NITRIFICATION STUDIES WITH SOIL TYPES IN
NORTHERN PUERTO RICO

By Juan Aumepre BoNNET, Chicf of Soils Diwvision,
Agrieultural Experiment Station, University of Puerto Rico, Rio Piedras, P. R.

SomNTirie Points RELATIVE . To Sormn NITRIFICATION

The suggestion of Pastenr in 1862 that nitrification is due to
bacterial action led Winogradsky in 1890 to isolate the organisms
eoncerned in nitrification processes. Since then, nitrification studies
have been a subject of investigation in various soils located in
countries of different climatic conditions. Among the various aspects
studied is worth while mentioning: Nitrification as influenced by
soil moisture, temperature, seasonal variations, plant growth, carbon-
nitrogen ratio, buffering agents, application of fertilizers and amend-
ments; oceurrence, isolation, limiting and optimum pH of goil nitrify-
ing bacteria; nitrification and solubilization of certain soil inorganic
elements; methods of studying soil nitrification and nitrifying ca-
pacity of a soil as an index of fertility.

It is a well known fact that the soil nitrifying organisms are of
an autotrophic nature characterized by the property of obtaining
earbon from the carbon dioxide of the atmosphere and their energy
by the oxidation of simple inorganie compounds in the form of am-
monium salts, and that the process is carried on in two stages: first
by a group of bacteria oxidizing ammonia to nitrites (nitrosomonas,
nifrosococeus), and then by another group of bacteria oxidizing
nitrites to nitrates (nitrobacter). But Gopala Rao and Dhar (13)
claim that nitrification in the soil is at least partly photochemical,
taking place without the ageney of bacteria under the action of sun-
light at the surface of various soil photocatalysts like alumina and
titania. In further experiments Gopala Rao (12) says: ‘‘The slow
oxidation of ammonia in aqueous solution to nitrite has been shown
to take place in transparent silica vessels under the action of light
from a quartz mercury vapor lamp, copper are or more slowly in
sunlight.”” He also calls the attention to the fact that nitrifieation
in the atmosphere and seasonal variations of the nitrate-nitrite con-
tents in favor of the summer months can be sueccessfully explained
on the basis of the photochemical view. Fraps and Sterges (10Db)
have shown that photonitrification is of little or no practical im-

portance.
3
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Two laboratory methods have been used for the study of nitrifica-
tion: solution or sand method and the most used soil or tumbler
method. Although various inorganie and organic nitrogenous sources
have been used for such studies, ammonium sulphate and dried blood
have been preferred. The solution or sand method supplies informa-
tion as to the absence or presenee of nitrifying bacteria, influence of
stimulating substances present in the soil, ete. This method is limited
to the use of nitrogenous inorganie sources; sinee organic materials
produce soluble organic compounds and ammonia which are toxic to
the nitrifying bacteria. The sensitivity is more pronounced to organie
substances in solution than in soil.

It is of great importance in nitrificaton studies to control the
concentration of the nitrogenous salt, the pH range, the time and
temperature of ineubation and the eptimum content of soil moisture.
The usual coneentration recommended for ammonium sulphate is 30
milligrams of nitrogen per 100 grams dry soil in the presence or
absence of 210 milligrams of calcium carbonate which is equivalent
to an addition of the theoretical amount of base necessary for the
complete neutralization of all the nitric and sulphuric acids formed
from the complete oxidation of the nitrogen added. For nitrification
of organic nitrogenous materials, 0.25 per cent of organic matter with
a high nitrogen content (10-12 per cent), such as dried blood, or
0.5-1.0 per eent of organie materials of a low nitrogen content (cot-
tonseed meal, soy-bean meal, alfalfa meal) should be employed. The
usual incubation time and temperatiire is 30 days at 25-28°C. For
the solution or sand method a temperature of 28 to 30°C, is recom-
mended. The optimum amount of water used in the tumbler method
is from 50 to 60 per cent saturation.

Conditions which tend to promote nitrate formation in the soil
are: temperature of 27.5°C., an abundant supply of air (oxygen),
proper moisture supply, a favorable reaction (pH greater than 4.6),
presence of carbonates or other buffering agents and absence of large
quantities of soluble organic matter and alkali salts in the soil.
The nature of the crop and the season also influences the nitrate
content of the soil.

Although a definite correlation hetween the nitrifying power of
a soil and its erop productivity has been observed by various inves-
tigators, some others reported that there may or may not be a correla-
tion, and that eontinuous cropping, espeecially without fertilization,
reduces the nitrifying capacity of the soil. The subject is fully
diseussed by Waksman (32, 33). Such a correlation may be limited
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by some factor other than the nitrogen supply, such as moisture,
temperature, aeration,

Fraps and Sterges (10a) summarize studies on low nitrification
capacity of soils as follows: ‘‘Soils which do not nitrify ammonium
sulphate may be caused to nitrify it by addition of eultures of
actively nitrifying soil, of calcium carhonate, or of both nitrifying
culture and ealcium earbonate. Nitrifying organisms may remain
in a dry soil for many years. Nitrites may be produced from am-
monium sulphate when caleium carbonate is added, though few
nitrates may be produced at the same time.”’

From the physiological point of view nitrates is no longer con-
sidered to be the only form in which nitrogen is absorbed by certain
plants. Tiedjens and Robins (29) found that ammonium hy-
droxide was a much better source of nitrogen than either sulphate of
ammonia or calelum nitrate for the tomato and soybean and that
ammonia was no more toxic to plants than were nitrates. They
further comment: ‘‘Pirschle grew wheat, oats, corn, tobacco, cu-
curbits, peas, beans, soybeans and rape with ammonium sulphate,
ammonium chloride, potassium nitrate, and caleium nitrate. He
found that in a neutral eulture some plants produced as good growth
with ammonia as with nitrate salts or even better, but that an acid
and even slightly alkaline reaction, nitrates were superior in most
cases. Shive and Stahl state that seedlings absorb more ammonia
than nitrate nitrogen but that mature plants require more nitrate
nitrogen.”” In a more recent publication, Tiedjens (30) discusses
experimental evidence on factors affecting assimilation (synthesis to
amino acids and other organic nitrogenous materials) of nitrogen.

NirriricarioNn Stupies Wita TroOPICAL SoOILS

Antipov-Karataev (2) in nitrification studies with soil from the
Nikita orchard, Crimea, found: ‘‘Intensity of nitrifieation in orchard
soils is similar to that of fallow in the chernozem distriet. Tobacco
and virgin soils give the same amount of nitrates as chernozem soils
under corn or sorghum after a fallow. In the shaly soil, low in
lime, the process of nitrification was slow. During the period of
intensive growth of tobacco no accumulation of nitrates was noted.”’

Prescott (26) and Roche (28) studied nitrification of Hgyptian
soils.  Prescott says: ‘‘Nitrification is well ahead of the needs of the
cotton erop, and probably entirely accounts for the faet that nitro-
genous fertilizers produce no effect on this crop. There is no ac-
cumulation of nitrates in the goil when wheat and maize are grown.”’
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The work of Prescott also ecovers observations of seasonal variations
of nitrates and pot experiments showing the effect of the growth of
maize and wheat on the accumulation of nitrates. The work of
Roche includes some observations of rate of nitrification in soils
under irrigation.

Peck (23,24) carried some nitrification experiments with soils of
Hawaii, using the tumbler method. Iis results showed that black-
strap molasses from sugar cane removes temporarily part of the
available nitrates. Nitrificaton of ammonium sulphate was checked
and nitrification of nitrogenous organic fertilizers was retarded by
adding molasses. Kelley (20) and Burgess (8) also studied nitrifica-
tion in soils of Hawail. Kelley found that nitrification was as active
in the manganese and titanium soils as in other soils, but magnesium
carbonate was especially toxie. Burgess reports the following data:

Nitrifying power
(Mgm. nitrogen per
100 gms. dry soil)
Productivity of Soil

Dried blood | Alfalfa meal
B O e o A e R R A S A S S A R 20.8 15.2
VRLE B0y e e mmnnan s s ms s webassdid b s ESEEAA 152 — 200 | 9.6 —12.8
E 1] - e 4.0—13.6 | 7.2— 8.0
BB v e e R S R A R SR R SR 4.0 4.5

In 1927, Bal (4) found in a black soil in India, planted to cotton,
that conecentrations of over 100 milligrams of ammoniacal nitrogen
from ammonium hydroxide are definitely injurious to the process of
soil nitrification. Plymen and Bal (25) studied nitrification rates
of different nitrogenous organic manures in some typical soils of
Berar, India. Hutehinson (17) summarizes investigations on nitrifi-
cation in India soils. Joshi (19) reports on rate of nitrification of
different green manures and influence of e¢rop residues on nitrifieation
in India soils. Walton (35) studied the influence of alkali salts on
nitrification in some India soils and also (34) the rate of nitrification
of calcium cyanamide as compared with ammonium sulphate and
mustard eake. DBatham (B) compares nitrification rate of certain
amino acids and ammonium sulphate in India seils.

Ttano and Arakawa (18) report studies in the rice fields of Japan
on relation of nitrification to crop yield of rice, seasonal variations
and soil specific buffer capacity.
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Wilecox (37) presents a secil nitrification map of the Bandjaratma
concessien of Java as prepared by Arrhenius who recommends, as
sound soil management for a sugar-cane plantation, a map, to show
the distribution of the soil’s nitrifying power. Arrhenius correlated
soil nitrifying power with sugar-cane yields and showed that soil
reaction dees not parallel nitrate produection.

Gerretsen (11) in work with Java soils found that the concentra-
tion of ammonium salts through soil adsorption may be so high that
nitrifiecation becomes impossible. Ie claims that the intensity of
nitrification in different soils does not necessarily have any direet
effect on crop produection, and its importance as an index of fertility
has often been overrated, although the two frequently run parallel.

Pafiganiban (22) reports nitrification studies, with ammonium
sulphate and dried blood, in Philippine soils planted to yautias, corn,
banana and cogon. Aquino and Javier (3) report nitrification stud-
ies in eighteen different soil types of the Philippine Islands, and
Alicante (1) found: ‘‘Treatment of citrus soils congtitute con-
clusive evidence that nitrification is an index of crop production.
In general, soils devoted to sugar cane converted their original
nitrogen into available form more slowly than did those devoted
to rice, abacd, tobacco, citrus, ete. Soils containing a high percent-
age of clay nitrified either the original or the added nitrogen very
poorly.”” Ile gives data on the average nitrifying power of some
of the Philippine soils .as compared to those of Hawaii and the
United States.

Watt (86) studied nitrification in Transvaal soils. Martin and
Massey (21) studied the effect of seasonal variation on the nitri-
fiecation rate of Sudan soils. Hall (14) studied nitrification rate
of some South African soils supplemented with additions of lime-
stone, dried blood, dried cowpea hay, bone meal, ammonium sulphate,
whale guano, caleium eyanamide, crayferine and sewage soil. He
also studied seasonal variations of nitrates in virgin, cropped and
cultivated lands and nitrate variation with soil depth. In further
studies, Hall (15) studied nitrification In some acid soils of South
Africa treated with superphosphate, and ammonium sulphate in the
presence or absence of lime. Ie also reports nitrification data
in tobaceo soils.

Chardén (9) studied nitrification rate of dried blood in the
presence or absence of caleium carbonate in an acid clay around the
College of Agriculture at Mayagiiez, Puerto Rico. Ramirez (27)
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studied the rate of nitrification of filter press cake residue from a
sugar-cane factory added to the red acid clay close to the Imsular
Experiment Station at Rio Piedras, Puerto Rico. He found that
nitrate nitrogen from the application to a soil of 15, 25 and 50 tons
of filter press eake per acre begins to increase on the third month,
goes to a maximum on the fifth month, then the tendency towards
the sixth or seventh month is to decrease.

EXPERIMENTAL

Part 1 contains some of the unpublished research work done by
the author in the New Jersey Agricultural Experiment Station, under
the direction of the soil microbiologist, Dr. Selman A. Waksman, as
contained in a thesis presented in partial fulfillment of the require-
ment for the degree of Master of Science. The main part of said
thesis entitled ‘‘Nitrogen transformations in the decomposition of
sugar-cane trash, with special bearing upon Puerto Rico soil prob-
lems’ has been published (6) elsewhere. It also contains some es-
sential data from that thesis reported in a published paper (7) entitled
““Preliminary microbiological studies in certain soils of the San Juan
area, Puerto Rico”’.

Part IT contains the complete laboratory data of the work done
from 1930-1934 in fulfillment of the requirements of a research
project of the Insular Experiment Station entitled: ‘‘Nitrification
studies for a typical soil type in each classified soil series in Puerto
Rico.”” The limitations of our means allowed only to undertake
studies with soils from the northern coast of Puerto Rico.

SOILS

The preliminary soil survey maps and reports which are a part
of the Soil Survey of Puerto Rico as undertaken sinee 1928 by the
United States Bureau of Chemistry and Soils in eooperation with the
Imsular xper 'memd Statior were used as a basis for soil loeation,
classification and deseription. The soil types were taken from a list,
tentatively called ‘‘North Coast Area of Puerto Rico’’, which was
correlated and approved by the Soil Survey Division of the United
States Bureau of Chemistry and Soils on March 16, 1934.

Soil Types: The following soil types are included in these studies:

1. Catalina clay. This soil is a deeply weathered soil of the
mountain and hill lands. It is derived from andesitic tuffs. The
surface ranges from rolling to steep; however, most of the hills are
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rounded with gently sloping ravines. It varies in color from light
red to reddish-brown. This soil is well drained but is affected by
sheet erosion. It has a friable clay surface whose depth varies with
surface relief from about four to eight inches. The subsoil is a
reddish-brown or light-red, slightly heavy, but friable clay. At a
depth of about 24 inches the soil becomes a deep red clay which
continues to great depths. This soil is usually aecid. It is used for
a variety of erops as cane, citrus, pineapples, coffee and minor crops;
and produces profitable yields. This is one of the best coffee soils.

2. Catalina elay level phase. This is the Catalina clay with a
nearly level to slightly undulating relief. It is more deeply weath-
ered than the main type as it has not been affected by sheet erosion.
Its surface soil is deeper. Farmers prefer it to the main type for
most all erops. It is used mostly for cane, citrus and pineapples;
all do very well on it.

3. Coto clay light textured phase. This type occurs on nearly
level surface reliet. 1t is characterized by a dark grayish-brown,
permeable, friable clay about a foot thick underlain by a reddish-
brown, slightly compact, permeable clay subsoil and a yellowish-
brown, non-plastic clay lower subsoil which usually rests on hard
limestone at about 6 feet, but may vary from 26 inches to 12 feet.
It is just slightly acid. The most profitable crop adapted to this
soil is sugar eane. Other erops produecing a good profit are Spanish
pepper, tomatoes, corn, Names, cotton, beans and bananas,

4. Hspinosa clay. This type is the acid counterpart of the Coto
clay, but has a less yellowish subsoil more mottled in the lower sub-
soil. In many places the subsoil is quite red. It occurs on gently
undulating surfaces in large and small valleys and generally in very
well drained positions. It is characterized by a 10-inch surface
horizon of light brown to reddish yellow somewhat stiff and finely
cloddy clay upper subsoil, and 15 to 30 inches or more of reddish-
yellow friable clay which is sometimes mottled red in the deeper
horizons. Limestone, the original parent material, occurs at greatly
varying depths. It is used almost entirely for sugar-cane production.

5. Lares clay loam. This soil belongs to a group of deeply
weathered soils with medium friable subsoils that oceur on terraces
or on terrace-like positions, with level to slightly undulating relief.
It is affected by gully erosion. It is characterized by a heavy clay
loam surface with a brown to reddish-brown color that crushes fairly
easily into granules and some rounded quartz grains. At a depth
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of about 6 inches the soil ehanges to red or brownish red, heavy,
medium plastie clay that cracks some on drying; in the lower part
of this layer usually at a depth of only about 14 inches is mottled
red and yellowish-medium friable clay. At about 40 inches is a
friable red, yellow and brown clay that continues to great depth. In
places it looks very much like disintegrated tuff. A characteristie
feature of this soil is the noticeable amount of water rounded rocks
on this soil and throughout the profile. Many of the rocks are flat
and pitted. The rocks near the surface are coated with a layer about
1/16 of an inch thick, eonsisting of a dark mineral, like that compos-
ing the perdigon, although very few perdigons are noticed except
where this soil grades into Sabana Seca. In the lower depths there
will often be gravel layers resembling water deposited gravel. These
rounded gravel are of shale, andesite and tuffs. This soil is acid in
all layers. It has been influenced by materials from other soil series
(Rio Piedras and Cialites). It is used mostly for sugar cane and
citrus.

6. Muecara silty clay loam. This undulating to rolling hill soil is

‘easily recognized by its brown surface and light-brown subsoil over

a brown igneous rock. It is a medium weathered soil characterized
by a dark brownish gray or grayish-brown, gritty silty clay loam
surface that is stained lightly in the lower part with gray. This
layer is underlain at a depth of about 9 inches by a yellowish, slightly
plastic clay or clay loam that has grayish or rust colored mottles. In
places small angular fragments of partly weathered rock material
occur in this layer and in places the clay is moderately tough and
compact. The lower subsoil is a yellowish, light textured, transi-
tional layer consisting of gritty clay loam mixed with partly decom-
posed rocks. The depth to rock, depending upon the slope, varies
from 14 inches to 3 feet. It is affected by shect erosion. Sugar
cane, beans, pigeon peas, corn, yautia, ete., are among the crops
planted. Soil depth limits crop yields.

7. Muecara silt loam. This soil differs from the silty clay loam
type in having a lighter texture surface and slightly less heavy
subsoil.

8. Sabana Seca clay. This is a fertile soil but not very produe-
tive because of its heavy stiff subsoil that resists ready penetration
of air, plant roots and water. It occurs on nearly level to undulat-
ing surface relief, is very aecid, and is probably derived from marine
deposits. It is characterized by a dark brown, medium compact clay
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surface. At a depth of about 5 to 7 inches there is a thin sub-surface
layer about 3 inches thick of light yellow, heavy, medinm compact
clay; this abruptly changes at about 10 inches to an extremely heavy,
stiff, plastie, mottled red, rich brown, gray and yellow clay. This
layer continues to a depth of about 30 inches where it becomes grad-
ually lighter in texture and slightly less compact; however, at depths
below six feet the soil is still heavy mottled and eompact. Cane
and pasture are the two best crops grown.

9. Toa silt loam. This is an alluvial, well drained, loose and
porous soil developed from material washed from the shale and lime-
stone hills. It is the best sugar-cane soil in the North Coast of
Puerto Rico. It-is characterized by a grayish-brown color, nearly
uniform in both color and texture to a depth of several feet and has
very little mottling in the subsoil.

Location of sotl samples: The samples used in part T were taken
to a depth of six inches with a, shovel, from a single representative
spot not under cultivation.

Soil T'ypes Used in Part I Location
Km. 2.25 sideroad from Trajillo Alto mainroad to Leper
Catalina clay level phase................. Colony.
Larcs ooy 108 .. v snvwnsaiasterisiami Km, 2.2 Sanatorium road, Rio Piedras.
Miicara silty clay loam................... Km. 2.8 Carolina-Juncos road.
g i 1L M T T R R P gty PR, Km. 10.3 SBan Juan-Bayamjn road.

The next chart indicates the location of soil samples used in
part Il. Samples numbered 1-15 inclusive were taken also to a
depth of six inches with a shovel in representative spots not under
cultivation. Samples 16 and 17 were taken all over the field to a
depth of twelve inches with a soil auger; sinee these samples were
also used for other chemical work.
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Sample Boil fypes used . Sampling
Number Date in part 1T Location places

...| August 5, 1930..[ Lares elay loam..| Km. 2.2 Sanatorium road............ 1
.| August 5, 1930..| Lares clay loam. . Rm 2.0 Bayamon-Slaughterhouse road 1
August 5, 1930..| Lares clay loam..| Km. 2.8 Bayamon-Comerio road 1
&ocsyiae March 11, 1931..| Toa silt loam..... Ju,}la farm close to Central Constancia, ’ [
oa Daja
B March 5, 1931...[ Toa silt loam..,.. Central Candvanas, opposite main 3
office
L March 11, 1931..| Toa silt loam..... Nevares farm at km. 1.8 of side road to (i
Central Constancia
. March 11, 1931..| Toa silt loam..... San Antonio farm at km, 10.3 San L}
Juan-Bayamén road
L March 5, 1931...| Toa silt leam,..,. Tamarindo farm, at km. 266 Rio- 3
) Grande-Mameyes road
B ninaios March 11, 1931.. Toa silt loam..... E1 Naranjal farm, 1 km. N. Carolina 3

10.. March 5, 1931... MIs’icam silty clay | Km. 45 Luquillo-Fajardo road....... 3

oam

T sy March 11, 1931,.] Miuecara silty clay | Km. 9.9 Guaynabo-La Muda road. .. (]

loam

31 A March 5, 1931...| Miieara silt loam.| La Carmen farm on El Verde side- 8

road at km. 26.6 Rio Grande-Ma-
meyes road
18y April 27, 1930...| Coto clay-light Kim. 24 Quebradillas-Guajataca road 1
texture phase .

b Iy e April 27, 1930...| Coto clay-light Km. 8.5 Arecibo-Lares road 1

texture phase

I e April 28, 1932,..| Espinosa clay..... Km. 68.8 Arecibo-Barceloneta........ 1

[, SR Nov. 24, 1933...| Sabana Seca clay.| University farm Rio Pledras......... About 30

L saniayes August 20, 1933,| Catalina clay, Mr. Juan Esteva's farm, Lares...... 23

sample A

Soil preparation: All samples in part I were sifted in the air-
dried state through a 2 mm. sieve. All samples in part II were
sifted in the fresh state.

Soil analysis and treatments: Moisture and soil total water hold-
ing capacity was then determined.

Soils were treated in duplicate according to the Waksman's (31)
tumbler method, i.e.

1, Nitrification of soil’s own nitrogen. definite amount of seil (100
gm.) kept in the laboratory for a definite length of time (30 days) at a definite
temperature (25-28° C.), under optimum moisture conditions, will give us in-
formation on the forms of nitrogen present in the partieular soil and the speed
with which they are transformed into nitrates and thus made available for
plant growth.

£¢2, Nitrifieation of ammenium sulphate in the soil. By using a definite
amount of nitrogen 30 mgm. in 100 gm. of soil, in the form of ammonium
sulphate, and standard period of incubation, we get, from the amount of nitrate
formed, an index on the buffering capacity of the soil in relation to nitrification.
The final reaction should always be recorded.
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¢¢3. Nitrification of ammonjum sulphate in the presence of a theoretical
amount of CaC0; 210 mgm. for 30 mgm. N as (NH,).80, necessary to meu-
tralize all the aeid formed from the complete oxidation of the ammonium sulphate
into nitrie and sulfuric acid. This gives an index of the nitrifying ecapacity
of the soil under optimum reaction conditions and forms an excellent basis for
comparing nitrification with other biological activities.’’”

Nitrification of so0il’s own nitrogen in the presence of the theo-
retical amount of CaCO; (210 mgm. for 100 gms. dry soil), as used
in the ammonium sulfate treatment, was also studied.

In all, but one of the experiments, 60 percent of the soil total
water holding capacity was taken for optimum moisture condition.
The moisture lost by evaporation during the ineubation period of
30 days was replaced at intervals.

Nitrates and ammonia were determined after 15 and 30 days,
respeetively. In most of the samples those determinations were also
made at the start. The usunal pH determinations were made after
the 30-day period. Some pIl determinations were also run at the
start.

The phenoldisulphonic colorimetric method was used for nitrates.

In part II, ammonia was determined by direct distillation with
magnesia. In part I, ammonia was determined by the Harper’s (16)
modifieation which consists in extracting the ammonium ion in the soil
with normal potassium chloride and then distilling with magnesia.
The determinations for pH were made with the potentiometer using
quinhydrone and a saturated ealomel-potassium chloride electrode.

I. RESEARCH WIORK DONE IN NEW JERSEY AGRICULTURAL
EXPERIMENT STATION

The soil type, Sassafras sandy loam, sampled on June 24th, 1929,
from the experimental plots of the New Jersey Agricultural Ex-
periment Station at New Bunswick was used as a basis for com-
parison,

Nitrification Studies of Puerto Rico Soils at 25 per cent
Moisture Content

A twenty-five percent moisture content was chosen because it
represents optimum moisture conditions for the Sassafras sandy loam.
This is a productive soil derived from the unconsolidated sands and
clays of the coastal plain.
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TABLE [

NITRIFICATION RATE AT TWENTY-FIVE PER CENT MOISTURE
UNTREATED SOIL

Mgm. of Nitrogen per 100 gms. dry soil as:
Soils pH -
Nitrate Ammonia
Start 30 da. Start 30 da. Start 30 da.
PO ORI wovosoce sioim e 5.8 6.0 5.9 7.4 Ll 3.4
Catalina clay level phase.. 6.7 6.6 5.7 5.7 1.4 6.8
Lares clay loam............ 4.7 4.6 2.4 2.7 0.9 4.9
Miicara silty clay loam. ... 6.8 6.1 4.8 9.2 1.6 Trace
Sassafras sandy loam. ..... 5.7 5.9 6.3 6.5 Trace Trace

SOIL -+ 30 mgm. OF NITROGEN AS (NIH4) 2804 + CaC0; (210 mgm.)

Mpgm. of Nitrogen per 100 gms. dry soil as.

Solls pH
Nitrate Ammonia

30 da. | Start | 7 da. | 14 da. | 30 da. | Start | 7 da. | 14 da. | 30 da.

Toa silt loam............ 7.1 5.9 6.7 8.3 9.4 31.1 20.3 18.7 15.1
Catalina clay level pha? 7.4 5.7 6.1 6.0 5.3 31.4 32.2 33.1 33.6
Lares clay loam......... 5.4 2.4 2.6 2.9 2.7 30.9 31.3 31.7 30.5
Miicara silty clay loam.. 7.0 4.8 7.1 9.9 1.7 31.0 25.7 4.6 20.3
Sassafras sandy loam. ... 5.4 6.3 14.6 2.2 30.0 30.5 19.8 11.0 2.4

Under the conditions of that experiment there was no nitrate
accumulation from the soil’s own nitrogen sources in, and from the
ammonium sulfate added to, the soil types from Puerto Rico known
as Catalina eclay level phase and Lares clay loam, although those
soils had sufficient ammonia to start the nitrification processes.

In the other soils, the rate of nitrate accumulation goes hand to
hand with ammonia disappearance.

The soil from New Jersey had a higher nitrifying rate; but we
must consider that the 25 percent moisture content was probably
not the optimum one for the two soils from Puerto Rico.

At the start, the pH of all the soils was in the acid range. Even
with the addition of the calcium carbonate, the Lares clay loam had
a pH of 5.4, after the 30-day period. The New Jersey soil had that
same pH, but its nitrification rate was quite active. The pH for
the other soils, at the end of the 30-day period was close to the neutral
point, in the alkaline side.
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Influence of Lime ond Imoculation upon Nitrification in
Two Puerto Rico Soils

In an attempt to find the limiting factor responsible for checking
nitrification in the Catalina clay level phase and Lares clay loam,
these soils were treated as before; but this time, 500 milligrams
of calcium carbonate were added, and treatments also included in-
oculation of th& soils with one cubic centimeter of a 10 percent
water infusion of the Sassafras sandy loam. All the soils were kept
at a 25 percent moisture content.

TABLE 2

EFFECT OF LIME AND INOCULATION UPON NITRIFICATION RATE OF CATALINA
CLAY LEVEL PHASE AND LARES CLAY LOAM

Megm. of Nitrogen per
100 grams of dry soil
Treatment pH

As Nitrate As Ammonia

30 da. | Start | 30 da. | Start | 30 da.

Catalina clay level pPhase..........coovevevreenenrnennnnnn. 6.0 5.7 6.4 1.4 7.6

Catalina clay level phase + (NHq) 2505 (30 mgm. N.).... 6.8 8.7

=3
L]

3.4 37.5

Catalina clay level phase -+ (NH;) :804 4 CaCO; (500 mgm.) 7.9 5.7 5.2 31.4 34.6

Catalina clay level phase -~ (NH;) 280s. Tnoculated..... 6.8 5.7 10.0 31.4 36.1
Catalina clay level phase + (NHi) :80; - CaCOs.

T T e 7.9 5.7 4.8 31.4 31.7
Lares clay 10810, ...t et ee e 5.1 2.4 2.8 .9 2.2
Lares clay loam - (NHi) -S04 (30 mgm. N)............. 5.1 2.4 3.0 30.9 34.6
Lares clay loam + (NHi) 2804 -+ CaCO; (500 mgm.). ... 7.8 2.4 2.2 30.9 34.6
Lares clay loam - (NHi) 2804 Inoculated.... .......... 5.4 2.4 2.2 30.9 36.1
Lares clay loam - (NH1) 2804 + CaC0s.  Inoculated.... 7.8 2.4 2.6 30.9 35.3

The Lares clay loam did not show nitrate accumulation in any
of the different treatments. Reaction was not the. limiting factor;
sinee the caleium carbonate added, was enough to bring the pH
towards the alkaline side.

The addition of lime did not favor nitrate accumulation in the
Catalina clay level phase. Perhaps the alkalinity (pH 7.9) did not
favor the activity of the nitrifying organisms. That same activity
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was checked at (pH 7.4) in the previous experiment. Where am-
monium sulfate was added alone there was a slight acecumulation
of nitrates, more so, in the inoculated soil. The reaction in those
cases was (pH 6.8). Alkaline reactions or the presence of an ex-
cess of calcium iong have limiting effects on the activity of the nitri-
flying organisms in this soil. The next experiment will help to
clear these points and indicate whether the effect ¢f inoculation on
nitrate accumnulation may be considered as significant.

Nitrification Studies of Puerto Rico Soils at Optimwm Moisture

To favor conditions for the activity of the nitrifying organisms
the Puerto Rico soils were brought to optimum moisture at 60 per-
cent of the total water holding capacity. This work has been re-
ported elsewhere (8). (In that paper the soil type reported as Rio
Piedras clay should be Catalina clay level phase; the Bayamon
clay loam should be Lares clay loam, and the Mficara clay should
be Mucara silty clay loam.) The rate of nitrification of dried blood
was also studied. The amount added was 250 milligrams contain-
ing 32 milligrams of nitrogen. The calcium carbonate added was
500 milligrams.



TABLE TIT

NITRIFICATION RATE OF SOILS AT OPTIMUM MOISTURE

(MeM. N PER 100 GMS, DRY SOIL)

Catalina clay level phase

Lares clay loam

pH Nitrate Amm. pH Nitrate Amm.
Treatments
30 da. | Start 15 da.| 30da..| 30 da. | 30 da. | Start | 15da. | 30 da. | 30 da.
[0il - BlOHe. cou vy s 6.5 5.7 5.5 5.5 8.6 5.0 2.4 1.6 1.8 7.6
Roil -} CaCOs (500 mgm.)...... T2 e 5.2 5.0 5T 7 ) P 1.9 2.2 9.4
Soil -} dried blood (32 mgm. N).. [ e 3.8 5.0 27.4 B8 leaws o 3.0 3.4 24.9
Soil + (NHy4) 2804 (30 mgm. N).. 6.4 | oienns 5.2 5.7 35.3 46 | 1.8 137 33.8
Soil 4+ (NHi) #804 -} CaCOs..... (i (—— 4.8 10.6 13.3 U0 Hopnssss 1.8 1.5 34.6
TaBLE III
NITRIFICATION RATE OF SOILS AT OPTIMUM MOISTURE
(MaGM. N PER 100 GMS. DRY SOIL)
Miicara silty clay loam Toa silt loam
pH Nitrate Amm. pH Nitrate Amm.
Treatments
30 da. | Start | 15da.| 30da. | 30da. | 30°'da. | Start | 15 da. | 30 da. | 30 da.
Soil alone. ......oooivniinninnn.n. 6.3 4.8 8.0 12.3 2.2 6.6 5.9 6.1 7.3 6.5
Soil -+ CaCO3 (500 mgm.)...... b N e 8.0 13.3 2.2 ) R 7.0 10.7 15
Soil 4 dried blood (32 mgm. N).. 6.5 [........ 8.0 13.3 18.0 8l s 7.0 8.6 18.0
Soil 4 (NH.) 2804 (30 mgm. N).. [ip{1 31 HE— 6.7 12.0 25.2 Lipts 3 N 5.6 6.1 23.7
Soil + (NH4) 2804+ CaCOs..... s L 7.3 27.9 8.6 7 ) S 8.0 19.4 9.4

H d NUEHIHMON NI SAJdAL TI0S HLIm SHIANLS NOILVOILATHLIN

13



88 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R.

The rate of nitrification of the soil’s own nitrogen under optimum
conditions was almost identical to that under the 25 percent moisture
content reported in Table I. All soils were able to ammonify dried
blood. The aceumulation of nitrates from dried blood was only
evident in the Mfecara silty clay loam and Toa silt loam.

Let us compare now the nitrification rate of ammonium sulfate
in -the presence of lime, under these conditions, with that of the
Sassafras sandy loam reported in Table I.

Milligrams of Nitrogen per 100
gms. dry soil as:

Opti- pH
mum
Soil Type mois- Nitrate Ammonia
ture -
Start | 30 da. | Start | 15 da. | 30 da. | Start | 30 da.

Lares clay loam.......c..oovvvenns 32.8 4.7 7.0 2.4 1.8 - 1.5 30.9 34.6
Catalina clay level phase.........| 40.0 6.7 6.4 BT 4.8 10.6 31.4 13.3
Pon, SHE10RMY e vaammnmmmemaies 40.0 5.8 7.1 5.9 8.0 19.4 31.1 9.4
Micara silty clay loam.......... 36.0 6.8 Tt 4.8 7.3 27.9 31.6 8.6
Sassafras sandy loam............. 25.0 5.7 5.4 6.3 22.2 30.0 30.5 2.4

Optimum moisture and pH conditions did not favor nitrification
in the Lares clay loam; but were effective in showing that the Ca-
talina clay level phase contains aetive nifrifying organisms able to
convert ammonium sulfate into nitrates and that the organisms were
not affected by excess of caleium ions.

The rate of nitrification after the 15-day period, for the Puerto
Rico soils, is identical with 25 percent and optimum moisture con-
tents. Striking difference is observed after the 30-day period. The
nitrification rate was favored in all soils; but the Lares clay loam. .
Taking the rate of nitrification on the New Jersey soil as 100 per-
cent, the nitrifying Puerto Rico soils, at the end of the 30-day pe-
riod, compare as follows:

Percentage
Micara silty clay loam.__ = s e Mo e 99, 67
Toa :8ilt Joamie-s=ge -2 coe ioscue v wremnnpasaaes 64. 67
Catalina clay level phase__ e w 35. 33

1I. RESEARCH WORK DONE IN THE INSULAR STATION OF PUERTO RICO

Nitrification studies were continued in Puerto Rico, with new
samples of soils sifted in the fresh state. -«
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Further Nitrification Studies with Lares clay lowm at Optimum
Moisture Conditions

Ag the previous experiments indicated lack of nitrate accumula-
tion in the Lares clay loam, three fresh soil samples were taken
from different places. Sample #2 was taken from the same place
as that one used in New Jersey. Nitrification of ammonium dibasic
phosphate was also studied. The optimum moisture for samples
#1 and #2 were 45 and 36 percent, respectively.

TABLE IV (a)

NITRIFICATION RATE OF LARES CLAY LOAM
(Mam. N PER 100 GMS. DRY SOIL)

Sample (No. 1) Sample (No. 2)
Tum- pH Nitrate Ammonia| pH | Nitrate Ammonia
bler Tratments
0. o o o o o o o “ @ 1 o o
fla|8| 8| 8|8 (8| 2| 3| 8|88
) SR Boilomsan sty 4.6 8)1.7|25|556|585|4.9|Tr. |13 [23]|7.6 5.6
b TR Soil + CaCOs (210 mgm.)| 5.9 |..... 31|66 |7.6(11.1]5.9]..... 1.6 3.1[88] 7.6
= Soll + (NHJ) :804 (30
mgm. N)...ovuerarannnn z v N 1.9 [ 2.5 |38.5 [39.9 | 4.9 |..... 1.8 (1.5 36.4 | 35.8
Wi iitona Soil (NHi) 2804 +
CaC0s; (210 mgm.)..... 60 |vunan 4.1 | 8.6137.1133.0|6.0..... 1.7 2.9 35.7] 35.8
: RS Soil (NH:) :80: + '
CaCO0; (360 mgm.)..... B3 [ 18.3 |23.9 |23.4 [15.1 | 6.3 |..... 1.4 |54 ISS,.E 33.0
(TR Soil 4 (NHi) :HPO4 (30 |
mgm, N}, oovionvinnns 5.0 [..... 2.213.435.8(37.35.1]..... 1.812.5 I32.3 33.0
17 SRR Soil (NHs) sHPO + |
CaC0; (210 mgm)...... &7 i 8.3 120.3 |24.8 (22.0 | 5.8 |..... 2.2 (3.8 I33.0 30.4

Both ammonium salts added to sample #1 are able to nitrify
in the presence of lime. The higher amount of lime (360 mgm.)
favored nitrification of ammoninm sulfate in both samples, but in
sample #2 the nitrification rate was quite low. Please recall that
this fresh sample was taken from the same place as that one used
in New Jersey.

It was deeided to study nitrification rate of the same ammonium
sulfate up to a 60-day incubation period. The moist soils left after
the 30-day period in treatments 3, 4 and 5 of sample #2 were mod-
ified, as shown below, either by adding more caleium carbonate or
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potassinm chloride. The amounts added are in terms of 100 grams
dry soil. A and B are duplicates from the 30-day period treated
differently. Sample 5A was left as the check.

TasLe IV (b)
EFFECT OF THE EXTENSION OF THE INCUBATION PERIOD AND PRESENCE OF
POTASH AND MORE LIME ON THE NITRIFICATION RATE OF A POOR
NITRIFYING, LARES CLAYLOAM

Mgm. N per 100 gms.
dry soil as:
pH
Tumber Treatment given to sample (No. 2) after Nitrate Ammonia
No. the 30 day period
30 da. |60 da. |30 da.|60 da.|30 da.|60 da.
3A.........| Soil 4+ (NH) :804 - CaCOs (500 mgm.).......| 4.9 | 7.1 | 1.6| 4.4 |35.8| 30.5
BB et Soil 4 (NHi) 2804 4 CaCO; (750 mgm.).......| 4.9 7.2| 1.5| 3.0 |35.8 | 43.7
L 5. SRR BRI L srin s s e TR R 60| 68| 29| 7.7|35.8]| 31.5
AR ivven| Bamie 88 3A -+ KaQ (30 mGM. ). oiviviie svasvanies 60| 6.7| 29| 6.9 |35.8| 31.5
F 7 AR CHECK: Soil + (NH3) :80:+ CaCO; (360mgm.)..| 6.3 | 6.1 5.4 | 8.7 33.0 18.7
B s sy Soil -} (NHy) «804 - CaCOs (500 mgm.) -+ K0

(AT, B 7T o TR 6.3 6.4 5.4 13.3 | 33.0 14.3

Results indicate that the rate of ammonium sulfate nitrification
of Lares clay loam is limited by the length of the incubation period
and the absence of lime and potash.
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Nitrification rate of ammonium sulfate and ammonium dibasic
phosphate in Lares clay loam

Nitrification rate of ammonium sulfate and ammonium dibasie
phosphate in the presence of more lime and potash was studied in
sample #2 of Lares clay loam which showed slight evidence of ni-
trification after the 30-day period.

TABLE V

NITRIFICATION RATE O AMMONIUM SULFATE AND AMMONIUM DIBASIC
PHOSPHATE IN A POOR-NITRIFYING LARES CLAY LOAM

Mgm, N per 100 gms. dry

dry soil as:
pH
Treatment given to Lares clay loam
Sample No. (2) Nitrate Ammonia
30 da. | 15 da. | 30 da. | 15 da. | 30 da.
Soil 4 (NH:) 2804 (30 mgm, N) -+ CaCOs (500 mgm.).. 6.7 B 2.2 48.6 41.3
Soil 4+ (NHs) 2 804 -+ CaCOy -+ K804 (100 mgm. K:0).. 6.4 .6 1.7 44.9 4.1
Soil -+ (NHs) »-HPO; (30 mgm. N) - CaCO; (500 mgm.). .. 6.3 9 7.4 40.2 20.4
Soil + (NH4) :HPO4 -+ CaCO; + K280« (100 mgm. K:0). 6.3 g 7 39.8 37.0

Dibasic ammonium phosphate nitrifies in the presence of 500 mil-
ligrams of caleium carbonate without the influence of potash. The
ammonium sulfate showed a very slight tendency to nitrify in the
presence of sufficient lime and potash. It seems therefore, that the
presence of the phosphate ion in the presence of sufficient lime
favors the nitrification process in this soil.



92 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R.

Nitrification studies in another sample of Lares clay loam

Nitrification studies of ammonium sulfate and ammonium dibasie
phosphate were made in a sample of Lares clay loam from a dif-

ferent location.

TABLE VI.

The treatments given are shown in Table VI.

NITRIFICATION RATE OF ANOTHER SAMPLE OF LARES CLAY LOAM

Mgm. N. per 100 gms, dry scil as

Treatments given to Sample (No. 3). pH Nitrate Ammonia
Optimum moisture-30%

30 da. | Start | 15 da. | 30 da. | 15 da. | 30 da.

By e R A R - ) e 1.7 2.4 9.9 8.9

Soil 4+ CaCOs (360 MEM.) .\ ..voivnerninnnannannns T s 7.7 6.7 7l 8.1

Boil - (NH4) 2804 (30 mgm. N)...oooonnnnnnnn 5 (T T 1.3 2.0 40.1 30.5

Seil - (NHy) :804 4 CaCO; (360 mgm.). | 25.0 19.3 11.5 7.2

8oil 4 (NH4) 2804 -+ CaCOs (500 mgm.).. 6.4 | iinns 13.8 36.4 99 3.6
Soil + (NH,) «HPO; (30 mgm. N) -+ CaCOs

B0 TEIETIY v o o o o s e i B0 Lsson s 13.8 36.4 7.8 2.9

Preceding treatment -+ KC1 (100 mgm, K-_-O).... 7 ) 8.5 19.3 16.5 7.2

The amount of lime was a dominant factor in the nitrification

of both ammonium salts.
cation was obtained with 500 milligrams of caleium carbonate.

The ammonium sulfate maximum nitrifi-

That

same maximum nitrification was obtained with the ammonium di-

basic phosphate;

The potash had no effect.

NITRIFICATION STUDIES IN SIX SAMPLES OF TOA SILT LOAM

but in the presence of less lime (360 mgm.

Optimum
moisture
(60% of
Sample total
Number Location water
holding
capacity
Blsviaien Central Constanela; Toa Bajai...ovovmonrnssaneninns®yes bos oo b vailissifiiims 47.70
B CRAbTRL O T - e e i e B e A e e S e 35.40
Blsnsiais B 1 B T 40.20
AR San - Antonig fari, BaFAMON. «icw s sa s s nesse sl 43.80
D Tamarindo. farm; BI0 Grafiio: i« s so s sniinuiv sl s saai s s wanieam i vl 39,90
. Bl Navanial-farms Clarolinne. . oy st nnii s u s 36.00




TABLE

NI

NITRIFICATION RATE OF TOA SILT LOAM
(Mem .N PER 100 GMS. DRY SOIL)

Soil Number (4)

Soil Number (5)

Soil Number (6)

Treatments pH Nitrate Ammonia pH Nitrate Ammonia pH Nitrate Ammonia

Start 30 da.| Start |15 da. |30 da.[15 da. [30 da.| Start |30 da.| Start |15 da. [30 da.|15 da.[30 da.| Start [30 da.| Start |15 da. |30 da. 15 da.[30 da.
(21T AT ol o Y N 6.3 6.2 IND*| 25| 4.5 5.2 6.6 5.8 5.2 4 2.7 3.1 7.4 6.6 5.7 5.7 IN.D*| 4.0 49| 7.4 74
Soil 4 CaCOs (210 mgm.)....[...... BT berncen 4.3 | 4.7 Bih: | Bl |evusen L) PR 2.9 3.8 8.6 | 5.9 [.i.... 6.1 (...... 4.8 59| 7.4 5.9
Soil - (NH4) 2804 (30 mgm. N)|...... Dl fusiumva 23.6 | 26.7 | 11.1 Gl s 4.8 i 5.3 (10.8]23.5|18.3]...... i N 154 | 15.4 | 15.4 1.1
Soil 4 (NHs) 2804+ CaCOs...|...... B fea 28.8 | 26.7 6.6 T4 ..., 5.1 ..., 18.2 | 21.6 | 14.0 - 0 Y [ L] 348 23.5 4.2 4.5

TABLE VII
NITRIFICATION RATE OF TOA SILT LOAM
(MaM .N PER 100 GMS. DRY SOIL)
Soil Number (7) Soil Number (8) Soil Number (9)

Treatments pH Nitrate Ammonia pH Nizrate Ammonia pH Nitrate Ammonia
Start |30 da.) Start {15 da.|30 da.|15 da.|30 da.| Start |30 da.|Start |15 da.|30 da.|[15 da.|30 da.! Start {30 da.| Stait {15 da.|30 da.|1s da.|30 da.
Bollcowsmmvssnnmassmerwavmasn 6.1 5.7 4.8 4.5 4.9 5.9 7.4 5.6 5.3 .4 4.8 7.4 5.2 5.9 i 6.2 4 3.6 2.9 2.9 5:2
Soil 4+ CaCO; (210 mgm.)....|...... Bratl: | 4.1 4.9 8.0 Tl | simeil, 6.3 |...... 6.2 6.3 5.9 Bl | sinsres (745 2 —— 3.9 3.8 7.4 5.2
Soil - (NH4) 2804 (30 mgm. N)|...... B i 6.6)10.3 24,4 19.9|...... e ) (. 6.8 | 83 ]23.1]|25.8[...... BB oo 4.8 | B.7|25.8 21.4
Soil 4 (NH3) 2804 4+ CaCOs..|...... N — 12.5 | 21.1 ] 22.1 L3 O O Bt b BT | 4.8 | B35 M8 fananus i L B 14.8 [ 23,5 | 10.4 6.6

*N. D.—Not determined.

H d NYAHLYION NI SHJIAL TI08 HIIM STIANLS NOILVOILAIMLIN
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NITRIFICATION STUDIES IN THREE SAMPLES OF MUCARA SOILS

Optimum
moisture
(605 of
Sample total
Number Soil Type Location water
holding
capacity
1D st Micara silty elay 10am...oooovviiii i Luquillo. ., ..... 37.2
A Miieara SiLY oy JOAM . ... oot eeeennn Guaynabo. . ... 36.3
b INTEREOTR - BT ETORTR oyt i 3 s i i S e B A1 Rio Giande..... 39.6
TABLE VIII
NITRIFICATION RATE OF MUCARA S0ILS
(MaGM. N PER 100 GMS. DRY SOIL)
Soil Number (10) Soil Number (11) Seil Number {12)
Treatments pH Nitrate Ammonia | pH Nitrate Ammonia | pH Nitrate Ammonia
30 da.| Start |15 da. |30 da. (15 da.|30 da. |30 da.| Start [15 da.|30 da.|15 da.|30 da.|30 da.| Start |15 da.|30 da.|15 da. |30 da.
(- (171 CR———— T i A S T A R e300 6.7 | Tr..| 591118 3.6 | 4.5 0 b b 1.3 6.7] 8.1 6.5 | Tr.. 4.9117.2 | 15.5 4.5
Bofl 4+ CaCO:z (210 MEM.) ... vveevrvavmacvriaans 7 . ) E— 6.3 | 13.8 4.5 2.9 (il F— 1.8( 6.9 6.7 2.9 {71 ) SE, 8.2 (189 8.1 2.9
Soil -4~ (NHi) 2804 (30 mgm. N)......oovnvinnnn &7 |oscin 1.1 20.7) 6.3 3.6 5.41...... 5| 1.0|85.6|35.6] 58]...... 3.8|16.3|41.4| 28.1
Soil + (NHq) 2804 4 CaCOa..vvivvviineeininns 7.0 ..., 11.1 | 25.7 | 4.5 2.9 53 |....: 37(18.5]381.1|12.6 BB Fcgus 8.3 | 27.8 | 20.5 5.4

F6
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The Toa silt loam is a good nitrifying soil for ammonium sulfate
in the absence or presence of lime. The addition of lime does not
favor the nitrification rate of the soil’s own nitrogen,

The presence of lime favored nitrification in all samples of Ma-
eara soils. Samples #£10 and #12 are good nitrifiers of the soil’s
own nitrogen and of the ammonium sulfate added.

NITRIFICATION STUDIES IN COTO CLAY-LIGHT TEXTURE PHASE AND
ESPINOSA CLAY

Optimum
moisture
(609 of

Sample total
Numbhber Soil Type Location water
holding

capacity

i L — Coto clay light texture phase..........oiiciiiiiiiianiini Quebradillas. ... 42.8
Arecibo......... 35.4

Barceloneta. . ... 40.1

1 S Coto clay light texture phase..........ovvivivrinennirnnn.

2 | —— WETntsd, G i b o B

TABLE IX

NITRIFICATION RATE OF COTO CLAY LIGHT TEXTURE PHASE
(MGM. N PER 100 GMS, DRY SOIL)

Sample Number (13) I Sample Number (14)

Treatments pH Nitrate Ammonia i pH Nitrate Ammonia

Start |30 da. |15 da.|30 da. |15 da.|30 da.l Start (30 da.|15 da. |30 da.|15 da.|30 da.

Bolloassausunsiunsiss 6.0 56| 41| 58| 12.1 12.8! 6.1 5.7 2.6 3.6)12.9 | 12.1
6.0 3.2 4.4 12,9 12.9

Soil4-CaCO: (210 mgm.}|....,.. 5.7| 5.2 6.6(12.6 | 128

5.4 | 13,0 | 22.2 | 27.7 26.3| ...... 53| 6.9 40,0/ 31.8 13.6

Soil 4 (NH4)\804 + |
CaCOs 5,2 116.2|35.4(21.0]12.9 5.2 29,6 |40.0 ] 13.5 [ 12.2
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TABLE X

NITRIFICATION RATE OF ESPINOSA CLAY
(MMG. N PER 100 GiMs, DRY SOIL)

pH Nitrate Ammonia
Rl Start | 30 da. | Start | 15 da. | 30 da. | 15 da. | 30 da.
Soil....... R R AT e 6.6 5.8 5.6 6.3 8.8 13.6 13.6
Soil + CaCOs (210 MEML) . .ooiiiiinnnnfonnenns G0 et 6.6 8.9 14.8 14.8
Soil 4 (NH) 2804 (30 mgm. N)...oooooooonnnnns L ) e 6.6 14.0 37.9 25.8
Soil - (NHy) 2804 4 CaCOs...coeeiiifoinnnn Bal |/ sesanas 11, 17.4 18.3 13.6

The Coto and Espinosa soils are able to nitrify the ammonium

sulfate in the absence of lime.

NITRIFICATION STUDIES IN SABANA SECA CLAY AND CATALINA CLAY

Sample
Number Soil Type

Location

Optimum
moisture
(60% of
total
water
holding
capacity

T Sabana 8eca Clay. . ...ovreeimeiainiismsmoisiaiissonsin Rio Piedras

..... 27.6-

L Cataliia L e LA .« jsnaiaiiy 39.0:

Plot (A)

TABLE XL
NITRIFICATION RATE OF SABANA SECA CLAY

Mgm. N per 100 gms. dry soil as:

Treatments pH
Nitrate Ammenia
Start | 30 da. | 15 da. | 30 da. | 15 da. | 30 da.
5.4 5.3 T 3.3 9.1 5.00
Soil 4 Cal0s (210 MEM.) .0 vervivnmainasenios]oineinee 6.5 1.2 5.4 9.8 5.0
Soil 4~ (NHi) 2804 (30 mgm. N).ooooviiviieieinna]onnenns 5.3 | 3.6 40.0 38.8:
Holl 4 (NH) 2804 4 C8C0a. . .ovvvineenitonnias]inniinns 5.8 .6 8.3 41.4 28.7
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TABLE XII
NITRIFICATION RATE OF CATALINA CLAY
(M6M. N PER 100 GMS, DRY SOIL)

pH Nitrate Ammonia
Treatments .
e " Start | 30 da. | 16 da. | 30 da. | 15 da. | 30 da.
R e R I T 4.6 4.8 9 9 9.1 10.5 )
Soil -} Ca00: (210 MEM.) . voss v oo masioe wewasims 6.1 8 1.3 .9.8 1.1
Boil 4 (NHy) 2804 (30 mgm. N)..oooovrnevrneninifoeennnn. 4.7 7 91 403 40.9
Soil + (NHi) 2804 4+ CaCO0s...ccnniivnnnnnnd T 5.1 3 1.1 43.5 45.5

Lime helps the nitrification process of the Sabana Seca clay.
The treatments given to the Catalina clay were not effective in
starting the nitrification proeess, The amount of lime added (210
mgm. CaCO3z) was not enough to correct the excess acidity of this
soil.
GENERAL DISCUSSION

Let us now compare in table XIII the nitrification rate, at the
end of the thirty-day period, of all the soils worked out, under
similar conditions, in the preceding experiments.

Table XIII gives valuable information on the relation of soil
pH to nitrate and ammonia accumulation. It also compares the
nitrification and ammonification rate of the different soil types and
the extent of variation of such processes within various samples of
the same soil type. It offers valuable information as to whether
ammonium sulfate should be used as source of nitrate for plant as-
similation and whether it should prove advisable to lime the soil
in order to hasten the nitrifying rate of ammonium sulfate or to
use nitrate salts as a source of nitrogen.

Results indicate that ammonium sulfate should not be used as
a source of mifrate for plants in the Lares clay loam, Sabana Seca
clay and Catalina clay, and in some of the Mfecara silty clay loam,
unless special attention is given to lime broadcasting. The lime
might be partially beneficial in the Lares clay loam and Catalina
clay. It should also prove advisable, in those soils and in Sabana
Seca clay, to apply part of the nitrogen as nitrate salts, preferably
calcium nitrate.

Ammonium sulfate nitrifies quite well in the Toa silt loam, Coto
clay light texture phase and Espinosa clay, even in the absence of
lime. The application of ammonium sulfate as a source of nitrate
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o
TaBLE XIIT

COMPARISON OF NITRIFICATION RATE OF SOME PUERTO RICO SOILS AND A NEW JERSEY
SOIL AT OPTIMUM MOISTURE ON THE BASIS OF NITRIFICATION RATE AFTER
THIRTY DAY PERIOD

(MaM. N. PER 100 gms. DRY SOIL)

P Ammonium sulfate*
Soil’s own nitrogen Ammonium sulfate (30 mgm. N) and

(30 mgm. N) CaCO; (210 mgm.)

SaNn::J;?le Soil Type = ] e " = .
8] 8|45 2| 8|~ 2|8 |7%

PH| g |E|F(PE|E| 8|3 |PH|E (8|4

2158 2158 |¢& SR -BF-

Lares clay loami. ........... 46| 26| 55| 80| 47| 2.5(30.0|42.4| 5.0/ 8.6(33.0] 4

Lares clay loam,..... 49| 23| 56| 79| 49| 1.5|35.8|37.3| 6.0| 2.9 | 358 3

Lares clay loam. ...... 48|24 |56|80|48|20|37.9/39.9 5.5 | 58 34440

Fey Poa silt loam 62| 45| 6.6|11.1| 5.5|2.7| 590|326 50|2w7| 74| 3
{ Toa silt loam... 5.2 3.1 6.6 9.7 48110.8]18.3|29.1 5.1 21.6 8.1 2
6. Toa silt loam. 5.7| 4.0| 7.4|12.3| 65| 16.4 | 101|265 | 5.7 | 23.5| 4.5| 2
Teveesss.| Toa silt loam. BT 4.9 741123 5.4110.3 | 19.9 | 30.2 5.6 | 21.1 6.7 _2
8o 1 Toa sitt 1oam. 53| 74| 5.0|133| 52| 8.3|2.8|34.1| 54| 148 |118] 2
jrme— Toa silt loam. 6.2| 20| 52| 8.1| 58| 8.7|20.4|301| 6.0 25.5| 6.6| 3

Ave.......| Toa silt loam 57146|65|111|55(134|171|30.5/ 56 (219|752

) 1) —— Micara silty elay loam,., 67118 45|163| 67| 24.7| 3.6|28.3| 7.0|25.7| 2.9| ¢
6.1 1.3 8.1 9.4 5.4 1.0 | 35.6 | 36.6 5.3 | 18.5 | 12.6 H

64|166|63(129| 61(12.9 [196 [32.5| 6.2 (22.1| 7.8 |2

Micara silty clay loam

Miicara silty clay loam

o G Miecara silt loam........... 55|17.2| 45|21.7| 58|16.3|28.1|444| 58 |27.8] 59| !
18 icany Coto clay light texture phase| 5.6 | 58| 12.8 | 186 | 5.4 22.2|26.3 |48.5| 5.2 | 36.4 | 12.9 i
14........ Coto clay light texture phase| 5.7 | 3.6 | 12.1 | 15.7| 5.3 |40.0| 13.6 | 53.6 | 5.2 | 40.0 | 12.2 &
Ave.......| Coto clay light texture o .

Phagh. ... ccovsivs 5.7 | 4.7 (125(17.2| 5.4 |311|20.0/5'.1| 5.2 |38.2/12.6 |5
1 1 IR Espinosa clay... 58| 88 (13.622.4| 56| 14.0(258)|39.8| 5.5|17.4 | 13.6
IBsaauess Sabana Seca elay........... 53| 33| 5.0| 83| 53| 3.6 -58_8— 424 | 58| 83| 28.7
Wisrains Catalina elay............ | 4.8 01105 11.4 | 4.7 .0 [40.9 | 41.8| 5.1 1.1 | 45.5

Sassafras sandy loam, New
TOEBBY ..o commmwis smimimasmaiinso 5.9 0.6 |Trace] 6.5 |.vvvefononoa|eonnns]ansens 5.4 300 2.4

* Total N is the sum of nitrate and ammonia.
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for plant growth should prove beneficial in those soils without con-
sidering the practice of lime broadeasting.

The thirty milligrams of nitrogen added as ammonium sulfate
was accounted for, ag nitrate and ammonia in all the soils. The
slight excess of total nitrogen found in some cases, was due to the
formation of ammonia by those active soil organismg able to de-
compose the soil’s own protein material.

Let us now compare the average results given in Table XIIT on
a percentage basis. The results obtained with the Toa silt loam
were taken as a basis for the comparison, since that alluvial soil is
the most valuable and productive in the northern coast of Puerto
Ricoe

Tasre XIV
COMPARISON OF NITRIFICATION RATE ON AVERAGE BASIS

Thirty Day Nitrifying Period

Ammonium sulfate | Ammonium sulfate 4
Soil’s own nitrogen CaCO0gy
) (30 mgm. N) (210 mgm.)
Soil Types
Nitrate Nitrate Nitrate
(Mgm. N)| Percent | (Mgm.N)| Percent | (Mgm. N)| Percent
Toa silt loam.............. 4.6 100 13.4 100 21.9 100
Lares clay loam........... 2.4 52 2.0 15 5.8 26
Miecara silty clay loam.... 6.6 143 12.9 96 22.1 101
Micara silt loam.......... 17.2 374 16.3 122 27.8 127
Coto clay light texture phase 4.7 102 31.1 232 38.2 175
Espinosa clay............. 8.8 191 14.0 104 17.4 9
Sabana Seca clay 3.3 72 3.6 27 8.3 38
Catalina clay.............. .9 20 9 7 s 5
Sassafras sandy loam...... 6.5 TEL | yce oo fuasnaanaes 30.0 137
SUMMARY

Experimental results have been reported on the nitrification
rate of nine soil types from Northern Puerto Rico classified as: Ca-
talina clay, Catalina clay level phase, Coto clay light texture phase,
Espinosa clay, Lares clay loam, Miecara silty clay loam, Micara silt
loam, Sabana Seca clay and Toa silt loam. The various soil types
are represented by twenty-one different soil samples. Some exper-
imental data is also reported for a soil type from New Jersey clas-
sified as Sassafras sandy loam.
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The main objeet of the work was to establish a correlation on
the following bases:

1. Nitrification of soil’s own nitrogen.

2. Nitrification of soil’s own nitrogen as affected by the ad-
dition of lime.

3. Nitrification of ammonium sulfate in the soil.

4. Nitrification of ammonium sulfate as affected by the ad-
dition of lime.

Studies were also carried with various samples of the same soil
type in order to study the nitrifying range within the soil type.

All soils were similarly treated with respect to ineubation period,
temperature, and time; optimum moisture conditions; and concen-
tration of lime and ammonium sulfate added to the soil.

The soil types known as Catalina clay level phase and Lares clay
loam which showed a slight response to the above general treatments
were also studied with respect to the influence of more lime and in-
oculation upon nitrification. One soil sample of Lares elay loam
which also showed a slight response to inoculation and extra lime
addition was also studied with respect to the effeet of the extension
of the ineubation period and addition of potash in the presence of
various amounts of lime. The nitrification rate of ammonium sulfate
and ammonium dibasie phosphate was also compared in that soil.

Table XTII summarizes the experimental results comparing the
nitrification and ammonification rate of the different soil types sim-
ilarly treated and the variations of such a rate within various sam-
ples of the same soil type. Those results should prove of value in the
practical application of ammonium sulfate as a fertilizer and indicate
if it is advisable to lime the soil in order to hasten the nitrification
rate of ammonium sulfate or to apply part of the nitrogen in the
form of nitrate salts.

Table X1V contains data on the comparison of the nitrification
rate of the various soils treated on a percentage basis. The most
productive and valuable alluvial soil type of the north coast of
Puerto Rico, Toa silt loam, was taken as the unit basis.

CoNCLUSIONS

1. Ammonium sulfate should not be used as a source of nitrate
for plants in the Lares clay loam, Sabana Seca clay and Catalina
clay, and in some fields of Micara silty clay loam, unless special
attention is given to lime broadecasting. It should be more advisable
to apply ammonium dibasic phosphate instead of ammonium sulfate
to Lares clay loam, after special attention is given to lime broad-
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casting. Although the lime might be beneficial in the Tares clay
loam and Catalina clay, it should also prove advisable, in those
soils, and in Sabana Seca clay, to apply part of the nitrogen as
nitrate salts, preferably calecium nitrate,

2. Ammonium sulfate nitrifies quite well in the Toa silt loam,
Coto clay light texture phase, and Espinosa elay, even in the ab-
gence of lime. The application of ammonium sulfate as a source
of nitrate for plant growth should prove beneficial in those soils
without considering of upmost importanee the practice of lime broad-
casting.
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