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BEHAVIOR OF NITROGENOUS FERTILIZERS IN
ALKALINE CALCAREOUS SOILS: I. NITRIFYING
CHARACTERISTICS OF SOME ORGANIC COM-
POUNDS UNDER CONTROLLED CONDITIONS.

BY W. H. FULLER, A. B. CASTER,- AND W. T. MCGEORGE

INTRODUCTION

Favorable climatic conditions in the Southwest make feasible
the cropping of land on a twelve-month basis. This not only adds
types and numbers of crops with comparatively short growing
periods to the list of crop preferences for the farmer, but it like-
wise permits him to select a long-growing crop if he desires, such
as sugar-beet seed, for example.

The use of fertilizers is annually becoming of greater eco-
nomic importance in Arizona, and any reduction in the cost of
fertilizer application is reflected in a correspondingly higher
profit for the farmer. In the production of sugar beet seed, for
example, it takes several seasons to mature the crop, and it is
customary to make several applications of ammonium sulfate
during this period. If a single fertilizer combination could be ap-
plied which would furnish nitrogen in a suitable form both ini-
tially and during the latter stages of growth, the necessity of mak-
ing but a single application would become an economic factor in
the production of such a crop. The development of nitrogenous
fertilizer combinations from materials of varying nitrifying char-
acteristics, once it is fully understood, might easily be projected
into a solution of several problems; for example, that of supply-
ing nitrogen during seasons when the nitrification activity of the
soil is slow for sources of nitrogen now in use, or that of supply-
ing supplementary nitrogen at periods when the physiological
demand of the plant is greatest.

Since irrigation farming is practiced exclusively in the regions
of the Southwest having the longest growing season, the develop-
ment of any fertilizer in combination with one or more others
would necessarily have to take into consideration the retention
of the nitrogenous materials in the soil. Highly soluble materials
would soon be leached below the root zone of many crops, or
would tend to accumulate by capillary rise of the water between
irrigations on furrow ridges. In either case, the nitrogen would be-
come unavailable for any beneficial use by the plant, and in the
latter case might even become toxic. It becomes obvious, there-
fore, that only those materials which are but slightly soluble in
water or are absorbed on and held by the base exchange complex
of the soil can be considered suitable components for the long-time
release of nitrogen. Urea-form compounds appear to answer the
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need for slowly available nitrogenous fertilizers (2), (4), though
their high cost of production limits their use for special purposes
only.

A study of the nitrifying characteristics of nitrogenous materi-
als of possible use in long-time fertilizer combinations is funda-
mental to a solution of the problem for at least two reasons:

First, the preponderance of data in the literature indicates that
nitrogen in the nitrate form is most readily assimilated by the ma-
jority of economic plants (7), (9), (13). Exceptions to this can be
cited in the instance of rice which requires ammonium nitrogen,
and in young plants which seem to assimilate ammonium nitrogen
as readly as nitrate nitrogen. Shive (11) has also shown that un-
der conditions of low oxygen tension in the solution surrounding
plant roots the nitrate ion is taken up by the plant at a greater
rate than the ammonium ion. Under conditions of flood irrigation
as is practiced in Arizona there may be rather long periods when
the soil oxygen tension is very low. This is particularly apparent
in heavy soils.

Second, a threshold of pH of 7.6-7.8 has been established under
laboratory conditions—the conversion of nitrites to nitrates-
above which nitrification will not proceed normally (3). If the
nitrogenous materials used in the fertilizer combination which was
not overcome in time by other chemical and biological reactions in
the soil, the purpose of the fertilizer would be defeated because
nitrification could not proceed. On the other hand this alkaline
threshold pH may be a useful instrument in designing a long-time
fertilizer; if a combination is used in which initially available
nitrogen supplies the demands of the crop until an unfavorable pH
value resulting from the hydrolysis of another component of the
mixture can be overcome to permit nitratification of the second
component's nitrogen, a long-time fertilizer may be realized. Al-
though the mechanism by which an unfavorable pH is overcome
in the soil so that nitratification can proceed is not yet fully un-
derstood, the phenomenon has been repeatedly observed. The
threshold pH of 7.6-7.8 applies only to the final stage in the oxida-
tion of nitrogen, hence the accumulation of nitrites is not inhibited
simply by a pH slightly above 7.8; this fact emphasizes the im-
portance of determining the nitrite nitrogen throughout any study
of the nitrifying characteristics of a compound.

The investigations presented in this bulletin cover a study of a
number of organic forms of nitrogen. Materials were supplied by
the American Cyanamid Company which also by a financial grant
contributed in part to the research.

LABORATORY EXPERIMENTS

EXPERIMENTAL PROCEDURE AND SOURCE OF SOILS

The nitrifying characteristics of various organic nitrogen car-
riers were compared, under controlled laboratory conditions, to
those of ammonium sulf ate either alone or mixed with the organic
compounds by the following procedure:
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One hundred grams of air-dry Gila fine sandy loam was weighed
into 6-ounce jelly glasses, with cover, the nitrogenous materials
were added, the moisture brought to 70 per cent of the water-
holding capacity of the soil, and the samples were incubated at
30 degrees C. for varying periods of time. After incubation for
the desired period of time samples were removed, the pH value
determined, and analyses completed for ammonium-, nitrite-, and
nitrate-nitrogen by means of standard colormetric methods.

The source of soils and pH of the soils used in this investigation
are as follows: Gila fine sandy loam, pH 7.9, Marana—upper Santa
Cruz Valley; Laveen clay loam, pH 8.0, Mesa—U. of A. farm—Salt
River Valley; Superstition sand, pH 8.5, Gila Project farm, Yuma
Mesa.
NITRIFYING CHARACTERISTICS OF SOME ORGANIC NITROGEN

COMPOUNDS APPLIED TO SOIL

The data obtained from the initial incubation series of this
study are given in Tables 1 and 2. These data fairly well define
the nitrifying characteristics of ammonium sulfate, uramon,
cyanamid, dicyanodiamide, guanidine nitrate, guanylurea sul-
fate, thiourea, and melamine. In this series all materials were
applied to Gila fine sandy loam at a rate equivalent to 200 ppm
or 1000 ppm nitrogen on the soil weight basis. Ammonium sul-
fate and uramon were included in this study becauses they repre-
sent inorganic and organic nitrogenous materials which are
widely used in Arizona. Moreover, their nitrification rate under
Arizona conditions is very rapid, and their nitrifying character-
istics are well known from earlier work. They serve to act as rate
controls for the other compounds whose nitrifying characteristics
are unknown.

Ammonium sulfate.—The nitrification of ammonium sulfate
according to the data in Table 1 was characteristically very rapid.
The data show a steady, rapid decline of ammonium nitrogen,
and some accumulation of nitrite nitrogen, notwithstanding the
fact that the pH value was well below the threshold for nitrate
formation throughout the period of incubation. This accumula-
tion, begun within a week after the start of the incubation, can
be attributed to the biological lag in the activity of the nitrate-
forming bacteria. This view is supported by the very rapid dis-
appearance of the nitrites once nitrates began to appear.

"Uramon.—The nitrification rate of uramon was only slightly
less rapid than that of ammonium sulfate. This slight difference
may be attributed to an initial pH value unfavorable to nitrifica-
tion since uramon hydrolizes fairly rapidly to ammonia in soil.
The nitrification of uramon is characterized by a rapid drop in
pH below the threshold value, a rapid, high accumulation of
nitrite nitrogen, and its almost precipitous disappearance after
nitrate nitrogen begins to accumulate.

Cyanamid.—At a rate of 200 ppm of nitrogen, cyanamid was
characterized throughout the incubation series by a pH value un-



454 TECHNICAL BULLETIN NO. 120

favorable for nitrate formation. The pH factor alone cannot be
considered to account for the lack of nitrification, however, since
the oxidation did not proceed as far as the nitrite stage. Further-
more, at no time during the incubation did the ammonium-nitro-
gen content account for more than about 50 per cent of the applied
nitrogen. Whether or not the nitrogen remained in the form of cy-
anamid, was changed under alkaline conditions present to dicyan-
odiamid, or was present in some undetermined form cannot be
said. Throughout the incubation only traces of nitrite-nitrogen
were found. At no time did the nitrate-nitrogen value of the
treated sample amount to more than about half that in the un-
treated sample. Volk (12) found the same condition for a tobacco
soil, Lakeland fine sand, treated with cyanamid. There are two
possible explanations for this observation; either the nitrification
which would have occurred in the soil had it not been treated was
inhibited because of the high pH value, or some substance toxic
to the nitrifying bacteria was formed. The latter explanation
seems the more logical in light of other work in which the pH
was maintained above the threshold value and small increases
in nitrates were observed, probably due to the lowering of the
pH to a value below 7.8 within small nuclei of the soil.

The data in Table 2 show that at a rate of 100 ppm nitrogen,
cyanamid exhibits an entirely different type of nitrifying char-
acter than at the heavier application of 200 ppm previously dis-
cussed. Whereas the pH values remained high with the heavier
applications, at the 100 ppm level the pH gradually decreased
from an initial value of 8.7 to the threshold in a period of seven
to ten weeks. Once the favorable pH range was reached, nitrate
accumulation was rapid and was nearly complete after a few days.

Dicyanodiamid.—The pH values in this series showed a con-
sistent tendency to increase rather than decrease with incuba-
tion time, being unique among the compounds studied in this
respect. The total of the ammonium-plus the nitrate-nitrogen
roughly approximated the same total in the untreated sample
throughout the incubation, but the nitrate-nitrogen value con-
sidered alone was considerably depressed below that of the un-
treated sample. Nitrite nitrogen was entirely lacking.

A somewhat closer examination of the cyanamid and dicyanodi-
amid data as they indicate possible reactions of the two com-
pounds in the soil is desirable at this point. At pH value of 7.0
or less, cyanamid may be expected to hydrolyze in a series of re-
actions which may be summarized by the equation:

4CaCN2 + 9H2O = 2Ca (OH)2 + (CaOH)2CN + 3CO (NH2)2

Urea may then be readily hydrolized in the soil to finally yield
ammonium and carbon dioxide.

At pH values above 8.0 the condensation of cyanamide, HaCN2,
an intermediate product formed during the reaction represented
by the foregoing equation to give dicyandiamide, becomes ap-
preciable. At pH values between 7.0 and 8.0 both reactions may
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be expected to occur with the formation of urea exceeding that
of dicyandiamide.

Sufficient information has not yet been obtained regarding
the reaction products of dicyandiamide to predict what becomes
of it in the soil; but the data presented for both cyanamid and
dicyandiamide when applied at concentrations of 200 ppm or 800
lb. of nitrogen per acre-foot, when considered in conjunction
with the reactions given above, are of particular interest.

In the first place, the pH values of the cyanamid samples are
consistently high enough to suggest the condensation reaction re-
sulting from dicyanodiamid, and the pH values for the dicyanodi-
amid samples become constantly more unfavorable with time.
The high pH values in the cyanamid-treated samples are explained
by the basic constituents resulting from the reactions indicated
in the equation, but it is impossible at this time to explain the
unique increase in pH noted with the dicyanodiamid samples.

The ammonium-nitrogen data offer another point of interest.
Inasmuch as the values reached a considerable magnitude in the
case of cyanamid samples, even at pH values above 8.0, it is to
be assumed that a considerable portion of this compound has
been hydrolyzed to urea, or that any dicyanodiamid formed
yielded ammonium nitrogen. The latter supposition is refuted by
the low ammonium-nitrogen values obtained in the dicyanodiamid
incubation series.

As indicated under the discussion of the cyanamid samples,
the high pH value cannot be considered responsible for the lack
of nitrate-nitrogen since the threshold value of 7.6-7.8 applies
only to the oxidation of nitrite- to nitrate-nitrogen. In the cyana-
mid incubation, nitrite-nitrogen did not accrue. On the basis of
the foregoing discussion then it is reasonable to assume that the
formation of at least limited amounts of dicyanodiamid resulted
in toxic conditions which prevented the microbiological oxidation
of ammonium- to nitrite-nitrogen. This conclusion will also limit
the possiblity of the urea conversion to the formation of am-
monium carbonate, and not to carbamide urea since the latter
process is a biological conversion, and would have to take place
after free cyanamid, which condenses to give dicyanodiamid, has
formed from the hydrolysis of the applied cyanamid. If dicyanodi-
amid is toxic to bacteria essential in oxidizing ammonium nitro-
gen to nitrite nitrogen, it is reasonable to assume the same toxicity
toward the bacteria responsible for the oxidation of carbamide
urea to nitrous acid.

Guanidine nitrate.—This data reveals pH values below the
threshold for nitrification from the start, yet the biological lag
before nitrates began to accumulate in appreciable quantities
from oxidation of other forms of nitrogen was four to ten weeks
longer than in the case of ammonium sulfate; the time lapse be-
tween analyses at this particular point in the incubation makes
more accurate appraisal of the biological lag impossible.

The nitrification of guanidine nitrate was marked by negligible
amounts of ammonium nitrogen forming, only trace quantities of
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nitrite nitrogen, and a rapid, steady increase in nitrate nitrogen
once the lag period had been passed.

Guanylurea sulfate.—The rate of nitrification of guanylurea
sulfate is similar to that of guamdine nitrate once a pH value
favorable for nitrate formation was reached, but the pH value
did not drop below 7.6 for approximately three months. Whether
or not pH values hovering just above the threshold value have
any bearing on this series is questionable since there was no
tendency evident for either ammonium nitrogen or nitrite nitro-
gen to accumulate. The nitrification rate closely paralleled that
of the untreated samples until the pH was definitely below the
threshold.

Thiourea.—The thiourea data for 200 ppm of nitrogen applica-
tion show the pH value during incubation period varied from
8.1 to 7.7, with no regular decrease. This condition did not result
in an accumulation of nitrite-nitrogen, however, even though 55
to 60 per cent of the original nitrogen application was in the am-
monium-nitrogen form at the end of the series.

The observation has been made in other work that nitrifica-
tion does not proceed normally when sulfur is applied to soil. A
similar observation can be made for thiourea. Not even trace
quantities of nitrites were formed and the nitrite values were
consistently far depressed below what they were in the untreated
series. It remains an unanswered problem as yet whether hydro-
lytic or oxidative products of thiourea are toxic to nitrifying bac-
teria, or whether sulfofying bacteria which might be acting upon
sulfur from the thiourea used the oxidized nitrogen, as fast as it
was formed, in their metabolic process. About 36 per cent of the
nitrogen applied as thiourea in the 200 ppm of nitrogen series
was not accounted for at the end of the incubation as ammonium-,
nitrite-, or nitrate-nitrogen.

Thiourea when applied at the rate of 100 ppm nitrogen gave
more promise as a fertilizer than when applied at the 200 ppm
rate according to data in Table 2. Less improvement was indicated
with this by the smaller rate of application than by cyanamid.
The pH values remained at 8.0 for nearly three weeks but once it
began to decrease the drop was rapid.

Allowing in both cases for the nitrate values of the untreated
series, it is evident that about 25 per cent of the nitrogen applied
in the lighter application appeared as nitrate when the series was
interrupted. Crediting the thiourea samples for the nitrate ac-
cumulation at the time of maximum ammonium-nitrogen, it is
found that about 70 per cent of the applied nitrogen appeared as
ammonium nitrogen in the lighter application on the thirty-ninth
day, and about 65 per cent in the heavier application on tEe
ninetieth day. On these respective days the pH values were 7.9 in
both cases.

Melamine.—Melamine appears to be unaffected by incubation.
All the data obtained closely parallels that of the untreated
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samples. Melamine appears to be too resistant to biological action
to be of any value as a fertilizer.

N-40.—NAQ appears to have favorable possibilities for use in
fertilizer combinations according to data shown in Table 2. The
pH values were favorable for nitrification throughout the experi-
ment. Although the ammonium- and nitrite-nitrogen values were
similar for the most part to those of the untreated samples, the
nitrate-nitrogen values were similar to those of the untreated
samples, the nitrate-nitrogen showed a gradual but steady increase
after the first ten days of incubation until about 70 per cent of
the applied nitrogen had been accounted for as nitrates at the end
of seven months.

N-20.—The nitrification rate was less rapid than that of N-40.
Only about 26 per cent of the applied nitrogen was accounted for
as nitrate on the 322nd day of incubation.

Phosphorus nitride.—It is improbable that this compound
would have fertilizer value since it did not appear to nitrify dur-
ing the long period of incubation.

NITRIFICATION CHARACTERISTICS OF FERTILIZER MIXTURES
CONTAINING HALF THE NITROGEN AS AMMONIUM

SULFATE AND HALF AS ORGANIC FORM

The influence of a soluble ammonium salt on the nitrifying
characteristics of the organic nitrogen sources was studied by
mixing ammonium sulfate with each of the organic nitrogen
sources on an equivalent nitrogen basis and adding it to Gila fine
sandy loam at a rate of 200 ppm of nitrogen. This is a fundamental
problem that must be solved if combinations of materials of dif-
ferent nitrifying characteristics are to be used in preparing a
long-time type of fertilizer. The data from these studies are given
in Table 3.

Ammonium sulfate plus cyanamid.—The cyanamid retarded
the rate of nitrification of ammonium sulfate since the pH value
remained above the threshold for approximately three months,
about as long as for cyanamid alone. Until the threshold pH value
was reached, the ammonium-nitrogen values increased from the
initially high values attributable to the ammonium sulfate ap-
plied until approximately 65 per cent of the total applied nitrogen
was in this form.

The absence of nitrite-nitrogen accumulation in this series cor-
responds to the condition found in the cyanamid series with cor-
responding nitrogen added. It must be acknowledged, however,
that the analyses may have been made at too great intervals, as
the threshold pH value of nitratification was approached to de-
tect the nitrite-nitrogen before it was converted to nitrates.

Ammonium sulfate plus dicyanodiamid.—These samples gave
data closely paralleling those of the dicyanodiamid alone except
for the ammonium-nitrogen values, derived from the ammonium
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sulfate. The pH values remained above the threshold. Nitrite-
nitrogen was absent and nitrate-nitrogen did not accumulate
equivalent to that of the untreated samples.

Ammonium sulfate plus guanidine nitrate.—Data in Table 3
show that when these compounds are used in combination their
nitrifying characteristics are additive. Both the disappearance of
ammonium-nitrogen and the appearance of nitrate-nitrogen indi-
cate that the two compounds nitrified independently.

Ammonium sulfate plus guanylurea sulfate.—Samples gave
data indicating that the presence of the guanylurea sulfate caused
a higher initial pH value, this delayed inception of nitrification of
the ammonium sulfate beyond that when it was applied in com-
bination with melamine, guanidine nitrate, or phosphorus nitride.
After the threshold pH was reached, however, nitrification was
apparently normal for the ammonium sulfate.

Ammonium sulfate plus thiourea.—Data from these incuba-
tions indicate that the nitrifying characteristics of these com-
pounds when mixed are not those of either when applied singly.
The pH value remained above the threshold range for about the
same length of time as with the thiourea alone when applied at
the rate of 100 ppm of nitrogen, but once it became favorable
both the ammonium sulfate and the thiourea were converted in
about two months to nitrate-nitrogen to the extent of about 75
per cent of the total nitrogen applied. If the ammonium sulfate
is assumed to be 100 per cent nitrified, the thiourea is then 50 per
cent nitrified.

Ammonium sulfate plus melamine and ammonium sulfate plus
phosphorus nitride.—Both melamine and phosphorus nitride re-
mained unaffected by the incubation. The data reflect the absence
of any influence on the nitrifying characteristics of the ammon-
ium sulfate by either melamine or phosphorus nitride. The latter
two compounds appear to be of little value as fertilizer material.

EFFECT OF VARIOUS TREATMENTS ON THE NITRIFICATION OF
CYANAMID AND THIOUREA AFTER AN APPRECIABLE

AMMONICAL NITROGEN HAD APPEARED

In the study of cyanamid and thiourea, treated tumblers of Gila
fine sandy loam were incubated for four weeks to permit an ac-
cumulation of nitrogen in the form of ammonia. The samples
were then air-dried and analyzed for ammonia. The amount of
nitrogen present as ammonia in the thiourea- and cyanamid-
treated samples was 62.5 and 72.0 per cent respectively.

The incubated, then dried, samples were then variously treated
as follows before resuming incubation:

(1) Remoistened with distilled water only;
(2) Remoistened with water, 90 ppm nitrogen as ammonium

sulfate, and 2 ml. of 4 IV H3PO4 added;
(3) Reinoculated with 10 g. of fresh soil and remoistened with

water;
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(4) Reinoculated with 10 g. of fresh soil, remoistened, and
2 ml. 4 IV HaPO4 added;

(5) Reinoculated with 10 g. of fresh soil, remoistened, and
91 ppm nitrogen as ammonium sulfate;

(6) Reinoculated with 10 g. of fresh soil, remoistened, and
91 ppm nitrogen as ammonium sulfate, and 2 ml. of 4 IV
H3PO4 added.

The purpose of the experiment was to determine, once an ap-
preciable amount of ammonia has been formed in the samples
from the thiourea and cyanamid treatment, whether or not, first,
toxic compounds are still present which prevent oxidation to
nitrates; second, the nitrifying bacteria were inactivated in the
beginning so that a reinoculation will bring about the oxidation;
and third, the pH value is too high for ammonia oxidation.

The data obtained from this series of incubations are presented
in Table 4. The days of incubation recorded in Table 4 refer only
to the incubation after the second treatment. A comparison of the
nitrification data of cyanamid and thiourea applied at the rate of
100 ppm nitrogen of Table 2 and the interrupted series of Table 4
show that the interruption of the incubation by drying had no ad-
verse effect on the nitrogen transformation.

Since this experiment was set up with cyanamid and thiourea
applied at the rate of 100 ppm of nitrogen, the addition of nitro-
gen in the ammonical form offered an opportunity to determine
whether or not the ammonium ion was inhibiting the nitrifica-
tion process. In Treatment 2, in which phosphoric acid and am-
monium sulfate were added, the pH values of the series were
definitely below the threshold value of 7.7±0.1 from the inception
of reincubation, but nitrification proceeded much the same as in
Control 1, in which the pH value was higher throughout. Nitrifi-
cation in the cyanamid-treated samples was essentially complete
at the end of the fiftieth day in the control: it was not quite 60
per cent complete at the same time in the presence of a greater
amount of ammonium ion. This may be due to the greater amount
of nitrogen which had to be converted to the nitrate by identical
bacteriological populations. There does not appear to be any in-
hibiting influence under the condition of the second treatment,
since nitrification was complete on the 105th day.

The data obtained in Treatment 3, in which the soil was inocu-
lated with 10 grams of fresh soil and remoistened, are In good
agreement with those obtained by the control samples. The gen-
eral conclusions that seem to Be indicated by the data from this
incubation experiment are as follows:

Micro-organisms in the original sample were not so seriously
injured by the thiourea or cyanamid application, if at all, as to
hinder nitrification.

Reinoculation with additional organisms of fresh soil did not
increase the nitrification rate.

At no time in any of the series was the pH a limiting factor for
nitrification because the pH value was not above the upper limit
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of the threshold value. Moreover, lowering the pH value by addi-
tions of phosphoric acid, did not have a beneficial or deleterious
effect on the nitrification rate.

The amount of ammonical nitrogen present appears to have no
influence on the nitrification characteristics of either thiourea or
cyanamid, but is nitrified normally in soils originally treated with
these materials.

NEUBAUER EXPERIMENTS

A series of soil samples was treated with cyanamid, dicyanodi-
amid, guanidme nitrate, guanidme nitrate plus 100 mg. of sulfur,
guanylurea sulfate, thiourea, N-20, N-40, and ammonium sulfate.
These materials were each added in amounts sufficient to equal
a concentration in the sample of 100 parts of nitrogen per million
parts of air-dry soil. In addition a series of check or control sam-
ples was set up to which no nitrogenous material was added. Nine
time-intervals were chosen for incubation of the material in the
soil samples before use of the soil for plant growth; the time
intervals were: 0, 15, 30, 60, 91, 120, 149, 210, and 271 days. The
dicyanodiamid, guanidme nitrate, guanylurea sulfate, thiourea,
and ammonium sulfate additions were all made in solutions of the
proper strength. The cyanamid, sulfur for the guanidine nitrate
plus sulfur series, N-20 "and N-40 were all added in the solid form.
Because of the small amounts of the solid materials which had to
be added to a large mass of soil, a small portion of the soil to be
used, 100 g. was ground as fine as possible and added to a wide-
mouth bottle with the proper weight of each material, previously
pulverized. The soil-fertilizer mixtures were then mixed by end-
over-end shaking for about four hours. The soil-fertilizer mixtures
were then added to 2 kilos of soil in the proper amounts and again
mixed for four hours as before.

At the end of the incubation periods the soil was used in what is
essentially the Neubauer technique for growing plants to de-
termine the nitrogen availability. Four sand control cultures were
set up with each of the three Neubauer sets; in these, 100 grams
of sand were substituted for 100 grams of incubated soils. Each
pan was planted with 100 seeds of Sacramento barley and covered
with silica sand. After thirty days of growth the plants were har-
vested, dried, weighed, and analyzed for nitrogen by the Kjeldahl
method.

Observations recorded at the time of harvesting of each series
were as follows:

Series A: 0, 15, and 30 days of incubation before planting.
Plants from the cyanamid-treated soil showed slight tip burn-

ing in the absence of the incubation, but were normal in the in-
cubated sets.

The dicyanodiamid-treated series showed plants having con-
siderable tip burning in all three incubation sets.

Slight tip burning for the unincubated sets was noticed for
plants grown in soils treated with N-20 and N-40. N-40 plants
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were slightly greener than N-2Q plants.
Tip burning was absent from plants grown in soils treated with

guanadine nitrate, guanidine nitrate plus sulfur, guanylurea sul-
fate, ammonium sulfate, and untreated soil for all periods.

The thiourea-treated series were the most abnormal looking
plants. Severe tip burning occurred in the set not incubated. Some
tip burning was exhibited with the thirty-day incubation set as
well as an over-all poor vigor compared with plants of other
treatments.

Series B: 60, 91, and 120 days of incubation before planting.
The only toxic effects noted in this entire series was burning

of the plant tips in all the dicyanodiamid treated plants. Burning
was quite severe.

Series C: 149, 210, and 271 days of incubation before planting.
Plants in this series looked better than in the series of shorter

incubation periods. The cyanamid-treated sets were all in good
condition. The dicyanodiamid-treated soils produced plants hav-
ing a moderate amount of tip burning. Throughout all series the
general vitality of the thiourea-treated plants was very low and
they were susceptible to fungus attack.

The data for all the plant series are presented in Table 6, with
the exception of the data for the sand control pans given in
Table 5. Close agreement between the values for the control sam-
ple averages on Series A and C reflects similar growing condi-
tions. Differences between individual control samples may like-
wise be considered to be good.
TABLE 5.—DRY WEIGHT AND TOTAL NITROGEN FOR THE PLANTS

OF THE SAND CONTROL PANS

Series

A
Soil incubated
before planting 0,
15, and 30 days.

B
Soil incubated
before planting 60,
91, and 120 days.

C
Soil incubated
before planting 149,
210, and 271 days.

Control

1
2
3
4

1
2
3
4

1
2
3
4

Dry weight
g.
3.392
3.214
3.055
3.104

Average 3.191
2.799
2.849
2.807
2.654

Average 2.777
3.071
3.237
3.104
3.048

Total nitrogen
mg.

79.74
80.86
82.58
83.66

Average 83.66
Not determined
Not determined
Not determined
Not determined

79.88
82.68
82.54
8212

Average 3,115 Average 81.80

In Table 6 are given the dry weight values for the plants from
each pan, the total nitrogen content of the entire plant grown in
each pan, and the percentage nitrogen values calculated on the
basis of the gross dry weight.
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An attempt was made to arrive at definite information on the
availability of the fertilizers themselves by deducting from each
treatment the dry weight and nitrogen values for the correspond-
ing untreated samples, but variability between samples was too
great to make interpretation on such a small number of samples
(two) of each treatment meaningful.

Because of the low percentage agreement between duplicate
samples, it appeared that more could be obtained from the data
by studying them on the basis of averages, taking into considera-
tion the planting series, the treatment, and abnormal values
which stand out because of the values preceeding or following
the series. A summary of the data of Table 6 are shown in Table 7
as weights corrected for the average dry weight of the sand con-
trols, total nitrogen content corrected for the average nitrogen
content found in the control plants, and percentage nitrogen cal-
culated on the basis of the corrected values obtained by deducing
the dry weight and nitrogen values of the control sand cultures.

The Neubauer technique is not usually used to study nitrogen
availability because the growing period of eighteen days is too
short. The nitrogen in the seed is sufficient for good growth dur-
ing this short period. In this experiment the technique was not
employed to study nitrogen, but to determine whether or not
toxic ejects would occur which would manifest themselves on the
young plants, either by alteration of their physical appearance, or
as revealed by the dry-weight values. Since the material was
available, however, nitrogen determinations were made.

The air-dry weight averages indicate clearly that the samples
of Series B had the highest values and Series A the least. The
high values of Series B are probably due to the low moisture
stress of the sand control culture to prevent fungal parasitism
and to the longer growth period though the plants were harvested
as nearly as possible at the same growth stage. The lack of avail-
able nitrogen, no doubt, was responsible for the lower dry weight
values of Series A.

The greatest average increase in air-dry weight in the over-all
experiment occurred in the samples treated with guanidine nitrate
plus sulfur, and was appreciably greater than guanadine nitrate
without sulfur which showed the fifth largest weight. Second in
order was ammonium sulfate followed by thiourea. Although the
thiourea value cannot be weighed as heavily as the others be-
cause of the four omissions made in arriving at the average, the
large increase in dry weight may indicate that the plants were
more vigorous than they appeared to be. The order of decreasing
weights with the other treatments is: cyanamid, guanidine nitrate,
guanylurea sulfate, dicyanodiamid, untreated, N-40 and N-20.

The average values in Table 7 show that treated samples were
higher in nitrogen than the untreated. Within Series A, incuba-
tion of 0,15, and 30 days, the ammonium sulf ate samples contained
the highest average total nitrogen followed by cyanamid. The
ability of the plant to utilize nitrogen from dicyanodiamide be-
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fore changes with incubation have occurred is demonstrated by
the presence of this compound in third place. Other treatments
occur in the order; guanidine nitrate plus sulfur, thiourea, N-40,
guanylurea sulfate, guanidine nitrate, untreated, and N-20.

The most outstanding fact of Series C, incubation for 149, 210,
and 271 days, is the number of compounds which supplied more
nitrogen than ammonium sulfate after long incubation. Am-
monium sulfate dropped to eighth place. Order of decreasing
amount of total nitrogen in this series is: cyanamid, guanidine
nitrate plus sulfur, guanidine nitrate, guanylurea sulfate, N-20,
N-40, thiourea, ammonium sulfate, dicyanodiamid, and untreated.
The drop in position of dicyanodiamid with long incubation is
very marked, from third to ninth. A possible explanation of the
low' position for ammonium sulfate for this long incubation series
is that microbiological activity may have been much more intense
than in the other samples, resulting in a tie-up of nitrogen, since
the ammonium sulfate unquestionably had no fungicidal or bac-
teriocidal action.

The influence of long incubation in making available the nitro-
gen from the compounds being studied is shown in the column
headed "available nitrogen resulting from incubation." The great-
est increase in availability resulted from the N-20 application. It
nitrifies very slowly. Order of decreasing effect of long incuba-
tion on nitrogen availability with the other treatments is: guani-
dine nitrate, guanylurea sulfate, guanidine nitrate plus sulfur,
cyanamid, N-40, thiourea, ammonium sulfate, and dieyanodiamicl
The change in ammonium sulfate is zero because of its high initial
nitrification rate. The negative value of dicyanodiamid probably
reflects the formation of compounds toxic to the growing plants.
Allison, et.al (1) found dicyanodiamide toxic to plants in the
field in concentrations greater than 40 pounds of ammonia equiva-
lent per acre for wheat.

In concluding the presentation of these data, it should be
pointed out that we consider the order of significance of the data
to be: condition of the plant at the time of harvesting, the air-dry
weights of the plants, and the effect of long and short incubation
periods on the availability of the nitrogen of the several com-
pounds. The data considered least significant are the percentage
nitrogen values.

FIELD EXPERIMENTS

In order to more certainly evaluate the various organic nitrogen
materials used in the laboratory tests for fertilizer purposes, plant
response experiments were conducted under the usual field con-
ditions. The nitrogenous materials were applied at the rate of 50
pounds nitrogen per acre to Laveen clay loam at the University
farm at Mesa (1946) in a 9 x 6 factorial design and to Superstition
sand on the Gila Project farm at Yuma (1947) in a 6 x 6 latin
square design. Plots were 4 by 10 feet in size. Both areas were
planted to Arivat barley at the rate of 90 pounds per acre in No-
vember and harvested in May.
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TABLE 8.—INFLUENCE OF ORGANIC-NITROGEN FERTILIZERS OX
BARLEY YIELDS

Treatment

Untreated
Dicyanodiamid
Guanylurea sulfate
Guanidine nitrate
N-20
Ammonium sulfate
N-40
Cyanamid
Thiourea

Yield of barley in
pounds per acre

U. of A. Gila Project
farm, Mesa Farm*

1,664 2,247
1,715 .. .
1,789
2,126
2,173 2,426
2,206 3,118
2,234 2,714
2,417 3,425
2,700 3,649

Percentage increase due
to treatment

U. of A. Gila Project
farm, Mesa Farm

3.06
7.51

27.76f
30.59t 7.97
32.57t 38.76T
40.26f 20.78f
45.25t 52.43t
62.26f 62.39t

*Data furnished by Mr. Howard P. Cords—Assistant Agronomist.
fHighly significant increase—1 per cent level.

Data in Table 8 shows the average yield of barley in terms of
pounds per acre and the mean percentage increase due to treat-
ment. Highly significant increases in yield of barley are reported
for six of the eight treatments on the Laveen clay loam and four
of the five treatments on the Superstition sand. Nonsignificant
yields for the Laveen clay loam are shown for dicyanodiamid and
guanylurea sulfate and for N-20 applied to Superstition sand.
Thiourea gave the greatest increase due to treatment in both soils
followed by cyanamid. Less spectacular yield increases are re-
ported for N-20, N-40, and ammonium sulfate. Perhaps the most
surprising feature of these field experiments was the observation
that hegari planted the following fall on the fertilized areas was
observed to be decidedly greener and more vigorous on the
thiourea plots. The favorable residual effect of thiourea to the
succeeding crop was not noticed in the plots treated with the
other nitrogenous materials.

SUMMARY AND CONCLUSIONS
Nitrification appeared to proceed normally and satisfactorily

with ammonium sulfate, uramon, guanidine nitrate, guanylurea
sulfate, N-40, and N-20 when applied individually to Gila fine
sandy loam at the rate of 200 ppm of nitrate on air-dry soil basis.
The nitrification characteristics of the compounds varied widely;
they are named above in the order of decreasing rate of nitrifica-
tion.

Nitrification did not proceed normally and satisfactorily with
dicyanodiamid, melamine, and phosphorus nitride.

Cyanamid and thiourea exhibited anomalous nitrification char-
acteristics; when applied at a rate of 200 parts of nitrogen per
million parts of air-dry soil, considerable accumulation of am-
monia was noted but no nitrification. On the other hand, when
applied at a rate of 100 ppm nitrate, cyanamid nitrified satis-
factorily, and thiourea showed pronounced improvement, though
not as great as in the case of cyanamid.

When used in association with ammonium sulfate, the nitrifica-
tion of the components of the mixtures appeared to be additive,
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i.e. each component appeared to nitrify as if present alone, except
in mixtures containing cyanamid and dicyanodiamid. These latter
mixtures reflected nitrification characteristics of cyanamid and
dicyanodiamid.

Micro-organisms in the Gila fine sandy loam were not seriously
injured by thiourea and cyanamid applications at the rate of 100
ppm nitrogen. Moreover, the amount of ammonical nitrogen
present appears to have no influence on the nitrification char-
acteristics of either thiourea or cyanamid, but is nitrified nor-
mally in soils originally treated with these materials.

In "a modified Neubauer rye seedling test tip burning was
observed in soils treated with cyanamid, dicyanodiamid, and
thiourea applied at a rate of 100 ppm and incubated 0 to 30 days
before planting. Thiourea-treated soil produced very poor plants.
After an incubation period of 60 to 120 days only dicyanodiamid
showed tip burning.

Applied at the rate of 50 pounds of nitrogen per acre to field
plots on Laveen clay loam and Superstition sand, the organic
nitrogenous materials increased the yield of barley over the un-
treated plots. Thiourea and cyanamid gave decided increases over
ammonium sulfate. Dicyanodiamid and guanylurea sulfate treat-
ments gave no significant increase in barley yield.
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