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methods se in atiiat1ng the orgnio content ot All of thea 
which hav bøon ,ropos*d or adopted are ubjeat to raUer ertoue um- 
itLlttofls, Th*$O YaXIOUß t7p*s ofmothods and tier m1tationa aro 
dieaeaed. Probabi the gratot weaknees ot both dr and wt nrne 
tion iøtboda lies in te neesit, of lorin a taetcw hio Ic based 
on the ees.ption of tha prantago of carbon in the organic ratter. 

T gsnul tpø* cC aeuraente are used. in one method the 
004) svolved is r**i*d, und Xxi the Other *thod the z'educiz capacity 
of the soil i In the aet3iod suggested, the writ bas 
attatd to conbine both of these measiweantc into a single doter.. 
*ination idth the hote tbt the cainatiofl m4t rive a truer index 
as to both the *aunt and the nature *1 the organic matter and perhaps 
give a means of eatabliihing the true Valus of this faCtor. 

xIo, a new oxtdting agent for soil carbon dotetiv* tion, 
selected In this prooedine because of its stability at hi temperas 
tures and its abi1it to oxtdjze ozanic compounds o]etly to C 
with no evoluti 'n oÍ free exygen during the re ation ( a property 
is lacking in most ozidising agert , notably 

Th* **ea of ozdation of several sertes of pure gsnic compouu s 
was deteridried to find the optim cidit ions for complete combustion. 

Por the soil analyses a cl sd srctem was used, The QO olv.d 
* absorbed by standard alkaline solution, and Sres this asaMwemnt 

tl* amount of o*bon e irnalated. ¶he excess ozidi1ng agent after t* 
rmtion me t aran pi ce was measured snd f rom thi s the *mount or rsd 
ueinp ruateria3 in the soil calculated. 

rceeu*ta indicated that probably a groat portion of the organic 
t er tu meat soils i a of carbohydrate nature The detozatnetian of 

the ortanic matter trois the neaaurement of COp evolved appears te be 
more reliable than the dsterdnatiOn of the soil ' a reducing capacity. 

NO correlation was found betweon ratio ot ep en consiams* to 
carbon and the factor uso to convert nie. 01 suben to xg of soU 
organic mattei. Rowever, it doee indicate when a soil cont*ins 
inorgerti e carbonates, 



ABSTRACT (Cont.j) 

The combined data (percent of oi'gaxiic natter by 1oaonuuignition 
by Rather'a method, C( produced by wt coution, nd KIO u80d) 
rave SO?!G clue as to the nature of theio oaganto ooritituonta. On the 
a3umption that t13o coriapound8 were composed of' hydrogen, aen, and 
carbon only, the percentagea of each o1et in soil organic tter 
was calculated for eoil samples studied. It le hoped that this data 
may give aonio moans of moasurinp the biological activity of the soils. 
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TI OTASSITfM lODATE METHOD FOR DETthUIINING 
OHGNIC MATTER IN SOILS 

The chentical literature contains numerous references 

(1) (6) (8) (9) (10) (11) (12) to various methods used in 

estimating the organic content of soils. All of these 

which have been proposed or adopted are subject to rather 

serious limitations. 

The loss-on--ignition method which has been used 

considerably in the past has inherent errors that make it 

practically worthless as an index of the organic matter of 

a soil. Attempts have been made to eliminate these sources 

of error by a modification suggested by Rather (lo). This 

modification consists of pre-treating the soil by digestion 

with a mixture of hCL and HF to remove the carbonate, the 

hydrated, and the unoxidized minerals from the soil prior 

to ignition. This pretreatment eliminates those factors 

which interfere with the accuracy of this determination so 

that it is now believed that with this modification the 

method is superior to the organic carbon determination. 

while some investigators have attempted to measure 

the soil organic matter from a nitrogen determination, it 

is generally recognized that such estimations are not 

trustworthy because of the great variations in the carbon- 

nitrogen ratio (2) (9). 

Many investigators consider dry combustion methods to 
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be the most precise available (9). In view of the fact 

that the employment of' this method requires the use of a 

factor (based on the assumption of the percentage of car- 

bon (9) In the organic matterj this method at best is only 

an approximation. It has been demonstrated that the 

percentage of carbon of organic material removed from the 

soil by solvents varies between 44 and 64% (10). In 

addition, other errors arising from carbonate and elemen- 

tary carbon are inherent in this determination. 

et combustion methods are more convenient, though 

perhaps not as precise as the loss-on-ignition methods. 

The results from these methods may be obtained from two 

different types of measurements. Some measure the organic 

matter in terms of the CO2 evolved, employing a factor as 

in dry combustions. Others measure the amount of reducing 

material in the soil by determining the amount of oxidizing 

agent required for complete combustion of the organic 

material. 

The former measurement (evaluation of organic matter 

in terms of CO2) does not give results including elementary 

carbon, but does Include carbonate carbon as well as having 

other limitations. In the case of certain oxidizing agents 

(notably K2Cr2O17, which is most generally used) most 

organic compounds are not oxidized completely to CO2 under 

the conditions employed (5). 

The Schollenberger method (11) or its modifications 
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is probably the most widely adopted of' the wet combustion 

procedures. According to his method the soil sample is 

oxidized with excess K2Cr20' in 36 N H2SO4. This charge 

is heated to 175 degrees in 90 seconds, cooled and 

titrated to determine the extent of the reduction. The 

organic matter is estimated from these results. 

The wide-spread use of this method has been largely 

due to its simplicity, rapidity, and convenience. The 

determination appears to be purely impirical. Many 

investigators have shown that most organic compounds are 

not completely oxidized under the conditions suggested by 

Schollenberger, and that in an oxidation involving 

dichroinate both CO and oxygen are evolved (5). While no 

claim Is made as to the precision of the method, it has so 

many sources of error (factor, etc.) that results obtained 

by this proceuure can at best give only a rough estimate. 

Obviously the greatest weakness of both the dry and 

wet combustion methods lies in the necessity of employing 

a factor. 

It is also surprising that no attempt has been made 

to combine both measurements (CO2 evolved, and reducing 

capacityj into a single determination. It is quite pos- 

sible that these measurements might give a truer index as 

to both the amount and nature of the organic matter and 

perhaps give a means of establishing the true value of 

this factor. The writer has made an attempt to do this 
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in the method to be discussed. 

.LXPER IMENTAL 

Of all the possible oxidizing agents for such a 

determination KlO3 appeared to offer the greatest possibil- 

ities. it is stable, easy to obtain pure, capable of 

oxidizing organic compounds completely to CO2, (13) (4) and 

gives no evolution of free oxygen during the reaction. 

Although it has been reported in the literature that 

KlO3 is stable in .ti2SO4 solutions up to 250 degrees 

centigrade tl3) initial experiments were conducted to check 

its stability in 36 N H2SO4. The results of these tests 

indicated a slight decomposition with temperatures as low 

as 210 degrees. Further work, however, showed that it was 

possible to heat this mixture to 200 degrees for as long as 

one hour without measurable decomposition. 

in order to determine tue relative ease of oxidation 

under these conditions, several series of pure organic 

compounds were tested. Sucrose, succinic acid, mercuric 

acetate, benzoic acid, and salicylic acid were oxidized 

with no difficulty. These result.s merely confirmed the work 

of Strebinger (13). Potassium acid phthalate, however, was 

found. to be very resistant to oxidation by this method, and 

under the above conditions was only partially oxidized. 

This has bean confirmed by Williams and his co-workers (4) 

who have reported a few compounds which are not easily 



attacked by Klo3. However, since compounds reported 

(nicotinic acid and phthalate) are not likely to be present 

ïn soils in appreciable amounts, the inability to oxidize 

them should not introduce a serious objection. 

The apparatus that was finally adopted was a inodif i- 

cation of that used by Heck (8). In the opinion of the 

writer there were several objections to the original 

system: 

1. The reaction was carried out In a 500 ml. 

rubber-stoppered flask at temperatures of boiling acid. 

2. The 002 absorption column appeared to be too 

short to insure complete absorption of the gas. 

3. The volume of the system was entirely too 

large to be easily flushed prior to and following the 

reaction. 

In addition, changes had to be made In the construe- 

tion of the original apparatus to remove the free iodine 

which was liberated. This was accomplished by passing the 

gases through solutions of Kl and Na2S2O$; the bulk of the 

iodine being removed by the Kl and last traces by the thio- 

sulphate. 

The apparatus that was used in the present investi- 

gation Is illustrated in Figure I. The reaction chamber, 

constructed from a ±yrex No. 20 standard taper, measured 

12 inches over all. In order to cut the time of flushing 

to a minimum, the absorption vessel Li was equipped with a 



siphon. This permitted the vessel to be filled with 

distilled water which was easily renioved and replaced by 

002 free air. 

The three-way stopcock J served to by-pass the flush- 

Ing gas during the initial flushing. The absorption 

colunin N was 36 inches long. 

H0CEDURE 

The reaction vessel was charged with i gin. of oven- 

dried soil and 1 gm. of recrystallized KlO3. The stop- 

cock C on the reaction vessel and the ground-glass joint 

were lubricated with syrupy phosphoric acid. The absorp- 

tion unit LThi was filled with distilled 002 free water, 

and the suction bottle with tap water. By adjusting stop- 

cock J, the unit MN was cut out of the system, and water 

permitted to siphon rapidly from the suction bottle R. 

Three liters of flushing gas will remove any residual 

002 that might have been in the system. After J was 

closed, the stopper at the upper end of column N was 

replaced with a drying tube filled with soda-lime, while 

the water was siphoned from N through 0; then with the 

original stopper replaced in N, after closing pinchclamp 

Q, J was again opened and as the water siphoned from 

vessel M, the 002 absorption unit was emptied of water 

and filled with 002 free air. 

After stopcock J and pinchelamp O are closed, exactly 
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50 ml. of standard NaOH was introduced by means of a 

burette through the upper end of column N, and N was so 

adjusted that the solution stands a little more than half 

way up in the column. ±inchclamps Q and S were opened, 

stopcock J was opened and the siphoning permitted to 

proceed at about i drop per second. 

One half ml. of distilled water was pipetted into the 

reaction chamber through BC, then 10 ml. of concentrated 

H2SO4 which had been boiled to insure removal of organic 

matter. 

The bath (phosphoric acid mixture (3)) was adjusted 

to surround the lower 4 or 5 cm. of the reaction chamber, 

and the temperature raised slowly to 200 degrees centi- 

grade. If there was much organic matter present, rapid 

reaction began around 100 degrees. Care had to be exer- 

cised to prevent a reaction so rapid as to cause "backing 

up". The temperature was maintained at 200 degrees with 

a micro-burner. 

After 60 minutes the bath was removed and the system 

again flushed with 3 liters of air. The contents of the 

reaction vessel were neutralized with NaCH and boiled to 

expel iodine. While cooling this solution and drying the 

reaction vessel in the oven, the contents of the 002 

absorption unit was titrated with standard HCL (the 

absorbed CO2 is precipitated with BaCL2). From this 

titration it was possible to calculate the weight of carbon 



which was oxidized. 

After this titration, the absorption unit was again 

filled and put in place in the system. 

then the KlO3 solution from the reaction vessel was 

cool, it was made alkaline to precipitate iron that was 

present in all of the samples. The resulting precipitate, 

along with the siliceous material, was filtered out and. 

aliquots of the filtrate were titrated with thiosulphate 

(7). From this titration the amount of KlO3 required for 

the oxidation of the soil can be calculated. 
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DISCUSSION AND RESULTS 

Results obtained by the use of KlO3 are given in 

Tables I, II, and III. 

The percentage of carbon calculated from KlO3 used in 

the oxidation was based on the assumption that the soil 

organic matter was carbohydrate in nature and hence the 

oxygen consumed was a measure of the carbon content. 

From this work lt is evident that the determination of 

organic matter from measurement of CO2 evolved is more 

reliable than the determination of its reducing capacity. 

The percentage of organIc matter obtained for the CO2 

data was made on the assumption that soil organic matter 

should on the average contain 58 carbon (9). 

Oxygen consumed to carbon ratios were calculated in 

an attempt to find some correlation between this ratio and 

the factor used to convert mg. of carbon to mg. of soil 

organic matter. As far as the writer was able to determine, 

no correlation exists between these values. The determin- 

ation of oxygen consumed gave no Indication as to the true 

value of the factor. However, it does indicate when a 

soil contains inorganic carbonates. 

The combined data (percent of organic matter by loss- 

on-ignition by Rather's method (10), CO2 produced by wet 

combustion, and KlO3 used) gave some clue as to the nature 

of these organic constituents. On the assumption that 
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these compounds were composed of hydrogen, oxygen, and 

carbon only, the percentages of each element In soil 

organic natter was calculated for soil samples studied. 

Although all samples used were supposed to have been car- 

bonate free, analyses indicate that some of them must have 

contained carbonate carbon. It is hoped that this data 

may give some means of measuring biological activity of 

the soils. The results from these calculations are tabu- 

lated in Table III. 

The following abbreviations are used in Tables I and 

III under the columns headed uTypeht. 

S ----- Sandy or sand 
C ----- Clay 
L ----- Loam 
Crs.--Coarse 
F ----- Fine 
Si----Sitly 
G ----- Gravelly 
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TABLE I. 

Sample Depth Type % C--Meas'd. % C--Calc'd. 
from KlO3 used 

TJmatilia 
19064 0-8 SCL 2.95 2.98 
19065 8-27 SOL 1.24 1.25 
19066 27-42 5CL .55 .63 

Rup e r t 
19076 0-8 Crs.S 1.66 1.78 
19077 8-21 Crs.S .80 .84 
19078 21-38 Crs.S .5b .58 

Umatilla 
19079 1-8 FSL 1.59 1.50 
19080 8-18 F$L 1.26 1.14 
19081 18-28 FISL .43 .36 

Palouse 
19116 0-4 Si.L 2.26 2.33 
19117 0-8 S1.L 2.44 2.50 
19118 4-21 S1.L 2.35 2.62 

Umat lila 
19162 0-14 Onyx L 1.08 1.37 
19163 14-40 Onyx L .56 .89 

Josephine 
County 

19903 0-8 GL 1.16 1.22 
19904 8-18 GL .54 .57 
19905 18-36 GL .34 .42 

Jo sephine 
County 

19906 0-8 FSL .91 .94 
19907 8-18 FSL .63 .62 
19908 18-36 FSL .28 .29 

Salem 
19909 0-8 SL 1.21 1.19 
19910 8-18 SL .60 .58 
19911 18-36 SL .34 .34 

Jo sephine 
County 

19912 0-7 GL 2.16 2.25 
19913 8-18 GL .2b .31 

Urna t il la 
19061 0-5 L 1.97 2.21 

.kl1ot Rock 
19067 0-8 Si.L .99 1.32 

Walla Walla 
19070 0-8 Si.L 1.00 1.34 



S amp le 

Umat lila 
19064 
19065 
19066 

Rupert 
19076 
19077 
19078 

Uniat lila 
19079 
19080 
19081 

P ai ou s e 
19116 
19117 
19118 

Urna tilia 
19162 
19163 

Jo sephine 
County 

19903 
19904 
19905 

Josephine 
County 

19906 
19907 
19908 

Salem 
19909 
19910 
19911 

Josephine 
County 

19912 
19913 

Uinatilla 
19061 

Pilot Rock 
19067 

Waila Walla 
19070 

0-C ratio 

TABLE II. 

Org. Matt. 
from CO2 

13 

% Org. Matt. 
OSO Exp. Sta. 

2.69 5.09 5.17 
2.71 2.14 2.33 
3.03 .96 .99 

2.85 2.87 3.26 
2.82 1.38 1.65 
2.73 1.09 

2.53 2.74 1.74 
2.43 2.17 1.26 
2.26 .74 .96 

2.7b 3.90 4.00 
2.75 4.04 4.42 
2.99 4.05 4.09 

3.39 1.86 2.07 
4.23 .97 1.21 

2.80 2.05 1.92 
2.80 .93 .74 

3.26 .59 .41 

2.73 i.57 1.38 
2.62 1.09 .81 

2.73 .49 .41 

2.64 2.08 1.95 
2.60 1.04 .91 

2.66 .58 .62 

2.77 3.73 3.52 
3.36 .44 .45 

2.99 3.40 3.34 

3.56 1.70 1.82 

3.55 1.73 1.85 
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TABLE III. 

Sample Depth Type Soil organic matter 

Umat lila 
19064 0-8 SOL 57.2 5.0 38.0 
19065 8-27 SOL 53.5 5.4 41.3 
19066 27-42 SCL 56.3 7.2 36.7 

Rupert 
19076 0-8 Crs.S 51.0 6.2 42.5 
19077 8-21 Crs.S 48.5 7.2 44.3 
19078 21-38 Crs.S 51.3 5.8 42.7 

Urna t I i i a 
* 
19081 18-28 FSL 44.9 4.1 51.3 

Palouse 
19116 0-4 Si.L 56.5 5.4 38.3 
19117 0-8 S1.L 55.3 5.4 39.4 
19118 4-21 Si.L 57.5 6.1 6.4 

Urnatilla 
19162 0-14 Onyx L 51.8 9.2 38.6 
19163 14-40 Onyx L 4.Ö 13.8 39.6 

Josephine 
County 

19903 0-8 GL 60.5 5.2 34.4 
19904 8-18 GL 73.0 4.1 23.0 
1990b 18-36 &L 83.0 7.o 9.8 

Josephine 
County 

19906 0-8 FSL 65.9 4.3 29.7 

19907 8-18 FSL 77.8 1.9 20.4 

19908 18-36 FSL 68.3 3.9 27.8 

S al em 
19909 0-8 SL 61.5 4.1 34.4 

19910 8-18 SL 66.0 3.3 30.8 
19911 18-36 SL 54.9 S.0 40.2 

Josephine 
County 

19912 0-7 GL 61.3 4.9 33.8 

19913 8-18 GL 55.6 9.6 35.1 

Umat lila 
19061 0-5 L 59.0 6.7 34.4 

Pilot Rock 
19067 0-8 Si.L 54.3 10.5 35.2 

Walla Walla 
19070 0-8 SI.L 54.1 10.4 55.5 

* 19079 and 19080 appear to contain carbonates. 
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SUIVIMARY 

1. An apparatus for determination of total carbon 

and reducing capacity of soils is reported. 

2. A method is given for the determination of the 

nature of soil organic matter. 

3. A new oxidizing agent for soil carbon determina- 

tions is suggested. 
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