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INTRODUCTION

Numerous studies have been made on the decemposition nf various
materials by soil mic =oorganisms. Considerable information is avail-
able concerning the Jecomposition of fresh plant material added to
the seil as green manure, &nd it has been found that such material
hndergoes rapid decomposition. This is presumably because it con-
3ains relatively large proportions of readily decomposable substances

consisting chiefly of simple and complex carbohydrates, amino acids,

ertain proteins, etc. Such decompositions are spparently accom-
anied by an increase of the proportions of ligninhke materisls in
s>the residues. ‘

g The behavior of peat when incorporated in the soil is quite different
from that of fresh plent material. This perhaps may be expected in
view of the fact that its composition differs greatly from thet of its
parent plant materials. A partial decomposition has already occurred,
the extent of which is dependent upon a number of factors in the for-
mation, such as type of plant material, climate, water level, etc. In
general, the predominating portion of & $e&t consists of ligninlike
material and this may be expected to retard its rate of decomposition.
Lignin, as a constituent of plant material, is usuaily considered to be
very resistant to microorganisms and for this reason it is believed to

2c0me an increasingly lazger fraction of partly decomposed materials.

Phillips and his associates {19} have recently suown, however, tha

lignin may decompose quite rapidly under certain conditions.

1 Ttallc niimbers in parenthesss refar to Literotnre Cited, p. 31,
486°—33—1




2 TECHNICAL BULLETIN 388, U.8. DEFT. OF AGRICULTURE

In e previous study of peat profiles (8) it was demonstrated that
peat from various sources contains apprecieble quantities of carbo-
hvdrates, such as cellulose, hemicellulose, etc., which have not dis-
appeeared in the formation of the peat, and therefore should be subject
to fermentsation under proper conditions. As the partial review of
the literature, which follows, indicates, such decomposition te any
noteble 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
8s a soil conditioner and as & component of fertilizers. A study such
as was contemplated might be expected &t least to throw light upon
the behavior of peat in the soil and furnish a better basis for its
evaluation. If anmy ressonsbly attainable conditions could be found
under which peat will function as an ordinary green manure, the
enormous stoves of it in nature would become available as a source of
supply of soil organic matter,

In the course of the investigaiion various heat freatments were
employed and one of these, autoclaving the peat with smmonium
hydroxide, proved of unususl interest. Accordingly, a special study
of the product and nature of this resction was included. During the
progress of the research it developed that 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 hquid
ammonia, with & view to the development of an orgenic carrier of
nitrogen. Further study of ammoniated peat for fertilizer purposes
is bemng carried on by them.

The material so produced has interesting physical properties and
& 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 OF LITERATURE

A review of the literature reveals a number of studies of the decom-
position of peat which may be surnmarized bricly.

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

Pest is the seat of retarded biological aclivity in its natural siate,
as demonstrated by Demolon and Boischot (§). They found only
slight differences in the carbon dicxide evolution of incculated and
uninoculated samples. The peat responds somewhsat to neutraliza-
tion by lime and also by previous heating to 100° C. for & short time.

Melin, Norrbin, and Odén (78) found that the fermentation of
untreated peat inoculated with sludge was very siow but was increased
considersbly by addition of 0.05 to 1 percent calcium acetate. The
ges composttion was found to be 62 to 78 percent methane and 30 to
13 percent hydrogen. Only cellulose, hydroceliuloses, pentosans, and
hexesans, but not the bramic acids or lgnins were attacked.

According to Kissling and Fleischer {14, p. 887), decomposition

rocesses are more ective in a low-moor than in e high-moor peat, as
indicated by the carbon dioxide countent of the soil air in each case.
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Addition of burned lime to moss peat (72, p. 906) gave &n average
value over several months of 3.91 grams of carbon dioxide caleulated
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 hed less effect than the burned lime.

Schmidt (22) states acid hydrolysis of peat followed by neutraliza-
tion with caleium carbonate reduces the resistance to bacterial attack.

Wollny (32, p. 289) compared the carbon dioxide evolution from
unfreated peat with that from peat extracted with ether alezohol.
The latter gave approximately twice the quantity of cerbon dioxide.
Addition of a nuftrient solution (32, p. 113) to = sample gave 8.5
volumes of carbon dioxide compared with 6.8 volumes for untreated
peat. Another sample (32, p. 263) was boiled with hydrochloric acid,
filtered and its decomposition compared with a semple boiled with
water only. The values obtained for ecarbon dioxide were 8.037 vol-
umes anc 35.904 volumes, respectively, over a period of 5 days. A
Lime humete (32, p. 267-268) was prepered by treatment of peab
with alkeli solution, at room temperature, filiered, and the filfrate
treated with calcium chloride. The precipitated material was filtered,
washed, and dried for the experiment. Decomposition of the mate-
riel was compared with humic acid prepared as sbove but precipi-
tated with hydrochloric scid instesd of calcium chloride. The lime
humate yielded 16.1 volumes of carbon dioxide, whereas the humic
acid gave 8.9 volumes over an 11-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 t.ge manure which are of greater importance than the
microflora. The addition of lime greatly stimulated carbon dioxide
production but the addition of superphospbate or sodium nitrate
caused no material increase in the activity.

Waksman and Purvis (80) studied the effect of varied moisture
content on the decomposition of saw-grass peat. Samples were
taken from a cultivated field up to 75 centimetérs in depth and
were ineubated for periods up to 560 days. The carbon dioxide
evolved accounted for the greater part of the loss in weight; hnd the
optimum moisture content was found to be 5 to 80 percent. The
total dry matter decomposed calculated from the carbon dioxide
{CX 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 e diflerent locality gave values renging from 4.9 to 45.7 milli-
grams carbon dioxide recalculated to & basis of 1 gram of dry peat
over periods of 54 and 58 days, respectivaly, with varying moisture
contents. Drying and then remoistening peat greatly stimulated the
decomposition.

Waksman 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 pest over a period of 20
days. Addition of nutricents did not increase the ecarbon dioxide evo-
lution of sphegnum 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 pesat caused
relatively small increases in carbon dioxide evolution. Uninoculated
samples, in genersl, gave somewhsat lower values for carbon dioxide
then inoculated samples, but in some cases the reverse was free.

Powers (20) determined the total loss in weight of sphagnum end
saw-grass peats in composting over & period of 4 months. Sphagnum
peat with distilled water lost no weight but with nutrients consist-
ing of 3 percent CaCOs, 2 percent NHNOQ;, and 2 percent X, HPO,,
2 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 for the conversion of
peat into a fertilizer by various means, such as heat treatment, neu-
tralization, mixing with sewage or other effluents, addition of salts,
or by baeterial inoculation. Included among these are several recent
patents (6, &, 7} for the uvse of pressure treatment with ammonia at
temperatures ranging from 200° to 300° C.

Walton and Gardiner, of this Bureau, have recently been granted
& patent {81) for the production of & fertilizer containing a substan-
f;ifﬁ percentage 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 & hot meli
of monopotassium phosphate and phosphoric acid, at a temperature
of 200° ., with & subsequent digestion, cooling, and neutralization
with ammonia.

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

Fertilizer experiments (9) with millet, using raw peat ss a source
of nitrogen, compared with other sources, showed spproximately 10
percent increase in yield of straw over the soil check ss compared
with 68 percent for cotionseed meal, 71 percent for blood, and 91
percent for ammonium sulphate. Peats, in both limed and unlimed
condition, were compared with stable manure in & series of pot ex-
periments with a poor sandy soil (21, p. 172). It was found that 2.6
parts of nitrogen in manure were as efficient as 100 perts of nitro-
gen in limed low-moor peat. The efficiency of the peat wes some--
what less when lime was not used.

Drying a peat at elevated temperatures produced incressing amounts
of soluble nitrogen, according to Tacke, as cited by McCandless (17),
who found 1 percent of the nitrogen dissclved at 104° ., 6 percent
at 194° 0 212°, 10 percent &t 1} atmospheres pressure, and 16 per-
cent at 3 atmospheres pressure.

Lipman and Wank (15) treated peat with sulphuric acid end slso
with sulphurie acid and steam under 25 pounds pressure, but the
product was of practically no value as s source of aveilable nitrogen
when used in a soil,

Logvinove ({6} composted & high-moor peat with a raw phosphate
(phosphorit) and found that 25 percent otp the total phosphoric acid
was converted to a water-soluble form, whereas low-moor peat did
not incresse the solubility of the phosphate.
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DECOMPOSITION OF PEAT
METHODY AND APPARATUS

The course of decomposition of soil organic mstter may be fol-
lowed, with feir accurscy, by measurement of the rate and extent of
evolution of carbon dioxide (28, p. 184; 26, p. 294). Estimation of
the rates of formation of ammoniacal and nitrate 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 semples 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
sama relafive moisture content which was 50 percent of the water-
holding capaeity, & 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

; 7 et
5004 LARE SODMUM HYDROKDE TAAP  CaRBOR DIOXIDE
ABIGRBING UNIT

Figure L—Diagram of apparatus used for the collectlon nnd drlermination of carbon diozide.

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 co Erlenmeyer flasks, and
the issuing sir bubbl?ad through a suitable quantity of 0.5 N sodium
hydroxide in a 250 ec flask and thenee through a bead tower for
comglete absorption of the carbon dioxide.

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 neutral barum chloride solution and titrating
the residual sodium hydroxide. All joints and connections in the
apparatus were carefully sealed with shellac or paraffin throughous
each experiment. The aerstion of the flasks containing the samples
was continuoug for all semples for the pericds indicated and the
determinations of the carbon dioxide were made periodically.

Nitrogen, in the form of nitrate, wasdetermined in the soil and peat
mixtures by the use of the zinc-copper couple reduction method,.
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essentially as described by Secales (271). The method was varied
somewhat, depending on the quantity of nitrate nitrogen present,
In cases where very small guantities of ammonia were evolved in the
reduction, corresponding to small quantities of nitrate, Nessler's re-
agent was used to determine ammonia, whereas, for larger quantities,
titration was made in barie 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 chicroform had been added to prevent bac-
terial action on the nitrates. A 200 cc aliquot portion of the filtrate
was used in the determination efter discarding the first 50 to 109 ce
passing through the filter paper to avoid any loss of nitrate dve to
retention by the filter paper. This method was quite satisfactory
and appeared to be aceurate within limits of 2 to 5 parts per million
of nitrate nitrogen, depending on the quantity present and the size of
sample used.

Ammoniacs} nitrogen in the samples was determined by distillation
with magnesia and total nitrogen by the Kjedldahi-Gunning-Arnold
method (f). The hydrogen-ion concentration was determined by
means of the hydrogen 5ectrode 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
cordition or treatment through which peat might be induced to func-
tion in the soil as an orgenic manure, the various %inds of peat wers
investigated 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 (§}: sphagnum-moss peat
(surface layer) obtained from South Lubec, Maine, through the cousr-
tesy of A. P. Dachnowski-Stokes; an imporied sphagnum-moss peat
obtained from Pennrich & Co.; a heath peat (surface layer) from
Beaufort, N.C., previously described (8); fresh saw-grass tops and
sweetclover. All the samples were air-dried and the peats were
ground to pass a 1-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 Chester series,
as found in the vicinity of Falls Chureh, Va., which had rlso been
pir-dried and passed through & 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 suriace layers of Florida saw-grass peat and Maine sphagnum-
moss peat were used, Portions of each (12 %) were refluxed for 5
hours with about 200 cc of aleohol, followed by filtering and wash-

mg, The residues were dried, reground to pass a 1-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. FEther-alcohol extrac-
tlons were made similarly on samples of f:e same peats. Filtrates
were discarded in oll cases, only the insoluble residues being used for
experiment.

TREATMENT WITH WATER

Baw-grass peat was heated in a high-pressure autoclave with water
for 6 hours at 150° C. One hundred grams of peat were used with
1,700 cc of water in the heating. One gram of the evaporated material
weas mixed with 50 g of soil for decomposition. In preparing this
material an autoclave of cast iron was employed, ss was also the
case in other heat treatments where larger quantities of imaterial
were required than could conveniently be prepared by the use of
Carius or sealed combustion tubes.

ACID TREATMENT

Ten-gram samples of sphagnum-moss peat, heath peat, and saw-
grass peat were treated with 150 cc of 3 percent sulphuric acid. The
solutions were boiled for 5 hours then filtered and the filtrate nearly
neutralized with CaO. The precipitated CaSO, was filtered out and
the resulting filtrate recombined with the insoluble pest residue which
was then completely neutralized with CaQ, evaporated to dryness
and reground to pass a 1-mm mesh sieve.

Saw-grass peab was treated with concentrated sulphuric acid in the
cold and also at the temperature of the steam bath for approximately
18 hours. Bufficient of the concentrated acid was added to 15-
samples to moisten the entire mass thoroughly. About 7 ce of aci
wag used in each case. Subsequent to digestion 1 sample of each
treatment was neutralized with lirze, 1 with ammonium hydroxide,
and 1 of each was diluted with wuter and filtered. The residues in
the last case were neutralized with a small quantity of lime. Each
sample was then air-dried and amounts corresponding approximately
to 10 g of the original material were mived with 150 g of soil.

Samples of saw-grass peat and sphagnum peat were treated with
40 percent hydrochloric acid at 150° ug and at room femperature.
Pyrex combustion tubes of the Carius type were used for the high-
temperature work. Samnples of saw-grass peat weighing 2 g wave
Placed in pyrex combustion tubes with 30 cc of the fuming acid in
each and sealed. A temperature of 150° was maintained by means of
an electric furnace for approximately 3 hours. Sphagnum peat was
treated similerly except that smaller samples had to be used 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 asid,
10 g each of saw-grass peat and sphagnum peat were trented with
200 ee of the acid in a flask and left stoppered overnight. Most
of the strong acid was removed under reduced pressure snd the
remainder evaporated at a temperature not exceeding 50° C. One
gram of Ca0 was added to each sample, a few cubic centimeters of
water added, thoroushly mixed, and again evaporated to dryness.
Amounts l(ia:n'responding; to 3 g of the original samples were used with
50 g of soil.

alcium bisulphite solution was used in a manner corresponding
roughly to the practice of the paper industry for removing lignin in
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the manufscture of wood pulp (78). The solution, as made up, con-~
tained approximately 4 percent of free sulphur dioxide and 1 percent
of sulphur dioxide combined with lime. g&w—grass peat and sphag-
num peat were breated with somewhat varied quantities of calcium
bisulphite solution in sealed combustion tubes. The temperature
was 130° to 140° C. ond the time of heating an average of about 4
hours. The solutions were filtered after heating and the sotuble and
msoluble matter of each peat was used separately on mixing 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 mixture was mixed with the soil in the proportion of 10 peat to
150 grams of soil. The same procedure was carried out with the heath
peat except that 9 percent of C20 was used because of its more highly
acid condition.

A steam distillation in the presence of CaQ was carried out with
12-5 samples of saw-grass peat and sphagnum peat. Oune gram of
Ca0 was used with 150 cc of water and the mixtures were distilled for
5 hours after which they were filtered and the fii ates discarded.
Tfen ﬁra,ms of the insoluble material were used to mix with 150 g
of sal.

A 12-g sample of heath peat was boiled with 500 ce water and 10 ce
of concentrated NH,OH for 5 hours. A second addition of ammonia
was made after the odor of the first portion had disappeared. The
elfltir?l mixture was evaporated to dryness and 10 g used with 150 g
0l s01l,

Other samples of saw-grass peat were treated with varylng amounts
of CaQ in a high-pressure sutoclave for 3 hours st 150° C. The
percentages of (a0 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 ec of water in tl. heating,

A sample of saw-grass peat was heated 8 hours at 150° C. in a
sealed pyrex combustion tube with 20 cc of 20 percent NaOH per gram
of peat. Concentrated hydrochloric acid was added to the mixture
after heating, with subsequent dilution, and Sltration. Washing
was very difficult and the residue was evaporated to dryness, after
which water was added and the residue again fitered and washed.
This material countained considerable silica dissolved from the glass
used in the beating, Three grams of the material were mixed with
50 g of soil. Bolulions of 3 ﬂercent and 6 percent NaOH also were
used on saw-grass peat and heated in pyrex tubes for periods of 3
hours at 150°. The amount of solution used in each case was 20 ce
per gram of peat. The mixtures were filtered after heating and the
soluble portions were used in mixing with the soil in the proportion
of 1 g to 50 g of soil. Tt was found that 40.3 percent of the peat was
rendered soluble by 3 percent NaOH and 74 percent by 6 percent
sedium hydroxde,

Samples of saw-grass peat were heated with NH,OH at varvi g
temperatures, with varying concentrations and for varying periods of
time both in the sutoclave and in the pyrex combustion tubes. The
trentment used for the samples on which the carbon dioxide evolution
in soil was determined, however, wns 20 cc of concentrated ammonium
hydroxide per gram of peat, heated 6 hours at 150° C. Saw-grass
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peat was also treated with smmonium hydroxide and potassium
hydroxide.

The smount of peat used was 125 g with 1,250 cc of concentrated
ammonium hydroxide, 7 g of potasstum hydroxide, and 1,250 ce of
water. 'The final product contained ap roximgtely 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 aminonium hydroxide, potassinm oxide, and Ten-
nessee brown-rock phosphate was also autoclaved with saw-grass
peat in-a menner similar to that described for ammonium hydroxide
and potassium oxide. The firal product contained 5.9 percent
phosphoric acid and 2.9 percent potassium hydroxide expressed as
potassium oxide.

Samples of saw-grass peat, sphagnum-moss peat, and heath peat
were refluxed with %’.me water for a period of 125 hours. Arn amount
of calcium oxide was used with 20 g of peat in 425 cc of water such that
the final percentsge of calcinm oxi(%e in the peat was approximately 25.
Another set of the samples were refluxed with s 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.

DECOMPOBITION OF HYDPROLYTIC PEAT PRODUCTS

RESULTS
The results obtained by attempted fermentation of the samples,
prepared as described, are assembled in table 1.

Tasre 1.—7The decomposition of raw peat in soil and as affecled by various chemical
trealments

SECTION 1
UNTREATED {AIR-DRIED PREVIOUS TQ USE)

Material nsed for
fomposts

Deseripiion of
treatment

COs
evolved

Nitrato
dirogen

Amiagnincnt
mitrogen

Before
decom-
position

After
30 days

Before
decom-
prosition

After
30 days

Chester spil
Do__ .. -

Florida saw-grass
Ops

LODS,
Florida sweetclover.
Fiorida saw-grass
peat:

-| Blnnik, 150 g of soff

Biank, limed {150 g soil
plus ¥ g Ca0l.
Mo treatment ...

Al pter

¢
3
3. 85

Parts per
‘miffien

Farls per
il !':‘on2

83 Inches,
B0-88 inches
-4 Inehes

Mauine sphagnom-
mcss peatl.

Imported  sphag-
nUm-moss peat.

North Careline
heath peat.

da

Cunitivated Io eabbape
{pravictd {o collection
of sarntples).

Cuitivated jn cabbage
(pravious ta eolteotion
of spmple; no  soll
nefded).

Na trentment.

Parts per
willion

FParls per
witlion
415

132 doys’ decomposition,
4486°—33——2

* 8% days' niirate seoumulatlon.
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TaBLE 1.—The decomposition of raw peat in soil and as offected by various chemical
treaimenis—Continued

SECTION 2
TREATMENT WITH ORGANIC SOLVENTS

Nitrata Ammoningal
Material used for nitrogen nitrogen
COMmposts

D?cri%:tiont of CIO: d
reatmarn evalva
Belora After Bafore After

decom- decom-
position | 30 d8¥s | iciiion | 20 da¥s

My per Party per | Parts per | Parts per | Paris per
¥ mz!ﬁaunl wmiftion | millien | miltion

Florl:{a saw-grass | Exiracled with aleohol- . a8
peat.
p

Same sample, decompo- 4
gition continued for
second 30-duy period,
nutrients nd eé::

Extracted with ether al-
eohol.

Samg sumpls, decompo-
sition gontinued Tor
second 30-day pariod,
nutrients added,

Extracied with alechel -

Same sampls, decompa-
silion conlinued Tor
secood 30-doy period,
nutrienis added.

Extracted with other al-
cohol,

Zame sgamplo, decompo-
sition  gantinued for
socond 30-0a J“"ﬁ“d’
nutrientsndded.

SECTION 3
TREATMENT WITH WATER AND ACIDS

Florida saw-prass | Autoclaved with water 132 59 54
pent. ALIER O,
i Eydrolyzed with pil- 7.63 k1
ing diluto H280, peu-
tralized with CaQ.
Treated with concon- 6,15
trated FI;50: {(eold}
neutralized with Cao.
Trested with coneen- 8.5
trated HpB80:;  (hot)
nentralized with Cp0.
| Troated with concen-
trated HeS0: (eold)
fittered and neutral-
jzed with Ca0.
Treated with concen-
trated EH804 {cold)
filered and neutral-
fzed with NI, 0,
Trented with concen-
trated  ES0. (hot)
flitered and neutrnl-
lzed with Ca0.
Treatetl with 40 norcent
HC (eoldy, soma Cal
ddded to residue.
Treated with 40 percent
Ci at 150° C, some
Ca0 added toresidue,
Treated with CafH50;:)r
at 130° to 140° C. in-
soluble fraction (68
nrerceeat).

132 dny¥s’ decomposition,
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TasLe 1.~-The decomposition of raw peal in soil end as effected by various chemical
trentments—Continued

BSECTION 3—Continued

TREATMENT WITH WATER AND AQIDS—Continued

Matecin! used for
composls

Treseription of
treatment

G0

Mitrats
pitrogen

Ammoniacal
nitrogen

A oend
evalved

Before
decom-
posltion

Alter
30 days

Belore
decom-
position

After
30days

Florida saw-grass
peat.

Maine sphaghuimn-
moss pent.

Imported sphapg-|.

OLM-moss peat,
Mafne sphagoum-
moss peat.

North Carclina
beath pent.

Treated with Ca{HSOx)z
sl 1307 to 140° C. saln-
ble fraction {32 per-

conl).

IErdrolyzed with boiling
dilute Ha50:, neutral-
ized with CoC.

dg

Treated with 40 percent
HCI {eald), some Cal
added to residue.

Autocloved with 40 per-
cent HCL (cotd) at 150°
G., some CaQ added
to residoe,

Autoeleved with
Ca(HS0g)2 nt 130° ta
110 £, insoluble {rac-
tion (48 percent).

Autoelnvad with
Ca{H5M): at 130° to
HI® C., solobls froc-
tign (52 percent).

Hydrolyzed with boiling
diluta H:50,, neatral-
ized with CaQ.

Paris per | Parts per
miltien | miltien
bt 40

Parls per | Faris per
miltion | milfion

SECTION ¢
TREATMT IT WITH B

Florida saw-grass
L.

Dol

| Autoeleved

Ilaw peal with 5 percent
Cal sdded.
Steam distilled with
CaQ nod Hltered.
Same sample, decompo-
sition continued for
second 30-dny period,
nutyfeats added,
Lefluxed 125 hours with
approximately 25 per-
cent Cal,
Autoclaved wilh 5.8 per-
cenl Calr ot 1507 C.
with L6
percent Cad at 150° C.
;\ul:oc}uved with 23 ger-
cent CnO st 150°
Autoclaved with
NHI ot 150° C.,
soluhble fraction (52. [
percent).
Autoclaved with
HOH at 150° G,
whels sample.
Autoclaved with
NEOH and KOH
{5.1 pereent KOH),
Autoclnved with
NH,0H, KOH, and
rock phos haia (3.5
percant KOIL, 5.0 per-
cant Pi0g).
Autoelayed with 20 per-
eont WaOXH, precipi-
tated with meid, and
filtere-.

132 days' decomposltion,

32
&0
13
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TarLe 1.—The decomposition of raw peat in soil and as affected by various chemical
treatments—Continued

SECTION 4-—-Continned
TREATMENT WITH BABEZE—Contloped

Nitrnto Ammaoniseal
nitrogen nitrogen

Material used for Descripiion of [a]a]}
composts treatment avolvad

Before After Before Alter

decom- docpim- i
position 30 days nposition 80 days

Parfg per | Parls per | Party per | Parfy per
’ million | miflien | wmiltion | miflion
Floride saw-grass | Autoclaved with 3 per- : T 1
peat. cant NaOH (20 ce per
yrof peat}; soluble froe-
tion, 40.4 pereenl.
Auvtoclaved with 6 per-
cottt NaOH {20 ce por
g of peat); soluble froe-
tion {74 peresnt).
Relluxed 125 hours with
% percent KEOH (20 ¢¢
per g of peat).
Maine sphagnom- | Steam  distilled  with
m&ss peat. Ca0 god fltered.
L Same sample, decompo-
sition  continoed for

second 30-day perlod,
nutrienls adeded.
Refmxad 125 bours with

all,
b Rel}uﬁd 125 hours with

North Cutolina | Boiled with dilute
henth peat. NH,OH.

Do | Same sample, decompo-
sition  continued for
second 30-day period,
nulrienis added.

Raw Sent with O pereont
Cal) added,

Same satnfle, deecompo-
sition_ eontinued for
second 30-day perfod,
nutrients atlded.

Refluxed 125 houcs with

Ca0.
Refluxed 125 hours with
KOH

Sulphite waste lia- | Autoglaved with
uer. NILOIL,

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 {or the 0- to 4-inch layer of saw-
grass peab over a 30-day period. It was found gossible greatly to
mcrease the latter value by treatment with cold 4Q-percent HCI,
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 pertod of tirne. All the treatments used increased the
rate of decomposition. Hxtraction with organic solvents had in
general the least effect, whereas autoclaving ab elevated temperatures
with ammonium hydroxide or fime had the greatest effect. Duplicate
determinations were found to check satisfactorily.

The acidity of the profile of saw-grass peat gecreases with depth,
and the rate of decomposition shows & tendency toward incressing,
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but the sctual increase is small and no particular significance can be
attached to it in connection with the present data. The heath peat
1s 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
{80), who showed that decompositions of the same order of magnitude
occur when pesats are subjected to serobic 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,)*

The residual pest 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
& second 30-day period, w;;{x 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, 0.0062 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 Waksmon and Purvis (30) and probebly indicate that the slow
rate of decomposition is owing to lack of available organic matter.
Siznilar lack of effect of addition of nutrients was slso found when peat
in the raw condition was treated with lime and when steam distilled
in the presence of lims.

The data presented in section 3 of table 1 offer seversl points of
special interest. When peat is heated 1 an autoclave with water at
150° C., a marked increase in evolution of carbon dioxide takes place
when the evaporsted product is fermented with soil. A somewhat
greater activity is shown by saw-gress and heath peat when digested
with hot dilute sulphuric acid, with subsequent neutralization by lime,
and & very markedly greater activity is shown by sphagnum pesi.

When the saw-grass and sphsgnum 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 t%is 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 velue was 7.4
and for the sphagnum peat 11.9 percent. The quantity for the saw-
gress peat corresponds roughly to the hemicellulose contens, as
reported in previous analyses {&), but is very much lower than was
found for the sphagnum pest. 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 reduc-
Ing 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 semples are treated with seither eold or hot eoncen-
frated sulphuric ecid or heated ai 150° C. with 40-percent hydro-
chloric acid, & marked decrease in fermentable sctivity is noted sas
compared with treatment by hoiling dilute acid or cold treatment
with 40-percent hydrochloric acid. This is more marked in the case
of the hydrochloric acid. The fermentable material remaining is for
the most part soluble, since the insoluble portion is stiil more inge-
tive and for the sulphuric acid residue, at least, approaches the
inactivity of the raw pest. The apparent csuse of this differance is
the slteration of the gecomposable material similar to the ‘“humifi-
cation’ of sugars by acids.

Since eelcium bisulphite is used extensively in the paper industry
to effect a separation of cellulose from lignin, it seented probable that
a like procedure with peat might be effective in making the cellulosic
materiel available for bactenal sction. 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 eomposition 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
spproximetely 20 percent, while in the saw-prass peat it averages
spproximately 50 percent. It is also of interest to note that in the
saw-grass peab the portion rendered soluble 1s active, while the insol-
uble portion, affer treatment with bisulphite, is quiie inactive. In
the case of the sphagnum pesat the insoluble fracfion is more active
than the soluble portion, both being relatively very extensively
decomposed.

In table I, section 4, the dota 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 fltration increased the rate of decomposition to &
somewhat preater extent but stlll not markedly. The addition of
Shive’s nutrient solution weas not effective in alfering the rate. The
results indicate that steam distillation removes no toxie material and
that the failure of the peat fermentation is not due to a lack of inor-
genic food materials. When the pest is refluxed for long periods in
the presence of calcium hydroxide, very marked hydrolyiisis produced
ag indicated by the rate of fermentation. The effect so obtained wes
even grester than when the peat is heated with water at 150° C.
{(table 1, sec. 3). Autoclaving the peat with calcium hydroxide still
further increased its rate of decomposition and, indeed, to a maximum
greater than the best acid hydrolysis seeured. The process of auto-
claving with lime produced but smell amounts of carbon dioxide from
the peat, as iz shown by the fact that even when 25 percent caleium
oxide was used the carbon dioxide present in the dry product was but
3.5 percent.

In this cese the pH value of the product was 11.4. Nevertheless,
but little free hydroxide was present, since ab the end of the fermenta-
tion period the pH value of the peat and soil mixture was 7.8 and the
carbon dioxde was 0.08 percent, which corresponds to approximately
4 percent of the weight of the peat. I is therefore clear that no
appreciable error in the estimation of the fate 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 refluxed for 125 hours with 9
percent potessium hydroxide solution with the result that the rate of
decomposition of dry material produced was fairly rapid and approxi-
- mately the same as by similsr freatment wiih calcium hydroxide.

en saw-grass peat wes heated with g 20 percent solution of so-
dium hydroxide, the residual material, after precipitation with ecid
and washing, had a rate of decomposition somewhat less thar the
product resulting from refluxing 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. 'The peat was
therefore treated with 3 and 8 percent solutions of sodium hydroxide
and heated at 150° C. for 3 hours. This product was then leached
witk. water and the soluble material obtained by eveporation. 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 litfle effect upon its rate of decomposi-
tion but when the peat was heated in a sealed tube, at 150° C., with
en excess of ammoniumn hydroxide the dried residue showed an ac-
tivity in soil in excess of any other material produced except that
treated with 25 percent of calcium oxide. The portion of this ma-
terial soluble in water had a rate of decomposition of the same order
as the soluble portion obtained by treatment with 6 percent sodium
hydroxide.

Examination of this sample showed it to contain 8.44 percent of
nifrogen 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 § grmenta,tion rate of two of these products is included in table 1.
These are the reaction products obtained by autoclaving peat with
potassinom 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 hydroxide it develops an activity comparable to that of peat
treated with ammonia. This is particularly interesting as peinting
to a possible utilization of this waste product.

In the series of treatments with bases the same genersl 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 materiel is more active and the inereased 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, sinee 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
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activity on the part of the soil organic matter ? 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 pest
and with swestclover when these react in the soil under like condi-
tions. Figure 2 gives a graphic illustration of the relative rates of
decomposition of some of these materials.

Ta,bﬁa 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 1, are included those determinsations which
were made of the nifrogen present as nitrates or as ammonia before
and efter 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
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increase of nifrates. In the cases where the rate of decomposition is
reletively rapid the results are not consistent. In a few cases there
is & considerable increase; in the greater number of cases there is either
no increase or it is very small. %‘Iorcover, there occurred an increase
in nitrate content of the soil blanks. These facts make 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-
fion 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
mn table 2. The samples indicated in the table were taken from the
same samples treated as previously described, and no further descrip-

1 Tbe soll contulaod 2.4 percent organie malter by the hydroges-peroxide meihad,
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tion is necessary. It will be seen that when saw-grass peat is auto-
ctaved with ammonium hydroxide presert, even with 5.1 percent
potessium 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.—FEffect of various freatments on the reaction of peal

Typo Treatment

Noup .

Anlprluved with water

-.] Autoclaved with NI,O1.

Autoelaved with NILOHG-5.1 percont KO

Auloclhaved with NI,OFH43.5 pereent KOR4-17.{4 peroent
rock phosphiate.

Autocinved with 5.8 poreont CoO, ..

-} Autecluved with 116 pergent (pQ

Autoelnved with 25 percont CaQ

Refluxeqd 126 hours wilh 25 percent OpQ

4 Hefloxed 125 honrs with § porceat FOL
Nooa

Reftuxed 123 hours with 25 pereant CaQ._

Reluxed 135 hours with 8 pereent KOH . _o.....

None.

ofloxed 1256 hours with 25 pereent CaQ..

Rafluxed 125 hours with § pereen KOO ... ___._____,

$ 005 a0 e g ST e g
BEBBERE

Similaxrly, the same peat autoclaved with 5.6 percent calcinm oxide
has a pH of 6.7 and does not become basic, with a pH of 7.8 until 11.6
percent lime has been used in the autoclaving. The use of 25 percent
caleium oxide results in & product baving o pH of 11.4. This sample
contains 3.5 percent carbon dioxide which, caleulated to the carbonate,
is equivalent to 7.95 percent. Refluxing for 2 period of 125 hours with
the same quantify of lime has approximately the same effect on the
final pH as does autaclaving 3 hours at 150° C.  The extent to which
peat will take up lime has been shown previously by Schneider and
Schellenberg (24), who found over 20 percent of calcium salts soluble
in 5 N HC! after autoclaving & sample of peat with milk of lime from
2 to 4 hours at 180°.

The heath and sphagnum-moss peats apparently have a greater
capacity for lime than s the saw-grass peat. "This iz as should be
expected, since they are inore acid, Their respective values for pH
are 9.15 and $.35 when reffuxed with 25 percent calcium oxide for

125 hours.
AMMONIATED PEAT

FREPARATION OF MATERIAL

Certain features of the reaction between peat and ammonium
hydroxide and of the behavior of the product were of such interest as
to warrant a detailed study. The mitrogen content of the residual
product was from $wofold to tenfold over that of the raw peat. The
increased nifrogen was found to be contained for the most part in the
portion of the peat rendered soluble by tho reaction. The residue was
capable of active and extensive decomposition in the soil. The in-
creased nitrogen content was not, for the most pars, present in the
residue @s ammonium salts since 1t was not removed by distillation
with magnesium oxide. The dried residue was a black, brittle solid,
readily converted to a powder. These properties of the material
indicate that pest might. be converted into a nitrogenous organie
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fertilizer and indeed, by proper admixture of inorganic salts, into =
complete fertilizer. If these objectives can be attained at reasonable
cost, increased utilization of our vast resources in peat would result.

The incorporafion of ammonia with orgenic 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 ammonig at 90° C., 31.2 percent of humic acid was
obtained which contained 6.31 percent nitrogen.

Certain patents have recently been graunted relative to the produc-
tion of fertilizers from peat and other plant materials resulting from
action of ammonin at ]Jjﬂigh temperatures and pressures. Carbohy-
drates of plant origin {wood sugar, cellulose, etc.) {7) may be heated
with ammonia under pressure at 300° C., and it is claimed that prod-
ucts are obtained which confain up to 20 percent nitrogen. en
lignin is heated under these conditions the product contains 10 percent
nitrogen. The time required is about 30 minutes.

According to a patent granied to Ehrenberg and Heimann (5)
materials such as coal and peat are converted to fertilizers by pressure
oxidation at a temperature of 200° to 250° C., using oxygen and
ammonia. A statement is made that the body of chemicaily bound
amumonia 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 first subjected to a partial ““wet: carbonization” followed by 2
pressure oxidation with ammeonia, as described above, aided by posi-
tive catalyzers, such as alkali, alkaline earth, or heavy metal salts.
Oxides, hydroxides, and carbonate are said to be negative catalyzers.

QUANTITY OF NITROGEN ABSORBED

The gquantity 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 combustion 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 end opened. The
gontents 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 residus ¢ould be given a second or third treatment.

The effect of heating with aqueous ammonia for 3-hour periods at
150° C. was determined with sphagnum-moss peat, henth 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 iquor by H. K. Benson, of the University of Washington. The
lignin and sulphite waste were given but one digestion with ammonium
hydroxide. The insoluble restdue in these was so small as to make
further digestion impractical. In the case of the organic matier 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 o 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 fibrous,

The results of these treatments are given 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 incresse com-
pared with 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 Jignin. The ammoniacal nitrogen of the soluble frac-
tions * 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 quantities of absorbed
nitrogen shown by the lignin and the ligninlike waste iquor residues
indicate that apparently the most effective absorbent fraction in peat
is not its lignin 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 materizls and the ameount of increased
absorption,

TaBLE 3.—The effect of NH,OH at 150° C. on various organic materials

Tnereasa
in nilro-
gan con-
tent pyer
originnl
content

Tolal pitragen Ammaonl-
neal ni- Tatal
nitrogen

trapen
Seluble | Tnsoluble| selubls ({1[:\?:'1!11'3}33

fruction | fractivn | fosckion

Nitropen
added by
renetlon

: Soloide
Materiul mutsrial

Malue sphegnuimn-moss pent, | Pereewi | Percent | Percent | Pereent | Pereent | Pereewt | Percent
N s2.12 308 L 6.78 it

0.60 percent 0,48
Marth Caroling heath Jweat, 1.07
percent N 45.-1 LR A11 &h8 7.56 b. 58 284

Fletide saw-grass peat, 3.88 jor-
i 52,8 11.83 B,40 3.4 a8M 4,87 126

cenl N
Lignin from coroeobs, 0.04 por-
cent N - §g.2 3. 53 L8 130 3.31 2.37 252
Sulphite waste liguor,? 0.06 per-
cent N ) 512 |cacrnns 186
Qrgrnic matier fram Mershall .
soil, 2.77 percent extrrcied by
NHyQHE contgining 7.1 per-
eent osh .- 10.75 [ ..., 3.8 R

0. 3% 2.85

1 3 treabments wilk NI, 0H. 2 treaiment with N OIL 3 Almost entirely saluble,

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
tire time of trentment,

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 quantity of solution was used, 20 cc per gram
of air-dry peat; the concentration of the solution was varied from
0.6 to 26.9 percent ammonia. The conditions of heating were con-
stant, being 150° C. for 3 hours.

3 The fraction rendered soluble in nmmenium bydrozida by the repetion is, however, anly partly soluble
in water afler evaporailon Lo drynass,
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TanLe &.—Effect of varying concentrations of ammonia on lhe reaction with sqw-
grucs peal al 156° C. for 8 hours

Con ot NI Ammoni- | fion A A
tion @ 1 mmoni- 1| tlon o 3 mmaoni-
(20 ce solu- n;fl?g';gn ueAl itro- || (20 ce solu- n;{‘l%tggn acal nitro-
tion per g gen ticn per g gon
of prent) of peat}

Percent
Pereent Percenl NI, Pereent
3.88 1LY & . 1.97
=1 1.1% 8 7. L 42
6.74 1.26 2 3 1.53
7.24 141 9. 138

7.5 164 . 3 1.58

I Qriginal maleria) with oo treatment,

The total nitrogen content increased with a fair degree of regu-
larity corresponding to increases in conceniration of ammonia. It is
to be expected, therefore, thee liquid ammonia would increase 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 wvariable 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) or saw-gross peat ab
150° C. 'The insoluble residues after heating for a period of 3 hours
were treated for o second period of 3 hours af the same temperature,
s indicated in the table, in order to determine the effect of removing
the preliminary products of solution.

TasLe 3.—Effect of guantity of selutfon on reaction of ammonia with saw-grass
peat at 150° C.

Ammonpi-

Quantity of Soluble matter ! Total Total nilrogen ncal oitro-
ots, gen

g’ﬁ{%ng:gfg_ Insoluble} material

tinn ‘per pram First Secoud mutter | after re-1 g 00

of nir-Iry peat g?f:]"'l?;g:‘:ft‘ gﬁtﬁggt Total setion | ctions

150° G & eombined

Tosoluble] Whote| Soluble

frnetions |sample féﬁfﬂ?ﬁé’&

Percent | Pereent | Percent Percenit | Percent | Percent | Percenty Percent

38.9 B, 44. 0 . 91,9 11,85 bdt B. 05 3.53
41.2 8.6 3 8. Uit & 12,18 5.2 8,81
44.8 5.0 3 . 101 & 11.83 5,40 8.74

1 All percentages bosed on oven-dry mnterinl.

Tho use of larger quantities of solution Eer gram of peatresultedin a
greater percentage of peat being dissolved by the first treatment with
ammoninn hydroxide, The guantity dissolved by the second treat-
ment was, however, practically the same in each case. It is interesting
to note that the percentages of final insoluble residues also increase
with increase in the volume of the ammonium hydroxide. It must be
assumed that there is o greater loss of material by formation of
volatile products when smaller quantities of liquid are present in the
reaction tube, which loss decreases the total residue. he extent of
this loss is shown by the summation of soluble and insoluble {ractions
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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 iractions is practicelly constant for all three con-
ditions. The total nitrogen content of the samples likewise shows no
definite trend and may be considered as constant over the range of
variation in guantity of ammoniacal solution used.

The net eflect, tnerefore, of varying the volume of solution under the
conditions of the study,.seems to be, primarily, of a corresponding
variation of the yvield of final produe’. The quantitative character of
the product with respect to total and ammoniscal nitrogen is essen-
tially constant.

EFFECT OF TIME AND TEMPERATURE OF HEATING

The effect of time of heating with concentrated ammonium hy-
droxide was determined by varying the time from 1 to 36 hours. The
temperature employed was 150° C. and was held constent. The
results given in table 6 indicate that the solubility increnses with time
up to a period of 3 hours then remains fairly constant until & period of
18 hours is reached, when another increase is apparent. The insoluble
fraction, on the other hand, progressively decreases from 1 hour
leating to 36 hours Leating. 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 mixture.
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.

Tapre 6.—Effect of time of healing on reaction of concenfraled ammonia with saw-
grass peat al 150° C.

Ammani- Total oltrogen

acal oibrg- —

gen,soluble| Insaluble | Whole
fraction fraction semple

Total nitro-
gen,solubla
froetion

Period ol heating | Sstuble ! Inscluble
(hours) matter | matter | Lot

Jereent Percent FPereant Percent Percent Prereent Pereent
5.5 X 11521 3.12 4 34

1oL

2 3
2 12,72
1 12.08
g 12,70
4] 12,33
4 12. Gt
8 12,41

EEEEISS
R - Y |

There is no significant trend in the values for total nitrogen nor for
ammoniacal nitrogen in the soluble fraction after a period of 1 hour’s
heating. There 15 g8 gradual increase, however, in the Insoluble
nitrogen as heating is continued with a corresponding increase in the
total nitrogen of t‘ie entire sample.

The effect of 3 hours’ heating with 20 c¢ of ammonium bydroxide
per gram of peat at varying temperatures from 100° to 225° C. is
shown in table 7. As the temperature is incrensed the total nitrogen
increases fairly regutarly. The amumoniacal nitrogen tends to increase
up to a temperature of 150°, after which there is a decrense 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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Tanve 7—Effect of varying temperatures on the reaction of ammonia with saw-grass
peat al 150° €., 3 hours

[20 e of concentrated ammonta per gram of pest]

Temper- Ammoni- i Telnper- Amrnani
aiure _'I‘nt?l cal pitro- aiure Totol | o) nitro-
0 mtrogen gen Q. nitrogen zen

Percent | Percent Percent | Percend
e 7.4 1,22 157 880 1.06
13 T.78 118 200 8.82 .57
150 8.7 L5 1225 0.4 LB
1101 ration of

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. Accordingly, the peat was used as autoclaved at
150° C. with ammonium hydroxide 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 aiso used.

Quartz sand in galion pots was used for the experiment and milles
plants were grown. The experiment was divided into three parts,
namely, & 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 ¢ K as KCl, 0.12 g Ca as CaCl,, 0.05 g Mg as MgS0,.7H.O,
0.0035 g Fe as ferric tartrate, 0.0035 g Mn as MnS0,.2H,0, and .16
g P205 a8 C&H;(PO;)Q.]. HQO

Sodium nitrate was used as ¢ source of nitrogen as compared with
nitrogen. from dried blood and treated saw-grass peat. The check
pots contained quantities of sodium nitrate varying from none to an
amount equivalent 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
of nitrogen per pot. The treated saw-grass peat was similarly us
in varying amounts, as indicated in table 8.

TaBLE 8.~—Dale on pol ecmeriments with millel grown in sand, peal and other
Jertilizing materials being used

NITROGEN EXPERIMENT

Avarage v
A ~ | pH of seil
Trestment .“'-Hjn {color!-
weaights of taotric)
plants!
Frams
B B TORC carr s mmmmmmmmmaw s om e mamm e amam e ame e s mrr e e omrAs o= 6.06 &5
004z N as NoNO1 o oemeceenaaas 2.05 £.7
0.08g Nas NaNGs... 284 7.4
0,10 N as NaNOQa..._. 3. 18 6.4
010 N &s dried blooda. icieen oo .85 5.5
0.1 g N as peat aulochved with N1LO - 212 8.4
042 N as peal patocloved wilh NHOH . ... - 4,80 i)
0,16 g N ns pesl sutoclaved with NHeOB+AROH L. oo euimiirin e .92 8.6
4.1 g N as peat autacloved with NEGOIE- KON 4rock phospliste .., oeee oon 2,12 8.3
0,18 g ¥ 85 peat nutoclived with 5.8 pereent CaQ. ..o oo e - e LOF 6.8
0.16 g M a3 paal autoeinved with 11.6 pureent CoO... ammanan— 132 78
016 ¢ W ons raw Babreabad DEBb . e o e e ey LTG 8'0

i Koots not lncluded,

L
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TanLe 8.—Dale on pol ecperiments with millel grown in sand, peal and other
Jertilizing materials being used—Continued

PHOSPHATE EXPERIMENT ?

Aiv%uga p.(H ff 50il

alr-ary Calori-

Treatment weighis of| metric)
plants 1

O - 0.10
05 g PO as CaHy EPO‘)thO -
L10g POy ns CaH¢ {PO4)s. HaD

.05 g P20s a5 peat autoelaved with N EOH+KOH 4 roel phosphate

£ P10y 05 peat eutoclaved with NE,OH-+K GH-+rock phosphate
g P+0s 83 raw phosphate rock

.27
3.35

! Rosts not included.
10.16 g N added to basie fertilization, half 8 nmmoniom sulphnate and half ns caleinm nitrnto.

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

he plants were harvested when it became evident that prowth
had reached an approximate meximum under the given con itions,
85 indicated by a 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 are recorded in table 8.

The growth of millet receiving no nitrogen was negligible. There
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

uentities of NaNQ; developed a condition of chlorosis, presumably

ue 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
effected was almost immediate and no further difficulfy was experi-
enced in this respect.

Dried blood showed an availability of its nitrogen of approxi-
mately 80 percent sinee 0.10 g of nitrogen in this form gave o growth
equivalent to 0.08 g of nitrogen in the form of NaNOQ;, which is as-
sumed o have been entirely available under the conditions. Peat
autoclaved with ammonia furnishing 8.16 g of nitrogen gave a
growth slightly better than 0.04 g of nitrogen in the form of sodium
nitrate. ﬁs availability may therefore be considered to be about
25 percent. Were comparison to be made between the yield ob-
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tained with 0.16 g of nitrogen in the form of nitrate and that obtained
from 0.16 g in the form of sutoclaved peat, the indicated percentage
gvailability would be 89. This comparison is faulty In that it
involves & comparison of & peat spplication not in excess with a
sodium nifrate application which is presumably in excess and
moreover the plants receiving particular sodium nitrate sapplication
were affected by chlorosis. owever, in the use of 0.32 g of nitrogen
in the form of ammonia, & growth was obtained greater than by 0.16 g
of nifrogen as sodium nitrate. The availability in this case cannot
be directly calculated since there is no pot having sodimmn nitrate
giving an equivalent growth. It is significant to note, however, the
superlority over the pot having 0.16 g of nitrogen as sodium nitrate.

Peat autocleved with ammonium hydroxide and potassiure hy-
droxide, and with ammonium hydroxide, potassium hydroxide, and
rock phosphate, gave growths which were practically equivalent to
that obtained with peat sutoclaved with ammonia slene. The
samples treated with calcium bydroxide were much less effective,
but gave a better yleld than raw peat. The effectivencss of the
nitrogen in the latter is very low.

The phosphate experiment, was carried out similarly to the nitrogen
experiment except that the basic fertilization was changed to permit
the use of phosphate in the form of calcium scid phosphate
{CaH,(PO,),.H,O) as the variahle. Nitrogen was added in amounts
of 0.16 g, half of whish was in the form of ammonium sulphste and
Lalf n the form of calcium nitrate. The amounts of phosphate
czleulated as phosphorus pentoxide varied in the cheek series from
none to 0.10 p.

Peat autocj%aved with ammeonia, 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 given conditions was materially
incrensed by the autoclaving process, since the pots conteining raw
rock phosphate as & 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 potassium in the
form of KOH used in autoclaving was essentially ail available in
comparison with the potassinm of I&SO.; used in the check series.

The relative appearance of some of the plants is shown in figure 3.

A second experiment was carried out in poor sandy soil, using saw-
grass peat autoclaved with ammonium hydroxide, potassium sulphate,
and rock phosphate as a 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 potessium sulpbate, and phosphorus in the
form of celeium acid phosphate. The constituents expressed as
nitrogen, phosphorus pentoxide, and potassium oxide were, in both
cases, approximntely in the proportions 4:12:4, The soil used was
the Norfolk loamy fine sand. The fertilization treatments were
made with tho follewing materials: (1) (NH,),80,, NaNOC,, K.SO,,
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and CaH,(PO,)..H.0; (2) saw-grass peat autoclaved with NH,0H,
K280, and rock phosphate; (3) saw-grass peat autoclaved with
NH,OH, K,80,, and CaH,(P0,)..FL.O; and (4) (NH,).80,, NaNQ,,
K80, rock phosphate and row 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
percgaﬁilt phosphorus pentoxide, and 4 percent potassium oxide s
possible,

Applications were made in gallon pots at the rate of 500, 1,000,
1,500, and 2,000 pounds per acre. Five pots wers used in each
specific treatment, including one set having no treatment. Tho
materials were mixed with the soil in a moist condition. Millet was

— R
'
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i

1

il

J ! B

Figune 3.—A, Growthof millet In quartz sand using rw and treiad SUW-gTaRs Neat as u source of nitrogen

corapared with sodinm nitrnle: 1, No N3 2,004 g ol N us NuNOy; 3, 0.08 7 of N as NaNOp 4, 0,10 £ Nas
NaNOy; 5, 0.10 g of N ng dried blod; 6, 0,16 ¢ of ¥ ns peat sutoelaved with NILOH; 7, 8.2% 5 of N a5 peat
sutoelnved wilh NTLCIT: 8, 0.0 g of N 05 peal antoelaved with NGO amd KOO 4, 0,15 g of N as poat
cutoelaved with NHIQH, KOU, and rock phosphute; 10, 0.16 # of 3 1y ireat atiloclaved with 5.8 per-
cent CaQ; 11, 0.16 ¢ of N a5 penl nudoelaved with [1.6 péreent On 1010 pal Wasmw poat. B, Growth
of mlilet in quoriz sand vstng treatod snvw-grass pent 550 souFce of phasphinte {1 eompmrizon with ealehim
monophosphate and with rogk plissphate; 7, Xo prhosphata; 8, 005 ¢ of PiOs f2 Colly (PO} T10; 0,
010 g of D10 as Cally (P02 1120; 10, 003 g of PaOs us peat tutoclaved with NHLOH, KOX, and rock
iz’hosphnte; 11, 0.0 & of P20s as peol auboclaved with NITOTL, KO, and roek phospimte; 12, 0.05 g af

+0s 03 rock phosphintao.

grown. as in the first experiment and the moisture content of each
pot wos kept such that the soil was in an optimum condition, or
as neurly so as possible.

" The results of this experiment ave shown in table 9. A maximum
growth was obtained by as low as & 1,000-peund per acre applica-
tion of the 4:12:4 fertilizer consisting of ammoniunr sulphate, sodium
nitrate, superphosphate nnd potassinm sulphate, which hereafter
will be referred to as the standard of comparison. The yield from
the 2,000-pound application of this materinl is slightly less than from
the 1,000-pound and the 1,500-pound applications. That the soil
ttself 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 3.—Dala on pol experiments with millel grown in Neorfolk loamy sand, peat
and other fertilizing moierials} being used

Avernge
nH of
oven-dry| soi (col-
we I;' crimet-
rie)

Anplica-

Nozne

{NE 318Gy, NaN Oy Co:Hy(PO)2.H0; and K80,

b

Peat sutocloved with NI;0H, rack phosphate, and %330,

SEesBuRsEnsEaags

Feat autoclaved with NH;OH, CoH (P 04 HaO, and KiS03

i

(INE 33804, NaNOQ;, row peat, roclt phosphate, and K150,

B B e g e g g
SEBRLBEZAZIRRRBES

Fudul

t Fer{.}i)llizers contained 4 percent nitropen, 12 percent phosphorus, and 4 percont polessinm oxide as nearly
as pousible.

? Roots not Included.

* Contnined 6.1 percent .

r

Fiune 4.—CGrowth of millet on peor suedy soll as affected by fertilization with treated SOW-ETASS Peail
11, No feriilizer; 12, peal antoclaved with NICH, roek phosphate, and K.80; (4:12:4 composition),
500 pounds per aere; 13, samo ag 12, 1,000 pounds pot aore; 14, same os 12, 1,500 pounds per zere: 15, sama
as 12, 2,000 nounds Der acre.

A 2,000-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 bub less then the 1,000-pound spplication. The effective-
ness of this fertilizer is therefore between 25 and 50 percent, compared
with the standard.

The pots having applications of the mixture of emmonium sulphate,
sodium nitrate, raw peat, rock phosphate, and potassium suf)phate
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indicated that the phosphorus * in the rock phosphate under the acid
condition of the medium was sufficiently available for a 2,000-pound

Ficure 5.-—Orowth of millat an poor sandy soil enrichad with a complete minere] fertilizer as compared
with fertilization by treated snw-grass peat: 8, No fertilizer; 7, minerol fortilizer (4:12:4) 500 pounds par
acre; B, samo 8 7, 1,000 pounds per acre; 9, peat auteclaved with NH(OH, ravk phospbate, snd XS0,
{4:12:4] 1,5M0 pounds per nere; 10, sema a5 9, 2,000 pounds ner acee.

i

pAR e

FiguRe 8.—Qrowth of willet on poor sandy soil as affected by mineral fertilization: 1, No fertilizer; 2,
- (NH:304 and NaNO;, Cafly(POy):. H20 and K80y {£:12:4 eomposition) 500 pounds per acre; 3, same
os 2, 1,000 pounds per acre; 4, same o5 2, 1,500 pounds per acre; 5, same p3 2, 2,000 pounds per acre.

application to give a growth corresponding to the 1,000-pound eppli- '
cation of the standard. It may be said, therefore, with reasonable

4 The phosphorie aeld eontenl of the pest Itself is neglected ginea this valus is spproximately oniy 0.1 to
0.2 pergent of the raw peat used.
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cerbainty, that under these conditicns nitrogen is the limiting factor
in the peat autoclaved with ammonium hydroxide, rock phosphate,
and potassium sulphate.

The peat which was autoclaved with the scluble phosphate,
CaH,(P0,)..H,0, instead of the roek 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, &
comparison cennot be made since this material contained 6.1 percent
of nitrogen as compared with the approximate 4 percent in the other
materials, the increased nitrogen content resulting from the reaction
between ammoniz and the acidity of the monophosphate which was
not taken into consideration in the preparation. The effcctiveness of
this fertilizer is 50 percent of the stendard, having a yield from the
2,000-pound applieation equivaleni to the 1,000-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 experiments are
not adequate for final conclusions as to the value of this material.
They show the degree of availability under two sets of special condi-
tions, The work 1s being continued in the Soil Fertility Division of
the Bureau of Chemistry and Soils. '

DISCUSSION

The decomposition of raw peat in the soil, as indicated by the carbon
dioxide evolution, is extremely limited in extent whether or not the
inoculation by soil be supplemented by nufrients. 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, Kxtraction of the peat by alcohol, or sleohol ether,
increases its rate of decomposition but slightly, while autoclaving
the peat at 150° C. for 3 hours with ammonium hydroxide or caleium
oxide greatly stimulates the rate of decomposition. The extreme
limits for a 30-day period are 7 mg of carbon dioxide fur a sample of
rew saw-grass peab and 401 mg for a sample of the same type of peat
digested with 25 percent of its weight of calcium oxide.

t is possible to arrive at sn estimate of the quantity of peat actu-
ally decomposed in these changes. The sample of saw-grass peat
used in these experiments contains approximately 55.2 percent ¢ of
carbon (8, table §). 'The evolution of 7 mg of carbon dioxide per gram

9

of peat corresponds to %%x 100 or 0.3 percent, while for 401
mg the decomposition becomes 17.6 percent, This celeulation as-
sumes no decomposition of the peat to have occurred during the treat-
ment, bvt table 6 indicates that some decomposition does occur.
Also, it has been shown by Schneider and Schellenberg (23) that a

eat treated with sodium hydroxide for 2 bours yields 40 percent of a
Eumic acid containing 83.1 percent carbon ds compared with 54.5
percent of carbon in the original peat and 52 percent in the insoluble
restdue.

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

l.a.' This value corrasponds to £1,79 parcent oo the ash-frea basls, as glven in tha reference for the 32-iuch
Yer.
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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
ore 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 hydrochlorie acid and by lime, while these
are quite readily decomposed, and in the sulphite treatment of the
sphagnum-moss pest 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 trestment 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, ir its raw condition, is
almost wholly unavailable, may be expected to become available as
the decomposifion 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
produet is not only desirable by reason of its chemical composition and
behavior in the soil, bus it has physical characteristics which make it
atﬁ‘acbive as & means of distributing fertilizing material within the
soil.

The reaction of ammonis with peat seems o be geners!l 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 nifrogen
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 ammeoniacal peat also remains to be determined. Nevertheless,
the dats 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 & 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 date 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 aerobie conditions is there evidence of material chemical altera-
tion. It would seem probable, 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 hase-
exchange capacities of the material rather then $o any direct utilization
of the peat 1tself, as a source of plant food.

The availability of the nitrogen in ammonis-treated saw-grass peat
was found to be from 25 fo 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
particular peat is slightly over 100 or, in other words, the 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-
claved with lime, while showing & superiority over raw peat, did not
show as high nitrogen availability as did the ammonia-treated peat.
1t is reasonable to assume, therefore, that with a peat in which the
edded 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 been obtained with respect to the
percentage availability of the nitrogen, although the quantity of total
nitrogen would bave been only 6.38 percent for the sphagnum-moss
peat In comparison with 8.74 m the case of suw-grass peat (table 3).

SUMMARY

A study has been made of the decomposition of peat when mixed
with soil as measured primarily by cerbon 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 150° C. under pressure with lime or ammonia
decomposed quite rapidly, the maximum rate being approximately
two thirds of the rate of sweeiclover under the same conditions.

Peat is capable 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 ammoniaeal in form. This reaction was studied
at temperatures varying from 50° to 225° C. and for periods of time
varying from 1 to 36 hours. The percentaﬁes of added nitrogen
rarged 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 mitrogen 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 guartz 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-
ganic nitrogen.  The availebility of the phosphorus in rock phosphate
1s apparently incressed by the autoelaving 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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