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ScrnNTIPIC Po rnTs RELATIVE . TO SOIL NITRIFICATION 

'rhe suggestion of Pasteur in 1862 that nitrification is due to 
bacteri al action led Winogr adsky in 1890 to isolate the organisms 
concerned in nitri fication pro cesses. Since then , nitrification studies 
have been a subj ect of investigation in various soils located in 
countries of differ ent climatic conditions. Among the various aspects 
studied is worth while mention ing : Nitrification as influenced by 
soil moisture , temperature, seasonal variations, plant growth, carbon
nitro gen ratio, bufferin g agents, app lica tion of ferti lizer s and amend 
ments; occurrence , isolation, limiting an d optimum pH of soil nitrify
ing ba cteria; nitrification and solubilization of certa in soil inorganic 
elements; methods of studying soil ni trification and nit rifyin g ca
pa city of a soil as an index of fertility. 

It is a well known fact that the soil nitrifying organisms are of 
an autotrophic nature character ized by the property of obtaining 
carbon from the carbon di oxide of the atmo spher e and thei r energy 
by the oxidation of simple inorga ni c compounds in the form of am
monium salts, and that the pro cess is carried on in two stages: first 
by a group of bacteria oxidizing ammonia to nitrites (nitr osomonas, 
nitr osococcus) , and t hen by another group of bac teria oxidizing 
nitrites to nitrates (nitrobacte r ) . Bu t Gopala Rao and Dhar (13) 
claim that nitrification in the soil is at least partly photochemical, 
taking place without the agency of bacteri a und er the action of sun
light at the surface of various soil photocatalysts like alumina and 
tit ania. In further exper iment s Gopala Rao (12) says : "The slow 
oxidation of ammonia in aqueous solution to nitri te has been shown 
to take place in tra nspa r ent silica vessels und er th e action of light 
from a quartz mercury vapor lamp, copper arc or more slowly in 
sunlight.'' He also calls the attention t o the fact that nitrification 
in the atmosphere and seasonal var iations of the nitrat e-nitrite con
tent s in favor of the summer months can be su ccessfully explained 
on the basis of the photochemical view. Frap s and Sterges (10 b ) 
ha ve shown th at phot onitr ification is of litt le or no pra ctica l im
por tance. 

73 
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Two labor atory method s have been used for the study of nitrifica
ti on : solution or sand meth od and the most used soil or tumbler 
method . Although various inorganic and organic nitrogenous source s 
have been used for such studies, ammonium sulphate and dri ed blood 
have been preferred. The solution or sand method supp lies informa 
tion as to th e absence or pr esence of nitrifying bacteria, influence of 
stimula ti ng substances present in the soil, etc. This method is limited 
to the use of nitrogenous inorganic sources ; since organic materials 
produce soluble organic compounds and ammonia which ar e tox ic to 
the nitr ifying bacteria. The sensiti vity is more pronounced to organic 
substances in solution tha n in soil. 

It is of great importance in nitr ificat on st udies to control the 
concentration of the nitrogenou s salt, the pH range, the time and 
tempera tur e of incub ation and the optimum content of soil moisture. 
The usual concentration r ecommend ed for ammonium sulphate is 30 
milligrams of nitrogen per 100 grams dry soil in the presence or 
absence of 210 milligrams of calcium carbona te which is equivalent 
to an additi on of the theoretical amount of base necessary for the 
complete neutral ization of all the nitric and sulp hu ric acids formed 
from the complete oxidation of the nitrogen added. For nitrification 
of organic nitroge nous material s, 0.25 per cent of organic mat ter · wit h 
a high nitrogen content (10-1 2 per cent ), such as dried blood, or 
0.5- 1.0 per cent of organic materials of a low nitrogen content (cot
tonseed meal, soy-bean meal, alfa lfa meal) should be employed. The 
usual incuba tion time and temperatt.ue is 30 days at 25-28°0 . For 
the solut ion or sand method a temperatu r e of 28 to 30°0 , is recom
mended. 'l'he optimum amou nt of water used in the tumb ler method 
is from 50 to 60 per cent saturat ion. 

Condit ions which tend to promote nitrate formation in the soil 
ar e: tempera tur e of 27.5°0., an abundant supp ly of air (oxygen) , 
prop er moisture supply, a favorab le re action (p H great er than 4.6), 
pres ence of carbonates or other buffering agent s an d ·absence of large 
quant iti es of solubl e organic matter and alkali salts in the soil. 
The nature of the crop and th e season also influences the nitrate 
content of th e soil. 

Alt hough a definite correlation between the nitrify ing power of 
a soil and its crop produ ctiv ity ha s been observed by various inves 
tigators , some others reported that there may or may not be a corr ela
tion, and that conti nuous cr opp ing, especially without fer tilization, 
r educes the nitr ifying capac ity of the soil. The sub j ect is fully 
discu~sed by Waksman (32, 33) . Such a corre lat ion may be limited 
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by some factor other than the nitrogen supply, such as moisture, 
temperature, aeration. 

Fraps and Sterges (10 a) 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 cultures of 
actively nitrifying soil, of calcium carbonate, or of both nitrifying 
culture and calcium carbonate. Nitrify ing organisms may remain 
in a dry soil for many years . Nitrites may be produced from am
monium sulphate when calcium 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. 'l'iedjens and Robins (29) found that ammonium hy
droxide was a much better source of nitrogen than either sulphate of 
ammonia or calcium 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 calcium nitrate . He 
found th at in a neutra l culture some plan ts produced as good growth 
with ammonia as with nitrate salts or even better, but that an acid 
and even slight ly alkaline reaction , nitrates were superior in most 
cases. Shive and Stah l state that seedlings absorb more ammonia 
than nitrate nitrogen but that mature plants require more nit rate 
nitrogen." In a more recent publicat ion, Tiedjens (30) discusses 
experimental evidence on factors affecting assimilation (synthesis to 
amino acids and other organic nitrogenous materials ) of nitrogen. 

NITRTFICA'l'ION STUDIES WITH TOOPICAL SO IL S 

Antipov-Karataev (2 ) in nitrification studies with soil from the 
Nikita orchard, Crimea, found: '' Intensi ty of nitrification in orchard 
soi1s is similar to that of fallow in the chernozem district. Tobacco 
and virgin soils g·iye the same amount of ni trates as chernozem soils 
under corn or sorghum aft er a fallow. In the shaly soil, low in 
lime, the process of nitrifi cat ion was slow. Dur ing the period of 
int ensive growth of tobacco no accumu lation of nitrates was noted." 

Prescott (26) and Roche (28) studied nitrification of Egypt ian 
soils. Prescott says : '' Nitrification is well ahead of the needs of the 
cotton crop, and probab ly entirely accounts for the fact that nitro 
genous fertiliz ers produce no effect on this crop. There is no ac
cumulation of ni trat es in the soil when wheat and maize are grown . '' 
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The work of Pres cott also covers observations of seasonal variations 
of ni trates and pot experiments showing the effect of the growth of 
maize and wheat on the accumulation of nitrat es. The work of 
Roche includes some observations of rate of nitrification in soils 
und er irri gat ion. 

Peck (23, 24) carried some nitrification experiments with soils of 
Hawaii, using· the tumbler method. His results showed that black
strap molasses from sugar cane removes temporarily · part of the 
available niira tes . Nitrificaton of ammon ium sulphate was checked 
and nitrification of nitrogenous organic fert ilizers was retard ed by 
addin g molasses. K elley (20) and Bur gess (8) also studied nitrifica
tion in soils of Hawaii. Kelley foun d that nitrifi cation was as active 
in the manganese and ti tani um soils as in other soils, but magnesium 
carbonate was especially toxic . Burgess repor ts the following data: 

Productivity of Soil 

Best ... .... .. ... ... .... ............ ... . ... .. . ... . .. ..... . ....... . ........ . 

Nit rilyin g power 
(Mgm. nitrogen per 
100 grns. dr y soil) 

Dried blood Alfalfa meal 

20.8 15.2 

Very good . .... .. .. .... .......... . . .. ... . .. .... .. ............... . .. .... .. . 15.2 - 20.0 9.6 - 12.8 

Poorer..... .. ................... .. . .... .. . .. . .... . . .............. . . ....... 4.0 - 13.6 7.2 - 9 .0 

Poorest.... .... ... . .. ............. . ..... ... ... ........ ... ......... . ..... . . 4.0 4 .5 

In 1927, Bal ( 4) found in a black soil in India, planted to cotton, 
that concentrations of over 100 milligrams of ammoniacal ni troge n 
from ammonium hydrox ide are definitely injuriou s to the process of 
soil nitrification . P lym en and Bal (25) studied nitrification r ates 
of different nitrogenous organic manures in some typica l soils of 
Berar, India. Hutchinson (17) summariz es inv estiga tion s on nitrifi
cation in India soils. Joshi (19) reports on rate of nitrification of 
different gr een manures and influence of crop residues on nitrification 
in India soils. ,V alton (35) studied the influ ence of alkali salts on 
nitrification in some India soils and also (34) the r~te of nitrification 
of calcium cyanamide as compar ed with ammonium sulphate and 
mu stard cake. Batham (5) compares nitrification ra te of certain 
amino acids and ammonium sulphate in India soils. 

Itano and Arakawa (18) report studies in the rice fields of J apa n 
on r elation of nitrification to crop yield of rice, seasonal variations 
and soil specific buffer capacity. 
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Wilcox (37) presents a soil nitrification map of the Bandjaratma 
concession of Java as prepared by Arrheniu _s who recommends, as 
sound soil management for a sugar-cane plantation, a map, to show 
the distr ibution of the soil 's nitrif ying power. Arrhen ius correlated 
soil nitrif ying power with sugar -cane yields and showed that soil 
react ion 9-oes not parallel nitrate production. 

Gerretsen (11) in work with Java soils found that the concentra 
tion of ammonium salts through soil adsorp t ion may be so high that 
nitrification becomes impossible. He claims that the inten sity of 
nitr ification in different soils does not necessar ily have any direct 
effect on crop produc t ion, and it s importance as an index of fertility 
ha s often been overrated, although the two frequently run parallel. 

Panganiba n (22) r eports nitr ification studies, with ammonium 
sulphate and dried blood, in Philippine soils plant ed to yautias, corn, 
banana and cogon. Aquino and Javier (3) report ni tr ification stud
ies in eight een di£ferent soil ty pes of the Philippine I sland s, and 
Alicante (1) found: '"l'reatment of citru s soils constitute con
clusive evidence that nitrification is an ind ex of crop production. 
In general, soils devoted to sugar cane converted th eir original 
nitrogen into available form more slowly than did those devoted 
to rice , abaca, tobacco, citrus, etc. Soils containing a high percent
age of clay nitrified either th e original or the added nitr ogen very 
poorly.'' H e gives data on the average nitr ifyi ng power of some 
of th e Philippine soils .as compar ed to those of Hawai i and the 
United States . 

Watt (36) stu died nitrific at ion in Tran svaa l soils. lVIartin and 
lVIassey (21 ) studied the effect of seasonal var iation on the nitri
fication rate of Sudan soils. Hall (14) stu died nitrification rate 
of some South African soils supple ment ed with additions of lime
stone , dried blood, dried cowpea hay, bone meal, ammonium sulphate , 
whale guano, calcium cyanamide, crayferine and sewage soil. He 
also stud ied seasonal varia tions of ni tra t es in virg in, cropp ed and 
cultiva ted lands and nitrate va ria tion with soil depth. In further 
studies, H all ( 15) stu died nitrifi cation in some acid soils of South 
Africa tr eate d with sup erphospha te, and ammonium sulphate in the 
presence or absence of lime. He also report s nitrification data 
in tobacco soils. 

Chardon ( 9) studied nitrification rate of drie d blood in the 
pre sence or absence of calcium carbona te in an acid clay around the 
College of Agriculture at lVIayagiiez, 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 In sular 
Experiment Station at Rfo Piedras, Puerto Rico. He found that 
nitrate nitrogen from the application to a soil of 15, 25 and 50 tons 
of filter press cake per acre begins to incr ease on the third mont h, 
goes to a maximum on the fifth month, then the tendency towards 
the sixth or seventh month is to decrea se. 

EXPERIMENTAL 

Part 1 contains some of the unpublished research work done by 
the aut hor 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 r equire
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 pub lished (6) elsewhere. It also contains some es
sential data from that thesis reported in a published paper (7) entit led 
"Preli minary micro biological studies in certain soils of the San Juan 
area, Puerto Rico''. 

Part II contains the complete laboratory data of the work done 
from 1930-1934 in fulfillment of the r equir ements of a research 
project of the Insular Experiment Stat ion ent itl ed: "Nitrification 
studi es for a typi cal soil type in each classified soil series in Puerto 
Rico.'' The limitations of our means allowed only to undertake 
studi es with soils from the north ern coast of Puerto R ico. 

SOILS 

'l'he preliminary soil sur vey maps and reports which are a part 
of the Soil Survey of Puerto Rico as undertaken since 1928 by the 
United States Bureau of Chemistry and Soils in cooperation with the 
Tnsnlar Expe 1 'n·cit1 Sl\t..icn: w1~re used as a basis for soil location_ 
classification and description. The soil types were taken from a list, 
tentatively called "North Coast Area of Puerto Rico", which was 
corr elated and approved by the Soil Survey Divis ion of the Unite d 
States Bureau of Chemistry and Soils on March 16, 1934. 

Soil Types : The following soil types ar e included in the se studies : 
l. Catalina clay. This soil is a deeply weathered soil of the 

mounta in and hill lands. It is derived from andes itic tufts. The 
surface ranges from rolling to steep ; however, most of the hills are 
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roun ded with gently sloping ravine s. It varies in color from light 
red to reddi sh-brown. This soil is well drained but is affected by 
sheet erosion. It ha s a friable clay surface whose depth varies with 
surface relief from about £our to eight inches . The subsoil is a 
reddish-brown or light-red, slight ly heavy, but friable clay . A.t a 
depth of about 24 inches th e soil becomes a deep red clay which 
-continues to great depths. 'rhis soil is usually acid . It is used £or 
a variety of crops as cane , citr us, pineapples, coffee and minor crops; 
and produces profitable yields. This is one of the best coffee soils. 

2. Catalina clay level pha se. Thi s is the Catalina clay with a 
n early level to slightly undulating relief. It is more deeply weath
ere d than the main type as it has not been aiffected by sheet erosion. 
Its smface soil is deeper. Farmers prefer it to the main type £or 
most all crops. It is used mostly for cane, citrus and pineapples; 
.all do very well on it. 

3. Coto clay light textu red pha se. This type occurs on nearly 
level surface relief . It is characterized by a dark grayish-brown, 
permeable, friable clay about a foot thick underlain by a r eddish
brown, slightly compac t, 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 slightl y acid. The most profitab le crop adapted to th is 
soil is sug·ar cane. Other crops producing a good profit are Spanish 
pepp er, tomatoes, corn, fiames, cotton, bean s and bananas . 

4. Espino sa 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 plac es the subsoil is quite red . It occurs on gently 
undulating surfa ces 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 
clodd y clay upper subsoil, and 15 to 30 inches or more of reddish 
yellow friab le clay which is sometimes mottled r ed in the deeper 
horizons. Limestone, th e origina l parent material, occurs at greatly 
varying depths . It is used almost entirely for sugar-cane production . 

5. Lar es clay loam. This soil belongs to a group of deeply 
weathered soils with medium friab le subsoi ls that occur on terraces 
or on terrace-l ike positions, with level to slightl y undu lating relief. 
It is affected by gully erosion . It is characte riz ed by a heavy clay 
loam surface with a brown to reddish-brown color that crushes fai rly 
easi ly in to granu les and some rounded quartz gra in s. A.t a depth 
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of about 6 inch es the soil changes to red or brownish red, heavy, 
medium plastic clay that cracks some on drying; in the lower part 
of this layer usually at a depth of only about 14 inch es is mottled 
r ed and yellowish-medium friable clay . At about 40 inch es is a 
friab le reel, yellow and brown clay that continues to great depth. In 
places it looks very much like disintegrated tuff. A characteristic 
feature of this soil is the noticeable amount of water rounded rocks 
on th is soil and throughout t.he profile. Many of the rock s are flat 
and pitted. The rocks near the surface are coated with a layer about 
1/ 16 of an inch thick, eons isti ng of a dark min eral, like that compos
ing the perdigon, although very few percligons are noticed except 
wher e thi s soil grades into Sabana Seca. In the lower depths there 
will often be gravel layers resemb ling water deposit ed gravel. These 
round ed 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 Piedr as and Cialitos). It is u sed mostly for sugar cane and 
citrus . 

6. Mucara silt y 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 browni sh gray or grayish- br own, gritty silty clay loam 
surface that is sta ined lightly in the lower part with gray. This 
layer is underlain at a depth of about 9 inches by a yellowish, slightly 
plast ic clay or clay loam that has grayis h or ru st colored mottles. In 
pl aces small ang·ular fragments of partly weathered rock materia l 
occur in this layer and in places the clay is moderate ly tough and 
compact. The lower subsoil is a yellowish, light textured, tr ansi
tional layer consist ing of gritty clay loam mixed with partly decom
posed rocks. The depth to rock, depending upon the slope, var ies 
from 14 inche s to 3 feet. It is aJffected by sheet erosion. Sugar 
can e, beans, pigeon peas, corn, yautia, etc ., are among the crops 
planted. Soil depth limit s crop yiel ds. 

7. Mucara silt loam . 'l'his soil differs from the silty clay loam 
typ e in having a lighter texture surface and slightly less heavy 
subsoil. 

8. Sabana Seca clay . 'rhi s is a fertile soil but not very produc
tive because of its heavy stiff subsoi l that resists ready penetration 
of air, plant roots and water. It occurs on nearly level to undu lat 
ing sur face relief, is very acid , and is probably derived from marine 
deposits. It is characteriz~d by a dark brown, medium compact clay 
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surface. At a depth of about 5 to 7 inches there is a thi n sub-surface 
layer about 3 inches thick of light yellow, heavy , medium compact 
clay; this abruptly chang es at about 10 inches to an extre mely heavy, 
stiff, pla stic, mottled r ed, rich brown, gray and yellow clay. This 
layer continues to a depth of about 30 inches where it becomes grad 
ually lighter in text ur e and slightly less compact; however , at depths 
below six feet the soil is still heavy mottled and compact. 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 mater ial 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 gray ish-brown color, nearly 
uniform in both color and texture to a· depth of several feet and has 
very litt le mott ling in the subsoil. 

Lo cation of soil samples : 'rhe samples used in part I were taken 
to a depth of six inch es with a. shovel, from a sing le r epresentat ive 
spot not und er cultivation . 

Soil Types Used in Par t I 

Catalina clay level pbase ........... . 

Location 

K m. 2.2.; sideroa d lrom 'l'rujill o Allo mninroad to Lepor 
Colony. 

Lares clay loam ....... ... .. ...... , . . . . . . . . Km. 2.2 Sanat orium road, Ri o Pie dra~. 

Mucar a silty clay loam.. .. ..... ..... . .... Km. 2.8 Carolina -Junc os road. 

Toa silt loam.. . . .. . .. . . . . . .. .. .. .. .. . . . . . Km. 10.3 San Ju an- Baya mon ro3d. 

The next chart indicat es the location of soil samples used in 
pa rt II. Samp les numb er ed 1- 15 inclusive were taken also to a 
depth of six inches with a shovel in represent ative spots not un der 
cultivation . Samples 16 and 17 "·ere tak en all over the field to a 
depth of twelve inches with a soil auger; since th ese samples were 
also used for other chemical work. 
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SRmple 
N uml )er Date 

Soil t ypes used 
in part I! Location 

J . . August 5. 1930 . . Lnres clay loam .. Km. 2.2 Sanator ium ro::id .. . . .. . .. . . 
2 .. August r., 19:lO .. Lares clay loam . Km. 2.0Ilayam oo-81aup:htcrhous~ road 
3 . .... , ... Augu st 5, 1930.. La res clay loam.. Km . 2.8 Bnyamon-Comerfo roRd 

Sampling 
places 

-- ---· -l - -- - - -- 1-- - - --- -1-- --- -- -- - - ----- - -- - -
4......... March I I. 1931.. Toa silt loam .... . 

5 . .. . . March 5, 1931... Toa silt loam . .... 

6... ... .. . Ma rch ll, 1931.. Toa silt loam .... . 

7 .. . .. . . March 11, 1931.. 'foa silt loam .. . .. 

8 .. .. .. .. Ma rch 5, 193 l... 'foa silt loam .... . 

9 .. . March ll, 1931.. '!'on silt loam .... . 

Julia farm close lo Central Cons tancia, 
TOR Ilaja 

Central Canovnnas, opposite main 
omcc 

Nevares farm at km . J.8o f side road to 
Cent ral Constancia 

San Antonio farm at km. 10.3 San 
J ua n-Ilayarno o road 

Ta marindo farm, at km. 2().6 Rio
Graudo-Mameye.5 road 

E l Naran jal farm. I km. N . Carolina 

10.. . March 5, 1931... :\llicara silty clay Km. 45 Luquillo-Fajardo road ...... . 
loam 

11... .. . . . March 11, 1931.. Mucara silty clay Km. 9.9 Gnaynabo - Ln Mndn road ... 
loam 

J2 . .. .. .... Mar ch 5, 1931... Mucnra silt loam. La Carme n farm on El Verde s idfl· 
road at km. 26.6 n ro Grande-Ma
meyes road 

(l 

:l 

6 

6 

3 

3 

3 

- -- - ---· -- - -1-- - - ----1 -- - -- - - - - ---- - -1--- --
13.. . .. .. . April 2i, 1930... Coto clay- light 

text urc phase 
14...... .. April 2i, 1930 ... Coto rlay- light 

texture phase 

Km. 24 Quebradillas - Guajataca road 

Km. 8.5 ArecibJ-La rcs road 

15 .. .... . . . Apri l 2ll, 1932 ... Espinosa clay ..... Km. 68.8 Arecibo-Bar c~lunctn . . . 

rn ......... Nov . 24, 1933 .. . Sabana Srca clay. Un iversil,y farm Rio Piedrns .. . 

17. . . . . . . . . August 20. 1033. Cata lina rlar, 
samp le A 

1Vfr. Juan Estcwa·s fnrm, Lnres. 

About 30 

23 

Soil preparation: All sampl es in 
dri ed state throu gh a 2 mm. sieve. 
sifted in the fre sh state. 

part I wer e sifted in the air
All samples in ,Part II were 

Soil analysis and t1'eatments : Moisture and soil tota l water hold
ing capacity was then dete rmined . 

Soils wer e treated in dupli cate according to the Waksman's (31) 
tumbler method, i.e. 

"1. Nitrifi ca tion of soil' s own nitro gen. A definit e amount of soil (100 
gm.) kept in the laboratory for a definite leng th of time (30 clays) at a definite 
temperatur e (25- 28 ° C.), under optimum moisture conditi ons, will give us in
formation on the forms of nitroge n pre sent in the parti cular soil and the speed 
with which they are transformed into nit rates and thus made aYailable for 
plant growth . 

' ' 2. Nitrificat ion of ammen ium sulphate in t he soil. By using a definite 
amount of nitrogen 30 mgm. in 100 gm. of soil, in t he form of ammonium 
sulphate, rtnd standard period of incubat ion, we get, from the amount of nitrate 
form ed, an index on the buffering capa city of the soil in relation to nitrifica ti on. 
The final rea ct ion should always be recorded . 
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'' 3. Nitrification of ammonium sulphate in the presence of a theoretical 
amount of CaC0 3, 210 mgm. for 30 mgm. N as (NH,),SO, necessa ry to uen
t ralize all the acid formed from the complete oxidation of the ammonium sulphate 
into nitric and sulfuri c acid. Thi s gives an index of the uitrif yin g capacity 
of the soil under optimum reaction conditions and forms an exce llent basis for 
comp aring nit riJication with othe r biologi cal activi ti es.' ' · 

Nitrification of soil 's own nitrogen in the presence of the theo
retical amount of Ca00 3 (210 mgm . for 100 gms. dry soil), as used 
in the ammonium sulfate treatment , was also studi ed. 

In all, but one of the experim ents, 60 percent of th e soil tota l 
water holding capaci ty was taken for optimum moisture condition. 
The moisture lost by evapor ation during the incubation period of 
30 clays was r eplaced at interval s. 

Nit ra tes and ammonia were determined aft er 15 and 30 days, 
respectively. In most of the samples tho se det erminations were also 
made at the start. 'rhe usual pH det erminations ·were made after 
the 30-day period . Some pH determinations were also run at the 
start. 

The phenoldisulphonic colorim etric method ,ms 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) 
modification which consists in extracting the ammonium ion in the soil 
with normal pota ssium chloride and th en distilling with magnesia. 
The determi na tions for pH were made with the potentiometer using 
quinhydrone and a saturated calomel-potassium chloride electrode. 

I. RESEARCH WORK DONE IN NEW JERSEY AGRICULTURAL 

EXPERIMENT STATION 

The soil type, Sassafras sandy loam, sampled on June 24th, 1929, 
from the exper imental plots of the New Jersey .Agricultura l Ex 
periment Station at New Bunswick was used as a basis for com· 
pari son. 

Nitrific(l;tion Stiidies of Pii erto Rico Soils at 25 p er cent 
Moisfore Content 

.A. twenty-five percent moisture content was chosen because it 
represents optimum moisture condit ions 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 I 

NITRIFICATION RATE AT TWENTY-FIVE PER CENT MOISTURE 
UNTREATED SOIL 

Soils pII 
Mgm. of Nitrogen per 100 gms. dry soil as: 

Nitrate Ammonin 
---------

Start 30 da. Sta rt 30 da . Star t 30 da. 

Toa silt loam .............. 5.8 6.0 5 .9 7 .4 1.1 3 .4 

Cnta!inn c;ay level phase .. 6. 7 6.6 5. 7 5.7 1.4 6.8 

L ares clay loam ............ 4. 7 4.6 2.4 2 . 7 0 .9 4 .9 

M (1carn silty clay loam . ... 6 .8 6. 1 4 .8 9.2 l. fi '!'race 

Sassafras sandy loam . . .... 5.7 5.9 6.3 6 .5 Trace 'l'race 

SOIL+ 30 mgm . OF N ITROGEN AS (NII,) :SO, + CaCO, (210 mgm .) 

Ml!lll. of Nitro gen per 100 gms. dry soil as. 
Soils J)Il ----·-----·-·---,---------- -

'roa silt loam ..... 

30 <la. 

7.1 

Sta rt 

5.9 

Nitrate 

7 <In. 

fl. 7 

14 da . 30 da. 

8.3 9.4 

Start 

31.1 

Ammonil\ 

.. Ill 
7 da . 

20.3 

14 da. 30 da. 

18 .7 15.1 
-------- ------------------------ -
Catalina clay leYe! phase 7.4 5. 7 6 . 1 6 .0 5.3 31.4 32.2 3.1.1 33.6 
---------1--- --- -- - --- --- --- --- - -- -- -
Lares clay loam . . . . . . . . . 5. 4 2.4 2.6 2 .9 2.7 30.9 31.3 31.7 30.5 
---------,--- --- --- --- --- --- --- -- - -- -
Mucara silty clay loam.. 7.0 4.8 7.1 9 .9 11. 7 31.0 25 . 7 24.6 20.3 
-- ------·!--- ------------------ - - --
Sassafras sandy loam... . 5.4 0.:1 14.6 2'2.2 30.0 30.5 19.8 11.0 2 .d 

Under the condition s of that experi ment there was no nitrate 
accumulation from the soil's o-wn nitrogen sources in , and from the 
ammonium sulfate add ed to , th e soil types from Pu erto Rico known 
as Cata lin a clay level pha se and Lares clay loam, althoug h those 
soils bad sufficient ammonia to start th e nitrification processes. 

In the other soils, the r ate of nitr ate accumula tion goes hand to 
hand with ammoni a disappearance. 

Th e soil from New Jersey had a higher nitrifying rat e; but we 
must consider that the 25 percent moistur e cont ent was probab ly 
not the opti mum one for the two soils from Puerto Rico . 

.At the start , the pH of all the soils was in the acid ra nge . Even 
with th e add ition of the calcium carbonate, the Lares clay loam had 
a pH of 5.4, after the 30-day peri od. The New Jersey soil had that 
same pH , but it s nitrification r ate was quit e active. Th e pH for 
the other soils, at the end of the 30-day period was close to th e neutral 
point, in the alka line side. 
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Influenc e of Lirne amd Inoci ilation upon Nitrification in 
Two Puerto Rico Sotls 

In an attempt to find the limi ting factor responsible £or checking 
nitrification in the Catalina clay level phase and Lare s clay loam, 
these soils were treated as before; but this time , 500 milligrams 
of calcium carbonate were added , and treatm ent s also included in
ocula tion of thl soils with one cubic centimeter of a 10 perc ent 
wate r infus ion of the Sassafras sandy loam. All th e soils were Icept 
at a 25 percent moisture content. 

TABLE 2 

EFFE CT OF LIME AN D I NO CU LA'l ' IO N U P ON N [TR f FIC ATIO N RA'l'E OF CATALI N A 
C LAY LEVEL PH ASE AND LARE S CL AY LOA M 

'l' reat meo t 

Cat alina clay level ph ase .......... . . ..... . ... .. .. . 

pH 

Mg m . or N itrogen per 
JOO gra ms of dry soil 

As N itrat e As Amm onia 

30 da. Start 30 da. Sta r t 30 da. 

6.0 5.7 6 .4 1.4 7 .6 
-- ------ - ---------- -------- - - ---
Ca talina clay level ph ase+ (N H, ) ,S O, (30 mgm. N .) . .. 6 .8 5. 7 7.2 31.4 37 .5 
- - ------- - ----------1--- - -- - -- -- - --
Cat alina clay level pha se + (NB, ) ,SO, + Ca CO, (500 mgm. ) 7 .9 5 . 7 5.2 31.4 34.6 
- - ------- -- ------ - --1 - -- --- -- - - -- - -
Cat alina clay level phase + (NH, ) ,SO,. Ino cula ted . ... . 6 .8 5 .7 10.0 31.4 36. 1 
-:::--:-,:--...,.....-c- ----;---:---,- =::;--:- -=--::--:-c=--::--=---- ,1--- --- -- - -- - - -
Catalina clay level phase + (NH, ) ,SO, + CaCO ,. 

In oculated . ... .... . . . . . . . ..... . .. .. . . . . . . .. ... . ... . . . ... . 7.9 5.7 4.8 31.4 31. 7 
- - -- - ---- -- --- -- -- - 11--- --- - - - - --- -
Lares clay loa m . .. .. 5.1 2.4 2 .8 .9 2.2 
- - --- - ---- - ------ - -- 1- - --- - - -- - ---- -
Lares clay loam+ (N H ,) ,S O, (30 mgm. N. ) .. ... . ..... . . 5 .1 2.4 3.0 30 .9 
---------- - ----- - - - -1- - -- - ----- ---
Lar es clay loam + (N B ,) ,S O, + CaCO , (500 mgm .) .. . . 7.8 2 .4 2.2 30.9 34.6 
----------- - ------ - --- ---- - ·- --- --
L ares clay loam + (N H,) ,S O, . ruocu late d .. ... .. ... ... . 5 . 1 2.4 2 .2 30 .9 36 . 1 
------- ---- - - ---- - -- ---- -- ------ -
Lares clay loam + (N H ,) ,S O, + CaC O,. Ino culat ed .. .. 7.8 2.4 2 .6 30. 9 35.3 

The Lar es clay loam did not show nitrate accumulat ion in any 
of the differ ent treatments . Reaction was not the limitin g factor ; 
since the calcium car bonate add ed, was enough to br ing the pH 
towards the alkaline side. 

The addit ion of lime did not favor nitrate accumu lation in the 
Catalina clay level phase. Perhaps the .alkal inity (pH 7.9) did not 
favor the activity of the nitrif ying organi sms. That same act ivity 
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was checked at (p H 7.4) in the prev ious experim ent. Where am
monium sulfate was added alone there was a slight accumulation 
of nitrates, more so, in th e inoculated soil. 'l'he r eaction in those 
cases "·a s (pH 6.8) . Alka line react ions or the presence 0£ an ex
cess ot calciu m ions have limiting effects on the activity 0£ the nitri
flying organism s in this soil. The n ext experim ent will help to 
clear these points and indi cate whethe r the effect Qj. in ocula tion on 
nitrat e accumulation may be consider ed as significant. 

Nitn ificati on St 1idies of Pnei·to Rico Soils at Optimwm Moistu1·e 

To favor condition s £or the activity 0£ the nitri£yin g organisms 
the Puerto Rico soils were br ought to opt imum moistur e at 60 per
cent 0£ th e total water holding capac ity . This work has been re
port ed elsewhere (8). ( In tha t paper the soil type reported as Rfo 
Piedra s clay should be Catalina clay level pha se; the Bayamon 
clay loam should be Lares clay loam, and the Mucara clay should 
be Mucara silt y clay loam. ) The rate 0£ nitrification 0£ dried blood 
was also studied. The amount added was 250 milligrams contain
ing 32 milli grams 0£ nitrog en. The calcium carbonate added was 
500 milligrams. 



TABLE III 

N ITRIFIC ATION RATE OF SOIL S AT OPTI MUM MOISTURE 
(MGM . N PER 100 GMS. DRY SOIL) 

Cata lin a ~Jay level p hase Lar es clay loam 

pH Nitr ate Amm. I pll N itra te 
Tr eatmonts 

Amm . 

30 da . I Star t I 15 da. I 30 da. I 30 da . I 30 da. I Sta r t I 15 da . I 30 da. I 30 da. 
-- --- -------- -l- -- l---l---l---1---1--- 1- - - 1-- -1 - --1 - --

~oi:i alone ..... . 6.5 5.7 5.5 5.5 8.6 5 .0 2 .4 1.6 1.8 7 .6 
--- --- ---- -- -l- - -l---l---l---1---1---1---1---1---1---

7 . 1 I· · · ·· ·· 1.9 2.2 0.4 1'oil + CaCO, (500 m gm .) ..... 7 .2 5.2 5.0 5.7 , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , __ _ 
Soil + dried blood (32 mgm. N). . 6.6 , __ _ , ___ , ___ , ___ , ___ , ___ , ___ , _ __ , __ _ 3.8 5.3 , . 3.0 5.0 27 .4 '3.4 2'1.9 

S~il + (NB,) ,S O, (30 m gm. N).. 6.4 
1-- -1--- 1-- - 1---!---! --- 1---1---1---

5.2 35.3 1.8 5. 7 4.6 1. 7 33.8 

Soil + (NH ,) ,S O,+ CaCO, 0.4 4.8 10.6 13 .3 7.0 1.8 1.5 34.6 

TABLE III 

N ITRIFICATION RA'.rE OF SOI L S AT OPTIMU l\'1 MOISTURE 
(M G~f. N PER 100 GM$. DRY SOIL) 

Mucara silty clay loam To a sil t loam 

pH Nitrate Amm. l pH Nitrate Amm. 
rrreatments 

30 da. I Start I 15 da. I 30 da. I 30 da. I 30"da. I Start I 15 da. I 30 da. I 30 da. , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , __ _ 
Soil alone. 4.8 6.6 6.1 5 .9 12.3 2.2 8.0 6.3 

------ - - --1 - --1- -- 1- - -1---1 --- 1- - -1---1 --- 1---l---
7.4 8.0 2 .2 7.6 I· .... ··. 7.0 13.3 Soil + Ca CO, (500 mg m .). 

--- -- --------l ---1- --1- -- 1-- -1---1---1---1---!---!---
Soil + dried blood (32 mgm. N) .. 
Soil + (NH,) ,SO, (30 m gm. N) .. 1~ •- --•---•---i---i---i---,---,---,-- -
------------ ---1-- - 1---1---1---•---•---1 --- 1---1---
Soil + (N H,) ,SO,+ Ca CO,.. .. . 7. I 

6 .5 8. 0 18.0 7 0 6.9 13. 3 

6. 7 12.0 5 .6 25.2 6.3 !• .. 

7.3 8.6 8.0 27.9 7.1 

7.3 6.5 

10. 7 1. 5 

8.6 18.0 

6.1 23. 7 

19.4 9.4 
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The rate of nitrification of the soil's own nitrogen under optimum 
condition s was almost identi cal to that under the 25 percent moisture 
content r eported in Table I. All soils were able to ammonify dried 
blood. The accumulation of nitrat es from dried blood was only 
evident in the Mucara silty clay loam and Toa silt loam. 

Let us compar e now the nitrificati on rate of ammonium sulfate 
in th e pr esence of lim e, und er these condition s, with that of the 
Sassafra s sandy loam repor ted in Table I. 

pH 

M illigram ~ of Nitrogen per 100 
gms . dr y soil as : 

Soil T yp e 

Op t i
mum 
moi s
ture 

Nitrate Ammonia 

% 
Star t 30 d a. Sta r t 15 d a . 30 da . St ar t 30 da . 

-----------1-- - --- --- -- - --- - -- --- ---
Lares clay loam. .. . . .. . . . . .. . . . . . 32.8 4 .7 7.0 2 .4 1. 8 - 1..5 30.9 34 .6 
-----------1- -- --- --- -- - --- - -- --- ---
Ca talin a clay level ph ase .. . .. .. .. 40. 0 6.7 6 .4 5.7 4. 8 10.6 31.4 13.3 
- - - -------- 1- - - --- --- --- --- - - - -- - - --
Toa silt loam...... .. ....... . .. .. . 40.0 5.8 7 .1 5 .9 8.o i o.4 31.1 9 .4 
- - - -- - -----1 - -- --- --- --- -- - - - - --- - --
Mu cara silty clay loam.... . .. . . . 36 .0 6. 8 7.1 4. 8 7. 3 27. 9 31.6 8 .6 
-- --- - -----1---1-- ----- -- ---- -
Sassafra s 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 nitrificat ion 
in the Lares clay loam; but were effective in showing that the Ca
talina clay level pha se contains active nitrifying organisms able to 
convert ammonium sulfate into nitrates and that the organ isms were 
not affected by excess of calcium ions. 

The rate of nitrification after the 15-day per iod, 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 Pu erto Rico soils, at the end of the 30-day pe
riod , compar e as follows : 

P ercentag e 
Mucara silty clay loam __________ ____________________ 99. 67 

Toa silt loam ------ - - - -~- - --- - -- - - --- -- ---------- -- - 64. 67 
Catalina clay level phase _____________________________ 35. 33 

II. RESEAR CH W ORK DON E IN THE INS ULAR STATION OF PUERTO RICO 

Nitrification studies were continued in Puerto Rico, with new 
samp les of soils sift ed in the fresh state . 
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lf'urth er Nitrification Studies with Lares clay loam at Optimum 
Moistiire Conditions 

.As the previous experiments indicated lack of nit ra te accumula
tion in the Lar es clay loam, three fresh soil samp les 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 
=#=l and #2 were 45 and 36 percent, respectively. 

Tum
bler 
No. 

"PABLE IV (a) 

N ITRIFICATION RATE OF LARES CLAY LOAM 

(MOM. N PER 100 OMS. DRY SOIL) 

Sam ple (No. 1) Sample (No. 2) 

Nitrate I Ammonia 
Tratments 

pH Nitrate Ammonia pH 

~ ~ ~ ~ ~ ~ ~ 8 ~ ~ ~ ~ 

~ 00 ~ g ~ g g ~ ~ g ~ ~ 

,. -1 ee ce ci ci d ~ cc ai c: o:i 

1. ...... _S_o_il_ . . -.. - .-.. -.. -.-.. -.. -.-.. -.. -.-. . -. I l-4-.6- .8 1 1.7 2.5 5.5 5.5 4.9 Tr. 1.3 2.3 7o 5.6 

2.. .... . Soil + CaCO , (210mgm.) 5.9 .:..:..:_:_:_I__~.~~~~~.:..:..:_:_:_~~~~ 
3 ..... .. Soil+ (NH,) , SO, (30 I 

mgm. N)......... .... 4.7 ..... 1.9 2.5 38.5 39.9 4.9 ..... 1.8 1.5 36.4 35.8 

4 .... ... Soil+ (NH, ) ,S O,+ I . I 
CaCO , (210 mgm.) ..... 5.0 . .... 4.1 8.6 37.l 33.0 6.0 ..... 1.7 2.9 j35.7 35.8 

5 .. ..... Soil+ (N H,) ,s o,+ J I 
CaCO, (360 mgm.) .... . 5.3 ..... 18.3 23.9 23.4 15.1 6.3 .. . .. 1.4 5.4 i38.5 33.0 

6. .. . . . . Soil + (N H,) ,HPO , (30 -- -- - - - I 
mgm. N) : . ............ 5.0 .. ... 2.2 3.4 35.8 37.3 5. 1 ..... 1.8 2.5 i32.3 33.0 

7 ... .... Soil+ (N H,) , HPO , + ------ -- --- I 
CaCO, (210 mgm) ...... 4. 7 .... . 8.3 20.3 24.8 22.0 5.8 ..... 2.2 3.8 j33.0 30.4 

Both ammonium salts added to sample #1 are able to nitrify 
in the presence of lime. Th e highe r amount of lime (360 mgm.) 
favored nitrification of ammoni um sulfate in both samples, bu t in 
samp le #2 the nitrification r ate was quite low. Please recall that 
th is fr esh sample was ta ken from the same place as that one used 
in New Jersey . 

It was decided to study nitrification rate of the same ammonium 
sulfate up t o a 60-day in cubatio n perio d. 'rhe moist soils left after 
the 30-day per iod in t r eatments 3, 4 and 5 of sample #2 were mod
ified, as shown below, either by adding more calcium carb ona te or 
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potassium chloride. Th e amounts added are in terms of 100 grams 
dry soil. A and B are duplicates from the 30-day period t reated 
differently. Sample 5A was left as the check. 

TABLE IV (b) 

EH'ECT OF TIIE EXTENSION OF THE INCUDATION PERIOD AND PRESEN CE OF 

l'OTASII AND MORE LIME ON THE NITR I FICATION RA'I'E OF A POOR 

NITRIFYINO, LARES CLAYLOAM 

Tumber 
No . 

Treatment given to sample (No. 2) alter 
tbe 30 day period 

pH 

Mgm. N per 100 gms. 
dry soil as: 

Nitrate Ammonia 

30 da. 60 da. 30 da. 60 da. 30 da . 60 da. 

3A ......... Soil+(N H,) ,So,+caC0 ,( 500rngm.) .... ... 4.9 7.1 1.5 4.4 35.8 39.& 
----1-----------------1-- ------ -- - -
an ......... Soil+ (NH,) ,S O,+ CaCO , (750 rogm .) ....... 4.9 7.2 1.5 3.9 35.8 43.7 
---- 1-----------------1------------
4A......... Same as 3A................................. . ..... 6.0 6.8 2.9 7. 7 35.8 31. 6 ____ , _________________ , ___ ------ -- --
4B ......... Same as 3A + K,O (30 mgrn.) ................... 6.0 6. 7 2.9 6.0 35.8 31.5 
----1---- -------------1-- ---- -- -- --
5A ........ CHECK:Soil +( NH,) ,S O, + CaCO, (300mgm.) .. 6.3 ' 6.1 5.4 8.7 33.0 18.7 
--- - ·-- ------ ------ --- ------ ---- --
5D ........ . Soil + (NH,) ,SO, + CaCO, (500 mgm.) + K,O 

(100 mgm.) ........ .... ......................... 6.3 6.4 5.4 13.3 33.0 14.3 

Results indicate that the rate of ammoniu m sulfate nitrification 
of Lares clay loam is limited by the length of th e incubatio n period 
and the absence of lime and potash. 
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Nitrification rate of awmonium sulfate and ammonium dibasic 
phosphate in Lares clay loami 

Nitrificat ion rate of ammonium sulfate and ammonium dibas ic 
phosphate in the presence of more lime and potash was stu died in 
sample #2 of Lares clay loam which showed slight evidence of ni
trifica tion after the 30-day period . 

TABLE V 

N ITR I FICA'rION RATE OF AMMONIUM SULFA' r E AND AMMONIUM DIBASIC 

PHOSPHATE IN A POOR-NITRIFYINO LARES CLAY L OAM 

Mgm . N per 100 gms. dry 
dry soil as : 

pH 
Treatmen t given to Lares clay loam 

Sample No. (2) N itrate Ammonia 

30 da. 15 da . 30 do . 15 da. 30 da. 
-- - - -- --

Soil + (NH ,) ,SO, (30 mgm . N) + CaCO, (500 mgm.) . 6. 7 .5 2.2 48.6 41.3 

Soil+ (NH,) , SO,+ Ca CO,+ K,S O, (100 mgm. K, O) .. 
- - ~ --6.4 .6 1. 7 44.l 

Soil + (N H, ) ,H PO, (30 mgm. N) + CaC O, (500 mgm.) . .. 
--_-9 -- -- - -

6.3 7.4 40.2 2\l.4 

-- -- -- --
Soil + (NH ,) ,HP O, + CaCO, + K, SO, (100 mgm. K,O) . 6.3 . 7 7.1 39.8 37.0 

Diba sic ammonium ph osph ate nitrifi es in the pr esence of 500 mil
ligr ams of calcium carbonate witho ut th e influence of potash . The 
ammonium sulfate sho,ved a very slight tend ency to nit r ify in the 
pr esence of sufficient lime and p otash . It seems ther efore, th at th e 
pr esence of the phosp hate ion in the pre sence of sufficient lime 
favors the ni tri fication process in this soil. 
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Nitrification stiidies in another sample of Lares clay loa;m 

Nitr ification stud ies of ammonium sulfate and ammonium dibasic 
phosphate were made in a sample of Lares clay loam from a dif
ferent location. The trea tments given are shown in Table VI. 

'fADL E VI. 

NITRIFICATION RATE OF ANOTHER SAMPLE OF LARES OLAY LOAM 

Mgm. N. per LOO gms. dry sr il as 

Treatments given to Sample (No. 3). 
Opt imum moisture-30% 

pH Nitrate Ammonia 

30 da. Start 15 da. 30 cla. 15 da . 30 da. 
- ------ -- --- ---- ·----- ------ ------
Soil ... . ........................ . ...... .... ... . 5.6 Tr . . .. 1. 7 2.4 9.P 8.9 
--- -- ------------ 1---------------- -
Soil + OaOO, (360 mgm.) ............ . .. .. ...... . 7.1 ........ 7.7 6.7 7 . 1 8. 1 -- ------------

1.3 2.0 40.l 39.5 Soil+ (NH,) ,S O, (30 mgm. N)..... .. ..... 5.5 
- --- - -------------!--- -- --- --- - -- ---

25.0 19.3 11.5 7.2 Soil + (NH,) ,SO, + OaOO, (360 mgm.). 5.3 
----------------- 1--· - --- --- --- --- ---

13.8 36.4 9 9 3.0 Soil+ (NH,) ,S O,+ OaOO, (500 mgm.). . . ... 6.4 
------ --- -------- 1-- ---------------
Soil + (NH,) ,HPO, (30. mgm. N) + OaOO, 

13.8 36.4 7.8 2.9 (360 mgm. ) .... . .................. : .... : . . . . . . . 6.0 
--- - - ---- ------' '-- -- !--- -- ------ --- ---
Precedi ng tr eatment+ KOi (100 mgm. K, O)... . 5.7 8.5 19.3 16.5 7.2 

The amoun t of lime was a dominant factor in the nitrification 
of both ammonium salts . The ammonium sulfate maximum nitrifi
cat ion ,vas obtained with 500 milligrams of calcium carbonate. That 
same maximum ni t rification was obta ined with th e ammonium di
basic phosphate; but in the presence of less lime (360 mgm. 
CaC0 3) . rl'he potash had no effect. 

NJTRIFICATION STU DIES IN SIX SAMPLES OF TOA SILT LOA M 

Sample 
Number Location 

4 . ... . . . . . Central Constancia, Toa Baja . . ... .. . ....... .. .. ..... , .. . ..... .. 

5..... .. .. Cen tral Oan6vanas ........... . 

6......... Nevares farm, Toa Baja ........ 
---------------- - --------

7 . .... . .. . San Antonio farm, Bay amon . . . ---- -- -------------------

Optimum 
moist ure 

(60% of 
total 

water 
holding 
capacity 

47 . 70 

35.40 

40.20 

43.80 

39.90 8 ... . .... . 
- ---·--------------- ---- -- ----1---- -

Tnmnrin clo farm, Rio Grande . ..... .. . ......... .. . .. .... ... ..... .. . . .... . ... . 

9....... .. E l Naranjal farm, Carolina .......... . ....... . ..... . . . .... . .. . ..... .... .. .... . 36.00 



T reat ment s pH 

TABLE vrr 
NI'.rRIFICATION RATE OF T OA SILT LOAM 

(MGM .N PER 100 GU S. DRY son.) 

Soil N umber (4) Soil N umber (5) 

Ni tr ate Ammonia pH N itrat e 

Soil N um ber (G) 

Ammon ia pH Nit rat e Ammonia 

Sta rt 130 da. I Sta rt I 15 da .130 da . ho da .130 da. I Sta rt 130 d a. I Start I to da. 130 da. I 15 da .130 da . I Start 130 da . I Sturt 115 da .130 da. I 15 da.130 da. 
--- --- ·- --- 1-- 1--1--1 -- 1-- 1--1 - - 1--,--, - -1-- 1--1--1--1 -- ,--1-- 1--, -- ,-- 1--

Soi\. .. - --- - --- 1 6.31 6.2 ,N.D·, 2.5, 4.5, 5.2 , 6.6 , 5.8, 5.2, .41 2.7, 3.1 , 7 .4 1 6.6, 5.7, 5.7 ,N. D *I 4 .0 I 4.9 1 7 .41 7_.4 
Soil + CaCO, (210 mgm.) ... · 1.:..:..: 6.7 1 ...... 1 4.3 I 4.7 I 9.5 I 8. 1 1 ...... 1 5.9 1. ..... 1 2.0 I 3.8 I 6.6 I 5.9 1. ... .. 1 6 .1 1 ... ... 1 4.8 I 5.9 I 7.4 5.0 __ , __ , __ , __ , _ _ , _ _ , __ , __ , __ , __ , _ _ , __ 1- -1- -, -- ,--,--1- -, -- 1--
Soil + (N H,) ,SO , (30 mgm. N) 1 ..... . 5.5 1 . ... . . I 23.5 I 26.7 I 11.1 I 5.9 4. 8 I. .. : . . I 5 .3 I 10.8 I 23.5 I 18.3 , ... 6.5 I ...... I 15.4 I 15.4 I 15.4 I l l.l 
------- ------1-- 1--1 - - 1--1 - - 1--1- - 1- -1--1- -1 - -1 -- 1-- 1--1--1--,--,-- 1-- ,-- ,- -
Soil + (NH,) , s o ,+ CaC O, . ..•. . . ... 5.91 .. . ... 128.812 6.71 6.61 7 .4 s.1 !. . .... I 18.2 I 21.0 I 14.0 I s.1 

rrre ntmen ts 

Soil . .. .. .. . . . . 

pH 

TABLE VII 

N l'l'RIFICA'l 'ION RATE OF TOA SILT LOAM 

(MG M .N PER 100 G>!S. DRY SOIL) 

Soil Number (7) Soil Numbe r (8) 

Nitra te Ammo nia pll Nizrate 

5.71. ..... 134.8123. b/ 4.2 4.5 

Soil N umber (9) 

Ammonia pH Nitrnte Ammonia 
----1-- -_ ---,---I I 1--- , - - -- -1- ----1------1--- ··--- I------

Start 130 d a.1 Sta rt I 15 da.130 da .115 da. 130 d a.l Start 130 da.l St art 115 da .130 d a.l 15 d a.130 da .! Star t l3U d a.l Sta , t / 15 da.130 da.l 15 da.130 da. 
1- -1 --1--1--1-- 1--1-- 1--1--1-- 1-- 1- - 1--·J--1-- 1- - -,-- -•- --·- -• -- 1--

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 7.1 6.2 .4 3.6 2.9 2.9 -- -- - ------- - l- -1- -1--1-- 1--1 -- 1- -1- -1- -1- -1-- 1- - 1--1--1- -1 -- ,--, -- ,- - ,- -,--
Soil + CaC O, (210 mgm.) .... ti .4 1 ...... 1 4. 1 I 4.0 I 8.0 I 7 .4 6.2: 1 6.3 I ,5.9 I o.6 

5. 2 

6.3 6 .6 1 ...... I 3.o I 3.8 I 7.4 
------------- l-- 1--1--1 - -1--1 - -1--1-- 1- -1--1- - 1--1--1- - 1-- 1--1-- 1-- ,--,--,--
Soil +(N H,) , S0 4 (30mgm.N), ...... , 5.41 ······ 1 6.6, 10.3124.4, 19.01 ······ 1 ,5.2 , .. .... , 6.8, 8.3, 30.l 1 25.8 , ...... , 5.81 · ·· ···1 4.8 ,~,~,~ 

Soil + (NH, ) ,SO, + CaC O,. . .. . ... 5.5 ... ... 12.5 21.1 22.1 6.7 . .. . . . 5 .4 . . . . . . 8.7 14.8 23.5 11.8 . . . .. . 6.0 ... ... 14.8 23.5 10.4 6.6 

,5.2 

•N , D. - Not dete rmined, 
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1I"rcatmen ts 

NITRIFICA'l'ION STUDIES IN 'I'H REE SAMPLES OF MUCARA SOILS 

Sam ple 
N umber Soil Ty pe Location 

10 ...... .. .. 1 Mucara sill y clay loam ....... ... .. ..... ............... ... l Luq u illo .. . 

11. .... . .... I MOcara silty clay loam .................... . ...... . .. .. Ouaynabo .... . . 

I 2 .......... I MOcara silt loam ........... . .......... ..... . ...... . . .. R!o Oiande ..... 

TABLE VI II 

N IT RI FICAT IO N RATE OF i\IO'CA RA SOI L S 

(MGM. N PEI< 100 G>iS. ORY SOil) 

Soil Numbe r 110) Soil Number (11) 

Optimum 
moisture 

(60% o! 
total 
waler 

boldin~ 
capacity 

37.2 

36.3 

39.6 

plI N itrate Ammonia I pH Nitrate Ammonia I pll 

Soil Number (12) 

N itrate Ammonia 

30 da.l Start j15 da. !:JO cla.!15 da.130 da . 130 da.l Sta rt 115 da .130 da.!15 rla. !:lO da.!30 d u.I Start j15 da. 130 do . Its cla.130 cln. 
--- --- ------- --- --1-- 1--1--1--1--1- - 1--1--1--1 - -1--1--1--1-- 1- -1--1--1--

7.4 6.3 I 13.8 I 4.5 I 2.9 I o.3 1 ...... 1 1.8 I 6.9 j 6.7 I 2.01 5.9 
Soil............ ... ... 1--1 -- 1--1 --1--1- -1--1--1--1--1-- 1--1--1--1--1--1--• - -

S,1il + CoCO, (210 mgm.) .... ................. -
1 
_ _ , __ , __ 

1 
__ 

1 
__ 

1 
_ _ 

1 
__ 

1 
_ _ 

1 
__ , __ 

1 
__ , __ 1-- 1--1--1-- 1--•--

Soil + (N H ,) ,SO., (30 mgm. N) . .. . .... . ..... .. 

6.7 I Tr ... l 5.0 I 11.s I 3.6 I 4.5 I 6 .1 I Tr ... .r, I 1.3 I O.i I 8.1 I 5.5 I Tr .. . ! 4.9 I 11.2 I 15.5 

8.2 I 18.9 I 8. 1 

.5 I 1.0 I 35.6 I 35.6 I 5.8 J .. .... I 3.8 I !6.3 I ·11.4 I 28.L 6.7 1 ...... 1 !I I I 21.7 I 5.2 I 3.6 I 5 .4 '""" 

4.5 

2.0 

____________________ , __ , __ , __ , ___ , __ , __ , __ , __ , __ , __ , __ , __ ,, ___ , __ , __ , __ , __ , __ 
Soil+ (N II, ),SO, + CaC O, ......... . ..... . ... I 7 .0 ! ... ... ! 11.1 I 25.7 J 4.5 J 2.0 I 5.3 3 1 I 18.5 I 31.1 I 12.6 I 5.8 8.3 I 21.8 I 20.5 5.0 
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The Toa sil t loam is a g·ood nitrif ying soil for ammonium sulfate 
in the absence or presence of lime . The add ition of lime does not 
favor the nitr ification rate of the soil's own nitrogen. 

The presence of lime favo red nitr ification in all sampl es of l\lI.u
cara soils. Samples #10 and #12 are good nitrifiers of the soil's 
own nitrogen and of the ammonium sulfate add ed. 

Nl'r R IFICATION ST UDIE S IN COTO CLAY-LIGHT TEXTURE PHASE AND 

E SPINO SA CLAY 

Sam ple 
Number Soil Type Locat ion 

13......... Coto clay light texture phase...... . . . .. . . . . . • . . .. . • .. .. . . Quebradilla s .. 

14 ..... 

15 ..... 

Coto clay light texture phase ... Arecibo .... . . 

Espinosa clay Barcelone ta. 

·rABLE IX 

NI TRIFICA T ION RA'l'E OF COTO CLAY LIGHT 'l'EXTURE PHA SE 
(MOM . N P ER 100 OMS. DR Y SOIL) 

Optimum 
moisture 

(00% of 
total 
water , 

hold ing 
capacity 

42.8 

35.4 

40.1 

Sa mple Number (13) Sample Numb~r (14) 

T reatment s pH Nitrate Ammonia I pH Nit rate Ammon ia 
-----1-----1 ---- ·--

Sta rt 30 da. 15 da. 30 da. 15 da. 30 da. 1 Start 30 da . 15 da. 30 da. 15 da. 30 da. 
I ---- - - - -1-----· I-- ----- - ----------- - --

Soil ...... . . .. . . .. ...... 6.0 5.6 4. l 5.8 12.1 12.s J 6.1 5.7 2.6 3.6 12.9 12.1 

Son+cac 0 ,( 210 mgm.) . 5.7 5.2 6.6 12. 9 12.g . . . . . . 6.0 3.2 4.4 12.9 12.9 

Soil + (N B ,),S0,(30 I 
mgm. N)....... 5.4 13.0 22.2 27.7 26.3 .. 5 .3 6.9 10.0 31.8 13.6 

-------- :-------- - ---- --- - -- - -- - -
802ato;~JI'.),S?· .. +. . , 5.2 ]6.2 35.4 21.0 I 

12.9 1· ... . fi.2 29.6 40 .0 13.5 12. 2 
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'l'AB!.E X 

NIT RIF IOATION RA'rE OF ESPINOSA CLAY 

(MMG. N PER ' LOO GMS. DRY son.) 

pH Nitrate Ammonia 

Start 30 d a. 1 Start 15 da. 30 rla. 15 da. 30 d a. 

-S-oi-1.-.-.-.. -.-.. -.-.. -.-.. -.-.-.-.-.. -.-.. -.-.-.. -.-.. -.-.. -.-.. - .-. +.,-- 6-.-6 5.81 5.6 6.3 8.8 13.6 13.& 

Treatments 

Soil+ CaCO, (210 mgm.) . ............... [ ...... ~-.9 ........ 6.6 8.9 14.8 14.8 

_so_i_1_+_<_N_H_,_)_,_s_o_,_<_30_m_g_m_._N_l ____ :-- ·-·_.. 5.6 ........ ~~~~ 
Soil+ (NH,) ,SO,+ CaCO,.... . + .. .. .. . 5.5 .. .. .. 11.1 17.4 18.3 13.6 , 

The Coto and ]Jspin osa soils ar e able to nitr ify the ammonium 
sulfate in the absence of lime. 

NITRIFIC AT ION STUDIES IN SABANA SECA CLAY AND CATALINA CLAY 

Sample 
Numbe r 

16 ... 

17 ... 

Soil Type Location 

Sabana Seca Clay ....... . ....... . ....... . ... . . .. . . ...... . Rio Piedras .... 

Catalina Clay ........ . . ............. .... .. ...... .. . .. ... . Lares .......... 
Plot (A) 

TA BLE X I 

N ITRIFICA' rIO N R ATE OF SABANA SECA CLAY 

Op t imum 
moistu re 

(60% of 
total 
wate r 

holding 
capac ity 

27.6 , 

39.0 • 

Mgm. N per 100 gms. dry soil as : 

rrreatments. pH 
Nitra te Ammonia 

Start 30 da . 15 da. 30 d a. 15 da. 30 d a. 
-------------------1--- --- --- --- ·--- ---
Soil. ..... . 5.4 5.3 .7 3.3 9.1 5.0· 
- ---- --- ----- --- - - ·!--- --- -- - -- - --- ---

-----------------1--- --- --- -- - --- ---
Soil + CaCO, (210 mg m.) ........... ............. .. 6.5 1.2 5 .4 9.8 5. 0 

------------------1--- --- --- --- --- ---
Soil + (NH,) ,SO, (30 mgm . N) ...... . .................. . 5.3 . 7 3.6 40.0 38. S. 

Soil + (NH,) ,S O, + CaCO, . . . ... .... .. ................ . 5.8 .6 41.4 28.7 
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TABLE XII 

N ITRIF ICAT IO N RATE OF CATA LINA CL AY 

(M oi r. N PER 100 GMS. DRY SOIL) 

pH Nitrate 

Treatments 

Ammonia 

· Stnrt 30 da. 15 da. 30 da. 15 do . 30 da. 
---------------1------------
Soil.. ................................ ... ........... 4.6 4.8 .9 .9 9 . 1 10.5 

Soil + coco, (210 mgm. ) ...... ................. ...... ... _ _ 5._J __ ._s __ 1._3 _ _ 9. _s __ 11_.1 

Soil + (NH,) ,SO, (30 mgm. N)..... . . ... ........ .. .... . . 4 .7 .7 .9 40.3 40.9 

Soil + (NH,) ,SO, + CaC O,..... ... . ....... ..... . .. .. .. . 5.1 . 7 1.1 43.5 45.5 

Lim e helps the nitrification process of the Sabana Seca clay . 

The treatments given to the Catalina clay were not effective in 
starting the nit rification pro cess. The amount of lime add ed (210 
mgm. CaC0 3 ) was not enough to correct the excess acidity of this 
soil. 

G ENERAL DI SCUSSION 

Let us now compare in table XIII the nitrification ra te, at the 
end of the thirty-day peri od, of all the soils worked out , under 
similar conditions, in the preceding experim ents . 

Tabl e XIII gives valuable information on the relat ion of soil 
pH to nitr ate and ammonia accumulatio n . It also compar es the 
n itrification and ammonification rate of the different soil types and 
the extent of variation of such proc esses within vario us samples of 
the same soil type . It offers valuable in format ion as to whether 
ammoni um sulfate should be used as source of nitr ate for plant as
similation and whethe r it should prove advisable to lime the soil 
in order to hasten th e nitrif ying rat e of ammonium sulfa te or to 
use nitrate salts as a sourc e of nitrog en. 

Results indicate that ammonium sulfate should not be used as 
a sour ce of nitrate for plants in the Lares clay loam, Sabana Seca 
clay and Catalina clay, and in some of the l\iiucara silt y clay loam, 
unless special atte nti on is given to lime broadca sting. The lime 
might be p artiall y beneficial in th e Lares clay loam and Cata lin a 
clay. It should also pro ve advis abl e, in those soils and in Sabana 
Seca clay, to app ly part of the nitro gen as nitrate salts, pref er ably 
calcium nitrat e. 

Ammonium sulfa te nitrifies quit e well in the Toa silt loam, Coto 
clay light texture phase and E spinosa clay, even in the absence of 
lime. Th e app lication of ammonium sulfate as a sour ce of nitrate 
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.. 
TADLE XII I 

C OM P ARISON OF NITRIFICATION RATE OF SOME PUERTO RICO SOILS AND A NEW JER SE Y 

SOIL AT OPTIMUM MOIST URE ON TITE BASIS OF NITRIFICATION RATE AFTER 

THIRTY DAY PERIOD 

(MGM. N . PER 100 gms. DRY SOI L) 

Soil's own nit rogen Ammonium sulfate Ammonium sulfate • 
(30 mgm. N) (30 mgm. N) an<l 

CaC O, (210 mgm.) 

Sample 
No. 

Soil 'fype 

pH 

"' 

! 
·a 
0 
8 

z 8 
-< 

. 
z !l pH & ~ 
0 z E-< 

.. . .. . ·a z !l 
·a z 0 

pH 
0 

8 3 fl g & a 0 z a 0 
-< E-< -< E-< 

-- --1-----------·I-- -- -- -- -- -- -- -- -- -- -- -
1.. ...... Lares clay loam........... 4 .6 2.5 5.5 8.0 4 .7 2.5 39.9 42. 4 5 .0 8.0 33.0 41 

2. . . . . . .. La res clay loam .. . . .. .. . 4.9 2.3 5.6 7.9 4.9 1.5 35.8 37.3 6.0 2.9 35.8 3! 
- --- 1-----------·1-- - - - - -- -- -- -- -- -- -- -- -
Ave ... .. .. Lar es clay loam ...... .. .. 48 -~~ 8.0 ~ 2 0 3 7 .9 39 .9 5 .5 58 344 4 0 

4 ........ Toa silt loam. ........ .... .. .6.2 4 .5 6.6 11.1 5.5 26.7 5.9 32.6 5.9 26.7 7.4 3· 

5 . . ...... Toa silt loam ..... ........ .. 5. 2 3.1 6 .6 9.7 4 .8 10 .8 18.3 29.1 5.1 21.6 8.l 2' ------------,--- - - - --- --- -- - --- --- --- --- --- --- -
6 . . ...... Toa silt loam ...... . . ....... 5.7 4.0 7.4 12.3 6.5 15.4 11.1 26.5 5.7 23.5 4.5 2 

-- -- 1--- --·------·I-- -- -- -- -- -- -- -- -- -- -- -
7. . . . .... 'l'oa silt loam .. . . .. ... . 5.7 4.9 7.4 12.3 5.4 10.3 19.9 30.2 5.5 21.1 6 .7 2 -------------• --·- --- --- --- --- --- --- --- --- --- --- -
8 .. ...... Toa silt loam ..... . ... ... ... 5.3 7.4 5.9 13.3 5.2 8.3 25.8 34. 1 5.4 14.8 11.8 2 

- - --,------------,-- -- -- -- -- - - -- -- -- -- -- -
9 ........ Toa silt loam.... .. . .. ... ... 6. 2 2 .9 5.2 8. 1 5.8 8 .7 2l.4 30.1 6.0 23.5 0.6 ----1------ - ----- -- -- -- -- -- -- -- -- -- -- -- -

Ave ... .... Toa s lit loa m .......... .... . ~~ ~..12.: !... 5 5 13 4 171 30 5 5 6 21.9 7. 5 2! 

10 . . ... ... Mucara silty clay loam.. .. . 6.7 ll.8 4. 5 16.3 6.7 24.7 3.6 28.3 7 .0 25.7 2.9 

11 ... . .... Mucara silty clay loam ..... 6.1 l.3 8.1 9.4 5.4 1.0 35.6 36.6 5.3 18.5 12.6 
--- -1------------1-- -- - - ------- ------ -----
Ave . .... .. Mu cara s illy clay loam .... .. 6 4 _!>~~~ 61 12 .9 19 6 32. 5 6.2 22.1 7 .8 2 

12 . ...... . Mucara silt loam... . ....... 5.5 17.2 4.5 21.7 5 .8 16.3 28.1 44.4 5.8 27.8 5.9 ---- 1----------- -1----- - ------- - -------- -
13 . . . ..... Coto clay light texture phase 5.6 5.8 12.8 18.6 5.4 22 .2 26.3 48.5 5.2 36.4 12.9 
----1----------- -1-- -- -- -- -- -- -- -- -- -- -- -
14 ........ Cotocla y lighttext ur ephase 5.7 3.6 12. 1 15.7 5.3 40.0 13.6 53.6 5.2 40.0 12.2 

Ave ..... . . Colo clay light text ure 
___ _ 

1 
__ Ph_a_s_e ._._ .................... ~ 4 .7 12 5 17 .2 5.4 311 20.0 5 ' .1 5.2 38. 2 12.6 5 

15 .. . .. . .. Espinosa clay...... . ... . .... 5.8 8.8 13.6 22.4 5.6 14.0 25.8 39.8 5.5 17.4 13.6 ____ , ____________ , ___ --- --- --- --- --- --- -- --- -- -- -
16.. . ..... Sabana Seca clay .... . .. ... . 

17 . .. ..... Catalina clay ........... . . . . 

Sassa fras sandy loam , New 
Jersey .... . ..... .. .... . ... . 

5.3 

4 .8 

5.9 

3 .3 5 .0 8 .3 5.3 3.6 38.8 42.4 5 .8 8.3 28.7 

.0 10.5 ll.'l 4 .7 .0 40.9 41.815.1 l.l 4.5.5 

6.5 Trace 6 .5 . . . . . . . . . . . . . . . . . . . . . .. . 5.4 30.0 2.4 

• Total N is the sum or n itrate and ammonia. 
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for plant growth should prove beneficial in tho se soils with out con
sidering the practice of lime broadcas tin g. 

The thir ty milligram s of nitr ogen added as ammonium sulfate 
was accounted for, as nitra te and ammonia in all the soils. The 
slight excess of total nitrogen found in some cases, was due to the 
form ation of ammonia by tho se active soil organisms able to de
compose the soil 's own pro tein mater ial. 

Let us now compar e the average r esults given in Table XIII on 
a percent age basis. The r esult s obtain ed 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 
Rico, 

TABI, E XIV 

COMPARISON OF N ITR I FICATIO N RATE ON AVERAGE BA SIS 

Thi r ty Day Nitrifying Per iod 

Ammonium sul fate Ammonium sulfate + 
Soil's own ni t rogen CaC O, 

(30 mgm. N ) (210 m gm .) 
Soil Ty pes 

Nitrate N itrat e Nitrate 
(Mgm . N) P ercen t (Mg m .N) Percent (Mgm.N) Pe rcent 

T oa silt loam .. .... . ... .. . 4.6 100 13.4 100 21.9 100 

Lare s clay loam .. .. .. ..... 2.4 52 2.0 15 5.8 26 

Mu cara sil ty clay loam . .. . 6.6 143 J.2.9 96 22.1 IOI 

Mu cara silt loam ... ... . ... 17 .2 374 16.3 122 27.8 127 

Co to clay light texture phase 4. 7 102 31.1 232 38.2 175 

Es pin osa clay ... . ... . . . . . . . 8.8 191 14.0 104 17 .4 79 

Sabana Seca . clay . .... ... .. 3.3 72 3.6 27 8.3 38 

Cata lina rlay .............. .9 20 .9 7 1.1 5 

Sassa fras sandy loam .. . . .. 6.5 141 . . ...... ... ... .. . ...... 30. 0 137 

S UMMARY 

E xperimental results hav e been rep orted on ithe niitrification 
ra te of nin e so.il types from Northern Pu erto Rico classified as: Ca
ta lina clay, Cata lina clay level pha se, Coto clay ligh t texture phase , 
E spinosa clay, Lares clay loam, Mucara silt y clay loam, Mucara silt 
loam, Sabana Seca clay and Toa silt loam. The variou s soil types 
are repr esent ed by twenty-one differ ent soil sampl es. Some exper
imenta l data is also reported for a soil type from New J ersey clas
sified as Sassafras sandy loam . 
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The main objec t of the work was to estab lish a corre lation on 
the followin g bases : 

l. Nitrificat ion of soil 's own nitrogen. 
2. Nitrifi cati on of soil 's own ni trogen as affected by the ad

dition of lime. 
3. Nitrifi cat ion of ammon iu m sulf ate in th e soil. 
4. Nitrificati on of ammonium sulfat e as a:ffected by th e ad

di tion of lim e. 

Studies were al so carri ed with various samples of the same soil 
type in ord er to study the nitrifying ran ge within the soil type . 

.A.11 soils wer e simi larly tr eated with r espect to incuba tion p eriod , 
t emp erature , and time; optimum moistur e conditions; and concen
tra t ion of lime and ammonium sulfate added to t he soil. 

Th e soil types known as Cata lin a clay level phase and Lares clay 
loam whi ch showed a slight response to the above general treatments 
were also stud ied with respect to the influ ence of more lime and in
oculation upon nitrificati on. One soil sample of Lares clay loam 
whi ch also showed a slight response to inoculat ion and ext ra lim e 
addition was also studied with r espect to t he effect of the extension 
of the in cubation period and addition of potash in the presence of 
various amounts of lim e. The ni tr ification rate of ammonium sulfate 
and ammonium dibasic phosph ate was also compa r ed in t hat soil. 

Table XII I summari zes the exp erim enta l r esults comparing th e 
nitr ification and amm onificat ion rate of the differe nt soil types sim
ilarl y treated and the variations of su ch a rat e within various sam
ples of the same soil type. Thos e r esul ts should prove of va lue in the 
pr actical appl ication of ammonium sulfate as a fertilizer and indica te 
if i t is advisable to lim e the soil in ord er to hasten the nitrifi cat ion 
rat e of ammonium sul fate or to app ly part of the nitrog en in the 
form of nitrate salts . 

Tabl e XIV conta in s dat a on the compar ison of t he ni tr ificat ion 
rat e of the vari ous soils treated on a percentage basis. 'I'he most 
produ ctive and valuabl e allu vial soil type of the north coast of 
P uerto Rico, Toa silt loam , was ta ken as the unit basis. 

0oNCLUSI0NS 

1. Ammonium sulfate should not be used as a source of nitrate 
for plant s in th e Lares clay loam , Sabana Seca clay and Cata lina 
clay , and in some fields of Mucara silty clay loam, un less speci al 
att ention is given to lime broadcasting. It should be mor.e adv isable 
to apply ammonium clibasic phosp hate in stea d of ammonium sulfat~ 
to Lar es clay loam, after speci al attent ion is given to lime br oad . 
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cast ing. Altho ugh the lime might be beneficial in the Lares clay 
loam and Cata lina clay, it should also pr ove advisab le, in th ose 
soils, and in Sabana Seca clay, to apply part of t he nitroge n as 
nitrate salts, pr eferably calcium nit r ate . 

2. Ammon ium sulfate nitrifies quite well in the Toa silt loam, 
Coto clay light texture phase, and Esp inosa clay, even in the ab
sence of lime. The app lication of ammonium sulfate as a source 
of nitrate for plant growth should prove beneficial in those soils 
without considering of up most importance the practice of lime broad 
casting . 
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