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INTRODUCTION 

Numerous studies have been made on the decomposition of various 
materials by soil mic -~oorga,nisms. Considerable information is avail­
able concerning the jecomposition of fresh plant material added to 
the soil as green manure, and it has been found that such material 

~dergoes rapid decomposition. This is presumably because it con­
~ains relatively large proportions of readily decomposable substances 

consisting chiefly of simple and complex carbohydrates, amino acids, 
~ertain proteins, etc. Such decompositions are apparently aCCOID­
_ }lanied by an in.crease of the proportiolll', of ligninlilre materials in 
>the residues. 
~ 'The behavior of peat when incorporated in the soil is quite different 

from that of freF:h plant material. This perhaps may be expected in 
view of the fact that its composition differs greatly from that of its 
parent plant materials. A partial decomposition has already occurred, 
the extent of. which is dependent up~n a number of factors in tbe for­
mation, such as type of plant material, climate, water level, etc. In 
general, the predominating portion of a peat consists of ligninlike 
material and this may be expected to retard its rate of decomposition. 
Lignin, as a constituent of plant material, is usually considered to be 
very resistant to microorganisms and for this reason it is believed to 
'become an increasingly larger fraction of partly d.ecomposed materials. 
Phillips and his associates (19)1 have recently shown, however, that 
lignin may decompose quite rapidly under certain conditions. 

I Italic numbers in parentheses refer to Llteratm6 Olted, p. 31, 

4486°-33-1 
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In a previous study of peat profiles (8) it was demonstrated that 
peat from various sources contains appreciable quantities of carbo­
hydrates, such as cellulose, hemicellulose, etc., which have not dis­
appeared in the formation of the peat, and therefore should be subject 
to fermentation under proper conditions. As the partial rtlview of 
the literature, which follows, indicates, such decomposition to any 
notable degree has not been demonstrated. It seemed highly desir­
able to make a detailed study of the problem with the object of find­
ing the conditions under which decomposition most readily occurs, if 
possible. This problem is the more important since peat is now used 
as a soil conditioner and as a component of fertilizers. A study such 
as was contemplated might be expected at least to throw light upon 
the behavior of peat in the soil and furnish a' better basis for its 
evaluation. If any reasonably attainable conditions could be found 
under which peat will function as an ordinary green manure, the 
enormous stores of it in nature would bec0me available as a source of 
supply of soil organic matter. 

In the course of the investigation various heat treatments were 
employed and one of these, autoclaving the peat with ammonium 
hydroxide, proved of unusual interest. Accordingly, a special study 
of the product and nature of this reaction was included. During the 
progress of the research it developed t.hat Davis and Scholl, of the 
Fertilizer and Fixed Nitrogen Investigations unit of the Bureau, had 
been studying the product obtained by treatment of peat with liquid 
ammonia, with a view to the development of an organic carrier of 
nitrogen. Further study of ammoniated peat for fertilizer purposes 

, is being carried on by them. 
The material so produced has interesting physical properties and 

It very high nitrogen content. Hence it seemed desirable to determine 
both by chemical methods and by pot tests the availability of the 
added nitrogen when the material is used as a nitrogenous fertilizer. 

REVIEW 01<' LITERATURE 

A review of the literature reveals It number of studies of the decom­
position of peat which may be suromari7f\d briefly. 

There is no trace of fermentation of peat either in the presence or 
absence of nutrient solutions, whereas cellulose, wood, and paper 
ferment under certain conditions, according to observations made by 
Schrader (25). 

Peat is t.he seat of retarded biological activity in its natural state, 
as demonstrated by Demolon and Boischot (3). They found only 
slight differences in the carbon diox:de evolution of inoculated and 
uninoculated samples. The peat responds somewhat to neutraliza­
tion by lime ~nd also by previous heating to 100° C. for a short time. 

Melin, Norrbin, and Oden (18) found that the fermentation of 
untreated peat inoculated with sludge was very slow but was increased 
considerably by Il.ddition of 0.05 to 1 percent calcium acetate. The 
gas composition was found to be 62 to 78 percent methane and 30 to 
13 percent hydrogen. Only cellulose, hydrooelluloses, pentosans, and 
hexosans, but not the hmnic acids or lignins were attacked. 

According to Kissling and Fleischer (14-, 1? 887), decomposition 
processes are more active in a low-moor than m a high-moor peat, as 
mdieated by the carbon dio:x-ide content of the soil air in each casso 
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Addition of burned lime to moss peat (12, p. 906) gave an average 
value over several months of 3.91 grams of carbon dioxide calculated 
on the basis of 1,000 liters of soil air compared with 1.64 grams for 
untreated ,Peat. Addition of calcium carbonate, calcium sulphate, 
potassium chloride, or kainit had less effect t·han the burned lime. 

Schmidt (22) states acid hydrolysis of peat followed by ll(\utraliza­
tion with calciuin carbonate reduces the resistance to bacterial attack. 

Wollny (32, p. 289) compared the carbon dioxide evolution from 
untreated peat with that from peat extracted with ether alilohol. 
The latter gave approximately twice the quantity of carbon dioxide. 
Addition 0.1 a nutrient solution (32, p. 113) to a sample gave 8.6 
volumes of carbon dioxide compared with 6.8 volumes for untreated 
peat. Another sample (3.d3, p. 253) was boiled with hydrochloric acid, 
filtered and its decomposition compared with a sample boiled with 
water only. The values obtained for carbon dioxide were 8.037 vol­
umes and. 35.904 volumes, respectively, over a period of 5 days. A 
lime humate (32, p. 267-268) was prepared by treatment of peat 
with alkali solution, at room temperature, filiiered, and the filtrate 
treated with calcium chloride. The precipitated material was filtered, 
washed, and dried for the experiment. Decomposition of the mate­
rial was compared with humic acid prepared as above but precipi­
tated with hydrochloric acid instead of calcium chloride. The lime 
humate yielded 16.1 volumes of carbon dioxide, whereas the humic 
acid gave 8.9 volumes over an ll-day period. 

Vandecaveye (27) treated a virgin woody-sedge peat with steri­
lized and unsterilized manure, wheat straw, superphosphate, sodium 
nitrate, and lime. The beneficial effect of stable manure was 'ex­
plained as being due to the readily available carbon and nitrogen 
compounds in the manure which are of greater importance than the 
microflora. The addition of lime greatly stimulated carbon dioxide 
production but the addition of superphosphate or sodium nitrate 
caused no material increase in the activity. 

W aksman and Purvis (30) studied the effect of varied moisture 
content on the decomposition of saw-grass peat. Samples 'Were 
tal{en from a cultivated field up to 75 centimeters in depth and 
were incubated for periods up to 560 days. The carbon dioxide 
evolved accountod for the greater part of the loss in weight; and the 
optimum moisture content was found to be 50 to 80 percent. The 
total dry matter decomposed calculated from the carbon dioxide 
(0 X 1.8) varied from 4.3 to 18.3 percent over the period of 560 days, 
the actual loss in weight of the peat varying from 8.8 percent to 
24.6 percent. Other samples of peat (surface 30-centimeters layer) 
from a different locality gave values ranging from 4.9 to 45.7 milli ­
grams cs.rbon dioxide recalculated to a basis of 1 gram of dry pea.t 
over periods of 54 and 58 days, respectively, with varying moisture 
contents. Drying and then remoistening peat greatly stimulated the 
decomposition. 

W aksman and Purvis (29) also compared the effect of toluene, 
ether, and 2 percent hydrochloric acid extractions on the decomposi­
tion of saw-grass peat which was increased by all of the treatments 
and to the greatest extent by ether extraction which gave a value 
roughly five times the value of untreated pea.t over a period of 20 
days. Addition of nutri0nts did not increase the carbon dioxide evo­
lution of sphagnum moss peat, but the rate of decomposition was 
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increased by extraction with 4 percent sodium hydroxide and 2 per­
cent hydrochloric acid to the extent of more than twice the original 
rate. 

Bedford (2) found that nutrients added to sphagnum peat caused 
relatively small increases in carbon dioxide evolution. Uninoculated. 
samples, in general, gave somewhat lower values for carbon dioxide 
than inoculated samples, but in some cases the reverse was tree. 

Powers (20) determined the total loss in weight of sphagnum and 
saw-grass peats in composting over a period of 4 months. Sphagnum 
peat with distilled water lost no weight but with nutrients consist­
ing of 3 percent CaCOa, 2 percent NH4NOa, and 2 percent 'K2HP041 
a loss of 12 percent was observed. Saw-grass peat with nutrients 
lost up to 20 percent of its dry weight but·" neither inoculation nor 
drainage gave significant results." 

The patent literature abounds with methods fC'r the conv8J.'flion of 
peat into a fertilizer by various means, such as heat treatment, neu­
tralization, mixing with sewage or other effiuents, addition of salts, 
or by bacterial inoculation. Included among these are several recent 
patents (6, 6, 7) for the use of pressure treatment with ammonia at 
temperatures ranging from 200° to 300° C. 

Walton and Gardiner, of this Bureau, have recently been granted 
a patent (31) for the production of a fertilizer containing a substan­
tial percent.age of peat in which the insoluble organic nitrogen is of 
satisfactory activity. The process comprises a preliminary drying 
and heating of the peat, followed by incorporation with a hot melt 
of monopotassium phosphate and phosphoric acid, at a temperature 
of 200° C., with a subsequent digestion, cooling, and neutralization 
with ammonia. 

Other investigations having a relation to the present study and 
dealing with the effectiveness of peat as a fertilizer include the fol­
lowing references. 

Fertilizer experiments (9) with millet, using raw peat as a source 
of nitrogen, compared with other sources, showed approximately 10 
percent increase jn yield of straw over the soil check as compared 
with 68 percent for cottOnseed meal, 71 percent for h;ood, and 91 
percent for a.mmonium sulphate. Peats, in both limed and unlimed 
condition, were compared with stable manure in a series of pot ex­
periments with Il poor sandys\.iil (11, p. 172). It was found that 2.6 
parts of nitrogen in manure were as efficient as 100 parts of nitro­
gen in limed low-moor peat. The efficiency of the peat was some­
what less when lime was not used. 

Drying a pellt at elevated temperatures produced increasing amounts 
of soluble nitrogen, according to Tacke, as cited by McCanaJ.ess (17), 
who found 1 percent of the nitro?en dissclved at 104° F., 6 percent 
at 194° to 212°, 10 percent at H2 atmospheres pressure, and 16 per­
cent at 3 atmospheres pressure. 

Lipman and Wank (16) treated peat with sulphuric acid and also 
with sulphuric acid and steam under 25 pounds pressure, but the 
product was of practically no value as a source of available nitrogen 
when used in a soil. . 

Logvinova (10) compos ted a high-moor peat with a raw phosphate 
(phosphorit) and found that 25 percent of the total phosphoric acid 
was converted to a water-soluble form, whereas low-moor peat did 
not increase the solubility of the phosphate. 
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DECOMPOSITION OF HYDROLYTIC PEAT PRODUCTS 

DECOMPOSITION OF PEAT 

METHODS AND APPARATUS 

The course of decomposition of soil organic matter may be fol­
lowed, with fair accuracy, by measurement of the rate and extent of 
evolution of carbon dioxide (28, p. 124; 26, 1!. 294). Estimation of 
the rates of formation of ammoniacal and mtrate nitrogen are also 
useful, particularly in determining the changes in the character of the 
nitrogen in the material undergoing decomposition. These methods 
were employed in this investigation. 

The sll..mples of peat or peat product used in the series of experi­
ments were mixed with soil and allowed to decompose for a period of 
30 days at room temperature. All the samples were used with the 
same relative moisture content which was 50 percent of the water­
holding capacity, a quantity determined separately for each material. 

The apparatus used for the collection and determination of carbon 
dioxide evolved by the samples is essentially as has been described by 

SOCA LIM£: SODIUM. H'l'OR(ll(IDE I3AR\UM 
HYDROXIDt 

FIGURE I.-Diagram of apparatus used for the collection and dntermination of carbon dio:ride. 

HecK (10). A single unit is shown in figure 1. These units were set 
up in batteries, abreast, so that a slow current of air, freed from carbon 
dioxide by the absorbent towers, was drawn over a dozen samples at 
one time. The samples were placed in 750 cc Erlenmeyer flasks, and 
the issuing air bubbled through a suitable quantity of 0.5 N sodium 
hydroxide in a 250 cc flask and thence through a. bead tower for 
complete absorption of the carbon dim.ide. 

The quantities of carbon dioxide evolved from each sample for any 
given period were determined by adding to the sodium hydroxide 
solution an excess of neutml barium chloride solution and titrating 
the residual sodium hydroxide. All joints and connections in the 
apparatus were carefully sealed with shellac or paraffin throughQut 
each experiment. The aeration of the flasks containing the samples 
was continuous for all samples for the periods indicated and the 
determinations of the carbon dioxide were made periodically. 

Nitrogen, in the form of nitrate, was <l.etermined in the soil and peat 
mixtures by the use of the zinc-copper couple reduction method" 
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essentially as described by Scales (21). The method was varied 
somewhat, depending on the quantity of nitrate nitrogen present. 
In cases where very small quantities of ammonia were evolved in the 
reduction, corresponding to small quantities of nitrate, N essler1s re­
agent was used to determine ammonia, whereas, for larger quantities, 
titration was made in boric acid. 

A suitable sample for nitrate determination was shaken up with 
400 cc of water, using alumina cream as a clarifying agent for the 
soluble organic matter. The mixture was allowed to stand for a 
time, after 0.5 to 1 cc of chloroform had been added to prevent bac­
terial action on the nitrates. A 200 cc aliquot portion of the filtrate 
was used in the determination after discarding the first 50 to 100 cc 
passing through the filter paper to avoid any loss of nitrate dl',e to 
retention by the :filter paper. This method was quite satisfactory 
and appeared to be accurate within limits of 2 to 5 parts per million 
of nitrate nitrogen, depending on the quantity present and the size of 
sample used. 

Ammoniacal nitrogen in the samples was determined by distillation 
with magnesia and total nitrogen by the Kjedldahl-Gunning-Arnold 
method (1). The hydrogen-ion concentration was determined by 
means of the hydrogen electrode and the results supplemented in 
certain doubtful cases by the quinhydrone method. 

PREPARATION OF SAMPLES 

Since it was one of the objects of the investigation to find some 
cOl'.dition or treatment through which peat might be induced to func­
tion in the soil as an organic manure, the various lcinds of peat were 
investigp.ted in the raw condition and after various treatments as 
indicated below. 

RAW CONDITION 

The samples used consisted of a profile of saw-grass peat from 
Belle Glade, Fla., previously described (8); sphagnum-moss peat 
(surface layer) obtained from South Lubec, Maine, through the cour­
tesy of A. P. Dachnowski-Stokes; an imported sphagnum-moss peat 
obtained from Pennrich & 00.; a heath peat (surface layer) from 
Beaufort, N.O., previously described (8); fresh saw-grass tops and 
sweetclover. All the samples were air-dried and the peats were 
ground to pass a I-mm mesh sieve. The saw-grass tops and sweet­
clover were cut up fairly fine instead of being ground. The soil used 
in the decomposition was the surface horizon of the Ohester series, 
as found in the vicinity of Falls Ohurch, Va., which had also been 
air-dried and passed through a 2-mm mesh sieve. The sweetclover 
was mixed with soil in the proportion of 2 to 150 g of soil and the 
other materials in the proportion of 10 to 150 g of soil, except where 
otherwise specified. 

ALCOHOL AND ETHER-ALCOHOL EXTRACTION 

The su....face layers of Florida saw-grass peat and Maine sphagnum­
moss peat were used. Porti.ons of each (12 g) were refluxed for 5 
hours with about 200 cc of alcohol, followed by filtering and wash­
ing. The residues were dried,·reground to pass a I-mm mesh sieve, 
and used in the proportion of 10 g of peat to 150 g of soil for the 
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determination of the rate of decomposition. Ether-alcohol extrac­
tions were made similarly on samples of the same peats. Filtrates 
were ~scarded in cll cases, only the insoluble residues being used for 
expernnent. 

TREATMENT WITH WATER 

Saw-grass peat WiS heated in a high-pressure auto~lave with water 
for 6 hours at 1500 C. One hundred grams of peat were used with 
1,700 cc of water in the heating. One gram of the evaporated material 
Wl),S mixed. with 50 g of soil for decomposition. In preparing this 
material an autoclave of cast iron was employed, as was also the 
case in other heat treatments where larger quantities of material 
were required than could conveniently be prepared by the use of 
Carius or sealed combustion tubes. 

A('ID TREATMENT 

Ten-gram samples of sphagnum-moss peat, heath peat, lind suw­
grass peat were treated with 150 cc of 3 percent sulphuric acid. The 
solutions were boiled for 5 hours then filtered and the filtrate neaTly 
neutralized with CaO. The precipitated CaS04 was filtered out and 
the resulting filtrate recombined with the insoluble peat residue which 
was then completely neutralized with CaO, evaporated to drynE'ss 
and reground to pass a I-mm mesh sieve. 

Saw-grass peat was treated with concentrated sulphuric acid in the 
cold and also at the temperature of the steam bath for approximately 
18 hours. Sufficient of the concentrated acid was added to 15-g 
samples to moisten the entire mass thoroughly. About 7 cc of acid 
was used in each case. Su.bsequent to digestion 1 sample of each 
trea.tment was neutralized with linle, 1 with ammonium hydroxide, 
and 1 of each was diluted with w:;.ter and filtered. The residues in 
the last case were neutralized with a small quantity of lime. Each 
sample was then air-dried and amounts cOlTesponding approx-llnately 
to 10 g of the original material were mL'(ed with 150 g of soil. 

Samples of saw-grass peat and sphagnum peat were tre.'Lted with 
40 percent hydrochloric acid at 1500 C. and at room temperature. 
Pyrex combustion tubes of the Carius type were used for the high­
temperature work. Su.mples of saw-gruss peat weighing 2 g '\",o1'e 
placed in pyrex combustion tubes ",ith 30 cc of the fuming acid in 
each and sealed. .A temperature of 1500 was maintained by means of 
an electi.'ic furnace for approximately 3 hours. Sphagnum/eat was 
treated similarly except that smaller samples had to be use because 
of the bulk of the peat and the necessity for as much free circulation of 
liquid as possible. 

In the case of the cold treatment with 40 -percent.,hydrochloric zldd, 
10 g each of saw-grass peat and sphagnum peat were treated with 
200 cc of the acid in a flask and left stoppered overnight. Most 
of the strong acid was removed under reduced pressure and the 
remainder evaporated at a temperature not exceeding 500 C. One 
gram of CaO was added to each sample, a few cubic centimeters of 
water added, thoroughly mixed, and again evaporated to (il<-yness. 
Amounts corresponding to 3 g of the originvl samples Wl3re used with 
50 g of soil. 

Calcium bisulphite solution was used in a manner corres:ponding 
rougbly to the practice of the paper industry for removing hgnin in 
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the manufacture of wood pulp (13). The solution, as made up, con­
tained approximately 4 percent of free sulphur dioxide and 1 percent 
of sulphur dioxide combined with lime. Saw-grass peat and sphag­
num peat were treated with somewhat varied quantities of calcium 
bisulphite solution in sealed combustion tubes. The temperature 
was 130° to 140° C. and the time of heating an average of 'about 4 
hours. The solutions were filtered after heating and the soluble and 
insoluble matter of each peat was used separately on mixin~ with 
soil. One to three grams of material were used with 50 g of soil. 

TREATMENT WITH BASES 

Lime was added to raw peat in the amount of 5 percent CaO and 
the mixtU1'e was nllxed with the soil in the proportion of 10 g peat to 
150 grams of soil. The same procedure was carried out with the heath 
peat except that 9 percen t of CaO was used because of its :more highly 
acid condit,lon. 

A steam distillation in the presence of CaO wa.<J carried out with 
12-g samples of saw-grass peat and sphagnum peat. One gram of 
CaO was used with 150 cc of water and the mixtures were distilled for 
5 hours after which they were filtered and the fll "ates discarded. 
Ten grams of the insoluble material were used to mix with 150 g 
of soil. 

A 12-g sample of heath peat was boiled with 500 cc water and 10 cc 
of concentrated N}LOH for 5 hours. A second addition of ammonia 
was made after the odor of the first portion had disappeared. The 
entire mixture was evaporated to dry"lless and 10 g used with 150 g 
of soil. 

Other samples of saw-grass peat were treated with varying amounts 
of CaO in a high-pressure autoclave for 3 hours at 150° C. The 
pe1centages of CaO used, based on the yields of final products, were 
5.6, 11.6, and 25. One hundred and fifty grams of peat were used 
with 2,500 cc of water in t!.. heating. 

A sample of saw-grass peat was heated 3 hours at 150° C. in a 
sealed pyrex combustion tube with 20 cc of 20 percent N aOH per gram 
of peat. Concentrated hydrochloric acid was added to the mixture 
after heating, with subsequent dilution, and filtration. Washing 
was very difficult and the residue was evaporated to dryness, after 
which wnter was added and the residue again filtered and washed. 
This material contained considerable silica dissolved from the glass 
used in the heating. Three grams of the material were mixed with 
50 g of soil. Solutions of 3 percent and 6 percent N aOR also were 
used on saw-grass peat and heated in pvrex tubes for periods of 3 
,'J.ours at 150°. The amount of solution tIsed in each case was 20 cc 
per gram of pont. The mixtures were filtered after heating and the 
soluble portions were 11sed in mixing with the soil in the proportion 
of 1 g to 50 g of soil. It was found that 40.3 percent of the peat was 
rendered soluble by 3 percent NaOH und 74 percent by 6 perc-ent 
sodium hydroxide. 

Samples of saw-grass peat were beated with NR40H at varying 
temperatures, with varying concentrations and for varying periods of 
time both in the autoclave and in the pyrex combustion tubes. The 
treatment used for the samples on which the carbon dioxide evolution 
in soil was determined, however, was 20 cc of concentrated ammonium 
hydroxide per gram of peat, heated 6 hours at 1500 C. Saw-grass 
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peat was also treated with ammonium hydroxide and potassium 
hydroxide. 

The amount of peat used was 125 g with 1,250 cc of concentrated 
ammonium hydroxide, 7 g of potassium hydroxide, and 1,250 cc of 
water. The final product contained approximately 6 percent 
potassium. hydroxide, or 5 percent expressed as potaSSIUm oxide, on 
the basis of the weight of the final product. This was mixed in the 
proportion of 1 g of peat material to 50 g of soil. 

A. mixture of ammonium. hydroxide, potassium oxide, and Ten­
nessee brown-rock phosphate was also autoclaved with saw-grass 
peat in'a manner similar to that described for ammonium hydroxide 
and potassium oxide. The final product contained 5.9 percent 
phosphoric acid and 2.9 percent potassium. hydroxide e)..-pressed as 
potassium oxide. 

Samples of saw-grass peat, sphagnum-moss peat, and heath peat 
were refluxed with lime water for a period of 125 hours. An amount 
of calcium oxide was used with 20 g of peat in 425 cc of water such that 
the final percentage of calcium oxide in the peat was approximately 25. 
Another set of the samples were reflux:ed with a solution of 0.15 N 
potassium. hydroxide for a period of 125 hours. The percentage of 
potassium hydroxide in the final product was approximately 1.8. 

RESULTS 

The results obtained by attempted fermentation of the samples, 
prepared as described, are assembled in table 1. 
TABLE I.-The decomposition of raw peat in soil and as affected by various chemical 

treatments 

SECTION 1 

UNTREM~ED (AIR-DRIED PREVIOUS TO USE) 

Nitrate Ammoniacal 
.• ltrogen nitrogen 

Material usetl lor Description oC 
composts treatment 

J!~~~. ACter J!~~~- After 
position 30 days position 30 days 

------·1--------11---------------­
A[gper Par/J per Parts per Part. per Part8 per 

g million 'million million million
Chester soil _________ Blank, 150 g oC soiL ____ _ 3.25 5. 5 2 22 48 1067.4 ___. __• _________. _____ . ________________ _Do__________••. Blank, limed (150 g soil 3.95 


plus ~ g CaO). 
 2 ___________________. 
Florida saw-grass No treatment. ••••••••••\I86 

tops. 2 __________ • ____ • ____Florida sweetclover. ___ •• do •._.__________•__._ 642 

Florida saw-grass 


peat:

()-4 inches____ ._. __ ••• do .•_.__,,___________ 10 5.1 31 130 62 24481 ..____. ____________ _32incbes________ ,, ___ do_..........._._••_. 7 
 5.35 263 inches__________ ••_do_____ ._____________ 11 69 ___________________ _

5.45 28!l-88inches__________do________ ._ .. ________ 20 133 ___________________ •
6.8 8 '158 ____________•• ___• __0-4Inches____.__ Cultivated in cabbage 20 4.85 19 


(previous to collection 

oCsamples).


Do___________ ._ Cultivated in cabbage 9 264 426 _._........__..____• 
(previous to collection 
oC sample; no soil 
udded). 9 _____ . _____________ _No treatment. __________ 113 


mess peat. 

Maille sphagnum­ 4.7 2 

9 ______________..___ _Imported sphag- ___ ._do_________ •__ ••__ ••_ I 20 4.7 

num-moss peat. 
North Carolina __ • __do____••••••_________ 124 37 _______•____________ 
heath peat. 

4.8 2 

132 days' decomposition. , 60 days' nitrate aC~J.1mu1ation. 
4~6°-33-2 
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TABLE I.-The decomposition of raw peat in soil and as affected by varioU8 chemical 
treatments-Continued 

SECTION 2 


TREATMENT WITH ORGANIC SOLVENTS 


Nitrate Ammoniacal 
nitrogen nitrogenMaterial used for Description or CO,composts pHtreatment evolved Before BeforeAfter Afterdecom­ decom­30 days 30 daysposition position 

--------1----------·1--- --- -----------. ---_ 
~fgpcr Paris per Pa rta per Parts per Parts per 

million million million million21 _____________________________ _Florida saw-grass Extracted with alcohoL_ g3S 
peat.

Do_____________ Same s!lmple, decompo- 5.1 170 ___________________ _ 
sition continued (or
second 3()-day period,
nutrients added. 28 ________________________ •____ _ 

cohoL 
Do_____________ Extracted with ether al- 30 

Do_____________ Sarno sample, decompo- 4 5.0 ________ __ 193 _______....________ _ 
sition continued for 
second 3()-day period, 

nutrients added. 
 2 ____________________________ __Maine sphagnum- Extracted with alcohol. _ 30 

moss peat. 
Do_____________ Same sample, decompo- 20 4.85 _______ .. __ 04 ___________________ _ 

sition continued for 
second 3()-day period, 

nutrients added. 
 2 _____________________________ _ 

cohoL 
Do_____________ Extracted with ether al- 15 

4.6 _________ _ 99 ___________________ _Do_____________ Same sample, decompo­

sition continued for 

second 3()-day period,

nutrients added. 


SECTION 3 

TREATMENT WITH WATER A1\TD ACIDS 

Floridn saw-grass IAutoclnved with wnter 133 5.9 54 58 96 0.0261 
pent. at 1500 O. 

Do_____________ Hydrolyzed with boil- '187 7.55 31 159 

ing dilute H,SO. neu-


Do_____________ 
 tralized with CnO. 
Treated with concen- 118 6.15 7 145

trated U,SO, (cold)
neutralized with CaO. Do _____....____ Trenteu with concen- 111 0.5 0 98 .. --------- ---------­trated H,SO. (hot) 


Do _____________ 
 neutralized with CaO. 
Treated with concen- 36 5.45 3 24 .. --------- ---------­trnted H,SO, (cold)


lIltered and neutral-

Do_____________ 
 ized with eao. 

Treated with concen- 46 5.15 4 27 ... --------- ---------­trated R,SO, (cold)

/Iltered nnd neutral-


Do_____________ 
 Ized with NH.OH. 
Trented with concen- 39 5.3 2 37 ... --------­~---------trated H,SO, (hM) 


IIltercd ROod neutral-

Do_____________ 
 Ized with GnO. 

Treated with 40 percent 313 7.0 6 15 194 566
ReI (cold), some CaO 

Do_____________ nclded to residue. 
Treated with 40aercent IS5 6.3 6 575 940 

Hel at 1500 some• 

eaO added to residue. 
'I'rented with Ca(RSO,h 18 4.8 2 9 

Do_____________ 
---------- ... --------­at 1300 to HOD C. in­

soluble fraction (68

percent). 


I 32 days' decomposition. 
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TABLE I.-The decomposition of raw peat in soil and as affected by various chemical 
treatments-Continued 

SECTION 3-Continued 

TREATMENT WITH WATER AND ACIDS-Continued 


Nitrate Ammoniacal 
nitrogen nitrogen 

Materialllsed for Description of 00, pHcomposts treatment evolved Before Before I AfterAfterdecom- decom- d30 daysposition position 30 nys· 

j\[gper Par/a per Parlaper Pamper Pamper 
9 million million million million 

Florida saw·grass 	 Treated witb Ca(HSO,h 193 5.0 29 40 ---------­-~--------

peat. 	 at 1300 to 1400 C. solu­
ble fraction (32 per·

cent).


Maine spbagnum- Hydrolyzed with boiling 1234 7.95 1 2 ---------- ---------­
moss peat. dilute H,SO .. neutral­

ized. with CaD. ____.do___________________Imported sp hag- 1264. 7.95 1 2 ---------- ---------­
num-moss peat. 

Maine spbagnum-	 Treated with 40 percent 362 0.3 2 1 59 112 
moss pent. HCl (cold), some CaD 


DC! _____________ 
 added to residue. 
Autoc1aved witb 40 per- 95 5.8 3 9 168 270 

cent Hel (cold) at 1500 

C., some CaD added 
Do_____________ to residue. 

Autoclaved with 384 4.9 2 3 ---------- ----------
Ca(RSO,,, at 1300 to 

1400 C., insoluble frnc-


Do_____________ 


I 
tion (4~ percent).

Autoclaved with 232 5.0 5 6 
Ca(H!:h',h at 1300 to 	 ----------1---------­
1400 C., soluble frnc· 
tion (52 percent).

North Carolina 	 Hydrolyzedwitbboiling 1153 7.85 2 87 ---- ------1---------­booth peat. 	 dilute H,SO" neutml­
ized with CaD. I 

SEOTION 4 


TREATMJ" 'TT WITH BASES 


:Florida saw-grass 
peat.Do_____________ 

Do_____________ 

Raw pent with 5 percent t 
CnO added. 

Steam dIstilled with 
CaD nnd filtered. 

Same samplo, decompo­
sition continued for 

32 

60 

13 

7.3 

7.4 

31 ______::~_, :~::::~:J:~~~~~~~~ 
---------­ 194 -----_... --- ------ ..---

Do_____________ 
second 3D-dny period,
nutrients added. 

Refiuxed 125 bourS with 215 7.1 24 64 60 113 

I 
approximately 25 per­
centCnO.Do _____________ Autoclnved with 5.6 per­
cent CnO nt 150· C.Do_____________ Autoclaved with 11.6 

221 

343 

6.5 

7.15 

45 

43 

57 

66 

61 

51 

191 

134 
percent CaD at 1Wo C.Do_____________ 

Autoclaved with 25 8er. 401 7.8 31 88 72 108 
cent CaD at 150· .Do_____________ Autoclaved with 492 0.1 65 58 611 804 
NH,OH at 1Wo C., 
soluble fraction (52.8
percent).Do_____________ Autoclaved \vith 337 6.1 59 56 341 560 
NH,OH at 1500 C., 
wbole sample. Do_____________ Autoclaved with 348 6.3 49 66 239 389 
NHIOH and KOH 

Do_____________ (6.1 percent KOHl. 
Autoclaved with 220 0.0 43 59 225 403 

Do_____________ 

NH,OH, KOH, nnd 
rock phosphate (3.5 
percent KOrr, 5.9 per­
cent P,O.).

Autoclnved with 20 per· 
cent NnOH, ~reciPl-
tnted with ao d, nnd 
llltere-l.. 

161 5.9 2 9 83 242 

132 days' decomposition. 
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- TABLE I.-The decomposition of raw peat in soil and as affected by various chemical 
treutments-'-Continued 

SEOTION 4-0ontlnued 


TREATMENT WITH DASES-Oontinued 


Nitrate Ammoniacal 
nitrogen nitrogen 

Material used for Description of 00, pITcomposts treatment evolved Before DeforeAfter Afterdecom- dccom­30 days 30 daysposition position 

Parts per Parts per Parts per Partoper
mitlion million million million 

Florida saw-grass 	 Autoclaved with 3 per- 451 7.3 ---------- 57 198 
peat. 	 cent NaOIT (20 cc per 


gofpeat); solublefrac­
tion. 40.3 percent.
Do_____________ Autoclaved with 0 per- 488 7.0 47 160 
cent NaOH (20 cc per 
g of peat); soluble frac­
tion (74 percent).
Do _____________ Refluxed 125 hours with 265 7.3 20 57 65 8 
9 percent KOIT (20 cc 
per g of peat).

Maine sphagnum- Steam distilled with 43 1 ---------- --------­
llil)SS peat. OaO and filtered. Do_____________ Same sample, decompo- 31 7.05 ---------- 100 ---------­

sition continued for 
second 30-day period, 
nutrients added. Do _____________ Relluxed 125 hours with 195 7.9 2 8 52 60 

Do _____________ OaO. 
Refluxed 125 hours with 215 7.9 2 10 57 42 

KOIT. 
North Oarolina Boiled with d il u te 114 4 

heath peat. 	 NIT.OIT.Do_____________ 
Same sample, decompo- 25 5.35 ---------- 200 ---------. ---------.­

sition continued for 
second 30-day period, 

Do _____________ nutrients added. 
Raw peat with 9 percent 41 3 ----------

Do _____________ OaO added. 
Same sample, decompo- 19 7.15 212 

sition continued for 
second 30-day period, 

nutrients added. 
Do _____________ Reflu.xed 125 houes with 171 7.8 7 35 57 8 

Do _____________ OuO. 
Rellu.xed 125 hours with 175 7.7 7 14 60 49 

KOIT. 
Sulphite waste Iiq- Autoclaved with 311 -------- ---------- 24 51 474 

nor. 	 NIT,OIT. 

The data in table 1, section 1, show that peat in the raw condition 
decomposes very slowly in soil as measured by carbon dioxide evolu­
tion, when compared with fresh plant material or when compared 
with peat that has been treated by certain chemical means (secs. 
2,3,4). All decomposition periods were for 30 days unless otherwise 
indicated. Sweetclover yielded 642 mg of carbon dioxide per gram 
of material as compared with 10 mg for the 0- to 4-inch layer of saw­
grass peat over a 30-day period. It was found possible greatly to 
increase the latter value by treatment with cold 40-percent HOI, 
autoclaving with lime, and autoclaving with ammonia when values 
as high as 313 mg, 401 mg, and 337 mg, respectively, were recorded 
for the same period of time. .All the treatments used increased the 
rate of decomposition. Extraction with organic solvents had in 
general the least effect, whereas autoclaving I!t elevated tempe:l.'atures 
with ammonium hydroxide or lime had the greatest, effect. Duplicate 
determinations were found to check satisfactorily. 

The acidity of the profile of saw-grass peat decreases with depth, 
and the rate of decomposition shows a tendency toward increasing, 
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but the actual increase is small and no particular significance can be 
attached to it in connection with the present data. The heath peat 
is more acid than the 0- to 4-inch layer of saw-grass peat but gives off 
24 mg of carbon dioxide compared with 10 mg for the saw-grass peat. 
The results on the decomposition of raw peat are in general accord, 
insofar as they are comparable, with those of Waksman and Purvis 
(30), who showed that decompositions of the same order of magnitude 
occur when peats are subjected to aerobic bacterial fermentation, 
with or without addition of nutrients. The results obtained indicate 
no appreciable effect from the presence of relatively large quantities 
of a fertile soil. This is also in agreement with field experience in the 
use of peat even with addition of fertilizers. (Unpublished data on 
golf-green plots,t 

The residual peat material after extraction with alcohol, and with 
ether-alcohol (table 1, sec. 2), shows a somewhat increased activity 
in evolution of carbon dioxide. This increase is not of great magnitude 
and is apparently temporary since continuation of the experiment for 
a second 30-day period, with addition of mineral nutrients, produced 
practically no additional evolution of carbon dioxide. Shive's nutrient 
solution was employed, which consists of 0.018 gram-molecular weight 
of potassium dihydrogen phosphate, 0.0052 gram-molecular weight of 
calcium nitrate, and 0.015 gram-molecular weight of magnesium 
sulphate per liter of water. These results are also in accord with those 
of Waksmrm and Purvis (30) and probably indicate that the slow 
rate of decomposition is owing to lack of available organic m&tter. 
Similar lack of effect of addition of nutrients was also found when peat 
in the raw condition was treated ,'..-ith lime and when steam distilled 
in the presence of lime. 

The data presented in section 3 of table 1 offer several points of 
special interest. When peat is heated m an autoclave with water at 
1500 C., a ma,rked increase in evolution of carbon dioxide takes place 
when the evaporated product is fermented with soil. A. somewhat 
greater activity is shown by saw-grass and heath peat when digested 
with hot dilute sulphuric acid, with subsequent neutralization by lime, 
and a very markedly greater activity is shown by sphagnum peat. 

When the saw-grass and sphagnum peats were treated with 40-per­
cent hydrochloric acid in the cold, a like increase in the activity of the 
neutralized residue was observed, and again this was more marked for 
the sphagnum than for the saw-grass peat. Indeed, the rate of 
decomposition was the highest in this case for any of the acid treat­
ments. For this reason the content of the reducing sugars in the 
samples was determined. For the saw-grass peat the value was 7.4 
and for the sphagnum peat 11.9 percent. The quantity for the saw­
grass peat corresponds roughly to the hemicellulose content, as 
reported in previous analyses (8), but is very much lower than was 
found for the sphagnum peat. It is obvious that acid hydrolysis, 
whether by water or by acids, is responsible for the conversion of 
peat material to fermentable form. However, the quantity of roduc­
mg sugars produced is neither quantitatively nor relatively sufficient 
to account for the large evolution of carbon dioxide and the differ­
ences shown by boiling sulphuric and cold concentrated hydro­
chloric acids. Whether the results are due to increased availability 
of cellulose or of protein matter is not apparent, though the alteration 
of the nitrogenous material seems to indicate the latter possibility. 
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When the peat samples are treated with either cold or hot concen­
trated sulphuric acid or heated at 1500 C. with 40-percent hydro­
chloric acid, a marked decrease in fermentable activity is noted as 
compared with treatment by boiling dilute acid or cold treatment 
with 40-percent hydrochloric acid. This is more marked in the case 
of the hydrochloric acid. The fermentable material remai1;ring is for 
the most part soluble, since the insoluble portion is still more inac­
tive and for the sulphuric acid residue, at least, approaches the 
inactivity of the raw peat. The apparent cause of this differ.3nce is 
the alteration of the decomposable material similar to the "humifi­
cation" of sugars by acids. 

Since calcium bisulphite is used extensively in the paper industry 
to effect a separation of cellulose from lignin, it seemed probable that 
a like procedure with peat might be effective in making th~ cellulosic 
material available for bacterial action. The results in section 3 of 
table 1 indicate that the expected results were obtained. They also 
bring into sharp relief the marked difference in composition of the 
saw-grass peat and the sphagnum peat reported in a previous publi­
cation (8). In the sphagnum peat the ligno-humic complex is 
approximately 20 percent, while in the saw-grass peat it averages 
approximately 50 percent. It is aiso of interest to note that in the 
saw-grass peat the portion rendered soluble is ttctive, while the insol­
uble portion, after treatment with bisulphite, is quite ina~tive. In 
the case of the sphagnum peat the insoluble fraction is more active 
than the soluble portion, both being relatively very extensively 
decomposed. 

In table I, section 4, the data concern the effect of treatment of 
peat with bases. The addition of calcium oxide to the peat in quan­
tities insufficient to leave an excess of free calcium hydroxide had 
but small effect on the rate of decomposition. Steam distillation 
with subsequent filtration increased the rate of decomposition to a 
somewhat greater extent but still not markedly. The addition of 
Shive's nutrient solution was not effective in altering the rate. The 
results indicate that steam distillation removes no toxic material and 
that the failure of the peat fermentation is not due to a lack of inor­
ganic food materials. When the peat is refluxed for long periods in 
the presence of calcium hydroxide, very marked hydrolY':;,is is produced 
as indicated by the rate of fermentation. The effect so obtained was 
even greater than when the peat is heated with water at 1500 C. 
(table I, sec. 3). Autoclaving the peat with calcium hydroxide still 
further increased its rate of decomposition and, indeed, to a maximum 
greater t}:Hlll the best acid hydrolysis secured. The process of auto­
claving with lime produced but small amounts of carbon dioxide from 
the peat, as is shown by the fact that even when 25 percent calcium 
oxide was used the carbon dioxide present in the dry product was but 
3.5 percent. 

In this case the pH value of the product was 11.4. Nevertheless, 
but little free hydroxide was present, since at the end of the fermenta­
tion period the pH value of the peat and soil mixture was 7.8 and the 
carbon dioxide was 0.08 percent, which corresponds to approximately 
4 percent of the weight of the peat. It is therefore clear that no 
appreciable error in the estimation of the l:ate of decomposition is due 
to either retention or evolution of carbon dioxide by the added lime. 
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The various samples of peat were also reflu....md for 125 hours with 9 
percent potassium hydroxide solution with the result that the rate of 
decomposition of dry material produced was fairly rapid and approxi­
mately the same as by similsT treatment with calcium hydroxide. 

When saw-grass peat was heated with a 20 percent solution of so­
dium hydroxide, the residual material, after precipitation with acid 
and washing, had a rate of decomposition somewhat less than. the 
product resulting from reflmcing with lime water. Since soluble so­
dium salts were removed by the washing process, it may be assumed 
that the more easily decomposable material was lost. 'fhe peat was 
therefore treated with 3 and 6 percent solutions of sodium hydroxide 
and heated at 1500 C. for 3 hours. This product .was then leached 
with. water and the soluble material obtained by evaporation. The 
rate of decomposition of this material was very rapid and in the 6 per­
cent treatment involved the greater part of the peat since 74.0 percent 
was rendered soluble by this treatment. 

The treatment of peat with ammonium hydroxide at the boiling 
temperature had but relatively litt.le effect upon its rate of decomposi­
tion but when the peat was heated in a sealed tube, at 1500 C., with 
&n excess of ammonium hydroxide the dried residue showed an ac­
tivity in soil in excess of any other material produced except that 
treated with 25 percent of CalCilIDl oxide. The portion of this ma- ,'1 
terial soluble in water had a rate of decomposition of the same order 
as the soluble portion obtained by treatment with 6 percent sodium 
hydro:\:ide. 

Examination of this sample showed it to contain 8.44 percent of 
nitrogen while the original sample contained but 3.88 percent. The 
percentage of nitrogen in the soluble portion was 11.51 percent. 
Nevertheless, only about 26 percent of this nitrogen was present in 
the form of ammonium salts, as shown by distillation with magnesium 
oxide. A special study of this material and combinations of it with 
other materials was therefore made. The details are given on page 
17 et seq. 

The fermentation rate of two of these products is included in table 1. 
These are the reaction products obtained by autoclaving peat with 
potassium hydroxide and ammonia and with these and rock phos­
phate. Also included in section 4 of the table is the result on the rate 
of decomposition of waste sulphite extract. This raw material is ex­
tremely resistant to bacterial decay. When digested with ammo­
nium hydrm";.de it develops an activity comparable to that of peat 
treated with ammonia. This is particularly interesting as pointing 
to a possible utilization of this waste product. 

In the series of treatments with bases the same general relations 
found with acid treatment are repeated. The increased activity is 
the result of hydrolysis. To what extent the fermentation affects the 
ligninlike, cellulosic, or nitrogenous material has not been ascertained. 
In. general the soluble material is more active and the increased ac­
tivity might therefore be ascribed to the decomposition of the salts 
of acidic decomposition products of the peat. Whether this is the 
case with the materials produced in the presence of calcium hydrox­
ide is not clear, since the hydrolytic products are relatively insoluble. 
A minor consideration in this connection is the possibility that a por·· 
tion of the carbon dioxide evolution results from a stimulation of 

I~...... 

http:hydrm";.de
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iictivity on the part of the soil organic matter 2 by reason of the addi­
tion of rapidly decomposing organic matter. This seems of little 
significance in comparison with the activity of the plant material 
(saw-grass tops) forming a part of the source of the saw-grass peat 
and with sweetclover when these re,act in the soil under like condi­
tions. Figure 2 gives a graphic illustration of the relative rates of 
decomposition of some of these materials. 

Table 1 also presents the pH values of the mixtures of peat and soil 
after the various carbon dioxide evolution periods. There seems to be 
no causal relation between these values and rates of evolution of car­
bon dioxide. Also, in table 1f are included those determinations which 
were made of the nitrogen present as nitrates or as ammonia before 
and after each period of fermentation. In general, it may be seen 
that in the case of raw peats or when the treatment used had little 
effect on the rate of decomposition there was a tendency toward 

700r-_------r------r------~----_.------~----~----__. 

600r------r-----4------4-----~--~~4F~----!------~ 

/0 /$" 
P.AY.S OF PECOHPOSm'ON 

FIGURE 2.-EtTeet oC various trentments on the rates oC decomposition oC peut as "~Tl]pnre<l with the rate 
Cor swee!elo\'er. 

increase of nitrates. In the cases where the rate of decomposition is 
relatively rapid the results are not consistent. In a few cases there 
is a, considerab!e ~crease; in the greater number of cases there ~s either 
no mcrease or It IS very sm&:ll. :Moreover, there occurred an mcrease 
in nitrate content of the soil blanks. These facts malm any definite 
conclusions impossible. It is also impossible to draw any definite 
inferences from the alteration of the ammonia content. In general, 
however, the treatments which resulted in relatively rapid decomposi­
tion also resulted in an increase of ammonia content before decom­
position and a further increase as the decomposition proceeded. 

The effect of various basic treatments of peat on the reaction of the 
resulting products, as determined by the hydrogen electrode, is given 
in table 2. The samples indicated in the t!lble were taken from the 
same samples treated as previously describ,tld, and no further descrip­

; 'I'he solI eontui:led 2.4 poreent organIc matter by thohydrogall·pero:dde method. 
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tion is necessary. It will be seen that when saw-grass peat is auto­
claved with ammonium hydro:\.ide present, even with 5.1 percent 
pote.ssium hydroxide and an excess of ammonium hydroxide, the 
product is still slightly on the acid side with a pH of 6.8 for the latter. 

TABLE 2.-Effect of Val'ious treatments on the reaction of peat 

Type 'rrentment pIT 

Florida saw-grass pent_. __ ••. _.__ NOIlO•••••••• ____.•.•_•••_•••_.••••• _...._.•.••••_............ . 5.30 

Do......._................" Auloclnved with wuter __•••••••.••••••_....................... 5.10 

Do..._...................,. Autoclnvcd with NE.Oll._........................_.......... 6.15 

Do.......................... Autoclu,'cd with Nn,OH+5.1 perceut KOn•••._.........__.. O.SO 

Do....._.................... Autoclu\'ed with NU.OH+3.5 percont KOll+17,4 percent 6.85 


rock phosphnte. 
Do••.•••••_•.•••__.......... Autocln\'otl with 5.0 percent CnO~ ____ ••______................ 0.70 

Do.......................... Autoclnved with 11.6 percent CnO .....................__ ..... 7.80 

Do.......................... Autoclnved with 25 percent CnO ..._.••_...................... 11. 40 

Do.......___.........._..... RelltLxetll25 hourswiUt 25 port'llnt CllO ...................... -! 10.40 

Do..._....__••___......__ ... Relluxed 125 hours with 9 porcMt KOIL............ __ ........ 8.20 


North Carolinu heuth peaL..__ • None......_............_. ____ ._ ........... _....... _........... 4.00 

Do........_.__........_..... Relluxed 12.; hours with 2.; percent CnO ...................... . 9.15 

Do.__...._.........._...__•• Relluxed 125 hours with 9 percent KOll...................... 8.00 


Mnine sphagnum·moss penL •••• None......___............ ______............................. 4.00 

Do.........__.._....._._.... Relluxed 125 hours with 25 percene CnO ....................... 8.35 

Do..__......................j HelltLxed 125 hOllrs with 9 percent KOll....................... 8.00 


Similarly, the same peat autoclayed with 5.0 percent calcium oxide 
has a pH of 6.7 and does not become bl1sic, with a pH of 7.8 until 11.6 
percent lime has been used in the t1utoclaving. The use of 25 percent 
calcium oxide results in a product having fl, pH of 11.4. This sample 
contains 3.5 percent carbon dioxide which, calculated to the carbonate, 
is equivalent to 7.95 percent. RefllL-xing for a period of 125 hours with 
the same qmmtity of lime has approximately the same effect on the 
final pH as does autoclaving 3 hours at 150° C. The extent to which 
peat will take up lime hus been shown previously by Schneider and 
Schellenberg (24), who found over 20 percent of culcium salts soluble 
in 5 N Hel after autochwing !1 sample of peat with milk of lime from 
2 to 4 hours at 180°. 

The heath and spha~num-moss peats fl,pparently have a greater 
capacity for lime than lIas the saw-gmss peat. This is as should be 
expected, since they are more acid. Their respective values for pH 
are 9.15 and 9.35 when l'efluxed "lith 25 percent calcium oxide for 
125 hours. 

AMMONIATED PEAT 

PREPARATION OF MATERIAL 

Certain features of the reaction between peat and ammoniunl 
hydroxide and of the behavior of the product were of such interest as 
to warrant a detailed study. The nitrogen coutent of the residual 
product was from twofold to tenfold over that of the raw peat. The 
increased nitrogen was found to be contained for the most part in the 
portion of the peat rendered soluble by the reaction. The residue was 
capable of a(,.tiYe apd extensive decomposition in the soil. The in­
creased nitrogen content was not, for the most part, present in the 
residue as ammonium salts since it waS not removed by distillation 
with magnesium oxide. '1'he dried residue was a black, brittle solid, 
readily converted to a powder. These properties of the materia,} 
indicate that peat might. be converted into a nitrogenous organic 



18 TECHNICAI, BULLETIN 389, U.S. DEPT. OF AGRICULTURE 

fertilizer and indeed, by proper admb{ture of inor~anic salts, into a 
complete fertilizer. If these objectives can be attamed at reasonable 
cost, increased utilization ·of our vast resources in peat would result. 

The incorporation of ammonia with organic matter as a means of 
producing fertilizers is not novel. 

Dragunov (4-) studied the extraction of humic acid from peat by 
sodium and ammonium hydroxides of different strengths. By the 
use of 10 percent ammonia at 900 C., 31.2 percent of humic acid was 
obtained which contained 6.31 percent nitrogen. 

Certain patents have recently been granted relative to the produc­
tion of fertilizers from peat and other plant materials resulting from 
action of ammonia at high temperatures and pressures. Carbohy­
drates of plant origin (wood sugar, cellulose, etc.) (7) may be heated 
with ammonia under pressure at 3000 C., and it is claimed that prod­
ucts are obtained which contain up to 20 percent nitrogen. When 
lignin is heated under these conditions the product contains 10 percent 
nitrogen. The time required is about 30 minutes. 

According to a patent granted to Ehrenberg and Heimann (5) 
materials such as coal and peat are converted to fertilizers by pressure 
oxidation at a temperature of 200 0 to 250 0 C., using m ..-ygen and 
ammonia. A statement is made that the body of chemically bound 
ammonia is equivalent to the free organic acids present or produced 
by the oxidation and that up to 6 percent nitrogen may be obtained 
in the form of ammonia. A later patent (6) describes a process 
whereby the nitrogen content of treated peat may reach 15 percent. 
Peat is frrst SUbjected to a partial a wet carbonization" followed by a 
pressure oxidation with ammonia, as described above, aided by posi­
tive catalyzers, such as allmli, alkaline earth, or heavy metal saHs. 
Oxides, hydroxides, and carbonate are said to be negative catalyzers. 

QUANTITY OF NITROGEN ABSORBED 

The quantity of nitrogen absorbed by peat and certain related 
materials, under varied conditions, is given in tables 3 to 7. The 
materials (usually 2 grams) were placed in pyrex combustkm tubes 
of the Carius type, together with the proper quantity of ammonium 
hydroxide solution. The sealed tubes were placed in an electrically 
heated Carius furnace, brought slowly to the required temperature, 
and held, under pyrometric control, for the periods indicated. At the 
end of the heating period the tubes were cooled and opened. The 
contents were evaporated to dryness on a steam bath except when the 
material was filtered through a Pasteur-Chamberland filter, and the 
filtrate and insoluble portions dried separately. In these cases the 
insoluble residue could be given a second or third treamtent. 

The effect of heating with aqueous ammonia for 3-hour periods at 
150 0 C. was determined with sphagnum-moss peat, heath peat, saw­
grass peat, lignin from corncobs, sulphite waste liquor from wood 
pulp, and on organic matter from Marshall silt loam soil. The lignin 
used was furnished by Max Phillips, of this Bureau, and the sulphite 
waste liquor by H. K. Benson, of the University of Washington. The 
lignin and sulphite waste were !p:ven but one digestion with ammonium 
hydro:xide. The insoluble reSIdue in these was so small as to make 
further digestion impractical. In the case of the organic matter from 
the Marshall soil and of the heath and saw-grass peats, the insoluble 
residue was heated a second time. In the case of the sphagnum-moss 
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peat the material was heated a third time since the appearance of the 
mass after the first heat treatments was such as to indicate incom­
plete reaction, it being still somewhat fibro·'ls. 

The results of these treatments arc givdn in table 3, wherein the 
absorption of considerable quantities of nitrogen is shown by all the 
materials treated. The largest total nitrogen, as well as the largest 
content of nitrogen in both the soluble and insoluble material, is 
shown by the saw-grass peat, but the largest relative increase com­
pared Wlth the nitrogen content of the raw peat is shown by the 
sphagnum-moss peat. The smallest content of nitrogen is shown by 
the sample of lignin. The anmlOniacal nitrogen of the soluble frac­
tions 3 amounts to approximately 30 percent of the total nitrogen 
present in this fraction. Only traces of ammoniacal nitrogen are 
found in the insoluble portion. The absolute qualltities of absorbed 
nitrogen shown by the lignin and the ligninlike waste liquor residues 
indicate that apparently the most effective absorbBr..t fraction in peat 
is not its ligmn content, also that this fraction of peat does function in 
this manner. The organic matter from the :Marshall soil reacts in a 
manner similar to peat. No definite relation exists between the nitro­
gen content of the original materials and the amount of increased 
absorption. 

TABLE 3.-The effect oj NH,OH at 1500 C. on variou.s organic materials 

Total nitrogen IncreaseAmlnoniw 

Total in nitro·aeal ni- NitrogenSolnble nitrogen gen con-Material trogen, added bymaterial or whole tent overSoluble Tnsoluble soluble renctionsample originalfraction {metion {metion content 

:Maino sphagnnm-moss peat,' Percent Percent Percent Percent l~ercc71t Percent Percent0.60 percent N ________________ 52.2 0.30 2.05 3.08 6.38 5.78 963 
North Carolina heath peat, 1.97percent N _______ •___________• 45. -I 9.96 5.11 2.58 7.56 5.59 284 
Florida sa\v-grnss peat, 3.88 per­cent N _____________ •__________ 52.S 11.133 5.40 3.24 8. 74 4.87 126 
Lignin from corncobs, 0.94 per­

t'ent N.___•_____ •••• _ •••••__ ._ 86.2 3.65 1.84 1.30 3.31 2. 37 252 
Sulphite waste liquor,' 0.06 per­

cent N _._._._ ..___•••_...._... (3) 5.12 ~-- ..-- .... 1.86 5.12 5.06 844 
Organic matter from Marshall 

soil, 2.77 percent extrneted by
NH.OH containing 7.1 per­
cent ash_ ............_._... __ • .~ ~ _... - " .- 10.75 3.28
-~ ~~~-. ----~.. .... --------- .. .. - .. _. .---~ ..-.. ­

13 treatments with NJI.OH. 'I treatmont with NII.OH. 3 Almost entirely soluble. 

These results are in general accord with those obtained by Davis 
and Scholl on treatment of peat with liquid ammonia, as privately 
communicated, although the peats treated by them were not the same 
and there were wide differences in the temperatures employed and in 
the time of treatment. 

EFFECT OF CONCENTRATION OF AMMONIUM HYDROXIDE 

The effect of increasing the concentration of the ammonium hydrox­
ide upon the absorption of nitrogen is indicated in the results given 
in table 4. .A. constant quuntity of solution was used, 20 cc per gram 
of air-dry peat; the concentration of the solution Wtts varied from 
0.6 to 26.9 pp,rcent ammonia. The conditions of heating were con­
stant, being 1500 C. for 3 hours. 

3 The fraction renllered solublo in nmmonium hydroxide by the reaction is, howeyer, only portly soluble 
in water nfter evaporation to drrncss. 
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TABLE 4.-EjJect of varyiT!g concentrations of ammonia on the reaction with saw­
gta;:!! peat at 1500 C. for 3 hours 

Concentra- Concentra­
tionofNHa Ammoni· tionofNHa Ammoni­'Total 	 Total(20 ce so)u- b\..~!· cltro- (20 ee solu· aeal nitro­nitrogen 	 nitrogenUon per g gen tion per g gen

of peat) of peat) 

Percent 	 Percent 
NIl, Percent Percent NI'13 Percent Percent 

lO.O 3.88 0.01 6.2 7.72 1.1l7 
.6 6.&3 1.12 9.5 7.58 1..12 

1.2 6.74 1.26 12.7 8.03 1.53 
3.1 7.26 1.41 19.6 &.28 1.36 
4,3 7.51 1.64 26.9 &.27 1. 56I 

J Original material with no treatment. 

The total nitrogen content jncrea&ed with a fair degree of regu­
hrity corresponding to increase:; in concentrtttion of ammonia. It is 
to be expected, therefore, thl'..(i liquid ammonia would inerease the 
nitrogen content further. The results of Davis and Scholl indicate 
that this is true, although different types of peat were used. 

The values for ammoniacal nitrogen (distilled with magnesia) fluc­
tuate somewhat but are sufficiently constant in table 4 (as well as in 
tables 5,6, and 7) to indicate that a fairly definite and constant quan­
tity of acid was neutralized regardless of the variable conditions 
imposed on the reaction. 

EFFECT OF VOLUME OF AMMONIUM HYDROXIDE 

Table 5 shows the effect of varying quantities of concentrated 
ammonium hydroxide (26.9 percent ammonia) on. saw-grass peat at 
1500 C. The insoluble residues after heating for a period of 3 hourp 
were treated for a second period of 3 hours at the same temperature, 
as indicated in the table, in order to determine the effect of removing 
the preliminary products of solution. 

TABLE 5.-Effect of quantity of 	solution on reaction of ammonia with saw-gras8 
peat at 1500 C. 

A.romonl 
Soluble matter J 	 Total nitrogen neal nitroQuantity of Total 	 genconcentrated Insoluble materialNH.OII solu- First Second mlltter alter re­tion per gram 	 Soluble Solubletreatment treatment nctfon Insoluble Wholeof air·dry peat Total fractions fractious3 bours at 3 hours at 	 (mctions sllmplel'Ombined comblncd1500 C. 1500 O. 

Percwt Percent Percent Percent Percent P~rcent Percellt Percent Percent 
5 CC ....- __.... 38.S 8.1 46.9 4.5, Q 01.0 11.85 5.31 S. f.s 3.52 
10 cc._ ••.••_. __ 41.2 8. « 49.8 ·16.7 06.5 12.16 5.24 8.81 3.46 
20 co__......... 44.8 8.0 52.S 48.7 101.5 11.83 5.40 8.74 3.2-l 

J All percentages based on ovcn-dry materiul. 

The use of larger qunntities of solution per gram of peat resulted in a 
greater percentage of peat being dissolved by the first treatment with 
ammonium hydroxide. The quantity dissolved by the second treat­
ment was, however, practically the same in each case. It is interesting 
to note that the percentages of fmal insoluble residues also increase 
with increase in the volume of the ammonium hydroxide. It must be 
assumed that there is a greater loss of material by formation of 
volatile products when smaller quantities of liquid are Rresent in the 
reaction tube, which loss decreases the total residue. The extent of 
this loss is shown by the summation of soluble and insoluble fractions 
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and amounts to as much as 8.1 percent in the case of the smallest 
quantity of solution.' 

The total nitrogen content of the insoluble fraction and of the 
combined soluble fractions is practically constant for all three con­
ditions. The total nitrogen content of the samples likewise shows no 
deiinite tre,nd and may be considered as constant over the range of 
variation in quantity of ammoniacal solution used. 

The net effect, tnerefore, of varying the volume of solution under the 
conditions of the study,. seems to t-e, primarily, of a corresponding 
variation of the yield of final produG'i. The quantitative character of 
the product with r8spect to total and ammoniacal nitrogen is essen­
tially constant. 

EFFECT OF TIME AND TEMPERATURE OF HEATING 

The effect of time of heatin~ with concentrated ammonium hy­
droxide was determined by varymg the time from 1 to 36 hours. The 
temperature employed was 1500 C. and was held constant. The 
results given in tu,ble 6 indicate thu,t the solubility increoses with time 
up to a period of 3 hours then remains fairly constant until !1 period of 
18 hours is reached, when another increase is apparent. The insoluble 
fraction, on the other hand, progressively decreases from 1 hour 
heating to 36 hours heating. The difference between the sum of the 
soluble and insoluble matter and 100 percent may be accounted for by 
assuming that prolonged heating causes an increasing formation of 
volatile substances which are lost on drying the reaction mi'\:ture. 
The gain in weight up to 2 hours heating may be explained on the basis 
of addition products with ammonia, but with longer heat the loss by 
volatilization exceeds the gain resulting from the formation of 
addition products. 

TABLE B.-Effect of time of heating on reaction of concentrated ammonia with saw­
grass peat at 1500 C. 

Ammon!- Total nitrogen'rotalnitro·Period othenting Soluble Insoluble neal nltro-Total gen,soluble(bours) matter matter gen, soluble Insoluble Wholefruction fraction fraction semple 

Percent Percent PerCtnt Percent Percent Percent PercentL ________________ 
35.5 07.7 103.2 11.21 3.12 4.34 6. iI 

3 _________________ 
2 _________________ 

38.2 63.0 101. 2 12.72 3.46 4.96 7.89 
6_________________ 44.S 54.3 \19.1 12. OS 3.H 5.lt 8.27 
9 _________________ 44. 8 54.1 9S.9 12.79 3.71 5.19 8.63 
)8..___ "___ ,, _____ 44.2 53.8 98.0 12.33 3.57 4.96 S.W 
30________________ 48.3 51. 1 \19.4 12.01 3.77 5.26 8.84 

48.1 48.7 90.8 12.01 3.02 5.52 9.05 

There is no significant trend in the values for total nitrogen nor for 
ammoniacal nitro~en in the soluble fraction after a period of 1 hour's 
heating. There IS a gradual increase, however, in the insoluble 
nitrogen as heating is continued with a. corresponding increase in the 
total nitrogen of the entire sample. 

The effect of 3 hours' heating with 20 cc of ammonium hydroxide 
per gram of peat at varying temperatures from 1000 to 225 0 C. is 
shown in table 7. As the temperature is increased the total nitrogen 
increases fairly regularly. The ammoniacal nitrogen tends to increase 
up to a temperature of 1500 

, after which there is a. decrease with in­
creasing temperature, possibly because the higher temperatures 
either tend to decompose the ammonium salts formed or do not per­
mit them to form. 
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TABLE 7.-Effect of varying temperatures on the reaction of ammonia with saw-grass 
peat at 1500 C., 3 hours 

[20 cc of concentrated ammonia per gram of peat] 

Temper· Ammon!· Temper- Ammoni·Total Totalature cal nitro- ature cal nitro· nitrogen nitrogen(00.) gen (OC.) gen 

Percent Percent Percent Percent 
]00 7.14 1.22 157 8.80 1.06 
125 7.78 1.18 200 8.83 .87 
150 8.27 1.56 1225 0.04 .90II--

I 1:1 concentration of ammonia. 

POT EXPERIMENTS WITH TREATED SAW-GRASS PEAT AS A FERTILIZER 

It seemed desirable to determine the degree to which plants would 
be able to utilize the elements essential to their nutrition in the treated 
saw-grass peat. A.ccordingly, the peat was used as autoclaved at 
1500 0. with ammonium hydroA-ide and potassium hydroxide; with 
ammonium hydroxide, potassium hydroxide, and rock phosphate, 
5.6 percent calcium oxide and 11.6 percent calcium oxide. Raw peat 
was also used. 

Quartz sand in gallon pots was used for the experiment and millet 
plants were grown. 'rhe experiment was divided into three parts, 
namely, a series in which nitrogen was either lacking or was a variable, 
a series in which phosphate was a determining element, and a series 
in which potash was the variable. 

The basic fertilization per pot in the nitrogen series was as follows: 
0.18 g K as KOI, 0.12 g Oa as Oa012, 0.05 g Mg as MgS04 .7H20, 
0.0035 g Fe as ferric tartrate, 0.0035 g Mn as MnS04.2H20, and 0.15 
g P20 S as OaH4(P04)2.1 H 20. 

Sodium nitrate was used as a source of nitrogen as compared with 
nitrogen from dried blood and treated saw-gruss peat. The check 
pots contained quantities of sodium nittl1te varying from none to an 
amount equivl1lent to 0.16 g of nitrogen per pot. Dried blood, con­
taining 13.89 percent N, was used in an amount equivalent to 0.10 g 
of nitrogen per pot. The treated saw-grass peat was si.milarly used 
in varying amounts, as indicated in table 8. 

TABLE S.-Data on ]Jot e:O:?lIlriments with millet grown in sand, peat and other 
fertilizing materials being used 

NITUOOEN EXPEHIl\fENT 

IAyernge pIT of soil 
alNiry (I ITrcntment. weights of co o~ • 
plants I metric) 

Grams 
onitrogen ...._-_._ ••-._..........-------.------ ••----- ..••--."........_..... - .•• _-. 0.00 6.5 


2. 05 6.7 
2.84 7.4 
3.18 6.5~~~i~E~m~}I~~(i~~~~~~~~~~~~~~~~:~:~~~:~~~:~~~:~~~:~:~~~~~ :~~~~~:~ .~:~:~:: :~:: 2.85 5.5 

0.16 g N as pent nutoclllved with NllIOlI..... __ •• _. __ ...... _._ ........ _... _..... -.•• 2.10 6.5 

0.32 g N.IS pent: nutoclavo!! with Nll.OH.._................. -..... -.- ........ -...... . :1.80 6.5 

0.16 g N as peat nutoclaved with NBtOH+KOll._ ... _•..•• __ .-- ... '.- .•. -•. -- .... . 1.02 6.6 
0.16 g N as peat lIutoclave!! with NlljOll+KOB+rock llhosphute. __ .... -•.••• -.-. 2.12 6.3 
0.16 g N as peat autocllwed with 0.6 percent. CnO_•.. _•...••• ___ .- ......... -'" - ---. 1.07 6.8 

0.16 g N as peat uutoclave!! wIth 11.6 percent CaO __... _...............-.............. 1.32 7.6 

0.16 g N as raw untreated penL ___ ......... -.•.• -........... -•.• -....-- .....--..... . .70 6.'0 


___----_.____------------.--------------~--.-L----
1 Hoots not Included. 
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TABLE S.-Data on pot experiments with millet grown in sand, peat and other 
fertilizing materials being used-Continued 

PHOSPHATE EXPERIMENT' 

I 
A vernge pH of soil 
air-dry (colorl·Treatment weighl.5 of metric)
plants I 

oP,O••....••...•.••••..••••.•.•..•..••••••..•, •••••.•, ••••.•••, •••.•.•, •..••••...••• 0.10 5.5 
0.05 g P,O. as CnH. (PO.h.H,O.....••••••••••.••.••.•••••..••.••...••.••..•.••.••••• 4.44 5.0 
0.10 g P,O. as CaH. (PO.h.H,O••..•••••..•.••••....•••••..•••_._••..._••.•..••••..•• 4.52 5.3 
O.05g P,O.as peat autoclaved with NH.OH+KOH+roa:, phosphate•..•••••.•.••.••• .81 5.3 
O.IOg P,O. as peat autoclnved with NH.OH+KOH+ror,k phosphate••••.••....•••..• 2.52 ~.5 
0.05 g p,o. as raw phosphate rock •••••••••••••••.•••••.•, •.••••••.•••••.•••••••••••.. .15 5.5 

POTASH EXPERIMENT' 

oK,O.••....•••..•..•••••••••.•••••..'" ••.••..••••.__•••••••.••••••..•.••.•..""" 0.06 6.2 
0.08 g K,O as K,SO •.•••.•..•...•••.•.••••••••.•••.•..••••.••••.•••••••.•••••••.•.•. 3.92 4.7 
0.16 g K,O as K,SO................................................................. 4.49 4.8 

0.08 g K,O as peat a'ltoclaved with NH.OH+KOH••••••••••••••••••••...••••.••.•• 3.27 6.0 
0.08::. K,O as pent nutoclnved with NH.OH+KOII+rock phosphate_............. . 3.35 6.5 

I Roots not included. 

'0.16 g N added to basic fertilization, half as ammoniumsuJphnte nnd half as calcium nitrate. 


All treatments ol pots were made in duplicate. The mineral 
nutrients were added. in solution and the organic materials (ground to 
pass 100 mesh or finclr) were mixed with the sand to which 1 percent 
of water had been added to facilitate mixing. The total water con­
tent was adjusted tel a suitable quantity and was held constant by 
daily additions of distilled water according to the loss in weight of 
each pot. All the pots were inoculated with a few cubic centinleters 
of a soil suspension. Ten millet plants were grown per pot after thin­
ning down from a planting of approximately 50 to 60 seeds. 

The plants were haryested wh~n it became evid~nt that g.r?wth 
had reached an approXImate maxmlUm under the gIven conditHms, 
as indicated by .\1 ripening or drying up of the lower leaves and lower . 

portions of the stems. A sample of the sand was taken from near 
the center of each pot after harvesting to determine the hydrogen-ion 
concentration. The results of the experiment ~re recorded in table 8. 

The growth of millet receiving no nitrogen was negligible. Them 
was a response to additions of sodium nitrate to the extent of 3.18 g 
of air-dry matter when 0.16 g of nitrogen was added in this form. 
During the course of the experiment the pots containing the two largest 
quantities of N aNOa developed a condition of chlorosis, presumably 
due to lack of iron which, if unchecked, would materially have affected 
the growth. Sufficient ferric sulphate was added to neutralize the 
effect of sodium on the acidity of the medium. Recovery of the plants 
affected was almost immediate and no further difficulty was eAlleri­
enced in this respect. 

Dried blood showed an availability of its nitrogen of approxi­
mately 80 percent since 0.10 g of nitrogen in this form gave a growth 
equivalent to 0.08 g of nitrogen in the form of NaNOa, which is as­
sumed tQ have been entirely avaiIa.ble under the conditions. Peat 
autoclaved with ammonia furnishing 3.16 g of nitrogen gave a 
growth slightly better tha,n 0.04 g of nitrogen in the form of sodium 
nitrate. Its availability may therefore be considered to be about 
25 percent. Were comparison to be made between the yield ob­

I 
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tained with 0.16 g of nitrogen in the form of nitmte and that obtained 
from 0.16 g in the form of autoclaved peat, the indicated ,percentage 
availability would be 69. This comparison is faulty m that it 
involves a comparison of a peat application not in excess with a 
sodium nitrate application which is presumably in excess and 
moreover the plants receiving particular sodium nitrate application 
were affected by chlorosis. However, in the use of 0.32 g of nitrogen 
in the form of ammonia, a growth was obtained greater than by 0.16 g 
of nitrogen as sodium nitrate. The availability in this case cannot 
be directly calculated since there is no pot having sodium nitrate 
givin~ an equivalent growth. It. is significant to note, however, the 
superIOrity over the pot having 0.16 g of nitrogen as sodium nitrate. 

Peat autoclrved with ammonium hydroxide and potassium hy­
droxide, and \"'lth ammonium hydro:ll.'lde, potassium hydroxide, and 
rock phosphate, gave growths which were practically equivalent to 
that obtained with peat autoclaved with ammonia alche. The 
samples treated with calcium hydroxide were much less effective, 
but gave a better yield than raw peat. The effectiveness of the 
nitrogen in the latter is very low. 

The phosphate e:ll.1>eriment was carried out similarly to the nitrogen 
e:ll.1>eriment except that the basic fertilization was changed to permit 
the use of phosphate in the form of calcium acid phosphate 
(CaH4 (POj )2.H20) as the variahle. Nitrogen was added in amounts 
of 0.16 g, half of which was in the form of ammonium sulphate and 
half in the form of calcium nitrate. The amounts of phosphate 
calculated as phosphorus pentoxide varied in the check series from 
none to 0.10 g. 

Peat autoclaved with anmlonia, potash, and rock phosphate in an 
amount equivalent to 0.05 g of phosphorus pentoxide gave a growth 
of 0.81 g, as compared with 0.15 g for untreated rock phosphate and 
4.44 g for the superphosphate. A growth of 2.52 g was obtained by 
the use of 0.10 g of phosphorus pentoxide in the form of the auto­
claved peat. These results show that the availability of the phos­
phate in rock phosphate under the give.n conditions was materially 
mcreased by the autoclaying process, since the pots containing raw 
rock phosphate as a source of phosphorus were practically no better 
than the blanks. It is recognized, however, that a single test is not 
conclusive. 

In the potash experiment it was found that the potassiUIh in the 
form of KOH used in autoclaving was essentially all available in 
comparison with the potassium of K2S04 used in the check series. 

The relative appearance of some of the plants is shown in figure 3. 
A second e:ll.1>eriment was carried out in poor sandy soil, using saw­

grass peat autoclaved 'with ammonium hydroxide, potassiumsul'phate; 
and rock phosphate as fir fertilizer in comparison with a fertilizer of 
the same percentage composition consisting of nitrogen in equal 
amounts in the form of ammonium sulphate and sodium • nitrate, 
potash in the form of potr..ssium sulphate, and phosphorus in the 
form of calcium acid phosphate. The constituents expressed as 
nitrogen, phosphorus pentoxide, and potassium oxide were, in both 
cases, approximately in the proportions 4: 12:4. The soil used was 
the Norfolk loamy fine sand. The fertilization treatments were 
made with the following U1!~terials: (1) (NahS04, N aNOa, K 2S04, 
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and CaH4 (P04)2.H20; (2) saw-grass peat autoclaved with NH40H, 
K2S04 , and rock phosphate; (3) saw-grass peat autoclaved with 
N~OH, K 2S04, and CaH4(P04)2.H20; and (4) (N~)2S04' NaN03, 

K2S04 , rock phosphate and mw saw-grass peat. 
The weights of each material used in the experiments were such as 

to be as nearly equivalent to the analysis of 4 percent nitrogen, 12 
percent phosphorus pento};:ide, and 4 percent potassium oxide as 
possible. -

Applications were made in gallon pots at the rate of 500, 1,000, 
1,500, and 2,000 pounds per acre. Five pots were used in each 
specific treatment, including one set having no treatment. The 
materials were mi:..:ed with the soU in a mO;3t condition. Millet was 

FIGURE 3.-A, Growth oC millet In quartz sand usfn~ rnw and treated saw-gra,s pent as II source of nitrogen
compared with sodium nitrate; I, No N; 2,0.0·1 g oC N as NIl:-l"OJ; a, O.OS g oC :-I" as NaNO,; 4, 0.10 g N IlS 
NaNO,; 5, 0.10 g: oC N as dried blood; 0, 0.16 g oC N as pent Butoclnvcd with NflIOH; 7, O.32goC N IlS pent
nutoclnved with NH.OII: 8, 0.10 g oC N as pent IlIII.oclu\·(>d with NIl.OII nud ROIl; D, 0.10 g oC Nns peat
nutoclnved with NIl,Oll, ROll, nnd rock phosphllte; 10, 0.16 g oC N liS peat nutoclaved with 5.0 per­
ccnt CnO; 11,0.16 g oC N us pent autoclaved with 11.0 percent enO; 12, O.lOgoCNasfllwpeat. B, Growth 
oC millet in qunrtz snnd nsing trentod saw-grasspcnt us n sonrce of phosphnte in compllrison with calcium 
monophosphate nncl with rock phosphate; 7, No llhOsphat(\; 8,0.05 g oC P,O. II~ CnIl. (PO.h.n,O; 9, 
0.10 g of P,O. as CnU. (PO.h.lhO; 10, 0.0.1 g oC P,O, ns (lent Rutoclaved with NH,OH KOn, ancl rock 
phosphate; n, 0.10 g oC }',O. us pent n!ltoclnveu with Nll.on, ROlf, lIuli rock (lhosphntoi 12, 0.05 g oC 
p,O, IlS rock phosphate. 

grown as in the first experiment and the moisture content of each 
pot was kept such that the soil was in an optimmn condition, or 
as neurly so as possible . 
. The results of this experiment are shown jn table 9. A. maximum 

growth was obtained by as low as a l,OOO-pound per acre applica­
tion of the 4 :12:4 fertilizer consisting of ammonium sulphate, sodium 
nitrate, superphosphate and potassium sulphate, which hereafter 
will be referred to as the standard of comparison. The yield from 
the 2,OOO-pound application of this material is slightly less than from 
the l,OOO-pound and the 1,500-pouud applications. That the soil 
itself was poor is shown by yield of the checks which was an average 
of only 0.25 g per pot of 10 plants. 
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TABLE i}.-Daia on pot experiments with millet grown in Norfolk loamy sand, peat 
and other fertilizing materials 1 being used 

Avernge pH ofoven-dryApplicn­ soil (col­Treatment 	 weighttlOn orimet­of ric)plants' 

--'-------------------~---------
I Pounds 

Grarml 
0.25 4.60 . 
1.98 4.55 
3.48 4.60:;:~~::~~~:~-~:,~~~~~:~:.::~-;-~~:~:~::-.~~~~~~~~~~~~~~~~~~~j{.~e~~~i· 
3.47 4.55 

2,000 	 3.00 4.55 
.62 4.65 

1.12 1.70Peat autoclaved with NH401I, rock phosphate, and K,SOj_ •••••••••••-.. { t: ~ 1.92 4.60 
2. 70 4.70 
.06 4.50 

1.94 4.50Pent autoclaved with ND401I, CnD4(P04),.H,O, and K'S04'······.··••_ { i~ m 3.06 4.50 
2,000 3.57 4.45 

1.02 4.55 
1. 96 4.50(l-."Hj),SOj, NaNO" raw pent, rock phosphate, and K,SOj_••••.•••.•••••_ { d81 2.72 4.50 

2,000 3.50 4 .• ;5 

I F.rtilizers contained 4 percent nitrogen, 12 percent phosphorus, and 4 percent potassium oxide as nearly 
as pID.lslble.

, Roots not Included. 
~ Contained 6.1 percent N. 	 " 

~....:~~~~-~~(¢~ 
FIGURE 4.-Growth of ml11et on poor sandy soli as nffected by fertilization with treatell saw-grass peat: 

II, No fertilizer; 12, pent autoclaved wltb NiljC.H, rock phosphnte, and K,SOj (4:12:4 composition),
500 pounds per ncre; 13, same as 12, 1,000 pounds pcr acre; 14, sallie as 12, 1,500 pounds per acre; 15, same 
as 12, 2,000 pounds per acrc. 

A 2,OOO-pound application of the peat autoclaved with ammonium 
hydroxide, potassium sulphate, and rock phosphate gave a growth 
of 2.70 g. The value is greater than the 500-pound application of the 
standard but less than the 1,000-pound application. The effective­
ness of this fertilizer is therefore between 25 and 50 percent, compared 
with the standard. 

The potshaving applications of the lnixture of ammonium sulphate, 
sodium nitrate, raw peat, rock phosphate, and potassium sulphate 
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indicated that the phosphorus 4 in the rock phosphate under the acid 
condition of the medium was sufficiently available for a 2,OOO-pound 

, '. - " ,,""" Il:l 

~~.~.P;!@~¥~, .~~ 
FIGURE 5.-Growth of millet on poor sandy soil enriched with a complete mineral fertilizer as compared 

with fertilization by treated snw~grass peat: 6, No fertilizer; 7, mineral fertilizer (4:12:4) 500 pounds per 
acre; 8, same as 7, ],000 pounds per ncre; 9, pent autocln7ed with NE,OR, rock phosphate, and K,SOj
(4:12:4) J,500 pounds per acre; 10, snme lIS 9, 2,000 pounds per acre. 

FIGURE 6.-Growth of millet on poor sandy soil as affected by mineral fertilization: 1, No fertilizer; 2, 
(NE,),SOf and NaNOa, CaR4(P04l2.R,O nnd K,S04 (4:12:4 composition) 500 pounds per acre; 3, same 
as 2, 1,000 pounds per acre; 4, same lIS 2, J,IlOO pounds per acre; 5, same lIS 2, 2,000 pounds per acre. 

application to give a growth corresponding to the 1,OOO-pound appli­
cation of the standard. It may be said, therefore, with reasonable 

, The phosphoric acid content oC the peat itself Is neglected since this value is approximately only 0.1 to 
0.2 percent of the raW' peat used. 
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certainty, that under these conditions nitrogen is the limiting factor 
in the peat autoclaved with ammonium hydroxide, rock phosphate, 
and potassium sulphate. 

The peat which was autoclaved with the soluble phosphate, 
CaH4 (P04)2.H20, instead of the rock phosphate, was included to 
determine the difference in the behavior of these two forms of phos­
phate, other factors being as nearly equal as possible. However, a 
comparison cannot be made since this material contained 6.1 percent 
of rutrogen as compared with the approximate 4 percent in the other 
materials, the increased nitrogen content resulting from the reaction 
between all'.monia and the acidity of the monophosphate which was 
not taken into consideration in the preparation. The effectiveness of 
this fertilizer is 50 percent of the standard, having a yield from the 
2,000-pound application equivalent to the 1,OOO-pound application of 
the standard. 

The relative effects of these treatments are also shown in figures 
4, 5, and 6. It is realized that the two series of pot e:x-perimentsare 
not adequate for final conclusions as to the value of this material. 
They show the de~ee of availability under two sets of special condi­
tions. The work IS being continued in the Soil Fertility Division of 
the Bureau of Ohemistry and Soils. 

DISCUSSION 

The decomposition of raw peat in the soil, as indicated by the carbon 
:5 dioxide evolution, is extremely limited in extent whether or not the 

inoculation by soil be supplemented by nutrients. When the peat is 
subjected to treatment before mixing with soil the evolution of carbon 
dioxide varies between wide limits and according to the type of 
treatment. Extraction of the peat by alcohol, or alcohol ether, 
increases its rate of decomposition but slightly, while autoclaving 
the peat at 1500 O. for 3 hours with ammonium hydroxide or calcium 
oxide greatly stimulates the rate of decomposition. The extreme 
limits for a 30-day period are 7 mg of carbon dioxide fvr a sample of 
raw saw-grass peat and 401 mg for a sample of the same type of peat 
digested with 25 percent of its weight of calcium oxide. 

n is possible to arrive at an estimate of the quantity of peat actu­
ally decomposed in these changes. The sample of saw-grass peat 
used in these e:x-periments contains approximately 55.2 percent 5 of 
carbon (8, table 5). The evolution of 7 mg of carbon dioxide per gram 

0.007 X 12 0 hil fof peat corresponds to 0.552 X 44 X 100 or .3 percent, w e or 401 
mg the decomposition becomes 17.6 percent. This calculation as­
sumes no decomposition of the peat to have occurred during the treat­
ment, bet table 6 indicates that some decomposition does occur. 
Also, it has been shown by Schneider and Schellenberg (23) that a 
peat treated with sodium hydroxide for 2 hours yields 40 percent of a 
humic acid containing 63.1 percent carbon as compared with 54.5 
percent of carbon in the original peat and 52 percent in the insoluble 
residue. 

In general, autoclaving with bases is very effective as a means of 
promoting decomposition of peat in the soil, and, indeed, in the cases of 
ammonium hydroxide and of lime produces an evolution of carbon 

6 This value corresponds to 61.79 percent on the ash·free bas!s, as g!ven in the re(erence (or the 32·!hch 
layer. 
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dioxide approximately two thirds that from sweetclover. The treat­
ment with cold 40 percent hydrochloric acid is also remarkably 
effective. 

There are certain indications that the soluble hydrolytic products 
are more readily decomposed than those that are insoluble. This is 
not true in all cases since there is relatively little soluble matter in 
the material produced by hydrochloric acid and by lime, while these 
are quite readily decomposed, and in the sulphite treatment of the 
sphagnum-moss peat the insoluble product is more active than that 
which dissolves. In this last case the greater activity of the insoluble 
residue is attributed to its higher cellulose content. 

It may be assumed that any treatment which will increase the rate 
of decomposition of peat in the soil will increase its value as a fertilizer 
component. The nitrogen of the peat which, in. its raw condition, is 
almost wholly unavailable, may be expected to become available as 
the decomposition proceeds. The inorganic ash components should 
also be liberated and at the same time those benefits will be derived 

'which are ordinarily ascribed to the presence of humus in the soil. 
When peat is treated with either aqueous or anhydrous ammonia at 

elevated temperatures, and under pressure, changes are produced 
which are of special interest. Although, as has been pointed out, the 
greater portion of the nitrogen so added is not present as ammonium 
salts, there is, nevertheless, ample evidence that nearly all of it is 
present in a form immediately or ultimately available to plants. The 
product is not only desirable by reason of its chemical composition and 
behavior in the soil, but it has physical characteristics which make it 
attractive as a means of distributing fertilizing material within the 
soil. 

The reaction of ammonia with peat seems to be general for all 
varieties of peat and there appears to be no relation between the 
nitrogen content of the raw material and the maximum increased 
content of the product. 

From the available data it appears that the maximum nitrogen 
content of the product is greater with high-nitrogen peats, though 
whether any notable portion of this original nitrogen is made available 
is not yet determined. The character of the nitrogenous compounds 
in the ammoniacal peat also remains to be determined. Nevertheless, 
the data assembled indicate that ammoniated peat gives fair promise 
of furnishing a highly useful fertilizer material. Whether such con­
version of peat will repay the cost of manufacture is a question 
beyond the scope of this investigation but is being given attention by 
the Fixed Nitrogen Research Laboratory in the work to which refer­
ence has already been made. 

The data so far obtained by the writers make it appear that there is 
no evidence of decomposition of peat under anaerobic conditions sub­
sequent to its formation (8, p. 24) nor from the present data dealing 
with aerobic conditions is there evidence of material chemical altera­
tion. It would seem probabie, therefore, that any beneficial results 
from the use of raw peat in agriculture must be ascribed to alteration 
in the physical condition of the soil or to the water-holding and base­
exchange capacities of the material rather than to any direct utilization 
of the peat itself, as a source of plant food. 

The availability of the nitrogen jn ammonia-treated saw-grass peat 
was found to be from 25 to 50 percent from the results of 2 pot 
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experiments, 1 in quartz sand and the other in a poor sandy soil. 
The percentage of added nitrogen over the original nitrogen in this 
part.icular peat is slightly over 100 or, in ot.her words, t.he nitrogen 
content has been doubled. There is reason to believe that the added 
nitrogen is far more effective in the nutrition of growing plants than 
the fraction of the nitrogen originally present which has undergone 
the same or similar treatment, since the samples which were auto­
elaved with lime, wIllie showing a. superiority over raw peat, did not 
show as high nitrogen availability as did the ammonia-treated peat. 
It is reasonable to assume, therefore, that with a peat in which the 
added nitrogen was present to the extent of nearly 10 times the original 
content, as was the case with a sample of sphagnum-moss peat, much 
more favorable results would have bf'en obtained with respect to the 
percentage availa.bility of the nitrogen, although the quantity of total 
nitrogen would have been only 6.38 percent for the sphagnum-moss 
peat in comparison with 8.74 in the case of sl1w-grass peat (table 3). 

SUMMARY 

A study has been made of the decomposition of peat when mixed 
with soil as measured primarily by carbon dioxide evolution. The 
samples of peat were used in the raw condition and as the products of 
various types of chemical treatments, including extraction by solvents 
and reactions with water: acids, and bases at ordinary and at elevated 
temperatures under pressure. The raw peats decomposed very 
slowly, whereas peat treated at ordinary temperature with 40 percent 
hydrochloric acid or at 1500 C. under pressure with lime or ammonia 
decomposed quite rapidly, the maximum rate being approximately 
two thirds of the rate of sweetc10ver under the same conditions. 

Peat is capa,ble of reacting with ammonia in such a way that rela­
tively large quantities of nitrogen are added, yet only a fraction of 
the added nitrogen is ammoniacal in form. This reaction was studied 
at temperatures varying from 500 to 2250 C. and for periods of time 
varying from 1 to 36 hours. The percentages of added nitrogen 
ran,ged from 2.83 to 5.78 on the basis of the dry product. There is 
apparently no relationship between the nitrogen originally present 
and the additional nitrogen taken up in the treatment. Lignin, 
sulphite-waste liquor from the paper industry,' and soil organic 
matter were also found to respond to the ammonia treatment by 
showing increased percentages of nitrogen. 

Fertilizer pot tests with millet in quartz sand are believed to indicate 
that the possibilities of preparing a satisfactory nitrogenous fertilizer 
from peat by the action of ammonia are excellent. The immediate 
availability of the total nitrogen in treated samples of saw-grass peat 
was found to be between 25 and 50 percent, as compared with inor­
gl1nic nitrogen. The availability of the phosphorus in rock phosphate 
is apparently increased by the autoclaving process when the rock 
phosphate is added previous to the treatment with ammonia. The 
data on fertility are incomplete, and the work must be continued in 
order to make definite conclusions possible. 

~ 
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