, non-incubated and incubated for varying periods, is
presented in tables 2, 3, and L. The figures reported in these tables
are after deducting the quantity of N2 found in the soil used as a
control to which no nitrites were added. It is evident from the data
contained in these tables that a considerable portion of the added
nitrite gets converted to the elemental form of nitrogen in acid soils.

There was a distinct difference in the pattern and magnitude of loss of



Table 2. N, recovery after various time periods following the

35

reactions of nitrite with and without 1 percent dry alfalfa
in Clermont silt loam nonincubated and incubated at 30 C for

3, 6, and 1L days prior to the addition of 200 ppm N as

NaNO,2
Incubation time
Treatment None 3 days 6 days 1, days
ppm ppm ppm ppm
12 hours
Soil «+ NO3 35.8 20,0 15.0 2749
Soil + NOE + alfalfa 25 18.6 9.7 10.6
2l hours
Soil + NOE L2.L 27.2 18.0 36.0
Soil « NOE + alfalfa 3602 25.6 16,0 11.8
148 hours
Soil + NOZ 5540 36,0 35.0 41.0
Soil + NO; + alfalfa L3.0 26.0 240 13.0
Standard error * L.k

L.S.D. at 0005 level 3,3&

qQuantity of N> is reported after deducting that found in the soil used
as a control to which no nitrites were added.
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Table 3. N, recovered after various time periods following the
reactions of nitrite with and without 1 pereent dry alfalfa in
Dayton silty clay loam nonincubated and incubated at 30 C for
35 14, and 35 days prior to the addition of 200 ppm N as NaNO,?

Incubation time

Treatment None 3 days 1 days 35 days
ppm ppm ppm ppm
12 hours
Soil + NOJ 55+0 51.9 50,7 35.9
Soil + NO; + alfalfa 52.4 54,0 567 57.9
2l hours
Soil + NO3 70.1 5545 5743 39.1
Soil » N3 + alfalfa 63.7 60,0 62,2 67.8
36 hours
Soil + NOZ - 57.6 59.9 L6.6
Soil + NO5 + alfalfa - 66,5 65.6 70 .6
118 hours
Soil + NOj 764 65,1 59.6 50.2
Soil 4+ NO3 + alfalfa Tlk Thel 79.6 75.4
Standard error 2+ 1,14

L.S.D. at 0.05 level 3,38

8Quantity of N, is reported after deducting that found in the soil used
as a control to which no nitrites were added.
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Table L. N, recovered after various time periods following the reaction
o..g. nitrite with and without 1 percent dry alfalfa in Olympic
silty clay loam nonincubated and incubated at 30 C for 3, 1k,
and 35 days prior to the addition of 200 ppm N as NaMO,2

Incubation time

Treatment None 3 days 1, days 35 days
Ppm pPpm Ppm Ppm
12 hours
SOil + NOE 6909 6598 61a2 h?ol
Soil « NO§ + alfalfa 56.9 Tl.h 80,0 6li.9
2l hours
Soil + I\D'é 82.3 80.0 6.2 T30
Soil + N3 + alfalfa T2 8547 87.0 89.6
36 hours
SOil -+ NO'é 86.8 Bhoo 83.3 80.9
Soil + NOZ 4 alfalfa 83.7 90.1 86.L 97.6
L8 hours
Soil ¢ '5 Ieak 83.3 Ieak 82.3
Soil + NOZ 4+ alfalfa Leak 91.6 leak 103.h
Standard error p. g P 6]

L.S.D. at 0005 level 3038

aQuantity of N, is reported after deducting that found in the soil used
as a control fo which no nitrites were added.
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N, from soils receiving organic matter as compared to their counter-
parts to which no organic matter was added. The pattern of eveclution
of N2 from nonincubated soils was clearly different from soils incubated.
The initial g of the so0il or the changes in pH due to organic matter

additions seemed to have a profound influence on the magnitude of losses.

Nonincubated soils

The pattern of evolution of N arising from the various nonincu-
bated soils is presented in figure l. It can readily be seen from this
figure that addition of dry organic matber to nonincubsted soils had
some lowering effect on N, evolution, This phenomenon can be explained
on the basis of several pestulated possibilities.

With the addition of organic matter, there may be a tremendous in-
crease in microbial population. The rapidly multiplying organisms need
some source of energy for their growth, and N for the body-building.

It is possible that these organisms use up the active fraction of the
added organic matter as a source of energy which would, otherwise, have
reacted with nitrite and possibly resulted in N, evolution. It is also
possible that a fraction of the added nitrite, as it is originally added
or in some other transformed condition, is used up by these multiplying
organisms. Thus the concentration of both the reactants might be re-
duced, resulting in reduced evolution of elemental N.

Nitrites or their products of decomposition may form complexes and
reduce the concentration of one of the reactants. Silver (1960} has
suggested that nitrites and their products of dscompesition have great
affinity for the hemes and for the respiratory enzymes of heterotrophs.
Under acid conditions one of the products of decomposition of nitrite

is MO, which is believed to have evelved by catalytic function of
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Figure 1, N, evolved at various time periods from nonincubated
Olympic silty €lay loam, Dayton silty clay loam, and Clermont silt
loam soils treated with and without 1 percent dry alfalfa and 200
ppm nitrite-N added as NaNO,,
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ferrous iron. It is quite likely that the ferrous iron of cytochrome ¢
performs the catalytic function and gets converted to ferri-cytochrome-
W-complex. Silver has suggested the following reactions:
Fe** cyt ¢ + NOZ & 2H*—>Fe™* cyt ¢ + WO < HOQ « & (17)
Fe** cyt ¢ + NO—>Fe**? ¢yt c-NO=complex o . . o (18)

In view of the initial rapid multiplieation ef micro-crganisms with
the addition of corganic matter, cyt c-NOE/m-complex formation may
assume a significant proportion resulting in reduced N, evelution,

In the presence of ferrous iron, Chac and Bartholcuew (196L) were
not able to extract the NO fully. They have, therefore, suggested the
possibility of an NO-ferrous iron complex formation. It is possible
that such a complex formation may occur in nonincubated soils which may
reduce N, evolution.

Flihr and Bremner (196La) have reported that the reactions between
soil organic matter and nitrite lead to the fixation of nitrite-N (i.e..
conversion of nitrite-N to organic forms of N) and also to gaseous
losses of nitrite-N., The fixation of nitrite~N by organic matter in-
creases with increase in nitrite concentration and with decrease in pH.
In another paper (196lib) Fihr and Bremner have confirmed these findings
by using NaN1502 and have reported that air drying of acidic or neutral
soils containing nitrite leads to the fixation of nitrite by soil
organic matter, and this fixed nitrogen is not easily extractable.

It is possible that in the studies reported here such a fixation
of nitrite on added organic matter may occur,; which in turn may reduce
evoluticn of Ny,

In recent years evidences have been presented emphasizing the role

of transition metals in initiating the losses of N. Wullstein and
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Gilmour (196L) have reported that the reduced state of transition metals
like copper, iron, manganese, and ceriain salts of aluminum can be quite
active in promoting nitrite losses. It is quite likely that with ths
addition of crganic matter these transition metals are complexed and
rendered temporarily inactive. Ample evidences have been presented re-
garding the chelation of metals by organic matier. Even fresh leaves
and water extracts of fresh leaves have the ability to chelate the
metals (Baughman, 19563 Bloomfield, 1952a and 1952b; Broadbent, 1957;

Himes and Barber, 1957; Schnitzer and Skinner, 1963; Mortensen, 1963).

Incubated soils

Incubation seems to have a marked influernce on the pattern of Ny
evolution from different scils. The quantity of N, evolved from various
soils incubated for 3 days is depicted in figure 2. It is interesting
to note that the pattern of Né evolution reverses with incubation in
Dayton and Olympic soils but net in Clermont (figure 2)}. With incuba-
tion, higher amounts of N, were recorded from treatments receiving
organic matter as compared to their counter parts to which no organic
matter was added. This reversal in pattern was noticed in a period as
short as 3 days, suggesting that with incubation the added organic
material undergoes microbial transformations resulting in the release
of some fractions which can react with nitrite giving rise to No.
Results from the short incubation period suggest that the fraction of
organic matter reacting with nitrite has not undergone extensive micro-
bial transformation. The reacting fractions may be the degradation
products of lignin; protein, sarbohydrates, or some other constituent
of the plant tissue,

It is interesting to note that the pattern of N, evolution dees



42

Soil + NOZ Olympic spy s

Soil + NO; #—

a——— Dayt. O el
organic fatter

Clermont wr——gr——

1008
—_—
»_,._.»\, b
/’“’”’)
80 7/177 ?
1
77 7
/ *
/
) : - ",—-ﬁ"’%
"U 2
Qr
: i/
Q
5
N 40 1
=
EY kS
/ /_a.' —y — @
20 J ' /'
/-
]
v ] ¥ [|
0 12 24 36 48

Figure 2. N, evolved at various time periods from Olympic silty
clay loam, Dayton silty clay loam, and Clermont silt loam soils
treated with and without 1 percent dry alfalfa and incubated at 30

C for 3 days prior to the addition of 200 ppm nitrite-N added as
NaNO
Zo



L3

not change with incubation in the Clermont soil. The addition of
organic matter lowered the evclution of Ny in both the incubated and
nonincubated soils. This lowering effect was more pronounced with
longer incubations as could be seen in table 2. Out of the 200 ppm of
added nitrite~N, L3 ppm N were recorded in 48 hours from nonincubated
soil. With 3 days of incubation the amount of N, evolved was reduced
to 26 ppm and with 14 days of incubation it was further reduced to 13
ppm. This unusual behavior of the Clermont soil as compared to the
Dayton or Olympic soils is rather hard to explain fully. The contin-

ued reduction in the evolution of N, can partly be due to the inherent

2
properties of this scil. To some extent it can be explained on the

basis of changes in pH cccurring in this soil (table 5).

Table 5. The pH of different soils incubated for different periods
with and without 1 percent dry alfalfa

Clermont Dayten Olympic
silt loam silty clay loam silty clay loam
Incubation With  Without With Without With Without

period alfalfa alfalfa alfalfa alfalfa alfalfa alfalfa
days

0 5.2 5.2 L8 L.8 Leb L6
3 5.8 543 5.0 L.9 L8 o6
6 6.2 5.l Bel 1.8 L.8 L.6
jI 5.5 - 5.2 o8 Lo6 L6
25 - - 5.0 L.9 - -

35 o = hos J—l-B h-é hoS




The clear cut differences in the patbern and magnitude of N,
evolved from various acid soils (figures 1 and 2} may be attributed to
the inherent properties of these scils., However, in accounting for
these differences, the role of the pH of these soils cannot be overw
looked, A slight change in pH causes a considsrable difference in the
magnitude of N2 evolved. The greater the degree of acidity, the greater
will be the evolution of N,. It was noticed that with 3 days of incu-
bation of the Clermont soil with dry alfalfa additions the @ rose from
5.2 to 5.8, which further increased to 6.2 with 6 days of incubation,
In no other soil was there such a rapid change in pH occurring when dry
alfalfa was added and allowed to incubate.

The sharp rise in pHi of the Cle rmont soil, with incubation of 3 or
6 days, may explain the reduction in N, evolved. The effect of [H
probably overcame the effect of added organic matter and reduced the Np
evolved. But this line of approach cannot be used to explain the re-
duction in loss with 1l days of incubation. It was noticed that in a
period of 14 days the pH of this soil went down to 5,5, which is close
to the original pH of 5.2. In spite of this drop in pH, the Ny, re-
corded was lowest of all (13 ppm). This suggests that some other
inherent property of the soil may also inflnence the pattern or magni-
tude of N evolved. It is rather difficult to say what that inherent
property could be. The clays present in Clermont may either fix the
nitrite or interact with scme organic fraction making such an organo-
mineral complex that the crganic fraction is not able to react with the
added nitrite.

The pattern and magnitude of the evolution of elemental-N re-

corded from the Olympic, Dayton, and Clermont soils with 1l days of



incubation are presented in figure 3. It is evident from this figure
that the differences in N, evolved from various soils amended or non-
amended with organic matter widen with 1L days of incubation. In
Clermont soil, the added alfalfa depressed the N, evolution consider-
ably as compared to the treatment where no organic matter was added.
The reverse was true for the Dayton and Olympic soils.

As the time of incubation increased, the differences in the magni-
tude of N, evolved from organic matter treated and non-treated Dayton
and Olympic soils became more prominent (tables 3 and L). This may be
attributed to the decrease in a reactive fraction of organic matter of
the non-amended soil dus to microbial decay and an increased proportion
of such substance in treated soils due to mineralization of added organic
matter.

It was noticed that in the Dayton soil the addition eof organic
matter enhanced the evolution o¢f Ny, the highest peak being reached with
1} days of incubation. Further incubation (35 days) resulted in a
slight decline in the magnitude of Ny evolved as comparsd to that re-
corded with 1l days incubation. It is interesting to note that addition
of alfalfa to this soil resulted in an increase in the pH from 4.8 to
5.2 in a period of 1L days. In spite of this rise in pH the reactive
fraction of organic matter released from added alfalfa enhanced N, pro-
duction., With further incubation (35 days), the pH declined to its
original level, yet there was no increase in the evolved No, suggesting
that with the longer inecubation the reactive substances have either
been exhausted from the system cr were transformed intc some non-
reactive form.

The role of added organic matter in enhancing the evolution of Ny



46

Soil #+ NO3 Olympic —Pp———apy
Soil + NO5 # - Dayton 3¢ S
organic %atter
1556 Clermont @ S -

g

&

®

>

-

o

&

o~

=

Hours
Figure 3, N, evolved at various time periods from Olympic silty
clay loam Day%on silty clay loam, and Clermont silt loam soils

treated wgth 1 percent dry alfalfa and incubated for 14 days prior

to the addition of 200 ppm nitrite-N added as NaNO,,
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can clearly be seen in table 3. Without any incubation the corganic
matter addition was responsible for a slight reduction in No evolved
as compared to the soil receiving no organic matter. With 3 days of
incubation the pattern reversed and treatment receiving organic matter
gave 9.3 ppm more Np than the control. In 35 days the difference in-
creased to 25.2 ppm. This difference speaks in favor of our hypothesis
that organic matter reacts with nitrite resulting in the production of
Ny

In spite of the fact that the Dayton and Olympic soils follow
pretty much the same patiern in N, evelution from added nitrite, yet
certain distinct differences were noticed especially at longer incuba-
tion periods. In the Dayton soil a gradual decrease in No evolution
was noticed in treatment receiving no organic matter additions whereas
such a downward trend was not ncticed in the Olympic soll, whers the
change in magnitude of N, evolution was only slight. This may be due
to the original high organic matter content of the Olympic soil (6.98
percent), which probably did not diminish appreciably by microbial
activity. The Olympic soil treated with organic matter showed no
signs of reduction in evolution of Ny with longer incubation as was
noticed in the Daytecn soil. Of all the incubations studied, the
longest incubation gave the highest amount of Ny loss. The role of
added organic matter in increasing the evolution of N2 can clearly be
seen in this soil also., With 35 days of incubation the N, evolved
from the soil treated with organic matter was 21.1 ppm more than the

treatment receiving no organic matier.

No evolution from H,O, treated Olympic scil

The role of crganic matter in initiating or enhancing the production
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of N, on reaction with nitrite is more clearly elucidated from the re-
sults of a supplementary experiment involving destruction of the
original organic matisr by Hs05,

The destruction of inherent organic matter of the Olympic soil was
accomplished by treating the scil with 30 percent H202 for a prolonged
period of many days at room temperature, Additlicn of H202 wag continued
until there was no more frothing from the soil, which indicated that all
the active or readily decomposed fraciion of crganic matter was des-
troyed. The goil was then rinsed thoroughly with distilled water to get
rid of wmused Hy0;. Suspecting that the H 0, treatment may have been
detrimental to the microorganisms, the treated svil was innoculated from
extracts of incubated samples of untreated Olympiec soil,

The N evolved from the H,0, treated solil was dstermined without
any incubation and with 3 days of incubation, in the presence and
absence of freshly added dry alfalfa at 1 percent level.

The pattern of the N, evolvsd from Hy0, treated soil, in comparison
with untreated soil, is presented in figure L. It is clear from this
figure that destruction of crganic matter resulted in significant re-
duction in loss of Ny, In H202 treated soil the loss of Ny was reduced
by about 30 to 50 peracent, as compared to the non-treated soil. This
supplementary experiment rpresents a very strong evidsnce to the effect
that nitrite can react with organic matier resulting in the evolution
of Nz.

It was pointed out in sarlier discussions that the addition of
organic matter reduced the loss of N, from all non-incubated soils,
Certain postulated explanations were suggested to account for this

reduction. The possibility of NO/NOEucytoshrome gegomplex formation oy
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Figure 4, N, evolved at various time periods from nonincubated
H,0, treated and ordinary Olympic silty clay loam soil treated with
1 percent dry alfalfa and 200 ppm nitrite-N added as NaNO,,
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a utilization of the active fraction of added organic matter by microbes
as a source of energy were among the postulated explanations. It is
evident from figure li that the addition of organic matter to Ha0,
treated soil yielded greater Ny as compared to the treatment receiving
no organic matter. This suggests that the postulated explanation given
with regard to the use of organic fraction by microorganisms or complex
formation of NO/NOZ with the cytochrome ¢ of organisms is valid to some
extent, With Hy0, treatment the microbial population or activity was
probably reduced which lowered the complex formation or utilization of
the active fraction of organic matter by microcrganisms. The ultimate
result was an increase in N, evolution from the treatment receiving
organic matter.

In Ho0, treated soil the N2 evolution was drastically reduced as
compared to non-treated soil, yet the loss was not reduced to a negli-
gible level. About 20 percent of the added N was lost from H,0, treated
801l receiving no organic matter. This indicates that in addition to
organic matter probably some other component of the soil complex may
also be responsible for the evolution of Noa

In figure 5 a comparison is made between the nonincubated and Hp0,
treated soils incubated for 3 days. The higher losses with 3 days of
incubation confirm the postulation that nitrite-organic matter inter-

action results in release of elemental form of N.

Green organic matter additions and N, evolution

Some experiments were conducted to study the effect of added green
alfalfa addition on the pattern of evolution of N2 arising from nitrite

reactivity in various soils. Finely chepped fresh green alfalfa was



51

Soil #+ NOE Nonincubated e- - S
Soil + NO5 #+ d incubat (V-
grganicogatter i A ion » A —X
80+

N, evolved (ppm)

0 4 8 12 16 20 24
Hours

Figure 5. N, evolved at various time intervals from O2 treated
Olympic silty clay loam nonincubated and incubated at 30 C for 3 days

with and without 1 percent dry alfalfa prior to the addition of 200
ppm nitrite-N added as NaNO,.
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used as organic matter additions. Dayton silty clay loam and Olympic
silty clay loam were incubated for 0, 6, 21, and 35 days, and the Miami
soil was incubated feor O and 21 days only.

The results of this experiment are interesting and important from a
theoretical as well as from a practical point of view. The N, evolved
from Dayton, Olympic, and Miami soils is shown in tables 6, 7, and 8.

Nonincubated soils. It is interesting to note that the pattern of

evolution of N, arising from these soils receiving green alfalfa addi-
tions, without any incubation, was just the reverse of that noticed with
dry alfalfa additions. The results presented in tables 2 to L show that
addition of dry organic matter reduced the evolution of N, in all soils
as compared to the treatment to which no organic matter was added. Butb
with the addition of green alfalfa the pattern of N, evolution reversed
completely. Green alfalfa not only gave higher loss of N, as compared
to the treatment receiving no organic matter, but it also enhanced the
losses of No considerably as compared to the dry alfalfa.

The pattern and magnitude of Né evolved from nonincubated Dayton
and Miami soils treated with green and dry alfalfa are presented in
figure 6, which shows clear cut differences in the effectiveness of dry
and green organic matter in reacting with nitrite resulting in the
subsequent release of N2.

The total production of N (as Np) from the Dayton soil treated with
dry alfalfa was 7l.4L ppm. With addition of green alfalfa it increased
to 105 ppm. Thus the amount of N, evolved due to the green alfalfa
addition was 3L ppm more than the dry alfalfa. Similar increases were
noticed in the Olympic and Miami scoils, also. This suggests that green

alfalfa has certain components which are very reactive and can react
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Table 6. N5 evolved at yarious time periods from Dayton silty clay loam
non-treated and treated with green alfalfa (1 percent on dry
weight basis) and incubated at 30 C for 0, 3, 6, 1, 21, and
35 days prior to the addition of 200 ppm nitrite-N added as

NaNU2
Incubation time
Treatment None 3 days 6 days 1L days 21 days 35 days
pon®
12 hours
Soil + NO3 58.0 L1.3 45.0 L8.7 39.6 35.9
Soil + NOZ + alfalfa 63.2 Lk o8 33.6 2l.3 25,9 2743
2li hours
SOil -+ NOE 76-0 5893 5?‘02 56-? h502 39-1
Soil + NOJ + alfalfa 85.6 67.6 5.5 L2.7 32.L 35.6
36 hours
Soil + NOZ 85.0 6L.0 6L.0 6.8 51.8 k6.6
Soil + NO, 4 alfalfa 9kL.6 77.0 50.0 Lk .0 36.2 Lh2.1
L8 hours
Soil + NO; 8,.0 66.3 6l1.0 65.3 56,2 50.2
Soil + NO5 + alfalfa 105.0 82.0 60.8 L5.2 Lho.1 L46.0
Standard error +1.48

L.S.D. at 0.05 level L.55

8Rpeported after deducting that found in the soill used as a control %o
which ne nitrites were added.



5k

Table 7. N, evolved at various time periods from Qlympic silty clay
1loam treated with and without green alfalfa (1 percent on dry
weight basis) and incubated at 30 C for 0, &, 21, and 35 days
prior to the reaction with 200 ppm nitrite-N added as NaNC.,

Ineubation time

Treatment None 6 days 21 days 35 days
ppm*
12 hours
Soil + NOZ 63k 58.2 5247 L7.1
Soil + NUE + alfalfa 68.1 Ll .9 T3k 52.6
2l hours
Soil « NOE ?Soh 78.9 6301 7300
Soil + NO7 + alfalfa 87.8 61.2 87 17.0
36 hours
Soil « NDE 87.0 87.0 71,9 80.9
Soil » NO3 + alfalfa 97.7 75.8 86 . 82.7
148 hours
Soil « NDE 89,5 oh.6 777 82.3
Soil + NO3 4 alfalfa 97.6 8lie3 90,1 92 .1,
Standard error * 1,48

L.S.De at 0.05 level .55

SReported after deducting that found in the soil used as a control to
which no nitrites were added.



Table 8. N, evolved from Miami silt loam treated with and
without dry and green alfalfa (1 percent on dry
weight basis) and incubated at 30 C for 0 and 21
days prior to the addition of 200 ppm nitrite-N

as NaNOo
Incubation time
Treatment None ~ 21 days
ppm®
12 hours
Soil + NO3 20.6 27.3
Soil + NO; + dry alfalfa LT.7 21.8
Soil » NO7 + green alfalfa 27.9 6.6
2y hours
Soil + NO3 27.2 30.9
Soil + NO; + dry alfalfa 22.1 23.8
Soil + NO; + green alfalfa 39.5 2.9
L8 hours
Soil « NOE 36.9 Lh.2
Soil + NO; & dry alfalfa 32,3 34.3
Soil + N0 » green alfalfa 48.2 12.6
Standard error 2 1.48

L.S.D. at 0.05 level L.55

@Reported after deducting that found in the soil used as a
control to which no nitrite was added.
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Figure 6, Comparison of elemental-N evolved in nonincubated
Dayton silty clay loam and Miami silt loam soils treated with and
without dry and green alfalfa at 1 percent level on dry weight
basis and 200 ppm nitrite-N added as Nalic'z.
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Incubated soils. It is evident from table 6 that in the Dayton

soil, even with 3 days of incubation, the Np evolution is higher in
treatments receiving green alfalfa than in the treatments receiving no
organic matter. It is interesting to note here that with 3 days incu-
bation the pH of treated soil rose from L.8 to 5.5, yet the evolution
of Ny from the treated scil was higher than from the control. Previ-
ously it had been postulated that a slight change in pH was responsible
for a considerable reduction in the evolution of Nye The rise in pH
from 4«8 to 5,5, with 3 days of incubation, should have reduced the N,
evolution considerably as compared to the control. The recorded high
No, in spite of high pH, suggests that with 3 days of incubation there
were yet many more active components in the organic matter which react
with nitrite. Probably,‘ at this stage, the proportion of active frac-
tion has increased considerably, which counter balances the effect of
increased .

With 6 days of incubation the N, evolved from treatment receiving
green alfalfa addition was lower than the control, suggesting that most
of the active fractions were either transformed to inactive form or have
been exhausted from the system due to rapid microbial activity. With 14
and 25 days of incubation, the reduction in Ny evolution from organic
matter treated soil became more pronounced. With 35 days incubation
there was a slight increase in N, loss from green alfalfa treated soil
which could be due to slight decrease in pH of this soil.

The difference in the pattern of N, evolved from the Dayton soil
receiving green and dry alfalfa, incubated and nonincubated for a
period of 35 days, can clearly be seen in figure 7. Without any incu-

bation the magnitude of N, so evolved was 84 ppm without any organic
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Figure 7., Comparison of elemental-N evolved from Dayton silty clay
loam, soil amended with dry alfalfa (1 percent on dry weight basis)

and incubated for 0 and 35 days prior to the addition of 200 ppm
nitrite-N added as NaNO,,
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matter addition, Tl.l ppm with dry alfalfa addition, and 105 ppm with
green alfalfa addition. A comparison of this pattern with that of 35
days of incubation shows the evolution of N, was 50.2 ppm without any
organic matter addition, 75.4 ppm with dry alfalfa addition, and L46.0
ppm with green alfalfa addition. Thus the reaction of fresh green
alfalfa with nitrite resulted in considerably enhanced evolution of
elemental~N from nonincubated soils which was drastically reduced on
incubation for 35 days.

Before proceeding further {o the discussions of the Hé evolution
in the Olympic and Miami soils, it would probably be worthwhile te lock
at the changes in pH of these scils due to the application of green
alfalfa, because the effect of any change in pH is reflected in the
pattern or magnitude cf Ny, evclwved.

The data presented in figure 8 give an overall picture of the
changes occurring in the Dayton, Olympic, and Miami soils with the
application of green or dry alfalfa. It is evident from the figure that
addition of dry alfalfa has very little effect on the [H of these soils
but green alfalfa has a sharp and pronounced effect.

With application of green alfalfa, the pH of the Dayton soil rose
from the original level of 4.8 to 5.5 in 3 days, 5.8 in 1l days, and
dropped to 5.4 in 25 and 35 days of incubation. Even up to a period of
35 days the effect of added green material on the pH of this soil is
clearly noticeable. Somehow the Olympic soil did not retain the effect
of added green alfalfa for a long period. In 3 days the pH of this seil
rose from L.6 to 5.5 but then dropped down to 5.2 in 1l days, L.8 in 21
days, and L.7 in 35 days. The effect of added green organic material

on increasing the pH was almost completely lest in 1l days.
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Figure 8, Changes in pH of Olympic silty clay loam, Dayton silty
clay loam, and Miami silt loam soils incubated for varying time
periods with the addition of dry or green alfalfa at 1 percent
level on dry weight basis.
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In the Miami soil the changes are quite pronounced. The pH of this
soil rose from 5.6 to 6.8 in 3 days, 6.7 in 1l days, and T.L in 21 days.

In the light of these changes in pH, it will be easy to follow the
pattern of loss of N, from the Olympic and Miami soils presented in
figures 9 and 10.

In the Olympic soil the highest (97.6 ppm) N, was evolved with the
reaction of nitrite and green alfalfa when the soil was not incubated
(figure 9). With 6 days of incubation the evolution of N, was reduced
to 843 ppm. In 6 days the pH of this soil rose from L.6 to 5,5.
Probably this increase in pH was responsible for the decrease in evolu-
tion of Np. In 21 days the fH dropped to L.8. This decrease in pH was
reflected in higher (90.1 ppm) evolution of N, as compared to 6 days
(84.3 ppm N). With further incubation up to 35 days, there was no
appreciable change in the pH as well as in the magnitude of N produced,

Like the Dayton and Olympic soils the nonincubated Miami soil
treated with nitrite and green alfalfa evolved considerably higher
(4LB.2 ppm) N, as compared to the treatments receiving dry alfalfa (32.3
ppm) or no alfalfa (36.9 ppm) (figure 10). With 21 days of incubation,
the green alfalfa amended treatment yielded only 12.6 ppm N, as com-
pared to 34.3 and 4li.2 ppm from treatments receiving dry organic matter
or no organic matter. It is interesting to note that the addition of
both dry and green organic matter reduced the evolution of Né with 21
days incubation. This could be attributed to the high pH noticed in
both the treatments after 21 days of incubation or due to the depletion

of an active fraction of organic matter.

Trap and soil analysis

The detailed results of trap and soil analysis of the various
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Comparison of the Ni losses recorded at various time

oam soil incubated for 0, 6, 21,

and 35 days with green alfalfa at 1 percent level on dry weight
basis prior to the reaction with 200 ppm nitrite-N added as NaNO,,



63

Dry alfalfa 0 Zay incubation

G;Een-aifaifa

———
21 days incubation’

N, evolved (ppm)

Figure 10, N, evolved at various time periods from Miami silt
loam soil incubated for O and 21 days with dry or green alfalfa
additions at 1 percent level on dry weight basis prior to the
addition of 200 ppm nitrite-N added as NaNO,,
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experiments are presented in appendix tables 1l through 18. Since the
conversion of nitrite to nitrate is out of the purview of these studies,
a brief account of the other oxides of N recorded and total nitrogen
recovered is given.

Oxides of nitrogen. From the results of trap analysis it is evi-

dent that, under aerobic conditions, the evolution of the oxides of N
(N0 and NO,) is of minor importance, especially when the soil pH is near
5.0. In more acid soils, like the Olympic soil (pH L.6), the losses
were high in the initial stages of inecubation but decreased considerably
with longer incubation.

Temple (191L), Clark et al., (1960), Wullstein and Gilmour (196L},
and a few others have suggested the gas NO as the major product of
decomposition of nitrite. Wullstein and Gilmour (1964} have especially
emphasized NO as the major product. The low recovery of NO in the
present studies could be due to the oxidation of evolved NO to nitrite
and nitrate as postulated by Temple (191Li) and Cady and Bartholomew
(1961)+

2N0 + 00 —»2N0p + ¢ « s+ + o & o o« o « o (19)
31\D2+H20—~—)2HNO3+NO. o ® o® om s ¥ % = » )

It is possible that some of the No evolved gets absorbed on clays
as suggested by Mortland (196L). When the exchange complex was satu-
rated with transition metals, he observed chemical absorption of N0 on
Montmorillonite. Chao and Bartholomew (1964) have also suggested the
possibility of NO absorption on Al-saturated bentonite.

As pointed out earlier, a certain amount of NO can form a complex
with Fe cytochrome ¢ of the microorganisms or ﬂith other metals in the

soil. This complex formation may result in low recovery of NO.
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In the presence of metals and H* ions the nitrites get converted to
NO as suggested by Wullstein and Gilmour (196L):
Mn** + NO7 & 2H'==—=pln*** 4 NO + H5O . . . . . . (21)
It is quite possible that this reaction proceeds further and MO is re-
duced to N, under the catalytic influence of various transition metals
present in the soil. This postulation was confirmed by Mahendrappa
(1966} who has reported N, formation from the soil treated with only NO.
Due to these various possibilities, the evolution of NO may have
been reduced in these studies. There are instances in the literature
(Tyler and Broadbent, 1960) to show that no NO or NO, evolves in nitrite
transformations.

Total nitrogen. From the analytical data presented in the appendix

tables 1l through 18, it is apparent that the mineral and gaseous forms
of N recovered from soil and gas analysis do not add up to the eriginal
amount of N added (200 ppm N). In very rare cases the total makes up
the 200 ppm N or little over, but in most of the cases the balance sheet
shows a deficiency. In some cases the deficiency is as great as 25 to
35 percent of the added N.

This shows that the determinations made in these experiments do not
cover all the transformation products of N evolved during the course of
the nitrite reactions. One such product is methyl nitrite (GHBOND)
which has very recently been identified by Stevenson and Swaby (1964).
They have suggested that when nitrite reacts with lignin or lignin
building units, methyl nitrite evolves. There could be more N products
which have not been identified so far. Gray (1958) has suggested that
nitrite can get converted to NEOh’ and Néoh then be ionized, yielding

NO* and NDB.
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2Nz —I N0 —No* + MO . . . . . . . . . (22)
NO* once formed undergoes many reactions and nitrosation is one of them.
It can react with various unsaturated hydrocarbons forming many nitro-
sation products.

The deficiency in total amount of N may also be due to the fixation
of nitrite on organic matter or due to a complex formation of NO with
heme, Fe cytochrome c, or by its adsorption on clays. Fithr and Bremner
(196l4) have reported that the reaction between soil organic matter and
nitrite results not only in conversion of N to gaseous forms but also to
the fixation of nitrite-N on organic matter, i. e., the conversion of
nitrite-N to organic N. Silver (1960), Chao and Bartholomew (196k4), and
Mortland (196L4) have reported complex formation of NO with certain metals
like alumimum and iron, heme, and cytochrome ¢ and also a chemical ad-
sorption of NO on montmorillonite or bentonite clays in the presence of

certain transition metals.



67

EXPERIMENT II. N, EVOLUTION FROM REACTIONS OF NITRITE

WITH ORGANIC MATTER IN SAND-BENTONITE MIXTURE

This experiment was designed to see the effect of pH and organic
matter on the patiern of N, evolution from organic matter-nitrite
reactions in a system devoid of all complexities present in the soil,

A sand-bentonite mixture acidified to pH L0, L5, and 5.0 was selected

for this work.

Materials and Methods

Pure quartz sand and bentonite clay were used as the media in this
experiment, The sand was washed several times with distilled water and
dried. Bentonite clay, free of organic matter, was finely ground and
thoroughly mixed with sand, keeping sand-bentonite in 90:10 proportion.
The pH of this mixture was adjusted to L,0, L.5, and 5.0 with 0.3 N H,80),
One hundred g of the mixture were placed in a waxed paper carton. Dry
ground alfalfa was added at 1 percent level to those iapples intended to
receive organic matter additions. The mixture was innoculated with
water extracts from the Olympic soil which in turn was incubated with
organic matter additions for about 8 days. One-half of the quantity
(3 ml) of water needed to bring the mixture to field capacity was from
the soil extract, and the other one-half (3 ml) was distilled water.
After being thoroughly mixed, the mixture was transferred to suction
flasks and incubated for 0, 3, and 6 days. After incubation 200 ppm
nitrite-N was added as NaNOp. 1In addition to nitrite-N, the samples

receiving organic matter received about 250 ppm of organic-N on the
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basis of 2.5 percent N content in dry alfalfa. The N2 evolved was
determined at 12, 2L, and 48 hours.

Statistical analysis of N, evolved at 48 hours after nitrite-N
addition was made at each pH level, treating it as a factorial experi-
ment in completely randomized design with two replications. The
treatments were: two organic matter levels, no organic matter and 1
percent organic matter on the dry weight basis; and three incubation

periods, 0, 3, and 6 days.

Results and Discussions

The results of this experiment are presented in tables 9, 10, and
11. A comparison of these data with that of the soils (tables 2 to L)
brings to light certain interesting differences. The most notable
difference is related to the magnitude of evolution of Ny,. In the soil
system the evolution of N, was considerably higher than in the sand-
bentonite mixture of comparable pH. For instance, in the Olympic soil
(fH Le6) without any incubation, the N, recorded in 36 hours was 83.7
and 86.8 ppm from treatments with and without organic matter additions.
In sand-bentonite mixture of comparable pH (L.5), the evolution of N,
was only 26,0 from treatments receiving organic matter and 8.2 ppm from
treatments receiving no organic matter. This abnormality may be
attributed to some extent to the inherent high organic matter content
of the Olympic soil, but this alone does not fully explain the differ-
ence. The results presented in figure l show that in H40, treated
Olympic soil the evolution of N, was considerably higher than in the
sand=bentonite mixture. This suggests that some other component or

components of the soll complex serve to increase the production of Ny.
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Table 9. Elemental N recovered at various time periods from sand-
bentonite mixture (acidified to pH L.0) with and without
1 percent dry alfalfa and incubated at 30 € for O, 3, and
6 days prior to the addition of 200 ppm nitrite-N added as
NaNOo
Incubation time
Treatment None 3 days 6 days
Ppm ppm ppm
12 hours
Sand-bentonite mix + NO> + dry alfalfa 20,6 13.2 8.5
2l, hours
Sand-bentonite mix + 1*10‘2' 10.0 8.1 L.9
Sand-bentonite Mix « N0, + dry alfalfa 25.4 2l .6 11k
48 hours
Sand=-bentonite mix + NO3 11.6 9.9 6.3
Sand-bentonite mix 4+ NO5 & dry alfalfa 28.0 28.4 16.1

Standard error * 0.8

L.S.D. at 0,05 level 2.75
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Table 10, Elemental N recovered at various time intervals from sand-
bentonite mixture (acidified to H L.5) with and without 1
percent dry alfalfa and incubated at 30 C for 0, 3, and 6
days prior to the reaction with 200 ppm nitrite-N added as

NaNOo
Incubation time
Treatment None 3 days 6 days
ppm ppm ppm
12 hours
Sand-bentonite mix + NO3 540 3.3 3.3
Sand-bentonite mix + N0 + dry alfalfa 16,6 13,2 6.2
2l hours
Sand-bentonite mix « N0 6.7 b8 3.3
Sand-bentonite mix « NO3 + dry alfalfa 2l.5 19.7 8.6
L8 hours
Sand-bentonite mix + N0 8.29 7.0 b9
Sand-bentonite mix + NO; + dry alfalfa 26,0 27.2 16.8
Standard error +1.04

L.8.D. at 0,05 level 3.19




Table 11. N, recovered at various time intervals from sand-bentonite
ture (acidified to pH 5.0) with and without 1 percent dry

alfalfa and incubated at 30 C for 0, 3, and 6 days prior to
the reaction with 200 ppm nitrite-N added as NalO,

Incubation time

Treatment None 3 days 6 days

ppm ppm ppm
12 hours

Sand-bentonite mix + NO3 5.0 3.3 32

Sand-bentonite mix + NO; + dry alfalfa 11.8 9.9 L.9
2l hours

Sand-bentonite mix + NOZ 6.5 L,9 L5

Sand-bentonite mix + NO7 + dry alfalfa 16.7 1.6 6.8
48 hours

Sand-bentonite mix + m"é 9.5 8.2 8.1

Sand-bentonite mix + NO7 + dry alfalfa 2k.3 240 12.9

Standard error

L.S.D. at 0,05 level

+0.95
2.92
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From the results of the experiment on nitrite transformations in cation
exchange resins, Reuss and Smith (1965} have concluded that the reac-
tions leading to the evolution of gaseous N require the presence of
some soil complex or constituent.

In recent years evidences have been presented by some investiga-
tors emphasizing the role of transition metals in nitrite-N transforma-
tions. Wullstein and Gilmour (196L), in a series of experiments, have
found that the reduced state of transition metals like copper, iron,
and manganese and certain salts of aluminum is quite active in promoting
nitrite loss. In some of their studies they have accredited one-half
of the nitrite loss to Mn*t* activity.

Mn“+NO§+2H*—)Hn’”‘*+NO+H20. e e+ + o o (23)
In this reaction the metal is oxidized and nitrite is reduced to NO.
According to their findings, NO is the major product of Mn** activity.
As pointed out in an earlier discussion, it is likely that this reaction
proceeds still further, resulting in reduction of NO to elemental-N.
The transition metals or some other constituent of the soil complex may
serve as a catalyst in this reduction reaction.

Chao and Bartholomew (1964} have also emphasized the role of these
metals in nitrite transformations. They have reported that the rate of
nitrite-N transformations .-was directly proportional to the aluminum and
iron content, They have not, however, reported the end products of
these transformations. The role of some other soil complex in these
losses cannot be ruled out.

Since the sand-bentonite mixture is devoid of all transition
metals and other soil complexes, the reduction in N, evolution was not

unexpected in this simple system.
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A modification af figure 1 with inclusion of the losses cf N2 from
the sand-bentonite mixture acidified to fH L.5 is presented in figure
11. It is noted from this figure that the sand-bentonite mixture at the
highest degree of acidity yielded the lowest elemental-N when compared
to various soils. It was pointed out earlier that a slight change in
the degree of acidity in the soils caused a considerable change in the
magnitude of N, evolution. But the data presented in table 9 (pH L.0)
and table 11 (pH 5.0) show that a considerable change in pH did not make
mich difference, and the magnitude of N, evolved was almost the same at
both the levels of pH. The evolution of Ny from the sand-bentonite
acidified to L.0 was 28,0 and 11.6 ppm with and without organic matter
additions without any incubation. When the same system was acidified
to pH 5.0, the N, evolved was 24.3 and 9.5 ppm with and without organic
matter additions. Thus, there was no significant difference in the ex-
tent of evolution of N, in the sand-bentonite mixture of these two
different pH. This suggests that pH alone is not the sole factor affect-
ing the evolution of N. Tyler and Broadbent (1960} have come to similar
conclusions in their experiment of N losses from limed and unlimed
soils.

Another distinet difference in the soil and the sand-bentonite mix-
tare was noticed in the pattern of evolution of Np. In earlier dis-
cussions, it was pointed out that without any incubation, the addition
of organic matter to the soil reduced the evolution of N, as compared
to the treatment receiving no organic matter. Various explanations
were suggested to account for this reduction. It is noticed in figure
11 that the addition of organic matter to the sand-bentonite mixture did

not lower the production of N,. On the contrary, it increased Np
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Figure 11, Comparison of elemental-N evolved at various time
periods from various soils and sand-bentonite mixture (pH 4,5)
treated with dry alfalfa at 1 percent level on dry weight basis
and 200 ppm nitrite-N added as NaNOZ.
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evolution. The active fraction present in the added organic matter
probably reacted with the nitrite resulting in the No production. In
this simple system, the effect of organic matter addition can be seen
clearly. Without any organic matter the evolution of No was 8.2 ppm
which increased to 26.0 ppm with the addition of organic matter. The
difference can be accredited to the reaction of organic matter with
added nitrite.

Incubation of soils with dry organic matter additions had a marked
effect on increasing N, evolution. In the sand-bentonite studies incu-
bation had a reducing effect on N, evolution. With three days of
incubation, there was no significant change in the extent of N, evolved.
With six days of incubation, however, the losses were reduced consider-
ably in the treatment receiving organic matter additions in all three
levels of pH. This observation is quite contrary to the findings re-
ported earlier in all studies conducted with dry alfalfa additions to
various soils wherein greater amounts of N were recorded with longer
incubations. The reduction in quantity of N in this experiment could
be due either to fixation of nitrite or organic matter or the formation
of an organic matter-clay complex which does not make organic fraction
available to react with the added nitrite. Evans and Russell (1959)
have pointed out that bentonite clay can form a complex very easily
when allowed to react with organic matter.

It is also possible that with incubation there was some initial
increase in microbial population in which the active fraction of the
added organic matter was used as a source of energy but the microbial
activity could not proceed further due to the lack of metals. Iswaran

and Rao (1960), Waksman (1952), and Webley (1960) have emphasized the
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need of various trace elements like copper, nickel, molybdenum; cobalt,
boron, and iron for the growth and functioning of microorganisms.
Chandra et al. (1962) and Singh and Pathak (1962) have reported rapid
decomposition of organic matter in the presence of trace elements. With
longer incubation, the active fraction of organic matter, instead of
increasing, may actually decrease due to utilization of this fraction
in the limited initial microbial activity and cessation of this activ-
ity at later stages and lack of mineralization of organic matter due to
the restricted supply of various trace elements. Though this media was
inoculated with soil exitracts, the quantity added was quite small and
‘the trace elements present in the extract may not have been sufficient
to meet the requirements of microbial activity and decomposition of
organic m tter. Thus, the resulting decrease in active fraction of

organic matter my reduce the N, evolved.
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EXPERIMENT IIT. REACTIONS OF NITRITE WITH VAHRIOUS MODEL
PHENOLIC COMFOUNDS, HUMIC AND FULVIC ACIDS, AND

VARIOUS AMINO ACIDS IN THE SOIL COMPLEX

In the earlier discusions it was peinted out that when green
alfalfa and nitrite are allowed to react in the soil; N, evolves copi-
ously. Similarly, higher losses of N, were recorded with incubated dry
alfalfa as compared to the treatment receiving no alfalfa. These
suggest that green and decomposed dry alfalfa have certain components
which are reactive and react with nitrite and result in the release of
N2. Some experiments were designed to find out the fractions of organic
matter which can react with nitrite. At this stage, it would be helpful
to look at the nature or components of organic matter.

Plant and animal residuss incorporated in the soil under natural
conditions undergo intense microbial transformations resulting in the
formation of a group of organic matter compcunds known as "humic sub-
stances." Kononova (1961} has reported that this group includes humic
acids, fulvic acids, haematomelonic acids, lmmins, and ulmins. The most
important of these are humle acids and fulvic acids. Both are complex
in nature and structure and are believed to be the products of condensa-
tion of aromatic compounds with products of protein decomposition with
the possible participation of substances of carbohydrate nature., The
aromatic structure of fulviec acids is weakly expressed, and the molecu-
lar weight is lower than the humic acids group.

Many workers have attempted to analyze the fresh and decomposed

fraction of soil organic matter to isolate the structural units and
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functional groups. Bloomfield (1957, 1958) and Coulsop.et al. (1960)
have extracted and identified many polyphenols from leaves, litter, and
humus. Bsh and Circar (19L40), Morrison (1958), Hayashi and Nagai (1961),
and Kononova (1961) have reported catechol, protocatechuic acid, resor-
cinol, vanillin, p-hydroxybenzoic acid, vanillic acid, phloroglucinol,
veratic acid, p-hydroxy benzaldehyde; syringaldehyde, and dihydroxy-
benzoic acid as building stones of the various phenclic polymers.
Dubach and Mehta (1963), reviewing the work of many authors, have re-
ported the presence of carboxyls, phenols, eno¢ls, and alecohols,
hydroxyls, quinones, hydrogquinones, and other earbonyls, esters,
lactones, and ethers in soil organic matter. Mortensen (1963) has
reported mixtures of lignin, polysaccarides, proteins, tannins, and
other polyphenols, perhaps quinoides and melonoides, as major components

of organic matter.

Material and Methods

Model phenolic compounds

Some model phenolic compounds wers used in this study to see the
pattern of evolution of N, from these compounds when allowed to react
with nitrite. The compounds selected were protocatechuic acid, pyro-
gallol, gquinone, hydrogquinone, vanillin, phloroglucinol, and cinnamic
acid. Each of these was added to 100 g of Dayton soil at 0.3 g per
treatment. After chemicals and soll had opeen thoroughly mixed, nitrites
were added to the soil as outlined earlier. The N, evolved was deter-
mined at L, 8, and 12 hours.

The experiment was in completely randomized design with eight

treatments (seven model phenolic compecunds and a control consisting of
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Dayton soil with 200 ppm nitrite-N) with two replications. The statis-

tical analysis presentsd is in respect of Ny evelwsd at 12 hours.

Humic and fulvic acids

Green alfalfa was added to Dayton scil at the 5 percent lavel on a
dry weight bagis. 'I'his‘ treated soil was incubataed at 30 C for 10 days.
The humie and fulviec acids were then extracted from the soil following
the procedure outlined in detail bty Henry (1966).

To extract the fulvic agid fraction, 20 g of incubsted soil was
placed in an Erlenmeyer flask to which 100 ml of 0.5 N HyS0;, was added.
The mixture was shaken well on a mechanical shaker for about am hour and
then filtered. The filtrate containing fulviec acids fraction was used
to treat Dayton scil. The scil was brought to field capacity by using
only the filtrate containing fuivic acid fraction. The fH of the soil
was then adjusted to 4.8, the original pH of Dayton soil, The adjust-~
ment of pH was accomplished by the addition of dilnte solution of sodium
hydroxide (NaCH).

To obtain humic acid extract, another 20 g scil was placed in an
Erlemmeyer flask to which 50 ml of 0.1 M Naﬁonh {sodium pyrophosphate)
and 50 ml of 0.5 N NaOH were added. The mixturs was shaken for one hour
on a mechanical shgker, It was then filtered., This filtrate contained
a mixture of humiec and fulvie acids. The humis acid group was separated
from the mixture by adding 1 N H280h° With the additicn of saifuric
acid, the humic acids group precipitated. The precipitate was collected
on a filter papsr. The entire quantity cbtained from 20 g soil was used
to treat 300 g of Dayton soil, whirsh was thoroughly mixed and brought to
field capacity by adding additional water. The pH was adjusted to L.8.

Nitrite-N was added at 200 ppm level as NaNl,. The experiment was
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outlined =arlier.

Amino acids

Three different amino acids, tyrosine, tryptophan, and cystine,
were used in this study. In view of the limited availability of amino
acids, uniformity in the amount used could not bs maintained. The
study was conducted in the non-incubated Dayton soil o which either
0.30 g of tyrosine, 0.05 g of tryptoprhan, or 0.20 g of cystine per 100
g soil was added. The trsatments rsceiving above quantities of tyro-
sine, tryptophan, and cystine havs received 23G 66, and 230 ppm N
respectively in addition o 200 ppm nitrite-N added as NaNO,. The N,
evolved was determined at 12, 2L, 36, and 4B hours. The design of the
experiment was completely randemized with four treatments (including a
contrcl) and three replications. The statistical analysis was made in

respect of NE evolved at 48 hours after the addition of NaNOz.

Results and Discussions

Model phenolic compounds

It is evident from the data (tabls 12) that some of the phenolic
compounds have the ability to¢ enhance the evolution of N considerably
as compared tc bhe control, and soms of them hawe the reverse effect
and reduce the evolubtion. The largest amount of N, evolved was from
the treatment receiving hydrogquinons (figure 12). The tobal quantity
of N, evolved from the treatment (8L.4 ppm) was almost double the N
evolved from the control (L1.5 ppm). Cinnamic acid alsc showed fairly
good reactivity. MAppreciable quantities of N, were also evolved from

the treatment receiving vanillin.
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Table 12. Losses of elemental N recorded from Dayton silty clay loam
treated with (0.3 g) various model phenolic compounds cn
reaction with 200 ppm added nitrite-N as NaNO,

N> evolved
Treatment L hours 8 hours 12 hours

~ pm ppm ppm
Dayton + NO; (control) 35,2 38.8 Ii.6
Dayton + NO5; + protccatechuic acid 5.5 10.9 .1
Dayton + NO3 + pyrogailol 1.1 12.6 13.2
Dayton + NOE + quinone 30.0 35.8 38.8
Dayton + N0, 4 hydroguinone 49.3 h.5 81.4
Dayton + NO; + vanillin L8.4 51.6 5041
Dayton + NO5 + phloroglucinel 1.3 15.1 15.2
Dayton + NO; + cinnamic acid 46.8 53.3 57.0
Standard errer * 1.k49

LeSoD. at 0.05 level L85
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Figure 12. N, evolved from Dayton silty clay loam soil treated
with various moéel phenolic substances (at 0,3 g/100 g soil) and
200 ppm nitrite-N added as NaNO,.
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It is interesting to note that some of the phenolic substances
have the astonishing ability of reducing the evolution of Np. Proto-
catechuic acid and phloroglucinol, for example, evolved 1l.l and 15.2
ppm N as compared to L41.6 ppm N evolved from the control.

The higher yields of N2 recorded from some of the phenolic sub-
stances like hydroguinone and vanillin indicate that these substances
react with nitrite., The reaction between phenolic compounds and nitrite

may be represented by the following postulated model eguation:

CH 0
3©+2HN02-—-)3 O 4N, oo 0w (2)
OH 0
Hydroguinone Quinone

In this reaction, the hydroquinone is oxidized and nitrite is
reduced, resulting in N, evolution.

Vanillin may react with nitrite according tc the following model

reactions 0
CHO C-CH
EO -rEHNOE—)?@L + HO + N s o o (25)
2 2
OGH3 CH3
OH OH
Vanillin Carboxylate

The degree of reactivity of the various phenclic compounds may
depend on the nature and positicn eof subsititution.

The other interesting observation with regard to the reduction in
Né evolution in pyrogallol, phloroglucinol, and protocatechuic acid can
best be explained by assuming the phenomencn of fixation of nitrite on

these compounds.
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Fihr and Bremner (196L) have reported that the reaction between the
soil organic matter and nitrite leads tc the fixation of nitrite on
organic matter, The fixation increases with an increase in nitrite con-
centration, The results of this experiment are in agreement with their
findings. In addition to N, there could be some other end product of
nitrogen which could not be determined in these studies.

The phenomenon of fixation ¢f nitrite on soms phenolic compounds
may serve to explain the reduced amount of Ny, recorded in all non-
incubated soils to which dry alfalfa additions were made. Protably the
dry alfalfa is rich in phenolic compounds which have nitrite fixing
ability. With incubation, those compounds may get transformed to some
other fomms which promote resaction with nitrite.

The work done in this area is very limited. The only reference
available in the literature is that of Stevenson and Swaby (196L) who

have reported production of elemental N, N0, COp, and CH,ONO (methyl

3
nitrite) when some model phenolic compounds were allowed to react with

nitrite in solution studies.

Humic and fulvic acids

It is evident from figure 13 that extracts of both the humic and
fulvic acids enbanced the evolution of N,. In a peried of 48 hours,
Th.1 ppm N was recovered as Np from the control treatment, whersas the
N, evolved from the humic and fulvic acids treatments was 85.2 and
93.5 ppm respectively. The gquestion rises as to what fraction of thess
complex substances could react with nitrite to yield Nys The humic and
fulvic acids are s series of acidic predominantiy aromatic phenolic

polymers widely varying in their molecular weight. Kononova (1961) has
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Figure 13. N, evolved at various time periods from Dayton silty
clay loam treated with humic and fulvic acids and 200 ppm nitrite-N
added as NaNO,.



reported that both substances are made of the same structural units,

i. e+, compounds of an aromatic nature, N-containing substances, and
reducing substances. OShe has reported tlmnt the aromatic structure in
fulvic acids is weakly expresged, thersby giving predominance to tﬁe
prepheral chains. Aromatic rings containing various phenolic substances
are probably the portion of meolecule of these substances which reacts
with nitrite giving rise to Né.

Dubach and Mehta (1963) have reported the presence of over 30
phenolic compounds in humic and fulvic acids. Coffin and Delong (1960)
have reported that 30 percent of the humic fraction from the B horizon
of a podzol was phenols, and they were able to isolate 19 different
phenolic substances.

Coffin and Delong (1960), Kononova (1961), and Dubach and Mehta
(1963) have reported the presence of quinones, hydrogquinones, vanillic
acid, protocatecuic acid, m-hydroxybenzoic acid, p-hydroxy benzoic acid,
2. 4=, 3, b=, 3, 5-dihydroxybenzoic acid, various methoxyl-containing
phenols, pyrogallol, gallic acid, and various other acids in the struc-
ture of humic acids. As reported earlier, the various phenolic com-—
pounds have the ability to react with nitrite yielding elemental N.

It is obvious from figure 13 that the fulvic acid fraction is more
reactive than humic acids fraction. Higher reactivity of fulvic acids
with nitrite could probably be attributed to the presence of reducing
substances and active acids in higher amounts than in the humic acids
group. Kononova (1961) has reported the work of Ponomoreva who has
suggested that fulvic acids have a greater percentage of reducing sub-
stances than humic acids. In addition, the same worker has reported

the presence of large amounts of active acids group in the fulvic acids
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fraction. Though she has not identified the active acid groups, Gillam
(19L0), Broadbent and Bradford (1952}, Lewis and Broadbent (1961), and
Kononova (1961) have reported the presence of phenolic, enolic, alco-‘
holic, carboxyl, and carbonyl groups in humic substances. The presence
of reducing substances and the active acid groups individually oz

collectively may account for the higher rsactivity of fulvic acids

group.

Amino acids

It is important and interesting to note that greater N, evolved
from treatments receiving amino acids as compared to the conbtrol
(figure 14 and table 13). In the first 24 hours the losses of N, from
the cystine treatment were less than from the control, but in the re-
maining 2L hours higher losses were recorded from this treatment.
Cystine is readily reduced to cysteine

S ¢ CH om(mﬁz)-coorim*

? —»2HS - GH, - CH(M,)C0H . (26)

S + CHp + CH(NH,} - COOH
This conversion explains the low losses in the initial period of the
experiment. Once cystine is converted tc cysteine, the reaction pro-
ceeds faster as the cysteine and its derivatives are extremely active
in oxidation-reduction reactions.

Tyrosine and tryptophan both yielded higher N2 as compared to the
control. In the initial stages, tyrosine appeared to be more effective
in No evolution than tryptophan, but at later stages, in spite of the
low rate of application, tryptophan evolved more N, than tyrosine. In
48 hours, 73.7 ppm N was recovered from the control treatment as Noe

Recovery of Np from ityrosine, tryptophan, and cystine was of the order
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Figure 14, Elemental-N evolved at various time periods from
Dayton silty clay loam soil treated with various amino acids
(cystine-=0,2 g/100 g soil, tyrosine--0,3 g/100 g soil, and
tryptophan--0,05 g/100 g soil) and 200 ppm nitrite-N added as

Ni:':l'd(:!‘2 .
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Table 13. Losses of elemental-N recorded from Dayton silty clay loam
soil treated with various amino acids and reaction with 200
ppm nitrite-N added as NaNO,*

Ny evolved
Treatment 12 hours 2Ly hours 36 hours L8 hours
ppm rpm ppm Prm
Dayton + NO; (control) L3.1 53.9 60.3 T3
Dayton + NO5 + tyrosine 58.0 61.8 86.0 87.2
Dayton + NO, + tryptophan 48.3 7.4 92,0 88.3
Dayton + NO3 + cystine 33.4 h5.2 65.5 82.3

Standard error * 2.70

L.S.D. at 0.05 level 8.59

8Quantity of N, is reported after deducting that found in the soil used
as a control which no nitrites were added.

of 87.2, 88.3, and 82.3 ppm respectively. The reaction may proceed
according to the classieal Van Slyke reaction:
RI\H2+HN02—-—+R0H+N2+H20 i & ¥ = @ 4 3 _» 01
All the treated samples evolved significantly more N, as compared
to the control but they were not significantly different among them-
selves. There are some investigators who have supported the view that
amino acids can react with nitrite yielding elemental-=N. Barritt
(1931) has reported loss of N as a result of the interaction of nitrite
and glycine at M 5.8. Wilson (1943) and Gerretson and DeHoop (1957)
have strongly favored nitrite-aminoc acids reaction. Patil (1963) has
suggested the possibility of reaction of amino acids with nitrite. The
results of this study are in confliet with those reported by Allison

and Sterling (1948), Allison and Doetsch (1951), Allison et al. (1952),
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Jones (1952), and Smith and Clark (1960), who did not find any appreci-

able loss of elemental N from the reaction of aminc acids and nitrites.
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GENERAL DISCUSSION OF THE RESULTS

Evaluation of Elemental-N from Organic Matter-

Nitrite Interactions

The present investigations were based on the hypothesis that Np is
one of the products of the decomposition of nitrite. This Ny may evolve
elther from the direct reaction of some component of organic matter with
nitrite or from the reduction of nitrite t¢ Np in which the reaction is
catalyzed by some fraction of organic matter. The work reported here
definitely supperts the view that nitrite does react with organic matter
giving rise o elemental-N. The pattern and extent of the N, evolution
depend not only on the inherent properties of scil such as pH, organic
matter content, and mineralegical make-up, but also on the nature of
added organic matter and the incubation treatment given to the soil.
There was a considerable difference in the magnitude of N, evolving
from nitrite reactions with dry and green organic matter and from incu-
bated and non-incubated scils. The pattern of N, evclved from dry
alfalfa treatment incubated for varying lengths of time was totally
different from the pattern noted in green alfalfa studies.

The initial pH of the soil or the shift in pi due to the applica-
tion of organic matier had profound influsnce on the exitent or even the

pattern of Np evolution.

Noninecubated soils

The addition of dry organic matter to soils without any incubation

had a temporary lowering effect on N, evelution as compared to the
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treatment receiving no organic matter. This might be explained on the
basis of (a) an immediate utilization of an active fraction of added
organic matter by soil micrcorganisms as a source of ensrgy, (b) a com-
plex formation of NO or nitrite with Fe cytochrome ¢ or with cther
substances, (c¢) the fixation of nitrite on organic matter, or (d} a
chelation or complexing of the various transition metals which are
believed t¢ be important in nitrite transformations.

In the H,0, treated Olympic scil, the addition of organic matter
did not exhibit any lowering effect on N, evolution as was nobed in non-
treated soil. This strongly suggests that Ho0p treatment had affected
the factor or factors which reduced Ny evolution. Of the four postu-
lated explanations suggested above, the most susceptible to Hy0p
treatment seems to be the micreobial popalation. The drastiec and pro-
longed H202 treatment would have destroyed most of the microorganisms
initially present in the soil. Although the scil was inoculated br
extracts from incubated soil samples, the incculation treatment may
not have restored the microbial population to its initial level., The
decreased mimber of miercorganisms may not use up all the reactive
fraction present in added organic matter. Thus, additions of organie
matter to HoOp treated soil resulted in higher less of Ny. Incidentally,
thig explanation illustrates the other saggested possibility in which
emphasis is laid on a NO/NOE-@ytoehrom s-gomplex formation as suggested
by 8ilver (1960). In the absence of intense microbial activity in the
H 0, treated soil, the complex formation may not be as important as in
non-treated soil.

The results of some of the experiments reported herein favored the

explanation suggesting the possibility of adsorption of nitrite on



organic matter. The experiments conducted with various phenclic sub-
stances showed that some of these compounds can enhance the evolution

of N, when allowed to react with nitrite and some of them have the
reverse effect. Protocatechuic acid, pyrogallol, and phloroglucinol
are some of the substances which reduced the evolution of N, consider-
ably. The low amount of N, recovered from these treaiments can be
explained on the basis of adsorption of nitrite on these compounds.

The literature is devoid of information on this subject. The only
available reference is that of Flhr and Bremner (196L) who have reported
nitrite fixation on organic matter. Their findings are in favor of
these results wherein we have been able to isolate some of the compounds
which have nitrite fixing ability. There could be many more compounds

in the plant material capable of fixing nitrite.

Incubated scils

The lowering effect of dry organic matter on evolution of N, did
not last long. A brief incubation, as short as three days, was enough
to reverse the pattern and enhance the amount of N, evolved.

Incubation of soils with dry organic matter additions clearly
established the role of organic matter in:anhancing the Ny evolution,
With incubation the N evolved from organic matter treated soils in-
creased in all cases except for the Clermont seil. This unusual
behavior of Clermont soil may partly be attributed to the rapid rise
in pH of this soil with organic matter addition and partly to the in-
herent properties. In the Olympic and Dayton soils, the difference in
Né evolution of treated and non-treated soils became more prominent

with incubation. With 35 days of incubation, the difference in the
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magnitude of N evolved between the treated and non-treated Olympic soil
was 20 ppm and 25 ppm in the Dayton scil. Higher N, evolved from
organic matter treated soils. The difference reported here favors our

hypothesis that organic matter reacts with nitrite to evolve N,.

Ho0, treated soil

The results of Hy0, treated Olympic soil further confirm our
hypothesis that interaction of nitrite with organic matter results in
loss of N in elemental form. As compared te the normal soil, the magni-
tude of Np evolution in H,0, treated soil was drastically reduced,
indicating that the higher losses in non-treated soils may be due to

the inherent organic matter content of the soil.

Green alfalfa amendments

With the addition of green alfalfa to various soils about 10 to 20
ppm more N was recorded as compared to the treaiments receiving ne
organic matter additions. The clear-cut higher N, recorded in these
experiments strongly confirms the role of organic matter in nitrite

transformations.

Sand-bentonite mixture

The experiment conducted with the sand-bentonite mixture is ancther
evidence supporting our hypothesis. 1In the soil system, in addition to
organic matter, many other components of the complex, like transition

metals, etc., may enhance N, evolution or nitrite transformations, but

2
in a simple system like the sand-bentonite mixture which is devoid of
all complexities the difference can clearly be ssen and definitely be

attributed to organic matter. The organic matter treatment yielded 18
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to 20 pom more N, than its counterpart receiving no organic matter
treatment.

The results of these investigations illustrate and explain the
large "N deficits®™ noted by many investigators in their studies of
nitrite in relation or organic matter. Robinson, as early as 1923,
noted rapid loss of N from soils high in organic matter and suggssted
that organic matter may cause rapid decompesition of nitrite, Soulidés
and Clark (1958), in their studies of nitrification in grassland soil,
encountered greater N deficits in grasslands than intertilled soils.
Smith and Clark (1960) studied N losses in Fort Cellins loam (3.86
percent organic matter) and Durham loam (0.5L percent organic matter).
They noted greater N losses in the Fort Collins than in the Durham soil
and suggested tat some component of organic matter was more reactive
in reducing nitrite. Clark and Beard (1960) have observed that at a
given pH value, organic matter of the soil ssrved tc promote the reace

tivity of nitrite and the development of a much greater N deficit.

The studies reported here confirm the above findings and explain
that the losses or deficits encountered by them were due to evolution

of elemental N from reacticn of nitrite with organic matter,

Role of pH in N, Losses

The degree of acidity is of over-riding importance in nitrite
transformations. Kelly (1916), Robinson (1923), Fraps and Sterges
(1939), Martin et al. (1942), Clark et al. {1960), and Smith and Clark
(1960) have emphasized the effect of H* in nitrite transformations.
The greater the degree of acidity, the more severe are the losses of

N,+ The results of the present investigations are in accordance with
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the findings of these workers. A slight change in the degree of acidity
in the soils was ssen responsible for a considerable change in th2 mag-
nitude of N2 evelved., The difference in the tH cof the Clermont soil
(5.2) and the Olympic soil (L.6) is not much, but the extent of N, loss
recorded in the Olympic soil is almost double that in the ¢lermont soil.
Such a vast difference in the magnitude of evolved H2 may be due to the
inherent properties of these soils., However, the rcle of pH cannot ba
overloocked in accounting for the differences.

The changes ccsurring in pH of the various scils due io the appli~
cation of organic matter had a congiderable influence on the magnitude
of N, evolution. In some instances, the changes in pH changed even the
pattern of N, evolution. The best example of this is the Clermont soil
wherein the N, loss was reduced considerably due to a rise in pH when
the soil was incubated with organic mﬁtter. In this soil, the effect of
M seems %o have overcome the effect of added organic matter. The
changes in g of varicus soils incubated with green alfalfa and conse-
quent changes in magnitude of evolved N, alsc serve as a good illustra-
tion. Incubation of soils with green alfalfa resulted in a rise in H
of the soils so treated, which consequently reduced N, evolution from
added nitrite. The Qlympic soil treated with green alfalfa serves as
good evidence of the influence of pH on N, evolution. As shown in
figure 9, without any incubation when the fH of this soil was L.6, the
total amount of Ny evolved was 97.6 ppm. With six days of incubaticn
when the pH went up to 5.5, the evolution of N2 was reduced to 84.3
ppm3 with further incubation for 21 days when the effect of added green
material on pH waned considerably and the pH came down to L.8, the

amount of evolved Ny went up again to 90.1 ppm. Thus the Ny evolved at
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21 days was higher than the N, evolved with six days of incubation.
However, it is interesting tc ncte that in a simple system of sand-
bentonite mixture, acidified to variocus pH levels, the over-riding
influence of pH was not seen. The quantities of N, rscorded at pH L0
were in no way different in magnitude from those recorded at pH 5.0,
This suggests that the effect of pH gains prominence only in the pre-

sence of the scoil complex.

Charactsristic of the Reactions

An important aspsct of 211 the studies reported here is that the
m jor fraction of the evolved N, is recorded in the first 12 hours. The
amount of Ny recorded in the subseguent 36 hours is not as high as
recorded in the first 12 hours, ag could be seen in figures 1 and 2,
This strongly suggests that the evolution of Ny is the result of chemi-
cal reaction and not the product of biclogical activity. There ars
mny evidences in the literature to show that the nitrite transforma-
tions yielding Ny are chemical in nature. Clark and Beard (1960) and
Tyler and Broadbent (1960}, from thelr studies of nitrite dismutation,
have reached similar conclusions. While studying the transformatiocns
of nitrite-N in sterile and non-sterile Bath soil, Reuss (1963] found
no differences in the amount of Ny evolved. He, therefore, concluded
that the micrebial denitrificaticn was not contributing to the N, pro-
duction. Reuss and Smith (1965) have also suggested that the nitrite
transformations are chemical rather than microbiologiecal. This is
further confirmed by the most recent investigations carried out by
Mahendrappa (1966), who did not find any differences in the amount of

N2 evolved from nitrites added to Miami, Dayton, and Olympic acid scils.
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Nature and Composition of Organic Matter and its Probable

Reactions with Nitrite Giving Rise to No

Nature of organic matter

The higher amounts of N, recorded with green alfalfa additions or
with incubated dry alfalfa suggest that these substances are rich in a
fraction or fractions which are reactive and can react with nitrite.

It was noted that a short incubation of three days was enough to convert
the inactive form of organic matier fraction in dry alfalfa to an active
form., It is obvious that in three days ithe stage of decomposition did
not proceed to an advanced stage. In this short pericd the carbohy-
drates, proteins, and lignins may have disintegrated due to micrsbial
activity tc simpler substance like mono-, di-, and tri-saccharides,
amino acids. amines, and various phenolic or arcmatic compounds.

Bloomfield (1957, 1958) and Coulson et al. (1960) have extracted
and identified many phencolic substances from leaves, litter, and hums.
Esh and Cirear (1940), Morrison (1958), Hayashi and Nagai (1961), and
Kononova (1961) have reportad the presence of varicus phenolic substances
like catechol, protocatechuic acid, resoreinol, p-hydroxybenzoic acid,
dihydroxybenzoic acid, and various quinones and hydroquinones in decom-
posing organic matter. In addition to the phenolic substances, various
aldehydes are also present in the plant tissues. Kononova (1961),
Robinson (1963), and Dubach and Mehta (1963) have reported the presence
of salicyl aldehyde, vanillin, and syringalidehyde in plant material,

Plant tissues are alsc rich in carbohydrates. Notable among them
from the point of view of reactivity are the mono- and di-saccharides.
The monosaccharide group is the most important and abundant in piants.

The presence of varicus amino acids and amines and proteins is well
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accepted by all.

In addition, the green alfalfa is rich in various pigments which
can be oxidized sasily. Robinson (1963) has reported the pressnce of
many flaveneids in the entire plant kingdom from fungi to angiosperm.
Quercetines, carotincids, and many other easily oxidizable pigments
have also been identified.

From the peint of view of nitrite reactions or its reduction to

elemental N, any cf the substances discussed above may be imperiant.

Probable reactions

Nitrite-organic matier reactions. In view of the high degree of

reactivity, diversification in the nature of reactions of nitrite is
not unexpected. The complexities in reaction grow in magnitude when a
reactive substance like nitrite reacts with a complex substance like
organic matter. Without a wery detailed and thorough research, it is
rather difficult to outlins the reactions occurring that lead to the
formation of No.

The experiments carried ocut with wvarious phenolic compounds, humic
acids, fulviec zeids, and various amino acids indicate that many of
these substances do react with nitrite. As pointed cut earlisr, varicus
phenclic compounds and aromatic structures are present in plant tissues
and decompesed crganic matisr. Probably one of the most important and
active groups ia that of hydrecquinones. Its high degree of reactivity
with nitrite is evident from the fact that it yielded twice as much N,
as the control. The reaction between hydroguinons and nitrite may be

represented by the following postulated model equation:
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CH 0
3©+2Hm2—>3©+!m{20+1¢2 e w & % & (24)
OH 0
Hydroguinone Quincns

In addition, there are many aldehydes in the plant tissuss or de-
composing organic matter. In view of the reducing nature of aldehyde,
reduction of nitrite to No is not unexpected. It was observed in the
present studies that when vanillin reacted with nitrite, the Np evelved
was greater than that found in the control treatment. A model reaction

of vanillin and nitrite may be as followss

CHio 2~0H
2@ + ZHN02 ‘-—) 2@0 + HEO + N? o o o {25)
OGHB ' CHB )
od OH

The various pigments present in the plant body are mde of easily
oxidizable aromatic substances. The possibility of the reaction of
various pigments with nitrite camnot be rulsd cut.

The green plant tissues and the dscomposing dry organic matter are
rich in wvarious amino acids, some cf which can easily bes oxidized. The
higher N, evolution reportsd from tyrosine, tryptophan, and cystine
shows that these amino acids can react with nitrite evelving Np. The
pathway of N, evelution from these reactions is not known: it is quite
likely that the reaction proceeds according to the classical Van Slyke
type of reaction.

RH, + HNO, ROH + Ny + H.O . . .« . . . . o (11)

The results of this experiment are in conflict with the findings
of Allison and Sterling (1948}, Alliscn and Deetsch (1951), Jones (1951),
Allison et al. (1952), and Smith and Clark (1960), who have seriously

doubted about the ocourrence of such a reaction in soils. In view of
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the higher N, recorded in this study, the possibility of occurrence of
the Van Slyke type of reaction cannct be totally ruled out. In the
literature there are some evidences to show that such a reaction might
occur in the soil. Barritt (1931) and Gerretsen and DeHoop (1957) are
strongly in favor of the occurrsnce of this reaction in soils.

The contribution of various reducing sugars present in green
organic matiter and various organic acids in evclution of N, needs fur-
ther research.

The ammonia evolved during the process of decomposition of organic
matter and N0, present in the system from conversion of NO3 (21@02'—\%
NZGJ.;) may contribute to N, production as suggested by Cray (1958)

ZNHy + NEOLL—)M{LLNO} + N, +H0 o v o 0 0 e (27)

Other nitrite reactions. From the various studies reported here,

it is obvious that the nitrite-organic matter reactions are not the only
reactions which contribute to the N2 evolution, In addition to organic
matter, some other component of the soil complex may also contribute to
N

2
wherein the losses of N, to the extent of Ll ppm were noted with nitrite

production. The best example is that of the H50, treated soil

addition. In view of the drastic H,0, treatment; obviously the dscom.-
pesed organic fraction v:as destroyed completely. N, evolution from
such a treatment strongly suggests that some soil complex is alse cone
tributing to N, producticn. Wullstein and Gilmour {196L) have suggested
that in the presence of a reduced form of transition metals, nitrite is
converted to NO¢g
Mn** + W03 + CHY —3Mn*** 3 HO+ M . . . . o o (21)
When nitrite can be reduced to NO in the presence of transition

metals, the reducticn can proceed still further, resuiting in formation
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of elemental-N from NO.
2NO + Mn** & LH* =3 Jn*#+ 4+ Ny, + 2H,0 . . . . . (28)
The evolution of N, from avidified sand-bentonite mixture, which
was devoid of all complexities, suggests that self decompositlon of
nitrite under acid conditions may evolve Ny as suggested by Thorne
(1961)¢
5}m02——>1~12+3mo§+3ﬂ*+1120. i o4 @ = % @ o« 1)
Nitrite may alsc react with hyponitrous or hyponitric acid evolving
N, as suggested by Buchholz (1963) ¢
HONNCI{+I\IOE-—>H"+1\D'3'+N2+OH° e o o o o« o (16)
In addition toc these, there could be many more reactions of nitrite
with the warious components of organic matiter and the soil complex

resulting in N, production.
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SUMMARY AND CONCIUSIONS

Experiments were carried oub to see the effect of non-incubated and
incubated dry and green alfalfa additions on transformations of nitrite
to elemental N in Clermont silt leam (pH 5.2}, Daybton silty elay losm
(H L.8), Olympic silty clay loam (L.6), and Miami silt loam (fH 5.6)
soils. In another study evelution of N2 was determined from nitrite
reactions with dry alfalfa in a sand-bentonite mixture acidified to
various pH levels. Experiments were also conducted to see the extent
of N, evolution from the reactions of nitrite with various model phe-
nolic compounds, fulvic acids, humic acids, and various aminoc acids.

From the results of these experiments, the following conclusions
are made,

1. Nitrites do react with organic matter, releasing N. The
elemental form of N was the major product of nitrite reduction. Somse
oxides of N, however, also evolved in small quantities.

2s In noen-incubated scils the addition of dry alfaifa resulted in
a reduction in No preduction as somparsd to the treatment receliving no
organic matber additicns. With incubation the patitern reversed, re-
sulting in a higher production of N2 with organic matter additions, the
only exception being Clermont soll in which no inersase in N5 productlion
was noted with incubation. The differences in evolved N, betwsen the
treated and non=treated Dayton and Olympic soils became more distinet
wiih longer incubaticn, The organic matter addition resulted in 20 to
25 ppm more N, production than the contrel treatment.

3. The supplementary experiment involving H,0, trsatment to
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destroy organic matter confirmed the hypothesis that nitrite-organic
matter reactions result in N, production. With the destruction of
organic matter; the amount of N, evolved was reduced to about 50 percent
of the soil not ireated with H, 0.

Lo Green alfalfa reacted mors rapidly and effectively with nitrite
than dry alfalfa, yielding elementai-N. The evolution of N, was higher
in non-incubated scils than the incubated scils. Incubation of soils
reduced the amount of N, produced in most of the cases which could be
attributed to rise in pH of the scil with incubation. The pattern of
evolubion of N, with green alfalfa additions was just the reverse of
that of dry alfalfa additions; i. 2., without any incubation, as com-
pared to the control, the amount of N, evolved reduced with dry alfalfa
whersas with green alifalfa it incresased considerably. With incubation
dry alfalfa asddition yielded higher Ny whereas the green alfalfa treat-
ment reduced the N, evolved in general.

5. The svolution of N from nitrite-organic matter reaction was
further confirmed in studies on a sand-bentonite mixture where the
treatment receiving organic matter additions yielded 18 to 20 ppm more
N, than the treatment resceiving no organic matter.

6. In addition to organic matter, some other soil complex also
seemed to mediate the reactions of nitrite resulting in evolution of Noe
7+« The =o0il fH was found of cver-riding importance in nitrite-

organic matter reactions, the trend being in high N, evolution with
increased acidity. The changes cecurring in pH with organic mattew
additions governed, in many instances, the pattern of svolved Ny.
However, in the simple media of the sand-bentonite mixture, the effect

of fH remained largely unexhibited, suggesting that the soil complex
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may have some complementary effect,

8. Some aromatic compounds like hydroguinone, vanillin, and
cinnamic acid, when allowed to react with nitrite in soil, enhanced
the amount of N, evolved. The N, evolved from hydroquinone treatment
was twice as much as that of contrcl. This suggests that the wvarious
phenolic compounds present in organic matier can react with nitrite
evolving No.

9. It was also noticed that some cther phenolic compounds like
protacatechuie acid; pyrogalicl, and phloroglucinoel reduced Ny preduce
tion when allowed to react with nitrite. The N, evolved from these
treatments was 13 tec 15 ppm as compared to 42 ppm from the control
treatment recelving only nitrite, suggssting that these compounds may
fix up added nitrite.

10. The reactions of nitrite with humic and fulvic acids resulted
in higher No production than was found in the control treatment. Higher
evolution of N, was noted in the fulvic acld trsatment than in the case
of humic acid. This suggests that organic matter, at an advanced stage
of decomposition, has the ability to react with nitrite resulting in
evolution of N.

1l. Some amino acids like ecystine, tyroszine, and tryptophan alseo
reacted with nitrite, yielding higher amounts of elemental-N as com-

pared to the conmtrol %treatment receiving only nitrite.
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Nitrate-Nitrogen Determination

Extraction of soil for nitrite and nitrate

l. Weigh out 10 or 20 g soil into 250 ml erlemmeyer flask.

2. Add 100 ml Ca(OH), solution.

3. Place flasks on mechanical shaker and shake for 5 minutes.
L. Let stand for 20 minutes.

« Filter into rumbered 125 ml erlemmeyer flasks, using small funnels.
Mix the last portion of soil and extract by swirling the flask
quickly and pour the soil and liquid onto the filter paper. Iet
stand until the extract has stopped dripping from the funnels.

6. Retain filtrate for NO, and N0 determination.
Reagents:

phenol in 1200 ml con€entrat S0),. Add 600 ml fuming sul-
furic acid (15% free S03); stir well, heat for 2 hours on hot
water bath.

Phenoldisulfonic acid (GéHgOH(Hsog)%i.-ADissolwe 200 g pure white
d
2

Acetic acid solution.--0One part glacial acetic acid and 3 parts
distilled water.

Ammonium sulfamate.--0,5% solution in water. Dissolve 5 g ammonium
sulfamate in distilled water and dilute to 1 liter.

Ammonium hydroxide.--One part concentrated NH),0H to one part dis-
tilled water.

Standard KNO3 solution.

Stock.—-Dissolve 0.722 g anhydrous KNOB and dilute to 1 liter
with distilled water. Contains 0.1 mg N/ml.

Standard.--Evaporate 50 ml stock KNO3 solution to dryness;
dissolve residue by rubbing with 2 ml phenoldisulfonic acid,
dilute to 500 ml with distilled water. 1 ml = 0.0l mg N.

For preparation of standard curve use 0, 0.5, 1.0, 2.0, 3.5, 8.0,
10.0, 15,0, 20.0 ml of standard KNO, solution (1 ml = 0,01 mg N).

Treat and evaporate as outlined in "Procedure."



Procedure

1.

9o

10.

1l.
12.

13.

(a) Pipette 5 ml of the filtered Ca(CH), extract into 100 ml tall
beakers.,

(b) Pipette into extra beaker 5 ml of the Ca(OH), extracting
solution.

Add S drops of acetic acid; swirl to mix.

Add 0.5 ml of ammonium sulfamate solution; swirl to mix. (Add 1 ml
to those samples having high NO3 content.)

Place on hot plate.

When wamed to 60 to 80 C, add 5 drops of 10% NaOH solution; swirl
to mix. 3

Iet contents evaporate to dryness.
Remove beakers from hot plate.

Add (from pipette) 2 ml of phenoldisulfonic acid to the beakers in
such a way that the residue will be mcistened quickly and thor-
oughly.

Rub sides of beakers with a stirring rod to bring the phenoldisul-
fonic acid in contact with any of the nitrates that may have
spattered onto the wall on drying.

Let stand about 20 minutes (or longer) or until the residue is
dissolved.

Add 3L ml of distilled water to beaker.

Add M) CH solution (1¢1) to beaker until a permanent yellow color
remains (14 ml). Perform this step under the fume hood,

Iet coocl, Make further dilution if color is too intense. Record
final volume.

Mix contents by stirring with stirring rod or swirling carefully
and read on electrophotometer after balancing the bridge and seb-
ting mull adjustment with a blank (Ca(0H), solution).
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Nitrite-Nitrogen Determination

Reagents:

Sulfanilamide.--0.2% solution in water. Dissolve l g p-amino-
benzenesulfanilamide in distilled water in 2000 ml volumetric
flask. Dilute to mark, then transfer to storage bottle,

Keep tightly stoppered in refrigerator. Prepare a new solu-
tion one or two days before required, or at least every
month.

Hydrochloric acid.-—1 tc 1 dilution of the concentrated acid with
distillied water.

Coupling reagent.--Dissolve 1 g N-(1-Naphthyl}-Ethylenediawine
dihydrochloride in 1 liter distilled water. Store in dark
bottle.

Sodium nitrite standard

l. Employing assayed NaNO, prepare an accurately known solu-
tion containing about 0,005 mg of N per ml (Solution A).

2. Dilute 50 ml of above solution to 100 ml in volumetric
flask. (Solution B).

3. With a volumetric pipette measure 0,5, 1.0, 1.5, 1.8 ml
of A, and 1, 2, 44 ml of B into 50 ml volumetric flasks.

L. Add 20 ml of Ga.(OH)2 extracting solution (filtered) to
each.

5. Treat as outlined in steps 2 to 7 of "Procedure."

6. Prepare graph.

7. Keep standard sodium nitrite solution tightly stoppered,

in refrigerator.

Procedure:

1. (a) Pipette 20 ml of the filtered Ca(OH)2 s0il extract into 50 ml
volumetric flasks. Use smaller aliquot (2 to 5 ml) if NOS con-
tent of sample is high., Make up to 20 ml with Ga(OH) solution.

(b) Pipette 20 ml of the Ca(OH) extracting solution 1nto an extra
- B0 ml volumetric flask.
(¢) Fill burettes with 50% HCl, 0.2% sulfanilamide and coupling
reagent.

2, TFrom a burette add 1 ml of 50% HCl.
3. From a burette add 5 ml of 0.2% sulfanilamide solution.
L. Wait 3 mimtes.

Note: Steps 2 and 3 can be performed on 10 samples within the 3
minutes as follows: Add the HCl and the sulfanilamide to



the first sample, then set the time clock for 3 minutes.
Then quickly add the HCl and sulfanilamide to the other 9
samples in successione.

5. At the end of the 3-minute interval, begin adding 1 ml of the
coupling reagent to each sample, timing the additions so that each
sample will have remained at 3 mimutes after the addition of
sulfanilamide.

6. Make up to volume with distilled water.

T« If the color is too dark, take smaller quantities of aliguot and
develop color.

8. Read on electrophotometer, using the blank to set the mll point.
Use 525-B filter or read at 550 mp wavelength.

Sodium Nitrite

Tests for identity_:

Dry about 1 g sodium nitrite to constant weight over sulfuric acid,
weigh accurately in a stoppered weighing-bottle, dissolve the salt in a
volumetric flask with sufficient distilled water to make 100 ml and add
10 ml of this soluticn, from a pipette, to a mixture of LO ml of tenth-
normal potassium permanganate, 100 ml of distilled water, and 5 ml of
sulfuric acid. When adding the sodium nitrite solution, immerse the tip
of the pipette beneath the surface of the permanganate mixture. Warm
the liquid to 4O C, allow it to stand for 5 minutes, and add 25 ml of
tenth-normal oxalic acid or sodium oxalate. Heat the mixture to about
80 C and titrate with tenth-normal potassium permanganate. Each ml of
tenth-normal potassium permangamate is equivalent to 0.003L450 g NaNO,,

Storage:

Preserve sodium nitrite in air-tight containers in refrigerator.
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Analysis of Alkaline Permanganate Traps
for Oxides of Nitrogen

The oxides of nitrogen that dissolve in the traps will be oxidized
to nitrate by the KMnOh. Thus this procedure is designed to destroy the
color of the KMhﬂh and permit colorimetric nitrate determination.

Reagents:
1., Trapping solution of alkaline permanganate 0.2 M KMhDh in 2 N KOH

Dissolve 112,2 g reagent grade KOH in about 800 ml of distilled
water, Add 31.7 g EMnO), , warm and stir till solution is complete.
Transfer to 1 liter volumetric flask and make up to volume. Store
in brown bottle away from direct light.

2, Oxalate sulfuric acid solution 0.6 M NaECEDh inTXN HQSUh

Place about 1200 ml distilled water in a 2 liter beaker. Add
carefully 390 ml concentrated H,30),. Weigh out and add 160.6 g
NanCosh0 «» Stir until oxalate is completely dissolved, transfer to
e Ei%e% volumetric flask and make up to volume, Store in brown
plastic bottle; the oxalate will attack glass,.

3. 5 N NaOH

Weigh out 200 g reagent grade NaOH and dissolve in about 800
ml distilled water. Allow to cool; transfer to 1 liter volumetric
flask and make to volume.

Procedure:

Wash the entire contents (5 ml) of the trap into a 100 ml beaker.,
Avoid using excess water., A blank of umised trap sclution should be
included. From a burette add 5 ml of reagent 2 (acid and oxalate). 1In
a few minutes the reaction should be complete and the material should
be colorless. Warming on the hot plate will facilitate reaction. In-
complete reaction may be the result of insufficient acidity or insuffi-
cient oxalate.

After slight warming add 8 ml of reagent 3 (5 N NaOH) to each
beaker. Precipitation will cccur at this point and the base must be in
sufficient quantities to make the solution alkaline. Upon standing a
slight brown scum of MmD., should form on the surface. Failure of this
to form may be due to insufficient base.

The precipitate should be digested with gentle warming for at
least 0.5 hour., The material is then filtered into 100 ml volumetric
flask. This filtration must be quantitative and the residue washed
several times with small portions of warm water. The volume is then
made to 100 ml and an aliquet (2 ml} taken for the standard phenoldi-
sulphonic acid nitrate determination. The addition of ammonium
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sulfamate to destroy nitrites is unnecessary.

The blank carried through the entire procedure is used to set the
spectrophotometer.

Standard curve and calculations:

KNO3 standard = 200 pg N/ml
l.hh g KNO3 made up to 1 liter volume.

Add O, 1, 2, 3, « + + 8 mlL of KNO, standard to a series of beakers
containing 5 ml KMnO) trap solution. éarry through the precedure as
outlined taking a 5 ml aliguot for nitrate determination. Carry through
the standard nitrate procedure making up the colored solution to 50 ml
for reading on the spectrophotometer. There will now be O, 10, 20,

. . o 80 peg N per 50 ml. Read on spectrophotometer and plot curve.

Determine from the curve the ratio _ng N/optical density (inverse
of slope if optical density is plotted on the y axis and jig on the x).

Ratio x opt. den. x 20 mg N
1000 trap

if 2 ml aliquot was used

Ratio x opt. den. x 50 _mgN
1000 trap

Ratio determined by Reuss (1963} was 128,

Notes

Do not use excess water ito wash the trap sclution inte the beaker
or for washing the prescipitate as the total volume must be less than
1000 ml. The destructurs of KMnOh by C20) requires high acidity, and
incomplete reaction at this point is often the result of insufficient
acidity. If the traps are to be exposed to large amounts of C0,
evolution, it may bs necessary to use L N KOH and/or 10 ml trapping
solution per trap. If more trapping solution is used the amounts or
the strengths of reagents No. 2 and 3 may be increased accordingly.

If 4L N KOH is used in the trap sclution, the acidity of reagent 2
should be increased tc 9 N.

After the residus from the filtration is exposed to the air it
should assume a dark brown color. If it remains gray add a ml or two
of NaOH to the filtrate. If any precipitate occurs, refilter.



Table 1. Mineral and gaseous nitrogen recovered from Clermont silt
loam treated with 1 percent dry alfalfa and incubated for O,
3, 6, and 1l days prior to the reaction with 200 ppm nitrite-

N added as NaNO»

e

=y

Time
Incu~ Reac- Mineral-N Oxides Elemen—~ Total
Treatment bation tion NO‘éLN NOZ-N of N tal N N
days hours ppm ppm ppm ppm ppm
Soil + NOE 0 21[ 80 18-6 707 hzth 1’489?
Soil + NOE 0 21]. 12’4 ]505 6.6 36¢2 18293
+ alfalfa
Soil + NOj 0 L8 62 3h.2 8.8 55.0 160.0
Soil + NOj 0 L8 75.2  21.0 Tol L3.0 1L6.3
+ alfalfa
Soil + NO3 3 2l 12l 943 a7 27.2 1h3.2
Soil + NO3 3 2l 12 2l1.8 5.5 25,0 167.3
+ alfalfa
Soil + NO3 3 48 112 21,0 8025 36,0 1772
Soil + NO3 3 L8 80 34,0 6.6 26,0 146.6
+ alfalfa
Soil + NOZ 6 2 oL 3141 6.6 18,0 19,7
Soil + NO3 6 2l ok 19.3 5.5 16.0 13L.8
+ alfalfa
Soil + NOZ 6 L8 81 Lo.h ToT 35.0 16L.1
Soil + N3 6 L8 75 12.L 6405 2L.0 117.8
+ alfalfa
Soil + NO3 ik 2l 7542  15.5 55 36.0 181.7
Soil + N0 1 2L 137.7 9.3 Lol 11.8 202.8
+ alfalfa
Soil - I‘DE :u.[. }-I-B h3¢8 h6c6 7015 hloo 138¢5
Soil + NOZ £ L8 72,6  15.5 565 13.0 106.6

+ alfalfs




Table 15. Mineral and gaseous nitrogen recovered from Dayton silty clay
loam treated with 1 percent dry alfalfa and incubated for O,
3, 1L, and 35 days prior to the reaction with 200 ppm nitrite-
N added as NaNO2

Time
Incu-~ Reac- Mineral=N Oxides Elemen=  Total
Treatment bation tion NOZ-N NO'B"HN of N tal N N
days hours ppm ppm ppm ppm ppm
Soil + NO3 0 2l 27.0 Lh6.6 11.5 70.1 155.2
Soil + NO3 0 2l L40.0 31.1 946 6307 1h3.8
+ alfalfa
Soil + NO3 0 L8 26,0 52.8 1.8 767 170.0
Soil + NDE 0 hB 3090 5509 1902 71-}-1- 17605
+ alfalfa
Soil + NO3 3 2l 56,0 77 13.0 555 202,6
3011 + NOE 3 ?.J.l. 6206 3191 lh-n3 6000 208.0
+ alfalfa
Soil + NOj 3 L8 2540 995 17.0 65.1 2065
Soil + NOZ 3 L8 18.8 37.3 20.3 ThoO 162,04
+ alfalfa
Soil + NO3 1, 2L 48,8 2l.8 10.4 57.3 1.3
Soil + m-é 1)4» 21]- h3.8 52-8 9.0 62&2 16708
+ alfalfa
Soil + Noj i L8 L2.6 105.7 15.9 56.6 223.8
Soil + NO3 1L L8 21.2 6503 12.6 79.6 178.7
+ alfalfa
Soil + NO3 35 2l 28.8 108.0 5e5 39.1 181.L
Soil + No3 35 2l 26,8 L6.6 545 67.8 W67
+ alfalfa
Soil + NO3 35 48 18.8 121.0 6.6 50,2 196,6
Soil + No, 35 L8 13l 9945 7.7 5.4 196.0

+ alfalfa
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Table 16. Mineral and gaseous nitrogen recovered from Olympic silty
clay loam treated with 1 percent dry alfalfa and incubated
for 0, 3, 14, and 35 days prior to the reaction with 200 ppm
nitrite-N added as NaNOp

Time
Incu= Reac= Mineral-=N Oxides Elemen- Total
Treatment bation +tion NO5-N NOQ—N of N tal N N
days  hours ppm ppm ppm ppm ppm
Soil + NOZ 0 2l 30.0 62,2 11.5 82.3 186.0
Soil + NO3 0 2k L2.0 6503 TeT 7542 190,2
+ alfalfa
Soil + NO3 0 L8 18.8 Tis5 13.2 86.8 190.3
Soil + NO3 0 L8 22,0 80.7 14.8 83.7 201,2
+ alfalfa
Soil + NOE 3 2}4 3)400 hé-é 600 80-0 16606
Soil « NO3 3 2 38.8  59.1 16.5  85.7  200.1
+ alfalfa
Soil =+ -NDE 3 ha 18o8 834.0 1603 8303 202-6
Soil + N0y 3 L8 12.4 99.5 33.5 91.6 237.0
+ alfalfa
Soil + NO3 1 2L 86.0 21.8 12.1 B2 196.7
Soil + NOj n 2k 62,6 15.6 10,4 87.0 175.6
+ alfalfa
Soil + m.";) 1’4 }-ls 2?013- 8’4-0 1302 83 03 20709
Soil + NO3 14 L8 16,2 87.1 2h.2 86.4 213.9
+ alfalfa
Soil + NO3 35 2l 21.2 31.1 5.5 73.0 130.8
SOil <% NOE 35 2h 3’-‘-.8 )-I-QGT 5-8 8906 17999
4 alfalfa
Soil + NOj 35 L8 16.0 L6.6 6.6 82.3 151.5
Soil + NO3 35 L8 13.2 52,8 8.5 103.4 177.9

+ alfalfa




1a3

Table 17. Mineral and gaseous nitrogen recovered from Dayton silty clay
loam treated with green alfalfa at 1 percent level on dry
weight basis and incubated for O, 3, 1k, 25, and 35 days
prior to the reaction with 200 ppm nitrite-N added as NaNOp

Time
Incu- Reac- Mineral-N Oxides Elemen- Total

Treatment bation tien NOZ--N NOEwN of N tal N N

days  hours ppm ppm ppm Ppm ppm
Soil + NOZ 0 2l 81.L 31.1 12.6 7640 132.7
SOil -+ NOE 0 2!-[ 8700 3793 898 8506 218.7
+ alfalfa

Soil + NO3 0 1,8 Ly .0 62.2 1.8 8l4,0 205,0

Soil + NO3 0 L8 5640 52,8 1.5 105.0 225.3
+ alfalfa

Soil + NO3 3 2ly 56.h 5546 boi 58,3 17h.7

Soil + NDE 3 zh Bloh 31:1 3-3 6?¢6 183lb-
+ alfalfa

Soil + NO3 3 L8 50.0 T7.0 8.2 66.3 201.5

Soil + NO, 3 48 T3.2 L6.0 6.6 82.6 207.8
+ alfalfa

Soil + NO5 i) 2L 56.4 7T Te7 56.7 198.5

Soil + O3 1 2L 6L .0 L0.9 L9 L2.7 151.6
+ alfalfa

Soil + NOZ n L8 28.L 83.9 13.2 653 190.8
Soil + NO3 1y L8 56l 466 565 L5.2 153.7
+ alfalfa

Soil + NOZ 25 2L L2.8 83.7 8.8 L5.2 180.5
Soil + NO3 25 2l 15.2 62,2 Bsb 32.h 115.3
+ alfalfa

Soil + NO3 25 L8 16,0 9307 8.8 56,2 17ha7
Soil + NO3 25 L8 9.4 777 9.3 Lo.1 136.5

+ alfalfa
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Table 17. Continued
Time

Incu-~ Reac- Mineral-=N Oxides Elemen= Total
Treatment bation tion NOZ-N NO3-N of N tal N N

days  hours ppm ppm ppm ppm ppm
Soil + NO3 35 2l 28,8 108.0 5.5 3%9.1 181.L
Soil + NO3 35 2l 48,0 62,2 e 35.6 148.5

+ alfalfa

Soil + NO3 35 L8 18.8 121.2 6.6 50,2 196,.8
Soil + NUE 35 ’-I-B 13-,-1- 93!3 802 )-1-6e0 16009

+ alfalfa
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Table 18. Mineral and gaseous nitrogen recovered from Miami silt loam
treated with dry or green alfalfa at 1 percent level cua dry
weight basis and incubated for O and 21 days prior to the

reaction with 200 ppm nitrite-N added as NaNOo

— —

Time
Incu-~ Reac~ Mineral=N Oxides Elemen= Total
Treatment bation +tion NOZ-N M}g-N of N tal N N
days  hours ppm ppm ppm ppm ppm

Soil + NOE 0 2l - - - 272 =
Soil » MO +

dry alfalfa 0 2l - - - 22 -
Soil + NOT +

green alfalfa 0 2l - - - 39.5 -
Soil + NO3Z 0 L8 1128 21.7 3.3 369  1TheT
Soil 4 NO3 +

dry alfalfa 0 L8 947 311 5.0 32,3 163.1
Soil + NO; +

green alfalfa 0 L8 Bl 18,6 6.6 LB.2  157.5
Soil + NO3 21 2 106 15.5 2.2 30.9 154 .6
Soil + NOS «

dry alfalfa 21 2l 103 6.2 3.8 23.8 136.8
Soil + NOS +

green al%a]_fa 21 2l 158 Fel 146 9.9 172,.6
Soil + NO3 21 148 77 40,0 Lol L2  165.6
Soil + NO5 =+

dry alfaffa 21 L8 ol 15.5 L9 3k4.3 W8.7 -
Soil + NO5 +

green alfalfa 21 L8 16 3.3 12.6 138.1

642
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