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INTRODUCTIflN. 

The Division of, Soil Chemistry anci:.Physics ot the ~ureau.of 

Chemistry and Soils has for some yeatsf used hydr~gen ~roR~e, as 

a p~rt of the p.rocedure of the II?-ethod o.~ mechamcal analy~~. oy'sOlls. 

This method IS based on the mternationalI~ ~thod, esserit.mllY:. the 

Briti~h official method (i)? and isniodi:fi~dfo,;our'own i>t\rPO~~~_}lS

descnbed?y ~)lms~ead" Alexander, and Middl~ton (16). .The ~ .0
gen Pf'~OX1d.e IS pr1II!arily ~mployed to secure ~cre~sed disI>l~.S.1.0., \~.Y 

removrng the organIc matter. If the trea1;ment WIth hydrqgen'p r
oxide may be so carried out as .also to furnish an accurateestiril te 

of the total organic matter in the soil, the mechanical analysis would 

have added value. 


N That the hydrogen-peroxide method has cerj;ain ·v.e.ry definite 
~ li~itations was pointed out by W. Q. ~objnson (f3f3) ~nthe paper iIi 
- whICh the method was first suggested. It seemed v~ry .desIrable to 
~ make a new study of the ,method in the, 'hope of removing these 
Ql:llimitations. . . . ' . 
--I In ihecourse of the study the other methods which are i~ use for the 
:::;)purpose of estimating organic ']]fatter came. up for comp~rative 
-:> studv, and the investigation eventually assumed tlie form'l)f a critical 

e4amjnation of theSe methods. The discussiouaIld datil. given here~ 
with are the results of that study. . ' '. 

Essentially four methods . .-for estimatmg'theamount of. organic 
matter in the .soil have been suggested .and used. They are as follows: 
The loss on ignition <with a variantr, the combu~ion method (With 

• - '1. Italicttumberil in' paJ;entheses refer to Lite,rature . Clted.p. 28. 

I 118097o...:.:a~1 1 
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many variants), the calculation of the organic matv.~r from the 
quantity of nitrogen present, and the hydrogen peroxide method. 
These are by no means eCfdally important or useful. The method 
based on an assumed cOnstant nitrogen content of_the soil organic 
matter has been repeatedly shown to be invalid. It appears to be 
true that in a giVfln soil, and even in the soil of considerable areas, 
the carbon-nitrogen ratio ranges from 10 to 11.6 and therefore the 
organic matter~nitrogen :ratio approximates 2() (12, p. 90). At the 
same tlme it is generally recognized that results based on these ratios 
are at best very rouO'li approximations. This fact is brought out 
very clearly by Leighty and Shorey (8) who have found~ in 172 
samples of soil, carhon-nitrogen ratios ranging from a minimum of 3.5 
to a' maximum of 35.2, and by Middleton, Slater, and Byers (15) 
who have found, in the profiles of 8 soils and their colloids, an organic 
matter-nitrogen ratio ranging between the Jimits of l.5and 35.7. 
In view of these facts no further discussion of this relation will be 
presented. 

THE :!\I:YDROGEN PEROXIDE METHOD 

This method of estimation of the organic mai:f;er in the. soil was 
proposed by W. O. Robinson (f!2) in 1927. The initial suggestion for 
the work came from the proposal by G. W. Robinson and Jones (20) 
in 1925 that hydrogen peroxide be used to determine the" degree of 
humification" of orgamc matter in the soil. This proposal was based 
on the assumption that unaltered plant tissue is not affected by hydro
gen peroxide in the presence of soil mineral matter. 'V. O. Robmson 
was able to show that tms assumption is not warranted in the case of 
soils and, by inference, that the inorganic soil material contains a. 
catalJst (or perhaps catalysts) responsible .for this effect. On this 
basis he developed a method which, in brief, consists in the treatment 
of a weighed portion of soil with a 15 per cent solution of hydrogen ' 
peroxide, heating on a water bath until effervescence ceases, and 
weighing the residual dried soil after filtration. The organic mate
rial of the soil is destroyed, or rendered soluble,by this process, and 
he1!-ce the differe~lCe between the dry wei~ht of the. soil and. the dry 
weight of the reSIdue represents the orgamc matter of the soil. Cor
rection for dissolved inorganic matter was made by ignition of the 
evaporated filtrate. 

The method offers a direct measure of the quantity of organic mat
ter and is relatively so simple in procedure that if it is or could be 
made accurate and generally applicable its use would solve a very 
difficult problem. Unfortunately, as W. O. Robinson (22) himself 
pointed out, it has very serious limitations. Hydrogen peroxide does 
not remove all the carbon or carbon compounds from the soil. The 
residual carbon found after treatment with peroxide ranged from 
0.04: to 1.90 per cent in the samples examined. It was believed that 
for the most part tmsresidual carbon consists of adventitious char
coal, grapmte, or paraffinlike bodies and is therefore not actually soil 
or~n.ic matter in the ordinary sense. Considerable experimental 
eVIdence is presented in justification of this view, especially in the 
cases of high residua! carbon. This view of the matter is supported 
also by the previously published data of Schreiner and Brown (26) 
and by a suosequent paper by G. W. Robinso!l and McLean (21). 
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Further limitation of the method was shown in that the presence 
of any material quantity of manganese dioxide in. the soil, because of 
its oatalytic effect on the rate of deeomposition of the peroxide, pre
'Vents. the oxidation of the organic matter and, in the presence of con
siderable quantities of calcium or magnesium carbonates, the results 
are lo:,t' and variable. 

Since the publication of the method several J>apers which have 
a bearing on it have appeared. Waksman and Stevens (313) com
pared the effect of 6 per cent hydrogen and chlorine dIOxide on 
sound chestnut wood, rotted wood, forest soil, and low-moor peat 
soil. They found the portions decomposed to vary from 20 to 80 
per cent in the different materials, and they inferred that the hydro
gen perm,.-ide method was not suitable for such materials. In the 
light of Robinson's (~g) work, it would seem that this result should 
have been expected and that the absence of sl)il mineral matter in 
such material is responsible for the low results. This is in harmony 
also with their own resuJts which show that lignin from sound 
chestnut wood is even less subject to o~-idation than the wood itself. 

Shorey (538), while suggesting the use of hydrogen peroxide as 
a means of differentiatjon of soil organic matter by the use of 30 per 
cent hydrogen pero~de, shows that a very considerable fraction of 
the nitrogen of the soil remains in the insoluble residue, in peats, 
quantities as low as 4.9 per cent, and in soil low in organic matter, 
as high as 23 per cent. From his data it might be 1nferred that the 
residuol nitrogen would bear a corresponding ratio to the total 
amount of organic matter present. Such an inference, if made, is 
unwananted, since, as both he and Robinson (f3B) have shown, a 
very considerable fraction of the nitrogen 0-1; organic matter is con
verted by bydrogen pero~-ide to ammonia. Soil residues contain a 
base-exchan..:·e complex and, especially in acid soils, ammonia is 
strongly held by it. The high 'percentage of residual nitrogen is 
therefore no index of unconsumed organic matter. 

McLean (13,14) in an attempt to develop the suggestion of G. W. 
Robinson and Jones (gO) concerning the use of hydrogen peroxide 
for determining the" degrpe of humification" of organic matter, 
reached the conclusion that 3 per cent hydrogen peroxide may be so , used but that the 6 per cent reagent is not suitable for the purpose. 
Incident to this investigation McLean has shown that even the most 
drastic treatment with 6 per cent and 12 per cent hydrogen peroxide 
is not sufficient to remove all of either the carbon or nitrogen content 
of the soil. He also showed that even 3 per cent hydrogen peroxide 
readily removes up to 85 per cent of the total carbon except in soils 
containing carbonates. He made no mention of interference by man
ganese dioxide. In these papers McLean also failed to consider the 
base-exchange ammonia of his soil residues and made no mention of 
the content of nitrogen of the hydrogen peroxide used. In conse
quence, the C: N ratIos of his residues have in them an element of 
doubt. 

EXPERIMENTAL DATA. 

The present study was undertaken to determine means of eliminat
ing the difficulties brought about by (1) the presence of manganese 
dioxide in the soil and (2) the presence of carbonates, and to ascer
tain how nearly complete the removal of the organic matter can be 
made. . 
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MANGANESE DIOXIDE 

Manganese dioxide, if present in soils, reacts cata1ytically to de
compose the hydrogen peroxide, and this reaction has been made the 
basis of a semiquantitative method of its estimation by W. O. Rob
inson (133). Also, in the paper previously cited, he reported that if 
the soils contain but a fraction of 1 per cent oi manganese dioxide, 
its inhibitory effect on the destruction of organic mattflr could be 
eliminated by the use of oxalic acid. 

For various reasons it seemed desirable to use, if possible, an acid 
weaker than oxalic, and the following data were obtained, using 
acetic acid. The soil employed was the Wabash silt loam surface 
soil ..:11ich contain.s 0.11 per cent. of manganese calculated as man

e • ganese oxide. The quantity of manganese in this soil does not inter
fere with the removal of the organic matter. 

To 10-g samples of this soil were added varying quantities of 
precipitated manganese dioxide and of acetic acid, and the amount 
of carbon dioxide developed by treatment· with 20 c c of hydrogen 
perm.ide was measured. The results are given in Table 1. Blanks 
were run, using acetic acid and hydrogen pero:\.;de, and but traces 
of CO: were evolved. 

TABLE 1.-FJffect of manganese ,Uowide a'/Id acetia aci(/' on the libero.tion of 
carT/em J,i.oa:ide from. 10 g Of Wa,ba,<Jh. sUt lQam· tl"eated. with. hydrogen 
perowide 

" 
Hydro- Hydro

gtlll genMnn- Man-Acetic perox- Carbon Acetic perox- Carbonganese ganeseacid ide dloride acid Ide dioxidedioxide dioxideadded (6 per evolved added (6 per evolvedadded addedcent) cent)
addl\d added 

,,"Ill Nil Cc i\fll .MIl Nil Cc Mil 
0 0 20 105. 8 10 10 20 112.7 

10 0 20 55.3 50 20 20 10.5 
50 0 20 17.5 50 ro 40 74.1 

100 0 20 4.0 50 20 60 174.2 
0 10 20 112.2 

The action of the hydrogen peroxide results in part in solution and 
in part in conversion of the soil organic matter to carbon dioxide. 
In order to determine how completely the organic matter is removed 
the experiments reported in Table 2 were carried out. 

TABLE 2.·-B(feat of lIl/1llzgalle.re tliozitle an4 acetic aciit on the ref1Wova~ot 
organio matter trom 10 g Of Wabash. silt loam 

Hydro- Hydro-
Man- Acetic genper- Organic IMan- Acetic gen~- Organicoxide oxideacid matter acid IDlItter~xi~ added (6 per removed I~ added (6 per 1'mIlovedadded cent) added cent)

added added 

Mil Mil CC Per cent Mil Mil CC Per crnt 
100 0 40 0.81 100 100 80 1.85 
100 100 40 0 0 (') 3.10 
100 0 60 l.~1.19 I 10 '10 2.95 
100 100 60 1.73 100 '100 ~~ 2.85 
100 il SO 1.48 200 J 200 (.) 2.93 

J A slight excess over the equivalent amount of acetic acid was used. 
, An exoess of hydrogen peroxide, 

http:lIl/1llzgalle.re
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It will be seen from a study of Table 2 that with relatively small 
quantities of acetic aci(l the catalytic effect of the manganese di
oxide is largely eliminated, and that if repeated treatments with 
hydrogen peroxide are used, the organic matter may be as nearly 
completely removed . as when manganese is not present. It should 
also be observed tht'.t as the quantity of manganese dioxide. increases, 
the quantity of hydrogen peroxide used also must be increased, and 
in cases where the amount of manganese dioxide is in excess of 2 
per c~nt, the cost in hydrogen peroxide and in time becomes 
exceSSIve. 

Although the matter was not followed to a definite decision, there 
are indications that traces (pf manganese are an aid to the oxida
tion process. In one case, in which the attack of the hydrogen 
peroxide on the soil was slow and incomplete, tho addition of a 
milligram or two of manganese .dioxide enabled the reaction to 
pl'oceed rapidly to completion. It seems probable that manganese 
dioxide is at least one of the catalytic ag,;nts in the reaction, and 
since manganese i'3 practically an omnipresent component of soils 
with at least some of the dioxide probably present, all soils may for 
this reason accentuate the attack of hydrogen peroxide on organic 
matter. 

CARBONATES 

As previously noted, soils which contain appreciable quantities of . 
carbonates do not suffer complete, or even nearly complete, removal 
of their organic matter, eyen after repeated treatment with hydrogen 
peroxide. If, however, these soils are first treated with hydrochloric 
acid, and the acid removed, the treatment with peroxide is as effe~
tive as in ordinary soils. It is lmown, of course, that acid treatment 
of itself removes some organic matter by solution, and it has been 
pointed out by Shorey and Martin (29) that, as a consequence of the 
presence of compounds of the uronic acid type in soils, heating the 
soil with even very dilute acid may produce an evolution of carbon 
dioxide. It follows, therefore, that the organic matter remaining 
in a soil after acid treatment is not all the organic material of the 
soil. 

It seemed desirable, therefore, to determme the magnitude of these 
removals of organic matter and, if possible, to compensate for them 
in the use of the method.. 

In the course of the work it became clear, both from experimental 
evidence and on theoretical grounds, that all soils containing ex
changeable calcium and organic matter may at times, and possibly 
always, contain carbonates, even thol}gh the quantity is so small 
that the usual qualitative test of effervescence with acid does not 
occur. Also, it would appear that moist soils must contain carbon 
dim..ide and that even dry soils may contain occluded or adsorbed 
carbon dioxide. An added incentive to this study is that, as pointed 
out by Shorey and Martin (29), some of the considerations also come 
into question in the use of the combustion method. 

In view of these considerations the Houston black clay of Texas 
was selected for careful examination. It not only contams a large 
quantity of carbonates and organic matter but is exceptionally resist
ant to attack by hydrogen peroxide. 
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Ten-gram sumples of the soil were trellted with sufficiellt hydro
chloric acid and water so that after the solution of the carbonate the 
resultant solution would be approximately 5 per cent of hydro
chloric acid. After effervescence had ceased, the solution was filt.ered 
off by use of a Pasteur-Chamberland filter and the residual soil was 
washed lmtil free from chlorides. The solution was then neutralized 
with sodium hydro:ride. It was evaporated under diminished pres
sure at a temperature of 80 0 C. In the evaporation train there was 
introduced an absorption bulb c0ntaining a solution of barium 
hydroxide so that all gases, except the water vapor, must pass through 
it. No carbon dio1l..ide evolution occurred as a result of the decom
position of organic matter. . 

The resulting dry residue of calcium chloride and other inorganic 
material was then examined for the presence of organic matter. 
Two methods weI'S employed. One was ths ordinary dry-combustion 
method. In spite of the large quantity of chlorides and th~ conse
quent. difficulties, the results obtained are believed to be accurate. 
The second method was the wet-combustion method, using a mixture 
of bichromate and sulphuric acid as all oxidizing agent. 

In order to prevent absorption of any material other than carbon 
dio1l..ide by the alkali solution used for estimation of the carbon, the 
absorption train consisted of a reflux condenser, a potassium iodide 
trap, a water trap, and a Liebig bulb of silver SUlphate. The deter
mination of the carbon dioxide was made by titration in the usual 
manner. 

The soil used contained 10.82 per cent of calcium carbonate and 
2.27 per cent of total organic carbon. The quantities of cl1rbon found 
in the. evaporated residue were 0.16 per cent by the dry-combustion 
method and 0.18 per- cent by the wet method. Further work ill this 
direction was not deemed essential in view of the data assembled 
by Rather (1'1) on the quantities of organic carbon dissolved by 
water and by acids from a series of 12 soils, including Houston black 
clay, in which he showed that the quantities so dissolved vary between 
oand 0.16 per cent of the dry soil. The average quantity found was 
0.06 per cent. (P. 18.) 

It will be seen from the subsequent discussion that, although deter
minatiQn of the dissolved organic carbon in this manner is too 
laborious and expensive for routine work, the error introduced, if 
it be negelected, is of a magnitude within the limits of the accu.racy 
of the method in other respects. The above considerations are based 
on the use of 5 per cent hydrochloric acid, without heating, as a 
solvent for the carbonates. The reason for these limitations will 
appear from the data presel1t~d in the following section • 

•\CID EFFECTS ON NON'G,ILCAREOUS SOILS 

Shorey and Martin (fJ9, p. 4IJ09) have called attention to the fact 
that carbon dioxide is produced by treatment of soils with boiling 
12 per ce~t hydrochloric acid. Indeed, boiling with 1 p'cr cent 
llydrochloric acid produces an evolution of carbon dic:ride, but 
"whether this carbon dioxide is derived from inorglJ,nic carbonate l 
occluded carbon dioxide, or from the first states of the decarboxyla
tion of uronic acids, is under investigation." They ascribed this 
evolution to the presence in the soil of organic compounds of the 
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uronic acid type.. Since the .accurate determination of the carbol1 
dioxide evolved by acid from soils is an essel1tia1 step in the deter

(~J 	
minatiol1 of orga.nic matter from carbonate 'soils by any method: 
it became iroporttmt to deter,minethe ~,gnitude of any er-ror intro
duced by the action of acid on the organic matter. In the} cou:rse 
of the work it became apparent. that not. 1\11 the CO2 derived from 
the ,acid treatment came from the organic matt~r. Thete are two 
other Ilooslble sources-c~\rbon dioxide "adsorbed" on the surface 
of the SaIL particles or held hS;' soU moisture, or as .acid carbonates; 
and carbon dioxide held as carbonates in qU!Ultitr~ not evident by 
gas evolution on treatment with dilute acids. To deal with this 
problem a set of noncalcareous soik was selected, and the carbon
dioxide evolution stndied under a 1rariety of treatments. The appa
ratus uSed is shown in Figure 1. 

t/.. 

FIGURE 1.-Apparatus .for determination of carbon dioxide: fJ, Gas-ws..'1Iilg bottles 
cont,alnlng KOH; b, soda-lime tube; 0,. gas-evolution f1nsk; d, aepni, .tory tunneL. 
for introduction of acid; e, Liebig bulb containing silver sulpbateand sulphuric
acid; 	 " adsorption tower containing. glass beads which are supported at the 
bottom by a platinum cone perforated by ver.y small holes;. g, condenser for use 
when contents of evolution fiask are to be h:cated 

This assemblage of apparatus presents no novelties so far as its 
single parts are concerned, but the purification train, evolution 
flask with automatic stirrer, reflux condenser, separator funnel, 
absorption train, and absorbing column, to the author's knowledge 
have not been assembled previously in any single apparatus. This 
device seems to be very satisfactory for accurate duplication of re
sults of the order of ml!.gnitude encountered~ When once assembled 
it is remarkably convenient for operation and requires relatively 
little manipUlative skill. With it carbon-dioxide quantities as small 
as 0.2 mg may be dU'plicated accurately and, by alt<aring the concen
tration of the alkali used in- the absorbing tower 1 it may be used 
for even very large quantities of evolved carbon dIOxide. 

The samples were selected because they present a wide range of 
soil types, all or which are noncalcareous In the ordin.iry meaning of 
the term. Table 3 gives descriptive data on these and other soils 
used in this investigation. 
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TABLE 3.~80il types use4. in.t1I.e investigtitio-n. 

SoU SoU type Depth LocationNo. 

[nehu 
193 
181 g~f.f:lg\~~~~~::::::::::::::::::::::::::::::::::::::::=: g::g Rl~:r~:l~?y~tY, IOWIl. 

6797 
189 ~~:i~i~~!~~~~::::::::::::::::::::::::::::::::=:::::::: g::I5 ~~~:~~'J';~ty, Nebr. 

4440 Dayidson �0IlDl___________________________________________ 9-36 .Guilford County. N. C. 
7300 
391 ~~~~to"~I~:::::::::::::::::=::::=:::::::::::::::::: g:~ ~~e~~~lg~. ~g~ty, Ga. 
185 Cecil clay 10BIn____________________________________________ 0-9 Wilkes County~ Oa. 
199 Miami slItyclBY 10BIn________________ ____________________ (HO Wells County. md. 

512 Sharkey c1ay______________________________________________ Q-4 Issaquena County. Jlnss.


Houston black c1ay____________________ ___________________________ Dallas County. Tex. ~5751 

The first four soil types were selected because they contain con
siderable quantities of organic matter that is readily removable, to 
a large degree, by hydrogen peroxide. The Davidson soil, by con
trast, contains only a small quantity of organic matter and is not 
a surface soil. The Blakely soil contains 0.68 per cent of manganese 
calculated as manganous oxide. Hagerstown loam is a neutral soil. 

The data included in Table 4, column 3, were obtained by treating 
10 g of soil with 12 per cent hydrochloric acid and boiling for five 
hours. This is the treatment used by Shorey and Martin (f19). It 
is tacitly assumed by them that all the carbon dioxide SO liberated 
results hom the decoIilposition of organic matter. Column 4 con
tains the data obtained by boiling the soils with 12 per cent hydro
chloric acid for a period of 15 minutes. This series of determina
tions was made to ascertain the order of magnitUde of the error 
introduced in the method of determination of carbon dioxide, as 
heretofore employed in the division of soil chemistry and physics 
(24). It will be observed that with the exception of the Blakely soil 
the quantity of CO2 is exceedingly small, and since the laboratory 
method is ordinarily employed only when quantities of carbon diox
ide are present sufficient to cause effervescence wi.th HOI (1: 1), the 
error introduced }.S quite negligible. This is not so unimportant 
relatively, however, with respect to the combustion method discussed 
later in this bulletin. . 

TABLE 4.--OarborL dioxide m;olation fl"01l~ certain mmcalcareous soils of given 
pH 'Value8 under dh'e1'se trea.tment8 

Percentage of carbon dioxide eYolved from soil after treat
mentwith-

Soli 12 per 12 per 1 per 5 per H20 5per.
Soil type cent cent centl'~o. cent HCI, only, ~fJHel HCI, HCI. a,spi- 1 bour pH

Dhours 15 min- aspi1 hour rated rated after as
boiling b~~g balling 1 hour 1 hour piration 

--I·-----~------I--------------

2 3 4 5 7 8 9 

--1-----------·1-------------
193 Carrington 1=__.. ___________________ 0.293 0.057 0.038 0.000 0.006 0.003 5.0 
181 Ontario 1000nL_________________________ .215 .052 .Oi8 .015 .003 .008 5.7 

6797 Shelby slit loam______________________ .203 .026 .054 .019 .008 .012 0.2
189 Wabash silt IOnnl ____________________: .168 .035 . !US .010 .007 .003 0.6 

·1440 Da\'idson loam________________________ .092 .052 .050 .023 ________________________ 
:moo Blakely clay loam_____________________ .567 .275 .402 {I: &r~ }_______________________ 
391 HagerstoWn loam ____________________ ...______ ________ ________ ________ .003 .!U5 7.0 

I In presence of ferrous chloride. 
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In the Blakely SQil, and in any soil containing o;o.diiing agents 
sufficiently active t.o oxidize hydrO(~hloric acid, chlorine maybeex
pected t<? oxiaiz~ or~anic matter .with the prof;luctiQno~ cai'~on~o~
Ide, although oXIdatIOn of orgamc compounds by chlohne may 6ccur 
~ithout c!1r~onic. acid evolution, e. g.,.ga1a~tose or glucose: In :such 
mstances It 1.S deSIrable to use the .IilodificatIOIi descrIbed by Schollen'
berger (735). This modification suggests the use of ferrous chloride, 
which is preferentially oxidized by the liberated chlome.2 The 
Schollenberger method was not employed in the data given in col
umns 4 and 5, but was employed in the data giV"en 'in column 6:for 
the Blakely soil. ' . 

Column 5 gives the results obtained by boiling 10-g samples With 
1 per cent hydrochloric acid one hour. It will be noted-that in so~e 
instances the quanti~:t ofc!1rbon'dioxide produced was .in excess. of 
that produced by bOIling WIth 12 per centHUlfor 15 mmutes. Un~ 
doubtedly if the boiling with 1 per cent acid we~e sufficiently lOIig 
continued even this dilution of acid would effect extensive decompo~ 
sition of compounds of the uronicacid type (9). I;n this CliSe also 
the effect of manganese dioxide on the quant.ity of carbon dioxide' is 
very marked in' the Blakely soi,l. ' 

In column 6 are given the data obtained by using 10 g of soil with 
5 per cent hydrochloric acid and aspirating with purified air at the 
room temperature for one hour; The quantities of carbori. dioxide 
obtained are notably less than are obtained by boiling with. 1 per 
cent acid. in the Blakely soil the second value is that obtained by 
addition of ferrous chloride, and the difference indicates the oxidiz:

, ,ing effect, under these conditions,of the manganese dioxide in this , . 

soil. A point of special interest in this series is toat if the aspIra

tion is ~ontin~led for successiye periods of one !I?~lr .each,. no meas

urable liberatIon of carbon dIOXIde occurs. ,ThIs IS III marked con

trast with the series with boiling acids given in colUrhn5, in, which 

in all cases no end 'point was reached though the successivein:cre~ 

ments were of diminishing value. . , 


The obvious interpretation of these facts is that the carbon dioxide 
evolved by the cold acid arises from carbonates present even in these 
soils, most of which are distinctly acid. This conclusion seems to be in 
harmony with the consideration that since all feitile soils contain 
bases and the organic matter present is, under moist conditions, 
producing carbon dioxide as a result of bacterial activity, there must, 
therefore, at all times be an unstable condition tending towardequi
librium between the basic 'contentof the soil and the carbonic acid ' 
content of the soil solution. When the carbonic acid· content 

• An interesting observation was made in this connection. Cameron and Breazeale (5) 
comment on the ob~erved fact t..'lIlt soil-containing chlorides. when treated with sulphuric
acid and chromic acid; under certain conditions fail to produce chlorine evolution. in Buffi
cient quantity to affect the carbou dioxide determination by the wet-combustion method. 
and state that they have no explanation. The Bame observation was made In the treat· 
ment of the Blakely . solI with hydrochloric- acid. although manganese dioxide and' hydro
chloric acid must produce chlorine. The explanation Is that thl! chlorine so formed 
reacts with water to produce hypochhlrous a.cld which lIxidizes organic matter to give
carbon dioxide lIr decomposes to liberate free oxygen. The evidence that this occurs is 
found in the fact that no free chlorine can be detected in the neck of the flask below the 
condenser but is readlly detected eveu by color as well as by starch 10dide paper, just
above the surface of the liquid. Unless the oxidizing agent in the soil be considerable iu 
amount, no free chlorine passes into the absorption train. 

11809j°--32----2 
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increases sufficiently the existence of bicarbonates beco~es possible. 
On drying, these bicarbonates, so far as calcium, magnesium, and 
ferrous iron are concerned, will revert to carbonates and, in part, 
the carbon dioxide so liberated may be retained by the soil. 

To determine the relative amounts of the carbon dioxide present 
as "adsorbed" gas, 10 of the soils were aspirated with distilled 
water which had been boiled and cooled in a closed vessel. The 
results of this series of determinations are given in column 7. It 
will be observed that the quantities so obtained are close to the limits 
of the accuracy of the method employed in the measurement. Never
theless, the series a3 a whole indicates the order of magnitude of the 
quantities of carbon dioxide present, either as adsorbed gas or as 
bicarbonates. The samples were then treated with sufficient hydro
chloric acid to make the acid concentration 5 per cent, and the aspi
ration continued for another hour. The results obtained are found 
in column 8. To this set WILS added a soil which had a normal pH 
of 7. The sharply increased difference between adsorbed CO2 and 
that present as carbonate is striking and is considered as excellent 
confirmation of the general concluslOn. 

On the basis of the data represented by Table 4 it appears that 
an error of considerable magnitude is introduced into the determina
tion of the carbonates :{lresent in calcareous soils if the boiling with 
hydrochloric acid (1: 2) is long continued. This error is mimmized 
when the period of heating is limited to 15 minutes. Soils, even 
when acid, may contain measurable quantities of ~arbonates; these 
quantities are of a negligible magnitude, except where the degree of 
base saturation approaches 100 per cent. Additional data on the 
carbon dioxide content of certain soil colloids by use of this method 
are given by Middleton, Slater, and Byers (15). 

The difficulties produced b~ the presence of manganese dioxide 
and calcium carbonate in SOIls do not appear to be insuperable 
obstacles to the use of the hydrogen peroxide method. It remains 
to consider the question of the residual carbon content of the treated 
residues. For this purpose nine soils were used and the removal 
of the Qrganic matter was made as complete as practicable by 
repeated treatment with 6 per cent hydrogen peroxide. The carbon 
content of the treated residues was determined by the combustion 
method. The results obtained are given in columns 3 and 4 of 
Table 5. It will be observed that the carbon content of the hydro
gen peroxide residues varies between 0.15 per cent and 0.44 per cent 
of the whole soil and averages 0.25 per cent. This quantity corre
sponds to 16.4 per cent of the original carbon content of these soils. 
If the assumption is made that this residual carbon is from organic 
matter, to which can be ascribed the carbon content used as a con i-.
ventional factor in the combustion method, the quantity of residual 
organic matter (column 5, Table 5) is considerable.s 

a That this assumption Is not valid arises from the fuct Rhown by W. O. Robinson (22)
that at least a portion of the residual carbon Is not organic matter (p. 2) and by the ".
further fact, shown later In this bulletin, that even with organic matter the conventional 
factor is Inaccurate. 



-. , . 
~ 

~ 1L' 
ORGANIC'MATTER AND' CARBONATES IN SOILS 11 

TABLE 5.~OI'DaniC' matter 011 the 1l.jJilrogel~ perolCiile method. 

organic Org81l\c Total Or- Total,Or-! Organic 
Sou· SoU type lII1ltter?~ Carbon in ~a~~ ganic C";~~CbYI carbollNo. hydro~ TeSidue residue ~3ttl!r combus- removed 

per=de (CXl.724) ill soU tion by H,O, 

I----~:--~-----------------
2 345678 

~------------I-------------------

Per ccnt Per cent, Per ~nt Per cent Per Ctnt Per cent 
100 Miami silty-clllY loam_____________ 2.16 0.22 0.38 2. M 1.51 85.6 
193 Cnrrinb'tonloam___________________ 4..62 .2J:l .48 5.10 2. 71 89. !Sharkey cJI1Y____ ._.______________ 4.29· .41 .76 5.05 2. 96512 86.2 
185 Cecil c1n~ IOnIn___________________ •i!9 • II .19 .58 .42 73.8 

6797 83:0Shelby su.t loam_____.____________ 3. 01 .31 .53 3.54 1.82 
189 811;6Wabnsh· ~.mtJOnIn__ . _________~_____ 2.78 .25 .43 3. 21 1.87 
181 Ontario lOllm______________________ 3.34 .21 .41 3,75 2. 12 88.7 
391 73. 3Hagerstown IOllm__________________ '1. m .24 .41 1.64 .00 

575t 85.5

HO~:.::~~:::~~:::::::~~~~:~~~~~~: _____~_~:_ ----:-..~:l---~:- ~ ___'_~_:__.__~~:_ 83.6
1 

J Ihc1udes organIc matter in HOI tiJtrate. 

In Clrder to determine the degree of removal of the organic mat
ter by the hydrogen peroxide, it seemed best to determine the total 
carbon by the dry-combustion method, column 7, and from this to cal
culnte the percentage of organic carbon, removed by the peroxide 
treu.tment. These values are given in cOlumn. 8, Table 5, and vary 
between the limits of 7'3.3 and 89.7 per cent. The percentage of 
organic matter removed is obviously of the same order of magni
tude and would be identical were the residual organic matter of. the 
same composition as that removed. 

In general, the conclusions arrived at by W. O. Robinson (£2) 
are confirmed. It appears ce,rtain .in cases where a large quantity 
of carbon remains lllconsumed that it may consist of orgenic com
pounds of lllcertain carbon content. The evidence of this is ad
mittedly. indirect but is considered convincing by the authors. The 
most important indications that such is the case are as follows: 

In none of the residues of the soils examined could any particle 
of carbon be positively identified by microscopic examinatIOn. This 
alone is not c:mvincing, but when coupled with the fact shown by 
Robinson (22) that powdered charcoallike particles separated from 
the soil are largely consumed by hydrogen peroxide, it woul.d seem 
that submicroscopic particles ought to be attacked. It has also been 
pointed out by Shorey and Martin (29) that the residue contains 
nitrogen, and tIllS fact has been confirmed .by the authors even when 
the mtrogen present as exchange ammonium was taken jnto account. 
The followIng data on the examination of a Chester silt loam sample 
are submitted as an example: 

:Per cent 
Organic carbon in the original soiL_________________.._________________ 1.78 
Organic matter removed by B:O.____________--________________________ 2. 41 
Carbon content of residue_____________________________________________ .37 
~itrogen content of 80il ______________________________________________ .156 
Nitrogen content of residue___________________________________________ .032 
~itrogen us exchangeable NB.______________:..________________________ • 016 

ltesldual orgunic nitrogen______--_______---------------------_------- .016 
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It will be noted that the C: N ratio is 11.4 in the 'original soil 
and 23.1 in the residue after peroxide treatment. The important 
deduction to be drawn from this confirmation of the work of Shorey 
and :Martin (~9) is that the residual material has a carbon-nitrogen 
ratio not unusual in soils and therefore indicates the presence of 
actual organic matter in the. peroxide-treated residues. More de
tailed data need not be given because of the data to be found in the 
work submitted by Leighty and Shorey (8) and by McLean (13, 
Ltj.). The former showed in a study of alteration of the carbon
nitrogen ratio in a very large number of profiles, that the ratio 
decreases with depth in most instances, but the reverse situation 
also obtainecl in a few cases. This result indicates arL alteration In 
the rate of destruction of nitrogenous and nonnitrogenous material 
tmder differing soil conditions. The ,results of McI..ean Dn the car
bon-nitrogen ratio of peroxide-treated residues also show alteration 
from the ratio of the origin:tl soils. It does not appear that he 
measured the base-exchange nitrogen, .and consequently the detailed 
figures obtained are not sIgnificant. They do show, however, that 
normal soil organic matter IS probably present in these residues. 

That some forms of organic matter are hie;hly resistant to. hy
drogen peroxide when not in contact with sOlI is well known. It 
seemed desirable to secure a few such substances, known to be present 
in soil organic matter or organic matter likely to find its way into 
soils, and determin? to what extent they yield to this treatment in 
the presence of soil. The soil employed ·was a sample of Chester 
loam and the samples in question were mixed with this soil in the 
ratio of 1 to 5. 

The resulting data are given in Table 6. 

TABLE 6.-0rganic materials ana hyarogen peroillide in the presence of soil 
organic manel' 

Loss by I Loss by Organic
Substance H202 H202 • Ash· matter 

alone and soil destroyed

-----------------1-----------
Per cent Per cent Per cent Per centLemon pectln _______ •___________-_______________________._______ 86.7 89.5 7.9 97.2Peat from Lake 1'>Iattamuskeet. __..________.._.._______________ 73. 9 81.5 9.7 90.2 

34.8 .5 35.0tr~\~c::~~:l~:=~:::::::==::=:::=:::=::=::::::=::::::::==:::::::: 1~g 78.9 .7 79.491.8 ______•__ _ 91.8{fI~!~~\~~-aCi(C:::::::::::::::::::::::::::::::==:::::::::::::: .!!.9 3.4 0 3,4 

The lemon pectin is a material v:ery rich in uronic ·acids. The peat 
used is very rich in alcohol-soluble material.. The apple cuticle was 
furnished by C. E. Sando, of the Bureau of Chemistry and Soils, 
and is highly resistant to oxidation. The lignin is a sample of J;JUrl
fied material furnished by Max Phillips, of the Bureau of ChemIstry 
and Soils. The oleanic acid is a ma~erial ext:acted from ,grape skins 
by C. E. Sando and known to be hIghly reSIstant to oXlda.tlOn. 

Certain minor, but real, sources of error in the use of the hydrogen 
peroxide method arise as the result of reactions between the hydrogen 
peroxide and the inorganic portions of the soil. The more significant 
of these ·is that hydrogen peroxide is a weak acid itself and with 
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organic matter produces carbon,ic acid. Both these effect base~ 
exchange reactions with the bases of the soil complex and whether 
they pass into solution or not have the effect of diminishing the ap
parent organic-matter loss by reason, of the hydrolysis so produced. 
Directly or indirectly the reaction is as indicated by the following 
equation: 

MX+H20~MOH+HX 

For each equivalent of base so removed there is added a molecule of 
water. When the soil residue is dried or the hydrogen peroxide 
extract ignited, the weight relation is as indicated or corresponds to 
half a molecule of water, depending on whether the hydroxide is 
converted to oxide in the process. It is clearly a task of conE,iderable 
magnitude to determine in anyone instance the exact effect of this 
type of reaction, and it does not seem worth while since each soil 
sample woulel have its own correction values.. It is not difficult, 
however, to determine the existence of the source of error and obtain 
a general estimate of its magnitUde. For this purpose 10-g samples 
of Shelby silt loam and of Carrington loam were treat~d with 
hydrog&n peroxide until the organic matter was removed. At the 
same time duplicate samples of each were treated with the same 
volume of distilled water and subjected to the same procedure. The 
filtered solutions were evaporated to dryness and ignited. The 
ignited water residue amounted to 6.6 mg for the Shelby sample and 
8.9 mg for the Carrington. The corresponding weights for the 
peroxide extracts were 33.6 and 43.3 mg. ' 

Were the differences between the weights of these extracts due 
wholly to conversion of exchangeable calcium to calcium oxide, the 
error introduced would give too low values for the organic matter in 
these soils by about 0.1 per cent. . 

A less significant error is due to the fact tllat since hydrogen per
oxide :is an oxidizin~ agent, any oxidizable inorganic material in the 
soil will be oxidizect to some extent, and to the degree that such oxi
dation occurs the added oxygen would make the organic matter 
values too low. It is not believed that this error is of moment in most 
soils, since almost the only oxidizable inorganic matter in soils is 
ferrous iron. It is probable that when such is present the oxidation 
primarily results in the base-exchange phen:omenon discussed above. 
In any case the general effect of the hydrogen peroxide treatment is 
not gl'eatly to intensify the color of the treated residues, even when 
hi O'h in iron. 

In the light of all the data at present obtainable, it appears that the 
hydrogen peroxide method is not satisfactory as a means of deter
mining the total organic matter of the soil. It can be a very. useful 
means of comparing the readily oxidizable materi9.1 in different soils 
and especially in comparing the quantities of organic material in dif
ferent samples of the ·same soil. If it be supplemented by a combus
tion determination of the residue, the carbon content may be assumed 
to be normal organic material and mUltiplied by a conventional 
factor, or the assumption suggested by Robinson (2iB) may be used, 
and in either case a fairly close approximation to th", real organic 
cont~nt be reached. 
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THE COMBUSTlONMETHOD 

In the following discussion ;attention is not directed. primarily to 
~' i ". the means by which the quantity of carbon ina soil is determined. .It 

maybe,saidat .onGe that so far as the authors candetern::Une, both the 
wet and dry combustion methods, whencanied out with suitable pre
cautions, accurately estimate the quantity of carbon dioxide produced. 
A review of many of the available methods with critical co~ents 
was :furnished by Springer (31) in 1928. 

There seemto be three points which merit consideration in the pres
entdiscussion. The firs~, and by far the most important,concerns 
the use ofa factor to convert the carbon, or carbon dioxide content, 
into the organic matter of the soil. The second is the determination 
of the corrections to be applied when calcareous soils are studied, .or, 
in the case of the wet-combustion method, when alkali soils are in 
question. The third concerns the residual material after dry com
bustiQnhas been employed to determine the carbon content .. 

THE ORGANIC FACTOR 

The use of the conventional factor, 1.124, to convert the carbon 
content oft!, soil to organic content, is 'open to serious criticism. 
From the literature it would seem that there is considerable uncer
tainty concerning the origin oftrus factor. There seems to be little 
doubt that it owes its extensive use to Van Be~elen (3) who 
ascribes its origin to We/iff (34). 

The earliest mention found of 58 per cent as the carbon content 
of humus, which carbon content is the basis of the conventional 
factor, is by Sprengel (30), who, in 1826, in a rather extensive paper, 
gave the composition of humus as 58 per cent carbon, 39.9 per 
cent o},.-ygen, and 2.1 per cent hydrogen. He used the copper oxide 
combustion method but did not give any detailed data. This paper 
was given scant and unfavorable comment by Berzelius (4, p. fd88) ,
who, on other grounds, considered the work reported so inaccurate as 
to be untrustworthy. In the light of the data quoted by Dana (6) 
in 1858, in A Muck Manual for Farmers, as derived from Mulder, 
the result obtained by Sprengel for humus extracted by alkali was 
fairly accurate, considering the analytical methods available. 
Mulder's values are as follows: 

Percentage of carbon 
Kind of soil in humus 

Fruit-orchard soiL_______________________________________ 58.49 
Kltchen-gardensoil______________________________________ 61.65 
Field (mowing) soiL___________________________________ 60.11 
Oak-plantation soUL_____________________________________ .58.98 

In 1864, Wolff (34 p. 156) made the following statement; al
though the analytical data on which it is based do not appear: 

Umaus dem Kohlenstoffgehalt des Bodena die Menge der Hwnussubstanz ..
wenigstens annuhernd genau zu berechnen, nehme ich im Humus durchschnitt
lich 58 Proc. Kohleniltoff an; l\lan braucht also den Kdhlenstoff nur mit 1.724 
oder die gefundenp. Kohlensaure mit 0.471 zu multipliciren, um auf diese Weise 
den Gehalt des Bodena an wasserfreiem Humus zu finden. 

This statement seems to be the basis for all the later use of these 
factors when combustion methods are employed for determining the 
organic content of soils. 

I, 

.4 
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Detmer (7), in 1871, found the humus of soil to have a carbon 
content of 59.79 per cent. Loges (10), in 1883, in a study of the wet 
and. dry methods ·of combustion, used the Wolff factors freely to clll
cultl.te the total " humus substance" of soils. In 1890 Van Bemmelen 
~3) made the following statement concerning the humus content: 
, Dieser ist erhalten dm'ch Multiplikation des Kohlenstoffgehaltes 
mit den factor von Wolff: 1:724.'~ This statement may be considered 
as e;;;tablishing the general use of the factor. 

That the <6rgarJc matter of the soil may be widely different in 
carbon content from 58 percent and that the factors 1.724 and 
0.471 are, in consequence, unreliable, has been shown repeatedly. 
Indeed, numerous investigations have shown that even in the ex
tracted soil humus, the mean values of the carbon content 'have been 
found to be more nearly 5D per cent than the 58 per cent assumed 
in the use of the above factors. OnlY.R few of these will be cited. 

Cameron and Breazeale (5), in 1904, showed that the humus 
extracted from 19 "typical" agricultural floils by 3 per cent .am
monia contained percent8ges of carbon varying between the limits 
of 33.3 and 49.22 per cent and averaged 41.77 per cent. Curiously 
enough, they advised the continued use of the factor 1.724. They 
readied this conclusion, partly at least, on the basis of the following 
statement (5, p. 44) : 

Furthermore this organic matter, not extracted by the ammonia, is made up 
largely of cellulose, or celluloselike suu::;tances in which the percentage of 
carbon approaches closely the figure given by Vnn Bemmelen. 

Since the carbon content of cellulosE. is 44.4.4 per cent, this value 
in reality approaches much more closely their value for the. extracted 
material than it iioes the value usedae the basis of the factor which 
they erroneously attributed to Van Bemmelen. 

In 1922, Read and Ridgell (19), using the method of Rather (17), 
to be later discussed, on a series of 37 soils of very diverse sources, 
found a variation of carbon content between the limits of 30.2 
per cent and 56.27 per cent, with a mean value of 49.26 per cent, in 
the surface soils, and a variation between 13.33 per cent and 56.55 
per cent, with a mean of 39.16 per cent for subsoils of the same series 
of soils. The mean for the whole series of soils for both surface 
soil and subsoil was 43.91 per cent. These results are in general 
harmony 'with those of Cameron and Brezeale (5). They are dis
tinctly out of harmony with the results obtained by W. O. Robinson 
(le93) who found, for the organic matter of the material removed 
by hydrogen peroxide, values ranging from 37.5 to 70.1 per cent, 
with a mean value of 54.8 -per cent. On the assumption that the 
residues, after treatment, consisted wholly of carbon, he calculated 
the total organic matter to have a carbon content which ranged 
between 44.5 and 78.4 per cent, with a mean value of 58.6 per cent. 
It should be added that" ill the series of soils examined, the maxi

" mum values were shown by a soil known to contain free charcoal 
particles. Excepting this soil, the maxima were 61.9 and 66.5 per 
cent. 

Lunt (11)! in 1931, in a study of the carbon-organic ratio of 
forest soil humus, found for freshly fallen leaves .a factor of 1.89; 
for partly decomposed leaves, 1.85; and for well-decomposed leaves, 
1.80. In this study the loss on ignition was used as a basis of esti

\ ~ 

http:cultl.te
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matS.an of total organic matter and, although this method. is obviously 
faulty as applied to soil, it is not su seriously questionable when used 
on the materials studied. 

A recent article by Waksman and. Stevens (313) discusses. the limita~ 
tiOIlS of the hydrogen peroxide method and the use of chlorine 
dioxide,iu estimating the organic content, of cffi.'"iain types of ma
terial, which have a very high orga~~ content, ~:nd finds them 
unsatisfactory as used. The authors Sta,t;l3 (3B, p. 114) : 

The most reliable method at present for 'determining quantitatively the soil 
organic matter is based upon the determination ot organic carbon, which is 
multiplied by 1.724 to give a total soil orga:cic matter. 

'I'hey adduce Thll positive evidence from any source fo;.- this state· 
ment. 

In view of the wide variance shown throughout the literatuxe cited 
above, it seemed not to be essential t'l carry out detailed examinations 
for the purpose of again showing the divergence of values obtained 
by the differ~:\nt methods. However, the data given in Table 8, shO"w 
that no clo::;e concordance exists between the hydrogen peroxide 
method and the combustion method when used on the same soils, even 
though "correction" be made for the residual carbon after hydro
gen peroxide treatment. Incident to the use of the Rather method 
(see beyond) the values for the carbon content of the organic matter 
of these soils, which is not soluble in a mixture of hydrochloric and 
hydrofluoric acids, are available. (Table 8, column 8.) The range 
is from 46.8 per cent to 61.4 per cent. 

It would appear from the accumulated data that however ac
curately carbon may be determined in a soil, the error introduced by 
the use of the conventional factor is very great. It is, therefore, 
rutile to attempt to arrive at any factor, since existing data show 
that, .as a matter of fact, the carbon content of soil organic matter is 
extremely variable. Some have endeavored to .avoid the uncertainty 
introduced by the use of a factor by contenting themselves with the 
determination of the carbon and basing comparisons between soils 
on the quantities so found. Such procedure is analytically sound but 
not very satisfactory, since the quantity of the material represented 
by the same carbon content may be essentially different, and quanti
tj~s of carbon may be quite different and yet represent like quantities 
of organic material. Even if reporting carbon content alone were 
satisfactory in general, there is one very important purpose that can 
not be so served. The combined water is a very important component 
of the soil, and its estimation depends at present on the difference 
between the ignition loss and the organic content. The carbon con
tent serves in no way to obtain the watel' content, and, unfortunately, 
any error brought in by the use of the :factor 1.124, or any other 
:factor, makes a like error in the water component. This is so serious 
in the study of inorganic soil constitution as to make an accurate 
method of determination extremely desirable, entirely aside from its 
importance to the study of the organic matter itself. 

CARBONATED BOILS 

As was pointed out in the review of the hydrogen peroxide method, 

the accurate detennination of the carbon dioxide content .of a soil 


, 
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involve:; 'the consideration ofla number of factors. Thus, if the 
combustion method be employea on calcareous soils, any error in the 
estimation of carbon dioxide resulting from acid ;treatment is im
mediately reflected in the estimation of the organic matter; this is 
tr,"~4Vhether the error be caused by the decomposition of organic 
\lnatter or otherwise. 
, The data already presented show that, although ilie method of 

determining the carbon dioA-ide by boiling with 12 per cent HOI for 
a short period is not likely to introduce significant error into the 
estimation of the carbonates, it is likely to produce a relatively more 
important error in the calculated organic content, especially since it 
is Uncertain whether a :portion of the carbon dioxide so determined 
has its ori~in in orgalilC matter. It also. seems apparent that the 
quantityot carbon dioxide present in noncalcareous soils is suffi
ciently large, es]?ecially in soils which approach or pass neutrality, 
to wa.rrant a carbon dioxide determination in every case where 01'
gal(::: matter is to be determined. 
• The question of the retentio:l of carbon dioxide derived from the 
combustion of organic matter appears to depend somewhat on the 
character of the soil. In the absence of actual alkali carbonates, 
there seems but little likelihood of appreciable quantities of potas
sium or sodium carbonates being foirmed by reaction between the 
carbon dioxide and exchange bases in the soil which escape decom
position at the fUl'I~uce heat. As a matter of fact this residual carbon 
dioxide is small but real in the nonalkaline soils under examination. 
The results obtained are given in Table 7. 

TABLE 7.~aq·bon(/tes in residue after combustion 

Percent PercentSoil SoilSoil type age of C02 Soil type age of CO,No. No.in residue in residue 

193 Carrington IOanL________________ O.OH lSI Ontario loam ____________________ 0.0166797 Shelby slit lOIllU _______________ _ .011 512 Sharkey clay__________________ _ 
199 Miami silty clay loam ___________ .014 5751 Houston black clay ______________ .022 

.000185 Cecil clay IO>lIIl_________________ .051 

So far as the authors are aware, the presence of alkali carbonates. 
in itsel:f oifers no difficulty to the use of the dry-combustion method, 
but the associated so-c::lled alkali salts may at times oifer manipula
tive difficulties, and the wet-combustion method is to be preferred. 

The combustion method seems to bea very satisfa:ctory means of 
estimating the carbon content of soils, assuming proper precautions 
are taken to insure accuracy of results and to avoid errors incident 
to the presence of cBrbonates. "Then we undertake to translate the 
carbon content into organic-matter content, the method is useless 
for any purpose other than a rough comparison. It is difficult to 
understand. why its use should have been 'So long continued except 
for the belief that no more satisfactory method existed, and it is 
better to use a poor tool than to do no work-Certainly the relative 
quantities of organic matter in soils is an important question, and 
a satisfactory method is greatly to be desired. 

,-\ c 



18 TEOHNICAL BULLETIN 311, U. S. DEPT. OF AGRICULTURE 

LOSS ON IGNITION 

The. loss on ignition ~as long been used as ,a measure. of ~he relath:e 
orgamc content of sOlis. (2) That the diI':9ct applicatIOn of thIS 
method is accompanied by gross error is too well known to warrant a 
detailed review of the proofs of its inadequacy. The hydrated miner
als of the mica and zeolite types and the" water of constitution" of 
the colloids and of clay Ininerals are included in the ignition loss. It 
is important to determine th~ water content of soils and colloids as 
well as to determine the organic matter itself. A very valuable aid 
to soilstl1dy would be secured if a method were available for dis
tinguishing betweeI: the pOl'tio:ns of the total ignition loss due to 
organic matter and to the dehydration of inorganic materials. 

In In7 there appear·<..d a bulletin of the Arkansas Agricultural 
Experimental Station by Rather (17) in which the distinction just 
mentioned was attempted. Rather's method consists essentially in 
the removal of the hyd,:-ated mineral matter of soils by repeated 
treatment with a mixture of dilute hydrochloric and hydrofluori~ 
acids and subsequent washing to remove these acids and their soluble 
salts. The residual organic matter is then determined by ignition. 
It is obvious that this method involves the removal of the organic 
matter which is soluble in water and in acids at the dilutions em
ployed, or which is decomposed by treatment with acids. The ex
tent to ,.mch sllch removal of or~anic matter before ignition occurs 
can be approximated by determming the total carbon before and 
after e)..i;raction with acids. In a series of determinations on 12 soils, 
Rather demonstrated that the loss of carbon by leaching was small, 
varying between 0.01 and 0.16 per cent with an average loss of 0.06 
per cent. This paper was followed by Read (18) who applied the 
method of Rather to effect a simultaneous determination of organic 
matter and organic carbon, and in doing so developed a wide vari
ation in the percentage content of carbon. This was, in turn, fol
lowed by a more extended paper by Read and Ridgell (19). They 
presented the results of a study of the Rather method w?th reference 
to the question of the yalidity of the conventional factor to which 
attention has already been drawn. (P. 15.) In the 1926 edition 
of Wiley's Principles and Practice of Agricultural Analysis (33) 
this method of examination was somewhat briefly discussed and 
was dismissed with the comment that "the method gives very sat
isfactory results but is quite chronokleptic." In view of the impor
tance of the matter it seemed desirable to reexamine this method, ; 
despite its time-consumin~rcharacter, and apply it, or a modifica
tion of it, to the same soIls which were examined by the methods 
previously discussed. \ 

EXPERIMENTAL DATA 

In Rather's (17) detailed method soils are first leached with water 
and then treated repeatedly on the water bath with a 1 per cent solu
tion, consisting of 0.5 per cent hydrochloric acid and 0.5 per cent 
hydrofluoric aciel, until a constant ignition loss is obtained. The 
quantity of organic matter dissolved by the water may be determined 
separately. In view of the observations rreviously discussed in this 
bulletin, it seemed best to modify Rather s method in certain details. 
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In securing the data given in Table 8, the soils were treated with a 
mixture of 2.5 per cent hydrochloric acid and 2.0~r cent hydrofiRoric 
acid in platinum. dishes amI allowed to stand.overnight at room 
temperature, and, after filtration, this treatment was repeated. The 
soil -residue was washed until free from chlorides. The filtrate was 
not directly examined for carbon content, but this was indirectly 
det.ermined as later described. The soil residue WRS dried at 1000 to 
1050 C. and then ignited in a mufHe furnace and the ignition loss 
determined. This Ignition loss represents tne undissolved organic 
matter, if the hydrated inorganic matter has actually been wholly 
removed. and theI:esidue contains no inorganic material which alters 
in weight. during ignition~ 

A preliminary experiment :to illl!strate the degree of complete
ness. of remoTa 1 of hydrated inorganic material was carried out on e, 
sample of the fraction of the B2 horizon of Cecil clay loam, from 
Rutherford County, N. C., which does not pass ;a 300-mesh sieve. 
It consisted largely of mica, together with a small quantity of col
loidal aggregates. It had an Ignition loss of 9.4 per cent and a 
carbon content of 0.12 per cent. After one treatment with the mix
ture of acids the ignition loss was reduced to 2.32 per cent; after a 
second treatment the ignition loss was 0.27 per cent; and dter a third 
treatment was 0.15 per cent. The calculated organic content was 
Oi:>D per cent (0.12 X 1.724). This material should be considerably 
more difficult to free from hydrated minerals than ordinary soil. 
The authors are confident,~therefore, that no material error in the 
application of this method was due to loss of " combined" water. 

The results obtained on 11 soils are given in Table 8. The data 
in column 3 are the direct ignition losses obtained after the described 
treatment with the hydrochloric acid-hydrofl,uoric acid mixt11re, 
except in the case of Hot-ston black clay. In this case, because of )Ghe 
high carbonate content, the soil was given a preliminary treatment 
with 5 per cent hydrochloric acid. 

TABLE S.-Organic matter by the lIlodifit;d It',a·ther method 

Total or· 

Total 
ganic matter 

assuming 

SoU 
N~. 

SoU type Ignition 
loss 

Organic Carbon in organic <lissolved Carbo!! in 
carbon in filtrate IlIlIt~r by organic orgaruc 
fIltmt~ X1.724 ~t~ ~~~'f:n ~i3:;~r 

method content as 
given in 

Colnmn8 

--1-----------1---11--- ---'---1----1--
1 2 4 5 6 7 8I 

Pa cent IPa cent Per cent Pa cent i Per unt Paunt 
193 50.1 
181 51.4g=r::~~============:=== ~~ I ~~ ! t~ ~::J U~

6797 Shelby sUt loam_________________ 2. 47 .53 .92 I 3.311 3.48 52. 3 
189 5.'i.OWabash silt loam.._______________ , 2. 24 .65 L 12 3. 36 3. 42 

7300 Blakely clay loom_______________ 6. ()() L 16 2. 01 8. 01 8. 44 47.6 
391 Hagerstown Iorun..____________--- L 47 .14 .23 1.70 1.74 52. 0 
185 Cecil clay loam_________________ .65 _12 • 20 .85 .91 46.8 
199 Miami silty clay loam___________ 1.91 .41 •-iO 2. 61 2. 67 5.1.9 
512 61.4Sharkey clay____________________ 3. ill .63 1. 08 4.87 4.82 

5751 Houston hlack clay______________ 3.17 .57 .98 4. 15 4_ 241 53.4 
9356 49.9

Ch~~::a:~~~~~~~~~~~~~~~~~~~~~ _____:~:_ .24 .42 3_ 51 _______~_~~_ 
52.16 
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In column 4 is given the cal'hon content of the organic matter dis
solved by the acid treatment. These values were obtained by deter
mining the total carbon content of the original samples by the dry
combustion method and subtracting from this quantity the carbon 
found ill. the acid-treated residue. It will be observed that the quan
tities so found are much higher than those obtained by Rather. (P. 
18.) This is not alone due to the greater concentration of the acids 
employed, but also to the very greatly increased period of diges
tion in the cold acid. The values range from 0.12 to 1.16 per cent. 
The high value, 1.16 per cent, was obtained in the case of Blakely 
clay loam. This is a soil in which 0.68 per cent of mauga.nese is pres
ent, calculated as manganous oxide. It is prasent chiefly as the diox<
ide, a.nd were it all so present, it would correspond to a percentage 
content of 0.83. Without doubt the large solution loss in this case is 
due in part to the oxidation of organic matter by the products of 
reaction between the manganese dioxide and the aCIds. It is certain, 
however, that not all the dioxide present is decomposed by this proc
ess, since in the case of the Blakely sample the ignited residue was 
black, whereas in all the other samples the residues· were nearly 
white or white. 'With manganese dioxide present in large amounts 
there occurs a source of error in the application of the Rather method 
not encountered in the combustion method. When manganese di
oxide is treated 'with a mixture of the acids, even of the strength 
employed by the authors, it is attacked to but a slight degree. When 
the insoluble residue is ignited it is converted to the manganous man
ganic form MnS04, and the loss of oxygen from this SOUl'ce (12.2 per 
cent of the weight of Mn02), if not compensated, is counted as 
organic matter. In ordinary soils the error introduced in this 
manner is very small, and even in the case of Blakely clay loam 
would be at the greatest but 0.1 per cent. . 

In column 5 of Table 8 are given the values obtained for the 
organic matter present in the acid filtrates calculated on the assump
tion that the conventional factor, 1.724, times the carbon content, 
is valid. Even if this be not true, it is obvious that less error is 
introduced by using the factor on a part of the carbon content than 
when it is a.pplied to the whole. 

In column 6 of Table 8 are given the values of the total organiC 
matter in the soils obtained by adding the values in columns 3 and 5. 
In column 8 is given the percentage content of carbon in the undis
solved organic matter after treatment with the acid mixture. It will \ 
be observed that these values range between 46.8 and 61.4 per cent, 
with a mean value of 52.16 per cent. It appears that, if we were 
only certain that the dissolved organic matter had the same carbon 
content as that not dissolved, we would obtain a very accurate esti
mat~ of the organic content of the soil by multiplying the carbo~ 
content by th9 factor corresponding to its percentage value. It is not 
probable (_~at this is permissible, since the very fact that it is soluble • 
differentiates it from that which is not dissolved. However, since 
it has been repeatedly shown that the carlbon content of the organic 
matter of soils is variable and that, in whatever fraction isolated, 
the mean value is less than 58 per cent (as in the soils under discus
sion), a lesser error is introduced when the total organic matter is 



cSlculated"as indicated above than wheIithe.calculation is made ..\as. 
in column 6. . . '" 

In column 1.are given the orgaIiic-ma-tter contents oi'the soils'on. 
the ~umptionthat the'orgamc 'matter' di,'SSOlx~a~has the,,samecar
.bon'oontent as· that .not dissOlved.oIt,,,\~ll..rJbe. ;obseI'ved that. the., 
diffe:rencesbetwOOn th~ quantities given it\ Columns 6 and 1 are ,in 
so~e cases· very slight.and'ln'others quiteJ,~ppreciable. It is recOg
nized that ~efth.eE co'i11Jiift:o.u=-ii~~~o/tmm '( shows accurate v,slues, but , 
that the values- Jill column 'rare pfoably somewhat closer to the real' .' 
organic contenfof th~. soi}..s. 'J 

. COMP-Aru£SdN OF ~ m:tHoDs
,'.>-

In o~~.d6r·tolacilita.te comparison between thethr~methods unae~ 

discussion the final values for eaCh . method on each soithave been 

brought\'to~ther in Table 9. 


TABLE 9,~ompari8Ot1 of organic matter determiuatwns. by the t~ree met7lod.8 

8truiied 


OrgtUJie 

OrganIc ma~Organic 'mIIliIttaby mstt..erby ·Batber.Son lIJO~ •son tnJe cOmbustion method. (0No. method method In fIltfatex(from (OXL72!) es.ctm'fromTableS) TabloS. 
. columnS). 

---�-------------~----------------~------~------I------J 
1 2 3 4 5 .... 

·".1 

Puunt Puunt . Pu erot 
5.10 4.68. 5.41 
3..75 3.00 4-1:!. 

189 Wabash slIt loam_____~__________________________.'___ 
67116 Shelby slIt 16anL._________________________________~_:.._____i:· g~mrr~::===:===::=====:====~=========:=:=:= 3.54 3.14 3.48 
7300 131akelyc1ay I06IIl-_______ __________________________ 3.21 3.22 3.42 

~ 

~ 

391 HagerstoVlu kiBm. _______________________________. _________ 6. 76 6.92 8.44 
1.64 1.55 L74 

'1~ ~Cecll clay 10lllll--___•___•_______________________ ___ .58 .73 .91 
2.54 2.4'i 2.67 
5.05 5.10 4.82 

3.91 4.243.62,.~ ~~A~~~~~~~~~~~~~~~~~~~;;~~~~~=~~~~~~ 3.05 3:07 3;57 
I 

It will be ob~rvea that the organic matter content of these soils, 
as shown by the hydrogen peroxide method, is less than that shown 
by the modified Rather method in all the soils save Shelby silt loam 
and Sharkey clay. The difference in general between the values in 
column 3 and column 4- is small, and the quantities shown ar~ essen
tially identical when, the known sources of error·of both methods are 
taken into consideration. 

It appears that, if the precautio~ outlined in.the preceding pages 
be used, the. hydrogen peroxide method and the dry-com.bustIon 
method. are of equal validity, and, since both are apparently inaccu
rate, it is immaterial which method is employed for the purpose of 
estimating organic matter in soils,. provided the same care isemployed 
in each. Since the dry-combustion method ~s much ,more readily car
ried out and involves but one combustion, whereas the peroxide 
method requires in addition the careful technic of the hydrogen per
oxide treatment, it follows that in general the dry-combustion method 
is to be preferred. It also seems to be true that where the object 

http:o~~.d6r�tolacilita.te
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sought is the relative amount of organic matter in various samples of 

the same or similar soils, the hydrogen peroxide method may be pre· 

ferred when the combustion of the residues is omitted. It may be 

assumed that, since the hydrogen peroxide effects the oxidation of the 

more readil~1' oxidizable matter, the relative amounts so shown are 

more truly an index of the organic matter available for bacterial con· 

sumption than are the relative amounts of total carbon multiplied by 

any factor. Although this assumption may be correct, proof of its 

validity is lacking. The need (If a method fo~ such distinction, bas 

been pointed out by Shorey (27),


It may be observed. that in the combustioIl method the results may 

be either above or below the actual organic content, whereas in tlie 

hydrogen peroxide methods the results should invariably be loW". 


When we turn to the comp~dson of the dry-combustion method 

with the modified Rather metholi (Table 8, columns 4 ani} 5) it is 

found that the latter, in general, gives higher results for the organic

matter content. The single exception is in the case of Sharkey clay, 

ahd this difference is chiefly due to the high carbon content of at least 

the organic matter not dissolved by the acid treatment. (Table 8, 

column 8.) Similarly, the larger values in column 5, Table 9, as 

compared with column 4, lIre to be ascribed in psrt to the same pro

cedure, using the larger factor required by the carbon percentages 

given in column 8 of Table 8. Nevertheless, even the smaller values 

obtained by applying the conventional factor to the acid-soluble 

organic matter still leaves (Table 8, column 6) them larger than those 


• obtained by the dry-combustion method. The widest divergence is 
found in the case of Blakely clay loam where the margin is 1.52 per 
cent. As already mentioned (p. 20) the presence of the manganese 
dioxide in this soil introduces a small source of error into the modified 
Rather method but operates to bring about values which are too low. 
It follows then that if the percentage carbon content given in column 
8, Table 8, actually represents the carbon content of the total organic 
matter of the soils in question, then the high values of column 5, Table 
9, are more }learly a quantitative measure of the true organic matter 
of the soil than are the quantities obtained by either the hydrogen
peroxide 01' the dry-combustion method, using the conventional con
version factor. That the percentage carbon (:-:>ntent of the organic 
matter in these soils is variable between. wide limits is abundantly 
supported by the experimental data as well as by the data presented 
in the references discussed. (P. 14.) The uncertainty regarding 
the carbon content of the acid-soluble organic matter is the most im • 
portant element of doubt in the application of the Rather principle. 
That it offers the most satisfactory method at .present available for 
the determination of the true organic content is believed to be shown. 
That the modified Rather method, as used by the authors, is time
consuming is undeniable. It requires two combustion operations, 
whereas the dry-combustion method requires but one, and, in addi
tion, requires the time delay involved in successive treatments with t 

the mixed acids and the subsequent washing and drying of the resi

dues. The use of hydrofluoric acid involves the use of platinum ves

sels in considerable numbers, if many operations are to be carried 

forward at the same time. It is not to be expected, therefore, that the 

method will be employed for routine comparative purposeS. It is 
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believed that this method, or an improvl3ment, should be used when 
results of the highest possible accuracy are required. 

The study of the p1·oblem., Qf soil organic matter involved in the 
.. 

J>!.eparlltion of this bullet~in lends' emphasis to thoecontention ,0.f 
W&ksman an.d ~tevens (3B) and OJ. Shore;y _(138) that .~he orga~ic 
matter, Ofsbils IS not adequately differentiated when ItS quantIty 
is determined accurately, even were that possible. ,\Th~t soil.organic 
ma~ter varying I.lS widely in carDon content as the available data 
indica~es sh()pld beot widely v!lryib~. ~gricultpr~r significanqe is 
!JeyonaquestlOn.' That thA met~od.or differ.entiatlOn sugg~3ted, by 
Waksman and th..!:! :frankly qualItatIve method of Shorey .areadet 
quate for the purpose is more than doubtful. That better methods 
for the study of organic matter are urgently needed is obvious. .: 

SUMMARY 

A. study of the organic-matter content of a group of soils by the 
hydrogen peroxide method, the dry-combustion method, and the ~: 

modified Rather method is presented, together with a discussion of 
the defects of each method. 

The conclusion is reached that none of these methods gives a 
satisfactorily accurate means of estimating the organic matter in 
soils. The attempt is made to show that the modified Rather method . 
!!omes nearest to the objective sought, but that it is too slow and 
expensive for ordinary routine examinations. The fact that the 
dry-combustion method is based on a fundamentally inaccurate con
version factor does not invalidate its use for accurate determination 
of carbon content is point~d out. 

The need for careful consideration of the carbonate content of 
soils as a part of the procedure in determining the carbon content 
of soils is emphasized and an improved procedure "is suggested; 
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