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DETECTION AND SIGNIFICANCE OF MANGANESE DIOXIDE IN 
THE SOIL 

W. O. ROBINSON 

Bureau of Chemistry and Soils, United States Department of Agriculture 

Received for publication January 4, 1929 

Work on the determination of organic matter in soils by means of hydrogen 
peroxide revealed that a sample of Blakely loam decomposed the hydrogen 
peroxide so rapidly that the organic matter was not destroyed. The soil 

contained an unusual quantity of manganese and had a peculiar, dark brown 

color. Preliminary tests indicated that the Blakely loam and certain lateritic 

soils having a similar color, high manganese content, and high hydrogen 
peroxide activity contained manganese in the dioxide form. 

This study was undertaken to determine whether the hydrogen peroxide 

activity of a soil could be taken as a positive indication of the presence of 

manganese dioxide, and if so, to study the distribution of manganese dioxide 

in some of the soil series. 

PREVIOUS WORK ON THE OCCURRENCE OF MANGANESE DIOXIDE IN SOILS 

Concretions of manganese dioxide have been noted in the soil by Doherty 

(6), Thresh (28), and Helbig (11). Worsham et al. (31) have reported the 
presence of manganese dioxide in the dark colored Davidson Clay in Georgia. 

Manganese dioxide in large quantities has been reported in Hawaiian soils by 

Kelly (13). McGeorge (15) and Johnson (12) have reported further occur- 

rences of manganese dioxide in Hawaiian soils. Johnson gives some quanti- 
tative data based on the determination of the oxygen evolved on heating the 

soil. Bertrand (2) makes the general statement that manganese occurs in 

the soil in several different forms, including the dioxide. Sharrer (25) has 

shown that there is a cor:elation between the catalytic power of a soil and the 
manganese and iron content. 

HYDROGEN PEROXIDE TEST FOR MANGANESE DIOXIDE IN THE SOIL 

Platinum black, metallic peroxides, charcoal, chromium trioxide, and manga- 

nese dioxide decompose hydrogen peroxide with great energy. Of all these 

substances, manganese dioxide is the only one likely to be of any considerable 

occurrence in soils. 

1Tt has been stated that ferric oxide will decompose hydrogen peroxide rapidly. Much 

depends upon the samples of ferric oxide used. Many red soils containing as high as 34 per 

cent Fe,O; will not decompose hydrogen peroxide rapidly. 

It has been stated also that charcoal is a common constituent of soils. It is only rarely, 

however, that the quantities involved are sufficient to cause rapid decomposition of hydrogen 
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TABLE 1 

Relation between total manganese and capacity of the soil material to decompose hydrogen peroxide 

TOTAL 

SOIL DEPTH pepe RATE OF DECOMPOSITION OF H2Os 

MnO 

inches per cent 

0-15 0.50 200 cc. in 6 minutes 

15-24 0.22 200 cc. in 20 minutes 

. 24-48 0.10 30 cc. in 30 minutes . * Blakely loam, GGOOrgan so: 2. 5505500 48-60 0.03 Se autieliy 

60-96 0.37 200 cc. in 18 minutes 

96-116 | 0.38 200 cc. in 12 minutes 

0-3 0.68 200 cc.in 9 minutes 

3-10 0.84 200 cc. in 7.9 minutes 

Blakely clay loam, Georgia............. 4| 10-22 0.52 185 cc.in 30 minutes 
22-45 0.19 Very little activity 

\| 45-70 0.17 Practically no activity 

0-13 0.53 200 cc. in 10 minutes 

13-7 0.49 200 cc. in 17 minutes 

Blakely clay loam, Georgia............. 7-20 0.33 200 cc. in 24 minutes 
20-45 0.15 30 cc. in 30 minutes 

45-60 0.53 200 cc. in 11 minutes 

0-4 1.20 200 cc. in 2.9-minutes 

i 4-3 Be | 200 cc. in 2.5 minutes 
Blakely clay loam, Georgia............. 3415 0.89 Sher fa 33 aleitn 

15-36 0.50 200 cc. in 28.0 minutes 

0-3 0.23 95 cc. in 30 minutes 

3-6 0.28 88 cc. in 30 minutes 

. 6-10 0.15 82 cc. in 30 minutes 
* Decatur silt foam, Ala*...........8%- 10-18 0.03 isos: den Mian 

18-40 0.03 7 cc. in 30 minutes 

40-70 0.02 4 cc. in 30 minutes 

0-6 0.57 130 cc. in 30 minutes 

Dicklom loam, Philippines.............. 6-36 0.23 85 cc. in 30 minutes 

{| 36-48 0.18 55 cc. in 30 minutes 

| 0-4 0.17 20 cc. in 30 minutes 

, , 4-48 0.04 No activity 
+ Greenville sandy loam, Alabama*....... 48-78 285 eg Le ae 

78-114 | 0.03 No activity 

0-2 0.09 Practically no activity 

2-9 0.05 Practically no activity 

. — 9-40 0.02 Practically no activity 
Greenville sandy loam, Georgia......... | 40-52 0.03 Practically no activity 

|} 52-55 | 1.02 200 cc. in 21 minutes 
| 55-70 | 0.02 No activity 

* Analysis for MnO by G. Edgington, Bureau of Chemistry and Soils, U. S. Department of 

Agriculture. 
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TABLE 1—Continued 

TOTAL 

MANGA- 
SOIL DEPTH NESE as | RATE OF DECOMPOSITION OF HO: 

MnO 

inches per cent 

0-4} 0.44 137 cc. in 30 minutes 

H . \ Tenn 43-11 0.37 110 cc. in 30 minutes 
agerstown loam, Tennessee............ 11-24 0.27 Cte, he: lt alee 

24-36 0.34 50 cc. in 50 minutes 

0-8 0.80 200 cc. in 11 minutes 

Lurugan loam, Phillippines............. 8-36 0.44 170 cc. in 30 minutes 
36-48 0.43 Little activity 

6-13 0.12 30 cc. in 30 minutes 

13-25 0.13 35 cc. in 30 minutes 

, 25-32 0.16 63 cc. in 30 minutes 
Marshall silt loam, (Phase of) Kansas.... 32-54 0.19 98 ac. tn Miiaiaaians 

54-62 0.11 33 cc. in 30 minutes 

(| 62+ 1.03 200 cc. in 0.5 minute 

0-8 0.07 15 cc. in 30 minutes 

8-14 0.12 25 cc. in 30 minutes 

Summit silt loam, Kansas.............. 14-26 0.27 50 cc. in 30 minutes 

26-48 0.32 200 cc. in 11 minutes 
48-72 0.19 115 cc. in 30 minutes 

The power of a number of soils to decompose hydrogen peroxide and the 

manganese content of these soils have been compared. For this purpose profile 
samples of the soil were taken. One gram of the soil was put in a flask con- 
nected with a gas burette, 10 cc. H,O and 10 cc. 30 per cent H,O, were intro- 

duced, and the gas evolved in 30 minutes, or the time necessary to evolve 200 cc. 

was measured. The flask was shaken every minute. The peroxide used was 
Merck’s ‘“‘Superoxol.” It was only very slightly acid and contained some 

preservative. It was not made neutral or slightly alkaline with NaOH as is 

done in soil studies where the activity of the soil catalase is involved. 

The results of the test, given in table 1, show that high manganese content 
of the soil is associated with high hydrogen peroxide activity. 

The question arises as to what combination of manganese is responsible 
for the very rapid decomposition of the peroxide. From the sandy fractions 

of all the samples given in table 1 which showed a hydrogen peroxide activity 
of 200 cc. in less than 30 minutes, a number of black or dark brown concretions 

could be separated. These concretions would decompose hydrogen peroxide 

peroxide. Of about fifty soils which contained charcoal, only one contained enough to de- 

compose hydrogen peroxide rapidly. This soil was from the “charcoal plot” at the Penn- 

sylvania experiment station. It contained about 5 per cent charcoal and was once the site 
of a charcoal furnace. 

ees 



338 W. O. ROBINSON 

vigorously, particularly when finely ground. Further, if small quantities of 
the sandy fractions were scattered loosely on the bottom of a beaker and cov- 

ered with dilute H,O2, the origin of the arising bubbles could invariably be 

traced to the black concretions. Samples of hand picked concretions yielded 

on analysis from 8.28 per cent MnO, in the Scott silt loam to 34 per cent in 

the Blakely loam. These concretions gave off oxygen when heated and caused 

chlorine to be given off from hydrochloric acid. There can be no doubt that 

the concretions were impure manganese dioxide. For the sake of brevity, 

these concretions will be called “manganese concretions.” They commonly 

contain much more ferric oxide and other soil material than they do manga- 
nese dioxide. 

TABLE 2 

Relation of total manganese in soil fractions to the power to decompose hydrogen peroxide 

SOIL AND FRACTION MnO RATE OF DECOMPOSITION 

per cent 

Blakely loam, 16-24 inches: 

Esk re inte Sis gcse bp wine 0.21 100 cc. in 30 minutes 

Bec oerkce ciskbeekeecucaasoiweksweseapee 125 200 cc. in 1.5 minutes 
SE cs ho Sewn swhaceen hoes seuwavcueer 0.54 23 cc. in 30 minutes 

Greenville sandy loam, 48-78 inches: 

rs te ee era 1.87 200 cc. in 1.4 minutes 
LOD ea ober whips eenue bene s awa oe en ee 4.93 200 cc. in 0.1 minute 
| aan ne eae 1.02 38 cc. in 30 minutes 

Orangeburg fine sandy loam, 10-36 inches 

EPCS Ss iewns Scene sean tues Sennee esse 0.18 Very little activity 

ee oes ouk seek sSubuaeskesheb axes 0.67 55 cc. in 30 minutes 
DNS, os ckitaoGpueeboessseawaeeneeeer 0.59 30 cc. in 30 minutes 

Clarksville silt loam: , 

Sos. bine Sbabswhossusehabooesawe 0.37 30 cc. in 30 minutes 

Manor loam: 
RTA ve dace sche beuwkobeeeree 0.11 7 cc. in 30 minutes 

Susquehanna clay: 
| Ee ry eer eee 0.30 5 cc. in 30 minutes 

Vega Baja clay loam: 
ee ST ienwwiencsukoes cower 0.16 15 cc. in 30 minutes 

W. H. Fry, of this Bureau, reported that the sands and silts from the Blakely 

and Greenville surface soils contained no silicates or carbonates of manganese 

that could be discovered petrographically by using a reasonable quantity of 

sample. There is very little probability of manganese silicates or carbonates 

being present in such highly weathered soils as the Blakely and Greenville. 

Finely ground manganese silicates do not decompose hydrogen peroxide. 

It seems pretty well established that manganese concretions were responsible 
for the hydrogen peroxide activity of the sandy fractions of the samples given 

in table 1. Further light might be shed on the problem by studying the 
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manganese content and hydrogen peroxide activity of the sand, silt, and clay 

fractions. These separations were made in the case of three soils. The data 

are given in table 2, together with the data of a number of soil colloids con- 

taining considerable manganese. 

The data given in table 2 show that the silt fractions were the highest in 

manganese and the most active in decomposing H,02. This is in harmony 
with the studies of McGeorge (15), who found that the silt and very fine sand 

fractions of a number of Hawaiian soils contained the most manganese and 

that the manganese was largely in the form of manganese dioxide. 

It is surprising that the clay, having a relatively enormous surface, and a 
comparatively high manganese content, should be so inactive in decomposing 
hydrogen peroxide. The finer manganese dioxide is ground the more readily 
will it decompose hydrogen peroxide. Very small quantities of finely ground 

manganese dioxide when added to the inactive colloids will make them very 

active in decomposing hydrogen peroxide. We must conclude that the soil col- 
loids examined did not contain manganese dioxide. 

TABLE 3 

Exchangeable manganese in fractions of Blakely loam and Greenville sandy loam 

so beer ne aes 
inches per cent per cent 

Sand 0.046 0.21 
Blakely loam 16-24 Silt 0.069 1523 

Colloid 0.410 0.54 

Sand 0.042 1.87 

Greenville sandy 48-78 Silt 0.075 4.93 

loam Colloid 0.330 1.03 

For the purpose of throwing some light on the question of the forms of 

manganese present in the different mechanical soil fractions, the sand, silt, 

and clay fractions of the Blakely and Greenville soils were tested for exchange- 

able manganese. One gram samples were washed on a filter paper with 250 cc. 

of normal ammonium chloride. The manganese was determined in the filtrate. 

The results of the study are given in table 3. 

The data given in table 3 show that a considerable part of the manganese 

in the colloidal matter is exchangeable while comparatively little of the man- 

ganese in the silts and sands is exchangeable. A large part of the manganese 

in the sands and silts seems to be in the form of the dioxide. Since fine grind- 

ing of manganese dioxide increases its activity, and the clay which is very 

finely divided, contains relatively large quantities of manganese, it is plain 

there can be little manganese dioxide in the clay. The fact that the manganese 
in the clay is partly exchangeable and not in the form of manganese dioxide 

would lead to the belief that the manganese in this fraction occurs as a part 

of the basic radical of the absorption complex. 
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QUANTITATIVE ASPECT OF THE HYDROGEN PEROXIDE TEST FOR MANGANESE 

DIOXIDE 

Positive identification of manganese dioxide in the soil is very desirable 

since the occurrence of manganese dioxide seems to be characteristic of certain 

series of soil. The determination should be quantitative, if possible, for there 

is presumably some relation between the quantity of manganese dioxide and 

certain properties of the soil. 

The quantitative methods for the determination of manganese dioxide in 

ores fail, in general, in the case of soils. This is due to the almost universal 

presence of organic matter, ferrous iron minerals, and, occasionally, calcium 

carbonate. The Bunsen method, in which the manganese is estimated 

by measuring the quantity of chlorine liberated by boiling with hydrochloric 

acid, would be accurate were it not for the interference of ferrous iron minerals 

and organic matter and also the apparent very slow liberation of chlorine 

from the boiling soil solution when no manganese dioxide is present. The 
evolution of a considerable quantity of chlorine at the first boiling of the soil 

solution is a positive indication of manganese dioxide. 

Brewer and Carr (3) report some quantitative determinations of manganese 
dioxide in the soil. They modified the Bunsen method (26) by adding mer- 

curic oxide to prevent the chlorination of the organic matter. Their results 

on synthetic mixtures of soils and considerable quantities of manganese 

dioxide showed that under these conditions nearly all the manganese added 

could be detected. The results in the case of two soils were 0.16 per cent 

MnO; too hw. 
Brewer and Carr recommend a method employing an acid solution of fer- 

rous ammonium sulfate to dissolve the manganese dioxide in the soil. They 
recognize two forms of manganese, the easily soluble manganese and manga- 

nese dioxide. The easily soluble manganese is determined by digesting with 

1.1 per cent sulfuric acid. The soil is then digested with a mixed solution 
containing 1.1 per cent sulfuric acid and 5 per cent ferrous ammonium sulfate. 

The difference between the manganese dissolved by the mixed solution and 

that dissolved by the 1.1 per cent sulfuric acid is considered to be manga- 

nese dioxide. 

Brewer and Carr’s method apparently fails with some soils, particularly 

in soil colloids containing a considerable quantity of manganese. In these 

cases the acid ferrous ammonium sulfate dissolves considerably more manga- 

nese than the sulfuric acid solution alone, although manganese dioxide is ap- 
parently not present in soil colloids. 

The method employed by Johnson (12) is applicable only to soils free from 

organic matter. In this method the soils are heated to redness, and the 

oxygen evolved during heating is a measure of the quantity of manganese 

dioxide present 

Work with synthetic mixtures of various soils with manganese dioxide has 
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shown that none of the proposed methods are reliable for the determination 
of manganese in the form of dioxide. Ferrous iron minerals and organic 

matter may mask as much as as 1 per cent of manganese in methods where the 

chlorine evolved is taken as a measure of manganese dioxide. 
Tests in the foregoing synthetic mixtures have shown the hydrogen peroxide 

test will detect one-tenth per cent of manganese dioxide in soils. With these 

synthetic mixtures the rate at which the peroxide is decomposed is propor- 

tional to the quantity of manganese dioxide present. This suggested that 
the test might be quantitative. 

It was first established that the rates of oxygen and heat evolution from a 

mixture of hydrogen peroxide and a soil containing no manganese dioxide but 

much organic matter were negligible compared to the rate of decomposition 

when manganese dioxide was present. This statement seemingly contradicts 

numerous experiments in the measurement of soil catalysis. The conditions 

are different. In soil catalysis experiments reported by May and Gile (18) 
and by Sharrer (25) the hydrogen peroxide is comparatively weak and it is 

TABLE 4 

Time required to reach a maximum temperature and to liberate 1000 cc. oxygen with varying 
quantities of psilomelane 

QUANTITY OF PSILOMELANE | 7M re ee a Une e | TIME TO EVOLVE 1000 cc. | *ISF ——e 

gm. minutes minutes °C, 

0.10 230 62 4 Be | 
0.15 97 40 28.0 

0.25 45 21 28.0 

made just barely alkaline with sodium hydroxide. The hydrogen peroxide 

from such a solution is rapidly decomposed by most highly organic soils and 

particularly by partially decayed banana peels. Under these conditions the 
decomposition is rapid in soils containing no manganese dioxide. Loew (14) 

has shown, however, that when strong hydrogen peroxide such as Merck’s 
“Superoxol” is used the catalase is apparently destroyed. ‘“Superoxol,” di- 

luted with its own volume of water is neutral to litmus paper. The decom- 
position rate of this diluted “Superoxol” by a very fertile garden soil or by 
banana peel is negligible compared to the decomposition rate when manga- 

nese dioxide is present. 

To determine the quantitative possibilities of the hydrogen peroxide test, 
varying quantities of finely ground psilomelane were mixed with 5 gm. of soil 

showing no reaction with the peroxide and added to 20 cc. 15 per cent hydrogen 
peroxide in an adiabatic calorimeter. The gas and heat given off were meas- 

ured and the time noted necessary to reach 1000 cc. gas and the maximum 
temperature. The data are given in table 4. 

The data of table 4 show that the rates of heat and oxygen evolution are 
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dependent upon the quantities of manganese dioxide present. They also 

show that the measure of the rate of oxygen evolution is more practical than 

that of heat evolution. 
If the same conditions were present in soils, particularly as to the extent 

of subdivision of the manganese dioxide, as were present in the experiment 

just described, one would expect that the method might be used to determine 

the quantity of manganese dioxide in the soil. The varying surface, however, 

complicates the case. It has been shown that manganese dioxide occurs in 
the sands and silts only, and not in the clay. With the elimination of the 

clay, the chances for great variation in the surface of any particular percentage 

of manganese dioxide are somewhat restricted. It is hardly to be supposed 

that there will be an equal size distribution of the manganese dioxide particles 

in the sands and silts of various soils. If there is not an even size distribution 

and if the rate at which hydrogen peroxide is decomposed varies very much 

TABLE 5 

Relation between size of psilomelane particles and hydrogen peroxide activity* 

SIZE OF PSILOMELANE PARTICLES TIME NECESSARY TO GIVE 1000 cc. 
TIME NECESSARY TO REACH 

MAXIMUM TEMPERATURE 

mm. diameter 

0.50-0.33 

0.084-0.01 

0.01 

minutes 

178 

25 

Too rapid to measure 

minules 

218 

4.5 

Too rapid to measure 

* For 1 gm. psilomelane. 10 cc. HO; and 10 cc. H,0. 

with the size of the manganese dioxide particles, then the method can not be 

used for a quantitative determination of the manganese dioxide present. 

Some experiments on the variation of the rate at which hydrogen peroxide 

is decomposed by various sized particles of manganese dioxide have been 

made. A sample of psilomelane was ground and sieved into three sizes. The 

rates at which 1 gm. of each of the sizes decomposed 20 cc. of 15 per cent 

hydrogen peroxide were measured. The results are given in table 5. 

The data given in table 5 show that the state of subdivision has a great 

deal to do with the rate at which manganese dioxide decomposes hydrogen 

peroxide. The effect of varying the sizes of the manganese dioxide on the 

quantitative value of the hydrogen peroxide activity can be seen by assuming 

that all the manganese dioxide particles in a certain soil A are from 0.50- 

0.33 mm. diameter and in soil B, from 0.084-.01 mm. diameter. Suppose A 

and B give identical rates of decomposition of the hydrogen peroxide solution, 

soil A would have many times more manganese dioxide than soil B. Such 

differences as the above in size distribution are probably extreme and would 

not occur in natural soils. 
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APPROXIMATE METHOD FOR THE DETERMINATION OF MANGANESE DIOXIDE 

IN SOILS 

Johnson (12) has shown that nearly all the manganese in Hawaiian soils 

high in that element, is in the form of manganese dioxide. Our results show 
that the weathered manganese is in two forms in soils containing manganese 

dioxide. A part of it is absorbed by the colloidal complex, the rest is apparently 

in the form of the dioxide in the sands and silts. Manganese dioxide in soils 

is a product of rock decay or rock alteration and if the conditions in the soil 

are such that any manganese dioxide is formed, it is probable that all the 

manganese in the sands and silts would be in the form of the dioxide. Based 

on the above assumptions, two methods are suggested for the determination 

of manganese dioxide in the soil. The hydrogen peroxide test is first used to 

establish the presence of the dioxide. 

The presence of manganese dioxide having been established by the hydrogen 
peroxide test, the soil may be separated into colloidal and non-colloidal frac- 

tions and the total manganese determined in the non-colloidal fraction. Ac- 

cording to the assumption all the manganese in the sand and silt is in the form 

of the dioxide. The chlorine evolved rapidly by the Bunsen method checked 

fairly well with the total manganese in the sands and silt of the Blakely and 

Greenville soil materials in which much manganese was present. Another 

way would be to determine the total manganese and the exchangeable manga- 

nese in the whole soil and the difference should represent the maximum quan- 

tity of manganese present as manganese dioxide. Not all the manganese in 

the colloidal matter is exchangeable, it is true, but if the colloidal matter is 

low and the total manganese is high, the error due to this cause is lessened. 

Brewer and Carr’s (3) method is, however, more advisable when the colloidal 

matter has not been separated from the non-colloidal matter. 
There is little probability of manganese existing as a silicate in the sands 

and silts of soils containing manganese dioxide. It has been noted that two 
manganiferous soils did not contain any manganese silicate that could be 

detected petrographically. In general, any soil containing manganese dioxide 

is so thoroughly weathered that there is very little likelihood of any undecom- 

posed manganese silicate being present. 

In this work it has been shown that manganese dioxide particles could be 
separated from all soils (about 125 samples) which evolved more than 200 cc. 

oxygen in 30 minutes from a mixture of 1 gm. of finely ground soil, 10 cc. of 

“Superoxol,” and 10 cc. of water. Occasionally a sample giving only slightly 

less than 200 cc. has contained a concretion of impure manganese dioxide. On 

the other hand, an occasional sample has given nearly 200 cc. under like condi- 

tion, and from these samples no manganese dioxide could be separated. The 

data shown in table 1 do not indicate a proportionality between the total man- 
ganese and the rate of oxygen evolution. Without reasoning in a circle it is 
impossible to tell how the total manganese is divided between the colloid and 
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manganese dioxide. However, the rate of oxygen and heat evolution will 
tell whether there is little, considerable, or a relatively large quantity of 

manganese present as the dioxide. Although the rate of oxygen evolution of 

a synthetic mixture of soil and manganese dioxide is dependent on the quantity 

of manganese dioxide, it has been shown that the rate is dependent upon the 

extent to which the manganese dioxide is subdivided. The size of the manga- 

nese dioxide particles in different soils may not vary greatly, but there is too 

much uncertainty to assume that they do not. It seems better, therefore, to 

rely on the hydrogen peroxide test as a qualitative indication of the presence 

of manganese dioxide and determine the total manganese in the sands and 

silts or use Brewer and Carr’s method, knowing that the quantity of dioxide 

shown is somewhat greater than that actually present. 

SOLUTION OF MANGANESE AND DEPOSITION OF MANGANESE DIOXIDE 

Manganese occurs in the lithosphere in very small quantities. Clarke (4) 

gives the average as 0.11 per cent MnO. The numerical average for soils is 
about 0.12 per cent, the range being from less than 0.001 per cent to 1.27 per 

cent in surface soils of the United States. Tropical soils may contain as 

high as 15 per cent. 

Manganese is present in the manganous condition as a minor constituent 

of igneous rocks. When the rock weathers the manganese is released rather 

easily, resembling ferrous iron in this respect (19). 

Manganese is dissolved and transported as manganous bicarbonate (21) 

sometimes to a great distance. Chalybeate waters containing both iron and 

manganese deposit their iron sooner than manganese according to Clarke (4). 

This property, together with the fact that the manganese content of the 

lithosphere is small, possibly accounts for the occurrence of relatively few 

and concentrated deposits of manganese and also for the localized distribution 

of manganese in the soil profile. 

The dissolved manganese in river, spring, and well waters varies greatly. 

It is generally only a trace but reaches as high as 5 to 10 p.p.m. in carbon- 

ated waters (4). 

The solubility of manganese carbonate in carbon dioxide waters is given by 

Gmelin-Kraut (10) as 0.130 gm. per liter and by Ageno and Valla (1) as 0.065 

gm. per liter at 25°. According to Roscoe and Schorlemmer (22) manganese 

carbonate dissolves in water saturated with carbon dioxide to the extent of 

0.25 gm. per liter. 

Manganese is particularly susceptible to solution and deposition under soil 

conditions, because of the readiness with which it assumes different states 

of oxidation and the different solubilities of manganous and manganic com- 

pounds. When in the manganous state it is soluble to the extent of several 

parts per million in meteoric waters. Manganous salts are more stable under 

atmospheric conditions than are ferrous salts. Manganous manganese exists 

in the colloidal matter of well-drained surface soils even when the reaction 

is only slightly acid. 
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Although manganous solutions are more stable than ferrous iron solutions, 
they are readily oxidized by various natural agencies to the insoluble dioxide. 

rray and Irvine (20) report an example of this oxidation in the Clyde 

River in Scotland. The headwaters contain manganous bicarbonate in solu- 
tion. Near the mouth of the river the pebbles near the bank are coated with 

black manganese dioxide, and suspended particles of manganese dioxide may 

be detected in the water. In municipal water supply systems manganese 

bearing waters frequently give trouble by clogging the water mains with 

precipitated manganese dioxide. 
Manganese dioxide is practically insoluble in water. Under certain soil 

conditions it is very stable and the composition of some lateritic soils would 

lead to the belief that manganese dioxide is less soluble than iron and aluminum 

oxides. Although manganese is present in the parent rock in very small 

quantities and iron and aluminum are present in very large quantities, the 

manganese may make up several per cent of the lateritic soil. 

The solibiluty of manganese in the soil is greatly dependent upon the reaction 
of the soil and upon whether oxidizing or reducing conditions prevail. Ru- 
precht and Morse (23) have shown that manganese is one of the easily replace- 

able bases, and Mattson (17) has shown that it is replaced most easily when 

the reaction is decidedly acid. This is in line with field experience. Ruprecht 

and Morse (23) found that the manganese was very soluble in certain Mas- 
sachusetts plots made acid by the long continued application of ammonium 

sulfate. Kelly and McGeorge (13) show that the manganese is made more 
soluble by heating the soil, particularly when the soil is heated high enough 

to reduce the manganese by the organic matter. In this laboratory it has 

been found that manganese becomes very soluble in water-logged soils. The 
solubility of the manganese in a number of air-dried soils from nearby Mary- 

land and Virginia as determined by shaking the air-dried soil with water and 

letting settle over night, was less than one part per million. When the soil 

was submerged in water in a stoppered bottle for several days the soluble 

manganese rose as high as 500 p.p.m. calculated on the weight of the soil. 
The conditions which bring about the precipitation of manganese dioxide, 

though not well known, must be very sharply defined, because very pure 

deposits are found in media containing only traces of manganese. Large 

quantities of manganese nodules are found on the surface of certain deep sea 

deposits. In some soil profiles it is conspicuously absent from some layers 

but occurs in other layers in large quantities. 

Penrose (21) states that manganese replaces calcium in calcium carbonate 
and Murray and Irvine (20) advance this hypothesis to account for the forma- 

tion of manganese nodules around calciferous organic remains. 
Weidman (32) reports a pseudomorph of pyrolusite after calcite from 

northern Wisconsin. Here is a clear case of calcium carbonate precipitating 

manganese dioxide. 

If solutions of manganous bicarbonate are percolated through columns of 
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calcium carbonate and the percolation is not continued too long, the manga- 
nese is almost quantitatively precipitated. After drying the calcium car- 

bonate, dark particles, presumably manganese dioxide, can be detected in 

the mass. These dark particles decomposed hydrogen peroxide energetically. 

Geloso (8) has found that colloidal manganese dioxide has the power to 

adsorb manganous salts. Tillmans, Hirsh, and Haffner (29) describe a process 

for the removal of manganese salts from water supplies. The water is filtered 

through manganese dioxide, which adsorbs the manganous salts, changing 

them into the insoluble dioxide. The formation of manganese concretions 

may be explained in this way. Once a particle of manganese dioxide is 

formed through the replacing of calcium, precipitation by bacteria (7), or any 
other cause, such a particle would continue to grow by adsorbing and fixing 

the manganous salts within its sphere of action. 

In the soil, there are instances where the artificial addition of calcium car- 

bonate has precipitated manganese. Schollenberger (24) found a black pre- 
cipitate containing manganese on the surface of calcium carbonate particles 

picked out from pots of soil that had recently been limed. On some of the 

limed plots at the Rhode Island station plants suffer chlorosis which is sup- 

posed to be due in this case to lack of manganese (9). The precipitation and 

change of the exchangeable manganese to the insoluble dioxide would seem 

to be the explanation of this phenomenon. According to Truog (30) Masoni 

(16), Ruprecht and Morse (23), and Funchess (7), liming the soil makes the 

manganese insoluble or nearly so. 

In the development of some soil profiles there has been a concentration of 
manganese in certain horizons. As a general rule, manganese is highest in 

the surface soil. It reaches a minimum in the B horizon and generally in- 
creases in the C horizon. Oxidation would favor the precipitation of manga- 

nese but in most soils manganese dioxide is not present. The manganese is 

possibly concentrated in the surface soil through the agency of plants. In 

many soils containing a layer of calcium carbonate below the surface, deposits 

of manganese dioxide are found just above the layer containing calcium 

carbonate. These deposits occur as well-defined concretions, as leaf-like de- 

posits in soil cracks, and as a loose black powder in cavities formerly filled by 

calcium carbonate. 

There is an interesting relation between the total manganese and the re- 

action of the horizons in soil profiles containing manganese dioxide. These 

relations are given for a few profiles in table 6. 

The Blakely series in which manganese dioxide is present in the surface 

soil shows a correlation between the total manganese and the pH. In those 

soils the pH and percentage of manganese pass through a minimum in the B 

horizon and no manganese dioxide is found in the B horizon. A number of 

profile samples show the lack of manganese dioxide in the B horizon, but only 

two profiles, those shown in the table, extend into the C horizon. The Blakely 

series was originally formed from limestone but is deeply weathered and there 
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is no calcium carbonate in the soil profile. The results with the Blakely 
indicate that manganese dioxide is dissolved in the soil when the pH is be- 

low 5.0 or 5.2. 

TABLE 6 

Showing the relation between total manganese and pH in the soil material of certain profiles 

SOIL SERIES outs DEPTH MnO pH* 

inches per cent 

30213 0-15 0.501 6.07 

30214 15-24 0.224 6.45 

30215 24-48 0.103 5.13 
Blakely clay loam, Daugherty Co., Ga......... 30216 48-60 0.026 5.50 

30217 60-96 0.367 1.39 

(| 30218 96-116 | 0.383 755 

(| 32457 0-13 | 0.53 6.87 
32458 13-7 0.49 5.37 

Blakely clay loam, Early Co., Ga............. 32459 7-20 0.33 5.33 
32460 20-45 0.15 4.94 

\| 32461 45-60 0.53 5.06 

258214 0-3 1.20 7.00 

258215 4-3 1.27 6.50 
Blakely clay loam, Randolph Co., Ga......... 258216 3-15 0.89 5.88 

258217 15-36 0.50 5.34 

3821A 0-9 0.03 $.15 

B 9-14 0.05 5.13 

: Cj} 14-25 0.35 5.03 
Labette silty clay loam, Crawford Co., Kan.... D| 25-35 0.30 5.19 

Ej 35-44 0.40 6.45 

Fj 44-60 0.09 7.75 

3819A 0-13 0.12 5.88 
B| 13-25 0.13 6.00 

: ‘ Cj} 25-32 0.16 6.09 
Marshall silt loam, Doniphan Co., Kan........ p| 32-54 0.19 6.36 

Ej} 5462 0.11 7.80 

Fj} 62+ 1.03 7.79 

* The pH determinations were made by E. H. Bailey of this Bureau. 

The results on the Labette sample show that manganese has been carried 
down from the acid surface, but the precipitation apparently takes place in 
an acid horizon. 

Well-defined manganese concretions occur in the Hockley and Edna silt 

loams in Victoria County, Texas. The concretions are found just above the 

carbonate layer, which is about 4 feet deep. The pH of the surface layers is 

about 6, rising to 7 and 8 where the concretions occur. 
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The Miami series, Miami County, Indiana, occasionally but not always 

show a few scale-like precipitates or soft concretions of manganese dioxide 3 

or 4 feet below the surface. In this series the pH varies in the surface layers 

from 4 to 6 and reaches about 8 in the layer where the manganese occurs. 
Conrey and Schollenberger’s (5) data show a similar correlation between man- 

ganese content and pH in the Clermont silt loam in Clermont County, Ohio. 

SIGNIFICANCE OF MANGANESE DIOXIDE IN THE SOIL 

Soils which have manganese dioxide in the A horizon have distinctive proper- 
ties. They are rather sharply defined from contiguous soils containing no 

manganese dioxide. The color, a peculiar chocolate brown, is distinctive and 
unmistakable. The soil is loose, friable, well-drained, and in Hawaii generally 

contains less clay than adjoining soils (13). Pineapple plants growing on 

soils high in manganese dioxide frequently show chlorosis and many other 

plants do not develop normally on these soils. In our southern states, how- 
ever, the Blakely soils, which are characterized by the manganese dioxide 

they contain, are markedly fertile. 
Worsham et al. (31) have reported the presence of manganese dioxide in 

the ‘“‘push land,” a phase of the Davidson clay in Georgia. A great number 

of soils were tested for the presence of manganese dioxide with hydrogen 

peroxide.” All surface soils showing the presence of manganese dioxide had 

a peculiar chocolate brown color. These surface soils were confined to a very 
few series. Of these the Blakely series in Georgia and Alabama stood out 

prominently. It was found that this laboratory test would distinguish the 
Blakely from the contiguous Greenville and Orangeburg series. Some samples 

of the Davidson and Decatur surface soils gave the test. Lateritic soils from 

the Philippines, East Indies, and Cuba showed the presence of manganese 

dioxide in the surface soil. 
Scale-like deposits and occasional concretions of manganese dioxide are oc- 

casionally found just above the horizon which contains limestone, as in the 

Fox, Miami, Bellefontaine, Clermont, Fillmore, and Vigo series. In general, 

however, the soil material in this particular horizon of the series as noted above 

does not give a positive test for manganese dioxide. 

Well-defined concretions containing manganese dioxide occur in the lower 
horizons of the Hockley and Edna series in Texas and in the Scott series in 

Nebraska. These concretions occur just above the profile containing cal- 

cium carbonate. 

In a phase of the Marshall silt loam in Troy, Kansas, 5 feet below the surface, 

manganese dioxide was present as a black, loose powder in cavities where 
limestone had been leached out. 

Two profiles of the Greenville series showed relatively rich concentrations 

of manganese dioxide from 4 to 6 feet below the surface. The dioxide was 

2 Through the codperation of Mark Baldwin, H. H. Bennett, W. T. Carter, W. E. Hearn, 
T. D. Rice, R. S. Roberts, and W. E. Tharp of the Soil Survey. 
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not present in well-defined concretions. One horizon contained 2.85 per cent 

MnO, whereas horizons just above and below contained only 0.03 per cent 

MnO. No calcium carbonate appears in the lower horizons of this series, but 

the series is considered as being derived from limestone and the precipitation 
of the manganese dioxide was probably caused by calcium carbonate. 

Manganese concretions are found in the upper part of the Decatur profiles 
in northern Alabama. In the Shelbyville series in Kentucky, soft manganese 

concretions in the upper part of the C horizon are a characteristic feature of 

the series. 

Two rough analyses of the colloidal matter from the Blakely series show a 

io. Fo. ratio of slightly less than 0.8. The analyses of lateritic soils 

containing manganese dioxide indicate a low ta + ee, ratio in the col- 

loidal matter. A low silica-alumina-iron ratio is undoubtedly a characteristic 

of the colloidal matter in surface soils containing manganese dioxide. 

SUMMARY 

The presence of a small quantity of manganese dioxide in the soil causes 

the soil to decompose hydrogen peroxide so vigorously that the presence of 
manganese dioxide in the soil can be established by the hydrogen peroxide 

test. The test is not recommended for a quantitative determination of man- 
ganese dioxide, on account of probable differences to be found in the sizes of 
the manganese dioxide particles in different soils. 

Manganese dioxide does not occur in the clay or colloidal fractions of soil. 

It occurs in the sands, but to a greater extent in the silt fraction. The deter- 

mination of the total manganese in the silts and sands is an approximate 

determination of the manganese dioxide in the whole soil. 
Concretionary and other deposits of manganese dioxide in the soil are ap- 

parently formed through the agency of calcium carbonate. 

The presence of manganese dioxide in the surface layers of soil is charac- 

teristic of certain soil series. These soils are characterized by a peculiar and 

unmistakable chocolate brown color. 
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AN EFFICIENT SOIL TUBE JACK 
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During the past year the authors! have been conducting soil moisture studies 
is southern California, which require soil samples taken at 1-foot intervals to 

a depth of 18 feet. The success of the investigation depends upon the speed 
and economy with which a large number of samples can be obtained. 

For the purpose of pulling the soil tubes, which are driven into the ground 
with a 30-pound hammer, a new type of jack was designed and perfected.? 
This jack is light and simply made, and is extremely effective in its operation. 
The manner of its operation is shown in plate 1. Figure 1 shows the soil tube, 

the jack when first placed in position, the hammer used in driving the tube, 
and the grip. Figure 2 shows the grip as first placed around the tube. Figure 
3 shows the grip as it has been tightened around the tube and the jack in posi- 
tion for raising the tube. 
The hinged grip which fits around the soil tube has a conical outer face. 

With this, two rollers fitted on prongs of the lever arm are in contact when 

the jack is operated. Force applied downward on the handle moves the two 
rollers upward along the face of the cone, causing the grip to take hold and 

draw the soil tube out of the ground. When pressure on the handle is released, 

the springs at the end of the forks return the lever arm to its original posi- 
tion. At the same time, the grip slips down the tube of its own weight since 

the pressure on its conical face is released. The base of the fulcrum has an 
area of 120 square inches, giving ample bearing surface on the ground. For 

the sake of lightness the base is made of cast aluminum and the complete jack 
with handle and grip weighs less than 23 pounds. 

When the apparatus is in its ordinary position, a force of 150 pounds applied 

30 inches out on the handle gives a pulling effort of 1,800 pounds on the soil 

tube. This effort may be changed at will by applying the force on the handle 

at different positions or by moving the base so that the distance from the 

fulcrum of the point of contact of rollers and cone is varied. 
Two of these jacks have been in operation for the past six months and have 

been put to severe tests, pulling tubes out of loose gravelly sand and also from 

1 Under the supervision of W. W. McLaughlin, Associate Chief of the Division of Agri- 

cultural Engineering, Bureau of Public Roads, United States Department of Agriculture, 

2 In codperation with H. E. Twomley, designing draftsman of the Parker Machine Works, 

Riverside, California. 
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tight dry clay. In several cases, the pulling effort on the soil tube was esti- 

mated to be over 4,000 pounds. The jacks have pulled tubes wherever it 

was possible to drive them with 30-pound hammers. Jacks of this type 
cost $30 each. 

PLATE 1 

Fic. 1. First Position or JAcK, HAMMER, AND GRIP 

Fic. 2. Grip aS First PLACED AROUND THE TUBE 

Fic. 3. JACK IN PosiTION FoR RaIsING TUBE 
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Fic. 1 

Fic. 2 
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SOME INFLUENCES OF THE DEVELOPMENT OF HIGHER PLANTS 
UPON THE MICROORGANISMS IN THE SOIL: II. INFLUENCE 
OF THE STAGE OF PLANT GROWTH UPON ABUNDANCE OF 
ORGANISMS 

ROBERT L. STARKEY 

New Jersey Agricultural Experiment Station 

Received for publication January 22, 1929 

The introductory material presented in the preceding report (2) demon- 

strates that development of plant roots leads to marked modification of the 
biological condition of the soil near the developing roots. This modification 

appears in the greater abundance of all groups of the microérganisms studied 

and also in the evolution of carbon dioxide from the soil. These results indi- 
cate merely that the modification of the soil population was apparent at the 
particular period of plant growth at which the studies were made. They give 

no idea as to whether the effects are the same throughout the growth of the 
plants or at what periods of plant growth the most marked effects may appear. 

Smith (1) observed that the growth of legumes increases the numbers of B. 

radiobacter beginning the third week and extending some weeks after harvest- 

ing the crop. Wilson and Lyon (3) grew pure cultures of organisms in soils in 

the presence and absence of plant growth. Although the results indicated 

that the numbers of bacteria are greater under plant growth, there was little 

to indicate that there is any consistent difference in the extent of the influence 
of the plants upon the organisms at different stages of plant development.' 

The following studies were planned with the object of determining more 
conclusively the extent of the influences of different plants upon the soil popu- 

lation and particularly what differences might be exerted by the plants at dif- 
ferent stages of growth. 

QXPERIMENTAL PROCEDURE 

The experimental studies were conducted upon soils in the greenhouse and 
in the field. The soil used for the greenhouse work was a fairly heavy acid soil 

(pH 5.5) being a natural mixture of Penn loam and Sassafras loam. This 
proved to be too heavy for best results. Although there was fairly good 

growth of most of the experimental plants, corn failed to make normal develop- 
ment. The plants used in the greenhouse studies were: oats, beans, rape, 

table beets, and sweet clover. Such plants were selected as would show a 

1 An extensive historical introduction to this subject may be found in part I of this 

series (2). 
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variety of characteristics of root development: fibrous roots, fleshy roots, tap 

roots, spreading roots, annuals, and biennials. There were 36 pots of soil 

involved in these studies, 6 planted to each of the five plants used and 6 left 
unplanted. Each pot contained 20 pounds of soil. 

At each period of sampling, one pot of soil growing each of the plants and 
one unplanted pot of soil were used. The tops of the plants were harvested, 

the soil was then removed from the pots, the roots were separated as completely 
as possible from the soil, and then samples of the soil were passed through a 

3 mm. sieve and brought to the laboratory for examination. 

The legumes were inoculated at the time of planting. After all of the plants 

were well started they were thinned out to leave ten plants in each pot of oats, 

rape, and sweet clover; nine of beets; and six of beans. 

The soils were kept close to the optimum moisture content throughout the 
experiment. Weeds were removed from the soil as they made their appear- 

ance. Since the soils were deficient in available nitrogen at the first period of 
sampling (36 days after planting) 2 gm. of sodium nitrate was added to each 
of the pots of soil except those supporting legumes. 

The field studies were conducted upon a Sassafras loam soil of neutral 

reaction. The physical condition of this soil was good and brought about 
excellent development of all the plants which were used. The plants used 
in the greenhouse studies (oats, beans, rape, table beets, and sweet clover) 

were also used in the field and, in addition, potatoes, field corn, and mangel 

beets. Because the sweet clover was planted somewhat later than the other 
plants, differences will appear in the results in the recorded age of the sweet 

clover at the periods of sampling as compared with the other plants. The 

legumes were inoculated at the time of planting. 
After the plants showed fair development they were thinned out sufficiently 

to prevent crowding. Throughout the season, weeds were eliminated by pull- 

ing by hand. One portion of the plot was left unplanted but otherwise treated 

identically as the planted soils. This unplanted section was used as a source 

of samples of soil supporting no plant development for comparison with 

samples of soil collected from about the roots of the various plants. In sam- 

pling the soils, the plants were carefully removed with some soil clinging to the 

roots. The soil was removed from the roots and samples were passed through a 

3-mm. sieve and brought to the laboratory for study. Records were kept of 
the vigor and stage of growth of the plants as well as of the weights of the tops 

and root systems at each period of sampling. 
The soils collected from the unplanted section and from the robts of the 

plants were examined for the abundance of filamentous fungi, actinomyces, 
bacteria developing upon albumin agar, organisms developing upon nitrogen- 

free mannite agar, and mucoid colonies (B. radiobacter) developing upon nitro- 

gen-free mannite agar as outlined in the preceding report (2). The abundance 

of B. radiobacter was also determined by plating the soils upon glycerol-nitrate- 

soil extract agar as suggested by Smith (1). This method was slightly modified 
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in that just before pouring the plates, the crystal violet was added to the melted 
agar (in 300 cc. portions in 500 cc. Erlenmeyer flasks) in such amounts as to 

create a concentration of 1 part of dye to 100,000 parts of medium. Smith 
added the dye to the soil suspensions before adding them to the plates. An 
attempt was also made to determine the abundance of nitrogen fixing organ- 

isms. This involved the introduction of 1-cc. portions of dilutions of the soils 

TABLE 1 

Influence of development of higher plants upon abundance of bacteria (1/ 1,000,000) 

Field soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 
44 days | 63 days | 86 days | 138'days|173 days| P=R10Ds 

eee ROE SEE RTO AC See API 34.2} 14.6} 30.4] 19.8] 17.0] 23.2 

WORN oo i icereaisn asiciniss soe Gewese eae 33.6} 42.0] 88.0} 34.6] 29.2] 45.5 

MOG Ric iiss claro einis ae eaeasloasaeeseas 40.4] 29.8| 42.6] 48.0] 37.0| 39.6 

OMNI a oc bio newt oo owe wine nea 26.7 | 26.0} 47.8] 51.8| 42.8] 39.0 

BRD ONOE ioc iets oasis artis asoln ep esaataniens 36:0'| 23°47) 38:0) 21:3) 14:81 26.7 

(OU ee 37.2 | 22.6| 60.4] 41.4] 47.8] 41.9 

Bc Cr ee 44.7) 38.4] 48.0] 48.6] 51.8] 46.3 

AMER oon ss ine Gai oes aie oo eis a eee 71.2 | 46.8] 43.6] 69.4] 88.4] 63.9 

PCL GION aking cece a can awseiwnels 34.8] 27.2] 29.2| 33.0] 50.2] 34.9 

Greenhouse soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

36 days | 59 days | 93 days | 128 days | 169 days | 202 days| PERIODS 

AOW aiviniciciccasais dane heen eis 28.3 | 34.6) 19.3] 21.4] 17.4 930%} 20.7 

NB sve baie seescaesdasacwe 30.8 20:5:| 31:21 50:0)! 36.2 | 38.4) 33.4 
BUMIB ois dono GGe sews ceases 36:6 | 45.3 | 2220)| 28:21 15-8) 12:4) 26.7 

eee ore ery 26.5] 57.5} 19.8} 31.7] 42.0] 13.6] 31.9 

PME esi awcldeessiasiewmsinaears 21.8} 93.7] 46.5 | 157.6} 24.6] 19.6] 60.6 

DCCL CIOVERS 6 s)c0 sir5'0:0 vere oe 35.4] 36.8] 36.0] 21.8] 29.0 9.8) 28.1 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

in duplicate into flasks containing 100-cc. portions of nitrogen-free dextrose 
solutions. Similar determinations conducted in mannite solutions indicated 
the presence of much smaller numbers than did the dextrose medium. Records 

were kept of the dilutions which resulted in fixation of nitrogen and those from 
which no fixation occurred after 30 days. 

EXPERIMENTAL RESULTS 

Numbers of bacteria 

Table 1 and figure 1 indicate the results of the enumeration of bacteria. 
In the table the results of both the field and greenhouse study are included; 
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only the field results are presented graphically since the two sets of data are 

much the same. The plant growth was so much more vigorous and normal 

in the field that the results from studies of these plants should be much more 
characteristic than those of the greenhouse plants. In the greenhouse all of 

the plants except the oats became quite stunted during the last periods of the 
extended study. It is also apparent that, in soils kept for long intervals, 

soluble salts may accumulate to concentrations far greater than would occur 
in the field in humid regions. 

In the figure, the unshaded columns extending below the zero line represent 
the abundance of bacteria in the fallow soil. The black columns represent 

the abundance of bacteria in the soil obtained from the rhizosphere of the 
various plants. Since the black columns extend below the zero line to the point 

of the unshaded columns any extension of the black columns above the zero 
line represents the detection of greater numbers of bacteria in the planted 
soil. Likewise, if the black columns do not extent to the zero line it indicates 

that the numbers found in the planted soil were smaller than those found in the 

unplanted soil. 

Since most of the black columns extend above the zero line it is apparent 
that the development of higher plants has in practically all cases increased 
the abundance of bacteria which are detected by this plate method. In some 
cases the increases are much more pronounced than in other instances. More 

than this, there are certain differences which may be ascribed to the difference 

in type of development of the various plants and, further, some of these varia- 

tions may be correlated with the stages of growth of any one plant. It is to 
be expected that plants showing such a variety of growth characteristics 
(fibrous and fleshy roots, tubers, annuals, biennials, legumes, and non-legumes) 

would affect the soil population differently. In general, these results show that 
the influences of most of the plants are not great in the early stages of plant 
growth and that the maximum effects generally appear only after the plants 
have attained considerable size, have reached the height of vegetative growth, 
bloomed, or started vegetative degeneration. Subsequent to the death of the 
plants there is generally a pronounced decline in the abundance of bacteria. 

The letters written above the columns on the figure indicate the stages of 
plant development at the different periods of sampling the soils (B—blooming, 

V—height of vegetative development, Dg—initial degeneration, D—death). 

Under the potatoes which mature and die within a short period of time there 

is a marked increase in numbers after the early stage of growth and pro- 
nounced decline subsequent to maturity and death of the plants. A similar 
striking change is observed under the oats. With the corn and beans the 

decline after death is not as apparent since the plants were killed by frost just 

before the last sampling and the interval between death and sampling was too 

short for the biological activities to drop to a low level. The biennials show a 
very marked effect upon the organisms even at the last periods ofsampling. At 

this time these plants were in active development while the annuals were all 
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dead. This difference between the annuals and biennials does not appear to 

be as striking with the greenhouse soils as with the field soils, presumably be- 

cause of the degenerated condition of all the plants in the greenhouse at the late 
periods. 

This periodic influence of the plants may logically be considered as being cor- 

related with the periods of youthful root development accompanied by little 

TABLE 2 

Influence of development of higher plants upon abundance of organisms developing upon 

nitrogen-free mannite agar (1/ 1,000,000) 

Field soils 

AGE OF PLANT DEVELOPMENT 
AVERAGE 

PLANT OF ALL 

PERIODS 44 days | 63 days | 86 days | 138 days | 173 days 

MOM issn sc pnan gs savas onsesewmsnon 33.3 1-26.21 173 6.0:| 12:2) 19:5 
ee ee eer ea 28.6 | 44.2} 52.6} 13.6} 15.0] 30.8 

Se ee ers ere ree 39.0} 34.8) 34.6] 23.2] 21.0] 30.5 
PUREST ois aes abees suse nurse asec 39.8 | 31.2} 33.6| 25.4) 30.4] 32.1 

PEL -5shp os sbeckusseiwceses eee 31.0] 42.8) 29.8] 13.0} 15.8] 26.5 

BME RIERA i 56:05 auke as ns sas unes 45.4| 31.5] 49.0] 19.8| 32.2| 35.6 

38.8 | 36.6| 22.8) 34.4 | 39.7 65.8 
ME coy SuSbxi sma ee een E oe j; 81.2} 70. 46.8) 18.6} 45.4} 52.6 

| 35.7] 33.4] 26.0] 16.4 | 23.2} 26.9 

Greenhouse soils 

AGE OF PLANT DEVELOPMENT 
| | AVERAGE 

PLANT , : | OF ALL 
| 36 days | 59 days | 93 days | 128 days | 169 days | 202 days| PERIODS 

| 
 siticxivacvesneprese | 13.8} 14.0} 64] 5.0| 9.4) 11.0 | 99 
RE Ee: | 21.0) 14.0] 19.4] 28.4] 23.6] 30.2| 22.8 
isis, sca taa that 29.8| 30.0| 12.8| 19.4] 12.4] 14.3] 19.8 
Beets...............---2----.] 26.3| 21.2] 9.2] 27.4] 21.4| 23.3] 19.8 
_ Sen 20.0} 49.8} 19.0/ 105.4] 15.6 | 23.2 | 72.2 
SWOEECIOVES, 0506 v0.00 500005 | 26.6| 32.2} 17.6| 21.0 | 17.4) 16.6 | 21.6 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

root excretion of microbial foods, of periods of active root excretion of con- 

siderable amounts of material available to the microérganisms as food, and 

finally of root degeneration and death with only the more resistant materials 

becoming available to the microérganisms with no further replacement of these 

substances by the plant. 

It may be noted that there appears to be a general tendency for the bacteria 

in the unplanted soils to decrease throughout the period of study. This 

might be expected since, in a fallow soil, the readily decomposable organic 
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matter is becoming continuously depleted and microbial foods are consequently 

less abundant. The marked effect of rape upon the bacteria is particularly 

striking and appears also in the studies of the other groups of organisms, as 

will be seen in the following pages. It is equally apparent that there is little 
correlation between the sizes of the plants and their effects upon the bacteria 
since the oats exerted greater effects than the field corn, and the beans produced 

TABLE 3 

Influence of development of higher plants upon abundance of B. radiobacter group developing upon 

nitrogen-free mannite agar (1/100,000) 

Field soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

44 days | 63 days | 86 days | 138 days| 173 days| PERIODS 

PON co coconbeceNbiies Seasaabsseske 9.8 9.4 3.8} 1.0 3.4 55 

Ee ee eer. 6:6} Stat 19:2] °2.6 7.0| 13.4 

aes Ve ne 12.8; 18.4 8.0/| 3.8 8.6 | 10.3 

SES. ccs ch wersesiesesesncss See 13.6} 15.0 6.8; 9.0 14.0} 11.7 

ers ne. 14:2) 244 Bz | 2:2 5.8 12 

oD ESS a eee eee 10.2 10.4 120) 3.2 10.6 9.3 

CL Ee ee eee: 20.8} 17.2 9.0; 7.8 14.8] 13.9 
ee re eer 31.8) 27D1 114) 84 12.0 18.2 

NEE ob. osin ween ese ce cweeed fe 16.6 74 336 12.4 9.4 

Greenhouse soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

36 days | 59 days | 93 days | 128 days | 169 days | 202 days| PERIODS 

Eee Tee 8.8 5.4 3.4 1.4 0.6 2.4 ef 

PRE oy cieushs ado enwesserec 16.2 10.5 16.0 9.8 16.0} 21.2 15.0 

EB ova nsv es xp esses eesee 2101 91 46:5 10.2 5.0 10.0 13-7 

DEB acacia coe ekaneee vere 8.6 12.3 6.4 8.3 8.0 7.0 8.4 

BP ccksncsiucosteswnnece 15.4 20.0 i7-3 10.0 9.3 9.4 13.6 

Ss , A eee 17.4] 16.5} 12.0} 10.8! 10.2 551 2A 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

effects comparable to the corn. These three plants differed very greatly in 

amounts of root systems, vegetative growth, and seed development. 

Colonies on mannite 

The influences of plant development upon the abundance of organisms 

which grow on nitrogen-free mannite agar are shown in table 2 and figure 2. 

The organisms developing upon this medium are much the same as those ap- 
pearing upon the albumin agar and, as might be expected, they manifest much 
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the same responses to plant development. These responses appear in the rela- 
tively low numbers of organisms at early stages of plant growth (except with 
the mangel beets and rape), maximum numbers in most cases at advanced 

periods of plant growth, depression in numbers subsequent to death of the 

plants, relatively high numbers at advanced periods in growth of biennials as 
compared with annuals and, in all observations, much greater numbers of or- 

TABLE 4 

Influence of development of higher plants upon abundance of B. radiobacter group developing upon 

glycerol-nitrate agar (1/10,000) 

Field soils 

AGE OF DEVELOPMENT AVERAGE 

PLANT OF ALL 

44 days | 63 days | 86 days | 138 days|173 days| P=R!ODS 

NOW ci sckc aa bave obeensorarawhae 5.4 9.2 9.0 322 4.2 6.2 

NB esa Ce wena eee Ra betes 7.8) 78.0] 63.2 8.6 6.7 | 32.9 

SMM crp cohen wack beck oun eeboeeee 6.8 | 20.2) 31:8] 33.4 9.6} 20.4 

PEE... cs nokccetseenesccumphiommin 19.8| 25.4} 44.0 3.6} 16.4} 21.8 

EE 7.8 9.8/ 53.4] 12.0 §.0| 17.6 

EES oes apn ome enw vee 8.4| 15.4] 35.6| 21.8] 13.8] 19.0 

ON ee ee 14.0} 64.0; 31.6] 40.0; 14.0] 32.7 

CE ee re 466.0} 86.0} 63.6] 51.2} 36.4} 140.6 

EN eos rcueses eet anchaseser 11.4; 20.0; 19.0 6.2} 28.2] 17.0 

Greenhouse soils 

AGE OF DEVELOPMENT AVERAGE 

PLANT OF ALL 

59 days | 93 days | 128 days | 169 days | 202 days| PE2!0DS 

MN oon ioc tse dssaxws awh etouns ee 15.0 9.0 i2 1.0 0.4 5.3 

DErcud rinses sees eiwss ene ces e sees 6.0; 13.3 6.2; 48.2; 18.8} 18.5 
DN 5s Go Gs sSsckkuwisussvusarese see 36.6 20.6 51.2 9.2 8.4 25.2 

eee ce 13.8 8.6} 10.8 2.8 8.4 8.9 

ee ees re. 31.0} 22.4| 27.4 2.6 3.21 17.3 

| Le mT 17.4 | 13.6] 24.6] 18.4 261 15.7 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

ganisms in soils near plant roots as compared with the abundance in unplanted 

soils. As with the bacterial counts, the numbers of the organisms show a pro- 
gressive decrease in the unplanted soil as time elapses. There is a striking 

difference in the influences of the different plants upon the organisms; the 

most marked effect appears under the rape and the most transitory effect un- 

der potatoes. The explanation for these apparently characteristic effects of 

different plants still remains to be determined. 
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B. radiobacter group developing upon mannite 

As seen by table 3 and figure 3, the organisms producing mucoid colonies 

upon nitrogen-free mannite agar (B. radiobacter group) also increased about 
the plant roots. In fact the proportional increases are somewhat greater 
than appeared in the organisms previously considered. The oats and rape 

showed the most pronounced increase. The potatoes showed comparatively 
slight influence upon this group of organisms at any stage of growth. The 

TABLE 5 

Influence of development of higher plants upon abundance of actinomyces (1/1,000,000) 

Field soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

44 days | 63 days | 86 days | 138 days|173 days| PERIODS 

Ee Oe ee ees 12.8 7.0| 12.0 7.4} 10.2 9.9 

PRE ck sachs nodacseusowsestcres eee 10.8 6.4} 10.0} 10.6} 10.8 G.7 

SOM. . cecab seaseeuasssecion Sooewe ee 11.6 7.6} 11.0] 13.0 8.0} 10.2 

PE nico aviandcewkeceecaveheeueree 14.3 8.2 15.4} 11.0] 10.4 11.9 

OUR iG adic uebaevoenbass canaee 9.7; 10.0! 11.2} 14.0} 10.0] 11.0 

PEE. 5; ob ineswGbonecwesuatt 10.3 9.0} 17.0| 12.3] 14.2] 12.6 

| ee ree ye 19.0 9.0; 16.2} 11.2] 17.2] 14.5 

NEG ss sess seesusssstensenseneee 21.115 9.2 9.8} 10.8; 10.7 

ET MUU oo nen b ess nksscsesbiweee. 10.0; 10.0] 13.3 8.0] 12.0} 10.7 

Greenhouse soils 

GE OF VE AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

36 days | 59 days | 93 days | 128 days | 169 days | 202 days| P2R!ODS 

err: 5.5 7.0 4.5 5.8 3.0 3.8 4.9 

Se. shes otesse sent 4.6 3.8 3.6 6.4 4.8 fee BD | 

EE 6ni6s cbse bu voussasuebe 6.0 8.3 5.0 6.8 5.8 5.4 6.2 

PR css ucesbubeunsssnce 5.0 1:5 4.8 4.8 4.2 4.6 5.2 

DP er cic shbuse eeeeseen ee 5.0 | 16.8 75 1116 4.8 5.4 8.5 

en ars 7.4 7.0 8.0 7.6 3.8 4.0 6.3 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

beans showed an unusually pronounced effect upon these organisms at the 
final stages of growth. In general, the course of the changes in the numbers 

of these organisms in both the planted and fallow soils appear much the same 
as in the organisms previously considered. 

B. radiobacter group developing upon glycerol 

The results concerned with this group appear in table 4 and figure 4. Pro- 
nounced increases in the abundance of these bacteria appeared under the 
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developing plants. The proportional increases are more pronounced than those 
observed with any of the other groups of organisms which were studied. Here 

the influence of rape is particularly great. The organisms from soil growing 

this plant reached the point of 4.6 millions, while the unplanted soil at the same 

period showed the presence of only 54 thousands. However, the absolute in- 

creases in most cases are much lower than with the other organisms previously 

considered since this group of bacteria makes up a much smaller portion of the 

TABLE 6 

Influence of the development of higher plants upon abundance of filamentous fungi (1/ 10,000) 

Field soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

44 days | 63 days | 86 days | 138 days | 173 days PERIODS 

PON. .esnsscuwecbawadsnwee seuewion r 16.8 00) 13:0] 270) 23:2) 173 
WRB cobb besos sane nuse ess oeeS ENS 18.2; 21.6} 26.8; 21.0} 19.4] 21.4 

BOR e bia oe inl re a borhan 14.0; 18.6; 16.0} 28.0; 28.0; 20.9 

MPR OR Ri cet. wai phen Get er ae | 24.6] 16.0) 23.8/ 22.8) 31.4] 23.7 

ne a ERI eS Ran | 24.8] 13.6] 17.6} 29.0} 19.4|] 20.9 

INNER np ae ht cy ee : 90°81 15.3 | 22:61 18:3 | 254) 18:8 

Mangel beets...........00cccc0eeeees | 23.8] 18.5| 27.8] 18.6] 26.6| 23.1 
MOE 5G fone ss wae o Gesture senwcccaaee | 14:41 16:3 | 12:21 28:41 28.6] 20:0 

Sweet clover*..............+220eee-| 16.0} 16.2} 16.4| 16.2 | 21.2] 17.2 

Greenhouse soils 

| AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT | OF ALL 

| 36 days | 59 days | 93 days | 128 days | 169 days | 202 days FERIODS 

POW So cub akasuecisiene bers | 19.6| 21.2} 14.0] 23.0] 16.6] 16.2 18.4 
| 

| ES Sere | 25.8! 13.8] 20.0 ed 12.2} 22.6] 19.1 
i in eared Sl | 18.8} 23.2} 19.2 | 19.0 | 16.0| 10.4] 17.8 
OES recess | w.2y a8 21.8 | 26.2| 21.6] 21.8] 21.6 
EE eres oe | 20.6/ 28.6] 17.2} 18.6] 18.4} 13.4| 19.6 
8 ee | 21.0} 19.0 20.6 | 14.0 | 22.8 | 14.2 | 18.6 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

total soil population than the other groups. In view of the pronounced re- 

sponse of these bacteria to plant growth it would be of considerable interest 

to ascertain what factors are responsible for this change. 

The qualitative differences between the influences of the annuals and bien- 

nials are less pronounced upon these organisms than upon the general bacterial 

population of the soil. With the exception of the soil supporting sweet clover 

the numbers of the B. radiobacter group decreased at the late periods of plant 

development in all cases. 
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Numbers of actinomyces 

The results of the observations of the actinomyces presented in table 5 
and figure 5 show that this group of organisms is affected by plant development 

very differently than are the other groups of organisms previously studied. 

The increases are generally erratic and show little or no correlation with the 

stages of plant development. Likewise their abundance in the unplanted soil 
shows little definite change during the season. If they are influenced by the 
plant development, the method used for their study has not detected the 

effect. At the most, it might be conceded that the development of plants has 

increased the abundance of actinomyces about the root systems but that this 

increase is comparatively slight. Of 70 cases observed (40 from field soils and 
30 from greenhouse soils), 50 showed greater numbers of actinomyces in the 

planted soils than occurred in unplanted soils, while 19 showed fewer actino- 
myces in the planted soils. 

Numbers of filamentous fungi 

The group of filamentous fungi show as little variation in numbers which 
may be interpreted as response to plant growth as do the actinomyces. These 

results are presented in table 6 and figure 6. The numbers generally appear 

to be somewhat greater at the stages of extensive growth and are quite low in 

soils supporting annuals subsequent to degeneration of the plants. However, 
it is difficult to explain the low level of fungus numbers at the late stages of 
development of the biennials in case one accepts as a fact that such a method of 
studying the fungi reflects the abundance of their occurrence in the soil. 

In the light of our present understanding of the activity of filamentous fungi 

in soils it seems logical to conclude that these results do not properly indicate 

the extent of influence of plant development upon this group of organisms. 

Although it appears that the fungi were more abundant near the plant roots, 

the method of determination is so unsatisfactory that, unless pronounced dif- 

ferences are obtained, it seems unwarranted to interpret the differences as 

being more than suggestive. In the 70 cases studied, 45 showed greater num- 

bers of fungi about plant roots and 25 showed greater numbers away from the 
roots. The unplanted soils showed no consistent change in numbers of fungi 
during the period of study. 

Numbers of organisms fixing nitrogen 

As outlined with the experimental methods these organisms were estimated 

by inoculating diluted suspensions of soil into flasks of nitrogen-free nutrient 

solutions. As each period of sampling, the suspensions were inoculated into 
flasks in duplicate at each of five dilutions including the limits of growth of the 

organisms. It frequently occurred that organisms would develop at certain 

high dilutions of the series with no growth at some of the lower dilutions, caus- 
ing “skips” in the series. With only two cultures at each dilution and so many 
“skips” in the series it is not possible to determine the number of nitrogen- 
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fixing organisms with any degree of accuracy. In order to suggest the general 
trend of the results, however, a summary is presented in table 7. These data 

present merely a list of the number of cultures in each series at each dilution 
which showed fixation of nitrogen. In the series of studies of the greenhouse 
soils a mannite medium was used but this failed to support development of 
nitrogen-fixing organisms at dilutions of the soil greater than 1,000. With the 

TABLE 7 

Numbers of cultures showing nitrogen fixation from planted and unplanted soils 

Field soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

44 days | 63 days | 86 days | 138 days|173 days| PERIODS 

RIRTPORAIOON 6 osc scdccscscvecencessescccnses 10 10 10 10 10 10 

WOW ria ss ceeds. cos oawanmnennen 6 6 7 3 5 5.4 

MOMER Sasso tonis ase ie Sea este eee 8 8 rf 4 3 6.0 
ABRNENe cueee cence ninauieeee ceetens 8 6 6 5 i 6.4 

RROMTAMR : o2i is cio odin 6 00s ok is Rien stem Tae 8 5 6 5 6 6.0 

PRIS oo n5o-c slo diss bse OS eae oso 6 7 5 4 5 5.4 

IN ER ooo a 5 65 oss wwwie a Roleeisioieve ees 8 8 4 7 5 6.4 

ITAL OBES so ois 5 fnisisiscpsisiwisinis 6 -2000'sse 8 7 7 7 7 12 

MRMNRI Er i's 6ig%s ws seas ee ee oes 8 5 5 6 5 5.8 

GIOE EIU ois oo ies sacnu baemements 8 6 7 3 5 5.8 

Greenhouse soils 

AGE OF PLANT DEVELOPMENT AVERAGE 

PLANT OF ALL 

36 days | 59 days | 93 days | 128 days | 169 days | 202 days| PERIODS 

UG EOD BENE Goo soos dccicuceev sess 10 10 10 10 10 10 10 

WAM OW oie sce Socks a Sesenenere 4 3 4 5 5 6 4.5 

MMMM ices s-icia ls fais cialeigins aes 3 2 9 7 5 8 5:7 

MORONS oc ovcis six o.oo a oie eee 3 2 5 5 5 6 4.3 

TEORUR oo ois/6i sd asso aiaeeiawe 4 4 6 7 7 6 St 

PRAMAS fae a ia-aieasia siete aise cis oes 2 3 4 ‘i; 7 9 5.3 

SWHRCE GIOVE iis visosicioss cieeteee | 2 7 9 3 ti §2 

* For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

field soils a dextrose medium was used and nitrogen fixation occurred quite 
regularly at dilutions of the soils of hundreds of thousands and frequently of 
millions. It is quite apparent that, irrespective of the medium used, the type 

of plant developing upon the soil, or the stage of development of the plants, 
there is nothing which appears sufficiently different from the results from un- 
planted soils to suggest that plant growth appreciably modified the abundance 
of nitrogen-fixing organisms in the soil. Although these organisms appeared 
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to the extent of hundreds of thousands no consistently greater number of 

these bacteria developed from soils obtained from the rhizosphere than from 
soil obtained from a distance from the roots. Further, the legumes showed no 
more effect upon these organisms than did the non-legumes. In view of the 
plausable theoretical possibility that the rhizosphere may be a suitable habi- 
tat for development of nitrogen-fixing bacteria it appears strange that no 

results were obtained which would verify this supposition. The possibility 
still remains that the method which was used was unsuited to determine the 
abundance of this group of organisms. 

Averages of influences of plants upon all the groups of organisms 

In figures 7 and 8 the data are presented as averages of the determinations 

atall periods of sampling. Comparative figures are given, the results from the 
unplanted soil being considered as 100. The unshaded columns are averages 

of the average effects of all the plants upon each of the groups of organisms. In 

each group, the data are arranged from left to right in the order in which the 
different plants affect the abundance of bacteria in the soil. 

It is evident that plant development exerts very different proportional effects 

upon different elements of the soil population. The apparent effects upon the 
nitrogen-fixing organisms and upon the fungi and actinomyces are very slight. 
The bacterial population as a whole and the organisms developing upon man- 

nite agar are affected to a marked degree and in much the same order with 
certain few exceptions. The bacteria of the Radiobacter group increased to 
a much greater proportional degree than any of the other organisms. This 

is particularly striking with the results of their detection upon glycerol media 

from the field soils. Among all of the data, the striking influence of rape upon 

all the groups of soil organisms is clearly apparent. It was expected that the 

legumes would effect a somewhat more marked influence upon the soil popula- 
tion than is apparent from these results in view of the fact that it has been 
repeatedly claimed that such plants have the most pronounced influence 

upon soils. Since, at all the periods of study, the sweet clover plants were 
less mature than any of the others the comparison of their effects during early 

stages of growth does not accurately indicate their influence upon the soil 

organisms over extended periods of time. 

If the order of the influence of the plants upon the numbers of bacteria in 
the soil during the growing season was the same for all of the biological groups, 

it might be assumed that this order of the plants represented the order of their 

influences upon the microbial population as a whole. In some cases this 
appears to be the case, but it appears more logical in many cases to assume that 

the order of influence of a group of plants upon one group of soil organisms 

may not be the same upon all soil organisms. These influences of different 

plants may be so markedly altered by cultural conditions which modify the 

extent of plant growth, the period of time before maturity, and other physio- 

logical characteristics of plants that any attempt to indicate without qualifi- 
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cation what plants exert the greatest or slightest effects upon the soil organisms 

would be replete with errors. It is more desirable to ascertain what factors 

associated with plant growth are responsible for this effect upon the soil 

organisms. 

TABLE 8 

Correlation between weights of roots of single plants at the periods of sampling the soils and the 

influences of the plants upon the abundance of bacteria in the soil 

Field soils 

AVERAGE 

AGE OF PLANT DEVELOPMENT INCREASE IN 

PLANT BACTERIA DUE 
44 days |.63 days | 86 days |138 days|173 days| 70 PLANT 

millions 

OREM de ous cals argusletelic snes arate 3.36 | 8.91 |25.1* |28.3f |51.0T 3.5 
NEE INOUET Eo iis.ss ca cxeweeuea cnx 0.003 | 0.08 |0.6 {10.5 {61.0 147 

BRIE os ohio ee ce ci oon 0.47 | 0.66 | 0.7 y a | 12 15.8 

OBONEAG oie cars ictss iste ok KRU eteerole 3.36 {12.26 |38.0 {48.0 (/41.0 16.4 

APO MINS Sais, loss ace ee eaeee O:35 1555 i218 (26:5 (22:5 18.7 

a eee renee n On25: 1 O8k 1083 0 0 22:3 

VIAN BEES fos 5 a'a.a' ence siete cceraisioie’s 0.34 17.1 |26.5 (90.3 {77.3 252% 

ROWE base ie stole aac wasn slo vers 0.99 | 1.20 | 2.0 6.8 Het 40.7 

Greenhouse soils 

AVERAGE 
AGE OF PLANT DEVELOPMENT INCREASE IN 

PLANT 
Peete ng 

59 days | 93 days | 128 days | 169 days | 202 days pion 

millions 

Ra ins Sins arctan oiler 0.136 | 0.068 | 0.085 | 0.131 | 0.069 5.0 

ROPOUCIOVOR G os00b00koin enw 0.002 | 0.006 | 0.247 | 0.252 | 0.314 6.4 

RB ose eta iaee he tc OE 0.008 | 0.071 | 0.298 | 0.511 | 0.315 10.2 
NOMER ets hitch ere creer ince ani 0.024 | 0.080 | 0.304 | 0.341 | 0.124 i.7 

MO sis Sas novwowseeeeieeewes 0.015 | 0.073 | 0.414 | 0.541 | 0.420 38.9 

* Mainly tubers only 0.56 gram fibrous roots. 

{ All tubers, no fibrous roots. 

t For sweet clover the sampling periods are 25, 44, 67, 119, and 154 days. 

Influence of extent of root systems 

It might be expected, since it is through the root systems of the higher plants 
that the influences become exerted upon the soil organisms, that there would 

be some correlation between the abundance of the roots and the extent of the 

changes in the organisms in the soil. An inspection of table 8 indicates quite 

definitely that there is little or no correlation between the weights of the 
plant roots and the average increases in bacteria in soils under the plants. 

There is no greater correlation between the weights of roots at any one period of 
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sampling and the abundance of bacteria under the plants at that period. Fur- 
ther, no apparent correlation exists between the root weight and the abundance 
of any of the other organisms which were studied. 

It may not seem justified to compare the weights of roots of single plants 

since different numbers of plants covered equal areas of soil. It would seem 

unlikely, however, that any comparison of weights of roots occupying equal 

volumes of soil would show correlated relationships between the effects of these 

roots and the soil population. It might be logical to assume that correlations 

would exist between the extent of root surfaces and the influences of the plants 
in any unit volume of soil. It seems more likely that none of these factors 
would have more than a chance relationship with the observed effects. Other 

factors related to the physiological behavior of the plants undoubtedly con- 

trol the reactions. It seems apparent that young roots exert comparatively 

slight effects and that, at the period close to fruiting or at advanced stages of 

growth, the plants exert the most marked influences. This would appear to 
suggest that factors associated with the quality and quantity of root excre- 

tions (particularly organic) might be factors of major importance in this con- 
nection. These are related to certain characteristics inherent in the plants 
themselves and would not justify an assumption that the abundance of root 

systems would be of most importance in determining the observed changes. 

DISCUSSION 

It is quite apparent that the plate method of determining the abundance of 
organisms in the soil is far from satisfactory. However, the results which 

have been obtained appear of such an order as to indicate that the apparent 
effects of the plants upon the soil organisms are significant effects in most cases. 
The fact that marked effects of plant growth upon the soil organisms were 

observed by the methods which were used may suggest that even more marked 

effects are actually brought about by the plants. This would seem likely since 

the large samples of soil which were taken for analysis necessitated the col- 

lection of considerable soil which was not in contact with the plant roots. If 
it is assumed that root excretions are of major importance in determining the 
results, the greatest effects should appear closest to the roots. Further studies 
of more detailed nature of conditions in the zone of the root surfaces should in- 
dicate that the microdrganisms are even more profoundly modified by plant 

growth than the present results would suggest. 
It is recognized that the periods of testing the soils were so infrequent that 

many significant changes in the soil population may have been overlooked. 

The points of maximum effects and of inflection would undoubtedly have been 

more accurately located by more frequent observations of the soils. It is 

apparent from the data which are available, however, that certain pronounced 

differences are expressed in the abundance of the organisms at different stages 

of plant growth. 
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In view of the present observations it would seem that plant growth is one 

of the most important factors in determining the irregular distribution of micro- 
organisms in soils. Samples of soil from an apparently uniform field may vary 

greatly in abundance of organisms if they are gathered near or away from roots 

or if they contain a small or large amount of roots. The influences of the plants 
vary so greatly during the course of root development that observations from 

a single period would not be representative of other periods. In this connec- 

tion, variations in the influences of the plants upon the organisms at different 
stages of growth may be of importance in determining the so-called seasonal 
fluctuation of microdrganisms in soil, where some of the variations appear to 

be related to neither the moisture nor temperature. At least, it may be con- 
cluded that samples of soil gathered about different nlants at any one period 
give no true representation of the comparative influences of the different 
plants upon the soil population. Any comparison which is to represent the 
facts properly must indicate the course of the influences throughout the 

growth of the plants. 

The fact that plant growth favors the appearance of larger numbers of or- 

ganisms in the soil, at least at certain stages in plant development, indicates 
why, under certain conditions one may expect to find some close correlations 
between crop yields of soils and abundance of microérganisms in the soils. 
Provided that the soils concerned in the comparison were originally alike and 
that the same crop had been continuously planted on these soils, one would 

expect that, where the greatest plant development occurred, there would be 

the greatest amount of root residues and that the other effects associated 

with the influences upon the organisms would be such as to exert the most pro- 
found effects upon the soil population. On the other hand, knowing that 
different plants affect the soil population differently at any stage in their growth 

it would hardly be expected that even similar soils supporting different plants 
under different fertilizer treatments would always show correlations between 

yields of plants and abundance of microdrganisms in the soils. This rela- 

tionship is further complicated where soils essentially different in physical 
and chemical condition are concerned. Even though crop yield should be 

high from a soil which was normally of low biological activity the abundance of 
organisms might not be so great as from a soil naturally of a high level of bio- 
logical activity. At the same time the actual increase in abundance of organ- 

isms resulting from plant development might be the same in both soils. The 
growth of crops in rotations further complicates an interpretation of the final 

results upon soil organisms. 

SUMMARY 

Results are reported of studies concerned with the influences of the develop- 

ment of higher plants upon the abundance of microérganisms in the soil. A 
considerable variety of different plants was cultivated in the greenhouse and 
field and, during their growth, observations were made periodically upon the 
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abundance of bacteria, actinomyces, filamentous fungi, organisms developing 

upon nitrogen-free mannite agar, organisms of the B. radiobacter group de- 

veloping upon nitrogen-free mannite agar, organisms of the B. radiobacter 

group developing upon glycerol-nitrate agar, and nitrogen-fixing organisms 

developing in nitrogen-free dextrose or mannite solutions. The following 
conclusions appear to be justified as a result of these studies: 

1. The development of higher plants exerts pronounced influences upon the soil population 
but these influences are greater upon some organisms than upon others. The proportional 

increases in nitrogen-fixing organisms, actinomyces, and filamentous fungi are slight. The 

greatest proportional increases appear in the B. radiobacter group of organisms although very 
striking effects are apparent in the general bacterial population. The average of the seasonal 

effects of different plants upon the different bacteria varied between increases of 15 per cent 

and several hundred per cent. 
2. Different plants exert different degrees of influence upon the soil organisms; some, as 

potatoes, consistently increased the numbers slightly, while others, as rape, increased the 

numbers to a striking degree in most cases. 

3. The extent of the influence of any one plant upon the soil population is different at dif- 

ferent stages of growth. Slight effects are apparent in early stages of growth, maximum 

effects appear only after the plants have reached considerable size, and the influences be- 
come less pronounced subsequent to the death of the plants. Consequently, the length 

of the growing period is an important factor in determining the degree of the effect of plants 
upon microérganisms. Because of the longer growing periods of biennials these plants show 

a much more prolonged effect upon the organisms than do annuals. Legumes may exert 

no more pronounced effects upon soil organisms than do non-legumes. 
4, The extent of the effects of plants upon the soil organisms is not determined by the size 

of the different plants or the extent of root development but may be associated with some 

characteristics of the physiology of the plants, particularly as regards quality and quantity 

of root excretions. Many factors are undoubtedly concerned in these changes. 

5. The results emphasize the fact that higher plants are of great importance in bringing 

about an unequal distribution of microérganisms in the soil and may be a major factor in 
determining the so-called seasonal fluctuation of microdérganisms in soil where temperature 

and moisture do not appear to be related. 
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During recent years the study of peatlands and their differentiation has 

tended more and more to emphasize the importance of rather detailed and 
varied knowledge of profile features. It has come to be regarded a necessary 

part of any successful attempt in bringing peat soils into agricultural or indus- 

trial use, to approach the examination of peat profiles upon the basis of the 
botanical composition and morphological characteristics of the several layers 

and “horizons” found at different depths from the surface to the mineral sub- 

soil. Likewise an increasing amount of attention is given the effort to charac- 

terize more completely any type of peat area with all its properties and pecu- 

liarities, that is, to determine accurately the several outstanding physical 

properties, the chemical composition of various organic complexes, and the 
microbiological population of peat profiles under virgin conditions, in order to 

contribute to an understanding of the changes that take place in similar areas 

of peat under conditions of cultivation and lowered water table. 
Most of the criteria by which we determine the outward characteristics and 

geographical mode of origin of peatlands, and analyze their different profile 
features are relatively well known and readily applied. But the problem be- 

comes involved and often very complex when we attempt to codrdinate the 
results of the various analyses, or when we seek to establish the probable de- 

grees or stages of decomposition from the initial, virgin peat profile to the fully 

developed mature profile, to arrange the changes in a proper sequence, to de- 

termine the rate of decomposition and time involved, as well as their relation- 
ship to any given environment in which the changes occur. 

The result of focussing the efforts of modern peat investigations upon the 
examination and analysis of the profile features of three raised bogs or high- 

moors in Maine furnishes the theme for the following two related studies. 
This paper constitutes an endeavor to give the botanical and morphological 

profile record reflecting the succession of former vegetation units now forming 

peat deposits, whereas the paper by Waksman and Stevens, published else- 
where in this issue of the journal, emphasizes certain chemical and bacterio- 

1 A detailed analysis of the chemical composition and the bacteriological activities in the 
various layers of these profiles is published elsewhere in this issue of the journal, by Waks- 

man and Stevens. 
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logical methods as the approach to the complex problem of establishing rela- 
tionships between different types of peat (5). A discussion of the physical 

properties and the codrdination of analytical studies with regional profile 

differences is contemplated in a later paper. 
The field work was carried on in coéperation with S. A. Waksman from 

August 6 to August 15, 1928, and afforded not only the opportunity of continu- 

ing earlier studies on New England peat profiles (1) but also of obtaining fresh 

material, especially from layers of peat at considerable depth below the 

surface. 
The localities chosen were the Denbo heath near Cherryfield, the Veazie 

heath southwest of Orono, and the Lewiston or Garcelon heath at Lewiston, 

Maine. Aside from the matter of accessibility these areas of peat are better 

known than others, and further experimental work can be carried on with the 

use of the facilities of the university and agricultural experiment station at 

Orono as a base.” 

METHODS OF PROCEDURE 

The study of the peat profiles, the botanical identification of the successive 

layers of plant remains, and the separate morphological features were carried 

out as follows: 

Peat samples from the surface to 3 feet, intended for obtaining analytical 

data from the standpoint of volume weight and for determining the changes in 
certain physical properties, were collected by means of a new type of sampler. 

The instrument was made by C. J. Crawley in the mechanical laboratory of 

this Bureau. It consists of a duraluminum or brass tube approximately 
14 inches (3.75 cm.) in diameter and 10 inches (25 cm.) long. At one end is a 

detachable device 2 inches (5 cm.) long provided with a slit about 1? inches (4.5 

cm.) from its cutting edge. The sampler is inserted without turning into the 

walls of the freshly dug hole. The peat material in the outer, projecting edge 
of the tube is cut off with a spatula through the slit-like opening in the tube. 
The surplus material from the inner, inserted end of the tube is cut off with a 
sharp knife even with the cutting edge of the tube. The undisturbed core of 

the peat sample, having a definite unit volume equal to approximately 3 cubic 
inches (5 cm.*), is then dropped into a small “ointment” glass jar provided with 
a tightly fitting aluminum screw-cap. From a series of determinations on 
peat profiles of southern states it was found that the procedure lent itself to an 
accurate determination of the volume-weight of different layers of peat in a 

profile and was important in order to interpret properly various peat soil 

phenomena in connection with plant responses. 

Samples of peat from the entire profile depth were obtained by the use of 

the American peat sampling instrument which is a modification of the device 

* The writer wishes to express his appreciation to Dr. Steinmetz of the University of 

Maine for aid rendered in sounding the Veazie peat area. 
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first designed by the Wisconsin Geological Survey. The instruments made 

in the mechanical laboratory of this Bureau consist of a cylinder of duralumi- 

num or of brass, approximately 10 to 14 inches (25 to 35 cm.) long and with 

an inside diameter of ? inches (2cm.). The cylinder is provided with a plunger 

cone-shaped at the lower end, and with a spring-catch near the upper end. 

The spring permits the withdrawal of the plunger from its enclosing cylinder 
at any desired depth. When locked in that position the instrument may be 
filled with a solid core of the respective peat layer by a downward movement. 
The cylinder protects the peat sample completely from any contamination 

and does not destroy its structure when the instrument is lifted out. Begin- 
ning at the surface downward, samples of peat are taken consecutively with the 
greatest care from distances either at every 6 inches (15 cm.) or 1 foot (30 cm.) 

from each other. The samples are placed into sterilized containers, glass vials, 

or any other holder, suitably marked, by forcing the spring catch and the 
plunger back into the cylinder. A number of 2-foot (60-cm.) sections of } 
inch (1.7 cm.) duraluminum or of steel pipe can be readily connected by cou- 
plings. The lengths permit an easy estimation of the depth reached from which 

the peat sample is required. The instrument is kept in a canvas case, carried 

by a strap over the shoulder, and is very easy to handle. Tools such as the 

Swedish chamber drill of the Hiller model, boring sticks, and augurs have not 
given satisfactory results. 

For the correct determination of the plant remains which have contributed 
to the formation of different layers of peat, an ecological herbarium with em- 
phasis upon the plant community as the vegetation unit, and a collection of 

representative types of peat material are indispensable. The different types 

of peat found in this country even at great distances apart show a striking 

correspondence with those which occur in Europe, and they appear to have 
been derived from units of vegetation which on the whole are ecologically re- 

lated. The necessary condition for the comparison of sharply demarked 

differences between types of peat with corresponding series of peat materials 

in Europe is, of course, the botanical and ecological method. The system of 
classification described in Departmental Bulletin 802 and the photographic 
illustrations published in Departmental Bulletin 1419 or in von Post’s recent 

paper (4) permit with a fair degree of certainty the identification of the more 

important types and mixtures of peat materials found over practically the 

whole of the United States, Canada, and Europe. However, a compilation of 

an illustrated handbook of plant remains, including microscopic forms in peat 

deposits, is greatly to be desired and should be undertaken by the aid of inter- 

national codperation. Thus the main basis for codrdination in peat investiga- 

tions—reference of different kinds of peatlayers to their common origin and 

composition, and to one and the same standard of quality—would be rendered 

less difficult. 

Preparations for microscopical examination of plant remains and their transi- 

tion stages are handled in the laboratory in the following manner: Fresh ma- 
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terial is washed with distilled water and the smaller component parts of or- 
ganic material are separated in water to which a few drops of chloral hydrate 

have been added. Air-dry peat samples are boiled in a 10 per cent solution of 
potassium hydroxide, essentially according to the method of Erdtman (3). 
Fractions of the peat material are prepared as microscopic slides in distilled 
water to which a drop of glycerine is added. Pollen grains and other minute 

plant remains are determined more or less quantitatively on samples which 

represent a fairly uniform layer of peat. The studies in pollen statistics re- 

quire, however, much more development because the pollens of various species 
of deciduous plants resemble one another closely. Degrees of decomposition, 

following von Post’s scale of ten divisions, are indicated as being poorly (H0- 

2), slightly (H2-4), partly (H4-6), largely (H6-8), and well (H8-10) decom- 

posed. It is obvious, however, that a more exact quantitative method must 
be established to express the degree of decomposition that has taken place at 

different levels. 

PEAT PROFILE RECORDS 

Lewiston (Garcelon) heath 

The topographical and geographical position of this deposit is shown on the 

Lewiston sheet of the U. S. Geological Survey. The area is located near the 

eastern city limits of Lewiston, Me. It exhibits a convex surface contour 

rising more than 5 feet (1.5 m.) from margin to center. The borders had at 
one time a considerable growth of spruce and tamarack with birch and alder 

but much of the timber has been cleared off by cutting and repeated fires. The 
conifers of the boreal climax are being replaced by white pine, red maple, and 
a dense growth of deciduous shrubs. Root sprouts of Populus tremuloides 

are occasional. The evergreen heath consocies in the central part of the peat 

area is dominated by Chamaedaphne calyculata, averaging between 1} to 2? 
feet (53 to 83 cm.) but Kalmiaglaucaand K. angustifolia are giving the locality 
a distinctive aspect in many places. Minor elements are Ledum groenlandi- 

cum, Andromeda polifolia, Aronia nigra, as well as Spiroea and Solidago. The 

chief element in the ground-cover consists of Polytrichum mosses (P. strictum, 

P. commune) favored by fire, and several lichens (Cladonia rangiferina, C. 
uncialis, C. sylvatica), while low small cushions of sphagnum mosses, chiefly 

mixtures of S. tenellum, S. acutifolium, S. fuscum, and others, occur in pro- 

tected places but much suppressed. 
The area has a marginal drainage ditch and a portion of it was formerly 

exploited in an attempt to manufacture peat fuel briquets. The drainage 

factor does not appear to have brought about much change in the ericaceous 
heath shrub complex but the deposit shows evidences of having shrunk verti- 

cally and compacted. 

The profile sounding taken in the western half of the heath, about midway 

between the wooded border and the center is as follows: 
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1. 0-4 inches (0-10 cm.) very dark brown, largely decomposed, crumbly peat from 

Sphagnum and Polytrichum mosses with an admixture of ericaceous woody fragments and 

fibrous roots and culms of cotton-grass(Eriophorum sp.) moderately moist. 

4-16 inches (10-40.5 cm.) light reddish brown, poorly decomposed fibrous, matted, moist 
Sphagnum peat (S. cuspidatum, S. tenellum, etc.) with an interlacing network of rhizomes 

and roots of the living surface vegetation. 
16-20 inches (40.5-50.8 cm.) dark grayish brown, partly decomposed Sphagnum moss 

peat with fibrous culms and roots of cotten grass (Eriophorum sp.), small amounts of erica- 

ceous woody fragments and finely divided organic debris; moist, firm, on 
20-30 inches (50.8-76.2 cm.) dark reddish brown, wet Sphagnum moss peat, partly 

fibrous with moderate amounts of woody material from decaying branches and roots of 

shrubs and occasional conifers. 
30-72 inches (76.2-182 cm.) reddish brown Sphagnum moss peat, in large part S. cus- 

pidatum and S. fuscum, wet, compacted, more or less layered, contains at various levels small 

amounts of coarsely fibrous culms of cotton grass and coniferous root and stem fragments. 

2. 72-86 inches (182-218.5 cm.) dark brown partly disintegrated ericaceous woody ma- 

terial, moist, compact, with admixture of partly fibrous moss and sedge peat. Marginal 

portions of this layer contain well-preserved leaves and slender woody fragments from 

Chamaedaphne and other heath shrubs, over 
86-96 inches (218.5-243 cm.) dark brown to reddish brown, wet, partly decomposed 

fibrous moss peat (S. fuscum, with interlacing roots of woody perennials; S. cuspidatum etc.) 

marsh gas given off abundantly. 
3. 96-120 inches (243-304 cm.) reddish to grayish brown coarsely fibrous, matted reed 

(Phragmites) peat on finely fibrous radicellate sedge-reed peat representing a former floating 

mat; weak odor of H.S. 

4. 120-156 inches (304-400 cm.) grayish brown sedimentary organic suspension, firm, 

(Dy and Detritus-Gyttja) with rootlets of sedges and reeds, grading into an olive brown, 

finely divided, more or less colloidal organic debris (Plankton Gyttja) which contains seeds 

of herbaceous plants and pollen from conifers. 

5. 156+ inches (400+ cm.) gray to bluish gray, soft, sticky clay, compact at lower level, 

reported to be glacial Lake Champlain clay. 

The profile examination indicates that the primary layers consist of limne- 

tic sediments from an ancient shallow lake which proably represents the rem- 

nant of a former valley lake of considerable size. Sedge and reed marches 

continued the accumulation as a result of a further fall of the water level, and a 

forest began to spread over the telmatic types of peat after the lake had dried 

up. The formation of sphagnum peat began at a later, moister, postglacial 

period, but at present sphagnum mosses no longer continue their growth and 
dominance in the area. The surface material resembles a dark colored muck- 

like organic debris, somewhat mineralized partly from fires, and exhibits a 

marked physical change from the parent peat layer. 

Veazie heath 

The location, acreage, and topography of this peat deposit are shown on 

both the Orono sheet of the U. S. Geological Survey and on the map which 

accompanies the 1909 U. S. Soil Survey report of the Orono area. The deposit 
appears to be unconnected with the more extensive area of peat at Pushaw 

lake. In surface contour it is moderately convex, rising only a few feet from 

the wooded margin to the open growth in the center. 

SOIL SCIENCE, VOL. XXVII, NO. 5 
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The vegetation presents the aspect of scattered small islands of dwarfed 

spruce, tamarack, and birch as boreal dominants with the usual ericaceous 

heaths grouped around them. These islands grow directly upon sphagnum 
moss peat in which the long and ramifying roots are embedded a foot or two 

(30-60 cm.) below the surface. Between the islands are low hummocky masses 

of Sphagnaceae on which trailing and erect but small-sized evergreen shrubs 

are about equally distributed. In the hollows between the hummocks there is 
an open growth of two sedges, Scirpus caespitosus and Eriophorum vaginatum, 

the latter being more frequent in the wetter spots with Sarracenia purpurea, 

Arethusa bulbosa, and Cypripedium sp. The characteristic plants upon the 

bright red cushions of Sphagnum tenellum are Vaccinium oxycoccus and Drosera 
rotundifolia. 

The greatly dwarfed heath shrubs are dominated by Chamaedaphne caly- 

culata. The subdominants are Kalmia, Ledum, Aronia, Betula, and occasional 

clumps of Gaylussaccia dumosa. They rise out of a ground cover of mosses, 

chiefly mixtures of S. fuscum, S. medium, S. acutifolium, and S. girgensohnii 

with invading Polytrichum sp. in a sub-copious position. 

Nearly all around the bog and along the highway where drainage conditions 

are improved spruce and larch are dominant, with birch, alder, and heath 

shrubs especially abundant. The trees are of ordinary size but in the marginal 

transition they become smaller, scattered, and on the central portion of the 

bog rarely exceeding a few feet in height. 
Approximately 250 feet (75 m.) west of the Stillwater-Bangor highway, the 

following profile was recorded on a moderate rise in the open low, shrub 
cover: 

1. 0-48 inches (0-120 cm.) light yellow-brown, fibrous, spongy matted, poorly decomposed, 

wet Sphagnum moss peat, chiefly from species found at the surface, slightly altered, grading 

into a somewhat darker colored material below the 10-inch level, with an open network 

of tough, slender roots, fibrous rhizomes, and stems of woody perennials. Marsh gas es- 

caping from lower level. , 
48-60 inches (120-152 cm.) brown, partly fibrous Sphagnum-Eriophorum peat with an 

admixture of ericaceous coarse woody fragments, loosely matted, waterlogged. 

60-96 inches (152-243 cm.) water pocket with brown, soft, more or less suspended organic 

debris (Detritus-Gyttja) ; firmer at lower level. 
2. 96-136 inches (243-345 cm.) dark brown, partly decayed, woody peat from logs, 

branches, and roots of conifers, birch, and shrubby undergrowth, embedded in finely frag- 

mented woody debris, grading into 
3. 136-140 inches (345-355 cm.) grayish brown detritus with rootlets of woody plants and 

sedges, granular when dry, over clayey sedimentary organic debris (Clay-Gyttja) somewhat 

elastic, on 
4. 140+ inches (355+ cm.) gray, compact, fine sand with rootlets of herbaceous and 

woody plants at upper level, mottled with light gray spots below. 

This profile suggests that an open, grassy forest invaded the area and con- 

tinued for some time the accumulation of woody peat. The transformation 

of the forested peat area into a sphagnum covered moss bog occurred probably 
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at a time of the rise and expansion of the water surface of neighboring lakes. 

Thereafter sphagnum continued its dominance and formed a more or less float- 

ing layer of light brown, loose, coarse textured peat, with no evidence of marked 
physical change below the present surface. 

Denbo heath 

The conspicuously dome-shaped convex surface which rises 15 to 20 feet 
(4.5 to 6 m.) from margin to center, and the small ponds encountered on the 

highest top-parts, form the outstanding features of this area of peat. It is 

located about 18 miles (28 Km.) northwest of Cherryfield and covers an acreage 

of several square miles. 

Although on the whole, the surface vegetation is the same as that of the other 
areas described there are yet minor differences. The present heath consocies 

is dominated by Chamaedaphne calyculata. The sub-dominants are Kalmia 

glauca, Ledum palustre, Andromeda polifolia, and several species of Vaccinium. 

Minor elements are Eriophorum vaginatum, Scirpus caespitosus, Rhynchospora 

alba, Aronia nigra, Gaylusssaccia dumosa, Solidago sp., and greatly dwarfed 

conifers scattered over the bog. The ericaceous heaths, which in the transi- 
tional forested margin may grow to 5 feet (1.5 m.) in height, average only 5 
to 7 inches (12 to 17 cm.) on the raised part of the bog. The ground-cover 
shows abundant mats of different species of Sphagnum mosses with Vaccinium 

oxycoccus, Drosera rotundifolia, and Sarracenia purpurea, but Cladonia and 

Polytrichum in particular are suppressing them, indicating drier conditions. 
About the small ponds occur nearly pure carpets of Sphagnum tenellum, S. 

magellanicum, S. acutifolium, with Scirpus and Eriophorum dominating in 
narrow transition belts. A further stage in the succession are the irregular- 
shaped islands of low, dwarfed spruce and tamarack, about 2 feet (60 cm.) 
tall, with a fringe of ericaceous heaths, showing a tendency to occupy the hol- 

lows that are made by knoll-like hummocks of Sphagnum fuscum and other 
mosses. 

Fire has been occasional but there appears to be no tendency toward the 

establishment of a fire sere or subsere. 
The vegetation which constitutes the more or less encircling forest is charac- 

teristically dominated by spruce, tamarack, and birch with an ericaceous under- 

growth. In the transitional zone and on the rising slopes the trees and shrubs 

generally become smaller. The great dwarfing and scantiness of conifers 
distinguish the raised from the flat portions of the peat area. 

The test boring nearly midway between the wooded margin and a pond on 
the dome-shaped surface gave the following profile record: 

1. 0-5 inches (0-12 cm.) thin superficial layer of grayish brown, partly decomposed leafy 

litter and granular debris embedded in Sphagnum mosses on light yellow brown fibrous 

moss peat (derived mostly from living species), poorly decomposed, spongy matted, moist, 

with interlacing slender rootlets. 

5-12 inches (12-30 cm.) reddish brown, partly decomposed Sphagnum peat (S. recuroum?, 
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S. imbricatum, and others), moist, somewhat firm, with embedded network of long tough 

woody stems and fibrous roots of E. vaginatum at lower level. Standing water fluctuating 

10 inches (25 cm.) below surface. 
12-28 inches (30-71 cm.) light reddish brown Sphagnum peat slightly decomposed, fibrous, 

loose, wet, with traces of course and fine rootlets of woody perennials, and occasional thin 

streaks of firmer, darker colored organic debris. 

28-48 inches (71-121 cm.) brown, fairly compact Sphagnum peat, wet, in more advanced 

stage of decomposition than upper strata, with woody fragments of rather local distribu- 

tion and abundance. 

4-17 feet (121-518 cm.) light reddish brown to brown fibrous porous Sphagnum peat 

(includes mixtures of S. fuscum, S. cuspidatum, and others) poorly decomposed, wet, with 

open network of rootlets and occasional coniferous and ericaceous woody fragments, darker 

in color, firmer and partly decomposed below 13 foot (396 cm.) level; escape of marsh gas 

from various lower levels. 

2. 17-183 feet (518-568 cm.) brown woody peat from branches, twigs, and poorly de- 

composed coarse woody roots of heaths and conifers, embedded as a tough interlacing 

network in waterlogged, finely divided organic debris; difficult to penetrate. Pollen of 

alder, birch, and spruce intermingled. 

3. 183-22 feet (568-670 cm.) gray-brown, coarsely fibrous, matted reed (Phragmites) 

peat, containing ericaceous woody rootlets at upper level, forming a transition to radicellate 

sedge (Carex-Scirpus) peat, darker in color at lower level, firm, slightly moist, grading into 
4. 22+ feet (670 + cm.) thin layer of brown to greenish brown sedimentary peat (Clay- 

Gyttja) with conifer pollen, on compact fine sand. 

From a series of profile soundings which were made between 1924 and 1928 
the cross section shown in figure 1 has been drawn to illustrate the various 

stages in the development of the dome-shaped convex form. It will be ob- 

served that darker colored, partly decomposed, compact, and relatively im- 
pervious moss substrata alternate with spongy, fibrous, poorly decomposed, 

light colored moss peat which holds considerable amounts of water in its capil- 
lary spaces. The whole layer of moss peat appears to have accumulated 

obviously under the influence of changes in atmospheric conditions and with 

distinct regularity: expanding masses which concentrated in the center, were 

followed by younger strata which diminished in extent with the growth in 
height. The transformation into a convex surface is on the whole, independ- 

ent of any hollows, knolls, or ridges of the underlying sandy bottom. The 

features of the present surface vegetation point clearly to increasingly drier 

conditions, indicating that the peat no longer receives and absorbs a copious 

rainfall or condenses heavy fogs. 

SUMMARY 

The results presented in this paper bring out the following facts as to the 

essential characteristics of three peat profiles in Maine. 

1, A consideration of the surface aspects shows light colored poorly to dark colored partly 

decomposed phases of Sphagnum moss peat varying in thickness from 5 to 17 feet (152 to 

518 cm.), with a water table fluctuating between 3 to 10 inches (7.5 to 25 cm.) below the 
surface. 

2. An examination of the internal composition and variation in profile structure indi- 
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cates that the layer of Sphagnum moss peat is superimposed upon a layer of woody peat 
moderately decomposed, followed in deeper depressions by a fibrous reed-sedge peat over 

sedimentary peat resting upon a clayey to sandy mineral substratum. Stratigraphically the 
peat profiles represent the conifer heath-sphagnum moss series and the sedimentary-reed 

sedge-conifer heath-sphagnum moss series. 

3. The layers of peat are throughout under anaerobic conditions. The rate of decomposi- 

tion is exceedingly slow at present, since the profiles show largely the inherent features of 
the component parent materials. In terms of stage of development (toward peat soil 

formation) the areas may be grouped into the category of immature, virgin peatlands, pre- 
dominantly botanical in character. 

4. Physiognomically the surface vegetation may be designated as shrubby heath-moor; 

it represents a successional stage passing into the conifer sub-climax. 
5. The raised, dome-shaped surface is due chiefly to an upward mode of growth and 

periodic accumulation of Sphagnum mosses; it is probably related to a maritime climate 

(von Post’s region of ombrogene peat deposits) which was until recently much moister than 

that now existing in the northeastern Atlantic coastal region. The partly decayed sub- 

layers indicate probably the influence of temporary dry periods (2). 

6. The areas of peat appear to have come into existence during a relatively recent period 

in post-glacial times. The general agreement in stratigraphic features probably relates to 
a common age of the deposits, the Lewiston peat being relatively older than the Veazie 

or the Denbo peat. 

7. The peat areas may be included into a major division characterized on the one hand 
by the lack or the removal of nutrient mineral salts (low ash content) in any layer of peat 

or horizon near the surface (oligotrophic group of peat lands), and by the presence, on the 

other hand, of conditions which give to the organic material an acid reaction. 
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Peats are formed as a result of a certain one-sided decomposition of plant 
residues, in the presence of an excess of water, which makes conditions anae- 

robic and prevents the distinctly aerobic processes from taking place. How- 
ever, if this were the only factor responsible for peat formation, the chemical 

composition of all types of peat would be alike. The fact that we have several 

types of peat which are distinct from one another in their chemical make-up 
points to other factors responsible for this difference. Among these, the 
nature of the vegetation and the environmental conditions under which 

decomposition is taking place, especially reaction and abundance of nutrients, 

are most important. Highmoor peats, lowmoor peats, forest peats, and sedi- 
mentary peats have certain characteristics in common, namely, the abundant 

accumulation of organic matter resistant to decomposition and a certain 

tendency toward a similarity in physical and chemical nature. But they are 

still distinctly different from one another, and can readily be recognized and 

well described, not only by their botanical composition as commonly assumed, 
but also by their chemical composition. A highmoor peat possesses certain 

definite characteristics, not merely because its plant associations are made 

up of various species of Sphagnum, Eriophorum, and various Ericaceous 

shrubs, but because these plants possess a definite chemical composition 
and because their chemical complexes will decompose only in a certain 
definite manner, especially at a high acidity and with a low mineral content, 

such as prevails in that type of bog. The lowmoor peat owes its specific com- 

position not merely to the specific plants, but to the chemical composition of 

these plants and to the conditions under which they are undergoing decom- 

position. The same fact is true of the other types of peat. 

In the decomposition of complex plant substances by microérganisms, the 

water-soluble substances are among the first to be attacked, and are followed 

soon by the pentosans and celluloses. The lignins are most resistant to de- 
composition, although it has been definitely established that at least some 

fungi belonging to the Hymenomycetes and possibly certain bacteria and 

actinomyces are capable of attacking lignins; the specific fungimay decompose 

these as rapidly as if not more so than they do the celluloses. However, this 

389 
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process can take place only under aerobic conditions, whereas under anaerobic 

conditions, as in the case of the peat bogs, the lignins are hardly decomposed at 

all. Klason (9) many years ago was the first to express ideas of this nature 

when he stated that the processes whereby dead plants are changed into the 

first stages of peat must consist in the fermentation of carbohydrates; when 

this takes place in the absence of air, or when the organic matter is covered 

with water, the process must stop here, since the microérganisms active under 

these conditions are unable to ferment the other plant constituents; peat was 

thus considered to consist of lignin-like substances of plant origin in a more or 

less unchanged condition. 

But the mere assumption that the formation of peat from plant residues 

consists in a gradual decomposition of the pentosans and other hemicelluloses 

as well as of the celluloses, and an accumulation of lignins or of lignin trans- 

formation products (so-called “humic acids”) does not explain the marked 
differences in the chemical composition of the various peats as well as in the 

| decomposition processes. Highmoor peat is characterized by a low ash 

content, by a high cellulose, fat, and wax content, by a fairly large amount of 

| hemicellulose, and by a low protein content. The distinguishing characters 

of a lowmoor peat are the practical freedom from true celluloses, an abun- 

| dance of proteins, a high mineral and lignin content, and a very low fat and 

wax content. 

Analyses of various horizons of a highmoor peat profile from Germany were 

reported elsewhere (15). These results led to the conclusion that the formation 

of this type of peat is accompanied by a rapid decomposition of some of the 

nitrogenous complexes of the plant residues and a slow decomposition of the 

carbohydrates; these include not only the lignin-like complexes, but also the 

hemicelluloses and celluloses, as well as waxy substances. In the lowmoor 

peat formations, the reverse is true, namely, a gradual accumulation of the 

nitrogenous complexes and a rapid disappearance of the celluloses and hemi- 

celluloses take place; the lignins accumulate but the ether-soluble substances 

do not. 

Oden and Lindberg (12) reported that although Sphagnum peat contains 4.3 

to 6.6 per cent ether-soluble substances and 3.3 to 4.7 per cent cellulose, Carex 

peat contains none at all or very little of either of these two groups of complexes. 

Hesz and Komarewsky (8) isolated 10 per cent cellulose from air-dry peat, 

presumably of the highmoor type; the same peat contained 6 per cent ether- 

soluble, 10 per cent alcohol-soluble, and 49 per cent material soluble in cold 

1 per cent NaOH solution, including the pentosans, gums, pectins, etc. 

Although Cajander (4) and others were largely justified in their assumption 
that chemical analyses of peat are worthless unless their botanical composition 

is well known, we possess also definite information that not only does the 

botanical composition of peat depend entirely upon the chemical conditions 

prevailing in the bog, especially the abundance of available nitrogen, calcium, 
and other minerals (16, 10), but that the two are closely interrelated. 

— 
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Among the important factors which influence the vegetation in peat bogs, 

the absolute reaction occupies a prominent place. Olsen (13) found that 

when the pH of the bog is 4.2 or less, a true highmoor vegetation predominates, 

including Eriophorum vaginatum, Oxycoccus, Calluna, and Andromeda. With 

a decrease in pH value, the number of species diminishes. According to 

Brenner (3) typical sphagnum peat has a pH value of 3.9 to 4.5. 

To throw further light upon the chemical composition and the nature of 

the organic complexes in the highmoor types of peat, three sphagnum bogs 

located in Maine were studied. A description of the location of these bogs, 

their botanical composition, as well as the profile features are published else- 

where in this issue of the journal by Dachnowski-Stokes.! 

These three bogs were located as follows: 1. About eighteen miles from 

Cherryfield, Maine, and designated as C; this bog is known locally as the 

“Denbo heath” or “Deblois heath,” near the town of Deblois; this is a typical 
highmoor bog rising in the center twenty to twenty-five feet from the outer 

margin; the bog has been described in detail by Bastin and Davis (1), Nichols 

(11), and Dachnowski (5).2 2. The second bog examined was located at the 

border of Pushaw Lake, a few miles southwest of Orono and also known locally 

as the “‘Veazie heath” or the “Orono bog” (designated as O). 3. The Garcelon 

bog (bog L) about two miles east of Lewiston, Maine, has been described 

by Bastin and Davis (1) and Dachnowski (5). 

The following samples from these three bogs were used for chemical and 

bacteriological investigations: 

Cherryfield bog: 
Ci, Upper layer of the Cherryfield bog, at a depth of 2 to 8 cm., consisting largely of 

young Sphagnum peat with an admixture of some Eriophorum and various Ericaceous plants. 

C;, 8-20 cm. level, forming a darker layer, consisting also of Sphagnum, with an ad- 

mixture of woody fragments from Ericaceous shrubs and Eriophorum. 

Cs, 20-30 cm. level, reddish brown peat consisting of practically pure Sphagnum. 
C,, 30-46 cm. level, pure Sphagnum peat. 

Cs, 46-61 cm. level, pure Sphagnum peat. 
Cs, 183-214 cm. level, pure Sphagnum peat. 

Cp, 460-480 cm. level, pure Sphagnum peat. 

Cio, 550-580 cm. level, sedge peat, lowmoor formation. 

Orono bog, about 330 cm. depth; no sedimentary layer at bottom; the bog resting upon 
forest formation. Surface vegetation consisting of Sphagnum (Sph. squamosum, Sph. 

tenellum), with an admixture of Eriophorum, Saracena, and various shrubs (Ledum, Cas- 

sandra, Andromeda, Kalmia, Vaccinium) as well as of tamaracks and spruces. 

O,, surface layer of peat, 1-10 cm. deep. 

O:, 15-20 cm. layer, light Sphagnum peat. 

1 The sampling and general examination of these three bogs were carried out together 
with Dr. Dachnowski-Stokes of the Bureau of Chemistry and Soils, U. S. Department 

of Agriculture, to whom the authors are indebted for the helpful assistance rendered. The 

authors take this opportunity to express their indebtedness also to Dr. Steinmetz of the 

Maine Agricultural Experiment Station, who assisted in the location and sampling of the 

Orono bog. 

2 See also (7). Compare some of the analyses reported by Dachnowski (6). 
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O;, 20-30 cm. layer, light Sphagnum peat. 
O,, 90-120 cm. layer, light Sphagnum peat. 

O;, 150-180 cm., Eriophorum and woody peat admixture. 

Oc, 240-270 cm. layer. 

O;, 270-330 cm. layer, forest peat, bottom of deposit. 

Lewiston bog found to be about 425 cm. deep, at the place of sampling, with a marked 

sedimentary layer at the bottom of the profile. 
L,, Surface 1-10 cm. level, consisting of Polytrichum-Eriophorum-Sphagnum peat. 

Ly, 20-25 cm. level, Sphagnum peat. 

Ls, 40-50 cm. level, Sphagnum peat. 

Ly, 60-75 cm. level, Sphagnum peat. 

Ls, 240-270 cm. level, sedge peat. 
Le, 360-400 cm. level, sedimentary peat, with a clay underground. 

The moisture content of the original peat samples and the reaction, as ex- 
pressed in terms of hydrogen-ion concentrations (determinations made by 

means of a quinhydrone electrode using Leeds and Northrup Type K poten- 

tiometer) are given in table 1. The samples were immediately air-dried as 
soon as brought to the laboratory and chemical analyses were made on the 
air-dry material. The ash and nitrogen content of the different samples are 
also given in table 1. 

| The results show that the typical sphagum peats are, in agreement with the 
/ results obtained by other investigators, highly acid in reaction, having a pH 

of 4.0 or even less. The Sphagnum layers are low in ash and in nitrogen. 

| When the sedge peat is reached, there is an immediate rise in the pH value 
and in the ash and nitrogen content. In other words, the higher the acidity 

of the bog the less is its nitrogen and ash content. It is important to note that 
the minerals are usually more concentrated at the surface of the bog than in 
the lower levels, until the lowmoor or forest horizons are reached. Birk (2) 

also found previously that, although the ash content of the peat in the profile 

diminishes from the bottom toward the surface, there may be another rise 

near the very surface. 

However, the three bogs used in these investigations show considerable 

differences in this connection, depending entirely upon their topography 

and vegetation. 

The Cherryfield profile, which is the most typical highmoor peat, shows 
in the upper layers a variation in pH value from 3.73 to 4.05; there is a gradual 

decrease in acidity at a depth of 180 cm. reaching in the horizon of the sedge 

peat a pH value of 5.18. The ash content varies in the upper sphagnum layers 

from 0.90 to 1.14 and is only 2.00 per cent at the immediate surface, but there 
is a considerable increase in the sedge layer to 2.83. The nitrogen varies in 
the sphagnum layers from 0.653 to 0.839 per cent, but in the sedge layer the 
nitrogen has increased to 1.845 per cent. 

In the Orono peat, the reaction is somewhat less acid, varying in the sphag- 

num peat horizons from pH 3.95 to 4.35, increasing rapidly to pH 5.70 in the 
sixth layer and to 6.04 in the lowest forest layer. The somewhat higher pH 
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value is accompanied by a higher ash content, ranging from 1.45 to 3.05 per 
cent in the sphagnum peat horizons, with an increase to 8.01 per cent in the 

sedge peat horizon and to 9.34 per cent in the lowest layer of the forest peat. 

The nitrogen content is just as low in the sphagnum horizons of this bog as 

in those of the previous bog (0.635 to 0.915), but there is a rapid increase in 
nitrogen in the woody-Eriophorum layer, even greater than in the sedge 
peat layer. 

TABLE 1 

Moisture content, reaction (pH), ash, and nitrogen content of various layers of three 

highmoor peat profiles 

MOISTURE NITROGEN 

SAMPLE NUMBER | DEPTH OF LAYER PR son movnge A id ” SS gp chien eal ae a 

cm. per cent oH per cent per cent 

C 1-8 92.7 4.05 2.00 0.653 

C2 8-20 92.6 3.95 1.14 0.684 

Cs 20-30 92.6 3.85 1.02 0.817 

Ce 30-46 92.9 3.86 0.90 0.839 

Cs 46-61 93.6 3.73 1.06 0.770 

Cs 183-214 93.4 4.47 0.99 0.705 

Cy 460-480 92.4 4.71 1.10 0.756 

Cio 550-580 92:2 5.18 2.83 1.845 

O: 1-10 94.2 4.35 3.05 0.635 

O, 15-20 93.9 4.30 2.80 0.646 

Os 20-30 91.8 3.95 1.84 0.915 

O, 90-120 93.7 4.13 1.45 0.885 

Os; 150-180 95.0 4.20 1.74 2.105 

O6 240-270 92.6 5.70 8.01 2.151 
O; 270-330 89.9 6.04 9.34 1.931 

Ly 1-10 88.3 4.10 8.79 1.435 

ly 20-25 93.6 3.99 1.85 0.683 
Ls 40-50 92.8 3.98 1.68 0.924 

ly 60-75 90.0 4.15 1.25 1.240 

L, 210-240 90.1 6.28 a (er 

Ls 360-400 92.1 6.86 23.58 2.911 

The Lewiston peat:shows again somewhat different relationships due to the 

difference in the nature of the plant associations that have contributed to the 

make-up of this bog: horizons 2 to 4, which are typical sphagnum layers, have 
a pH value of 3.98 to 4.15, an ash content of 1.25 to 1.85, and a nitrogen con- 

tent of 0.640 to 1.240; the very surface layer of the peat is rich in ash (8.79 

per cent) and in nitrogen (1.135 per cent), but it is also fairly acid (pH 4.10). 
There is a rapid decrease in acidity in the sedge horizon and especially in the 
sedimentary peat, where it reaches nearly the neutral point; a parallel increase 
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is observed in the ash content. The nitrogen content of the peat also in- 
creases with depth, especially in the sedimentary peat. 

The chemical analyses of the various horizons of these three peat profiles 

have been carried out according to the methods outlined previously (14). The 

results are reported in tables 2 to 4. 

The chemical complexes found in the eight different horizons of the Cherry- 

field bog (table 2), taken at various depths from the surface to a depth of 20 

feet, show all the characteristics of a highmoor peat. This is brought out by 
the large amount of fats and waxes (ether-soluble fraction), by the high cel- 

lulose and hemicellulose content, and by the low protein and ash content. 

The ether-soluble and alcohol-soluble substances increase with depth, the 
hemicelluloses and celluloses decrease, and the lignin-like complexes increase. 

It is interesting to note that the change from the sphagnum peat to the 

sedge peat in the deepest sample taken (Cio), which is characterized by an 

TABLE 2 

Chemical composition of a highmoor peat profile located near Cherryfield, Maine 

On per cent basis of dry material 

can | emcee | ee |ceruiroses | CLOSES LIGNINS | PROTEINS | ASH TOTAL 

j | | 

C 2.35 1.45 | 26.45 | 16.86 | 27.18| 4.08 | 2.00 | 80.37 
_ 2.62 1.92 | 25.24 | 14.74 | 29.21] 4.28 | 1.14 | 78.95 
C3 2.82 1.83 | 24.55 | 15.97 | 28.85} 5.11 1.02 | 80.15 
Cs 2.57 2.08 | 22.25 | 13.69 | 32.23] 5.24 | 0.90 | 78.96 
Cs 2.96 3.20 | 18.48 | 14.66 | 33.24] 4.81 1.06 | 78.41 
Cs 3.97 3.15 | 15.94 15.55 | 37.43| 4.41 | 0.99 81.44 
Cs 4.89 4.29 | 12.69 | 11.85 | 44.83 | 4.73 | 1.10 | 84.38 
Cro 5.97 5.06 | 5.96 | 5.06 | 54.11] 11.53 | 2.83 | 90.52 

increase in pH value, in the nitrogen and in the ash content, shows also a 

considerable drop in the abundance of celluloses and hemicelluloses and a 

rapid increase in the lignin content. These phenomena are characteristic of 

lowmoor peat formations in typical lowmoor profiles. When the chemical 

composition of this highmoor profile from the extreme northeastern portion of 

the United States is compared with the composition of the highmoor peat 

profile obtained in Germany, as recorded elsewhere (15), it is found that the 

two are very much alike. 

In other words, independent of the region, topography, and history of the 

bog, the chemical composition of a definite layer in a peat profile depends 

entirely upon the nature and chemical composition of the vegetation from 

which this layer originated and the conditions under which its decomposition 

has been carried out. 
Just as a thin layer of sphagnum peat found in a forest peat profile (15) had 

all the chemical characteristics of various layers of sphagnum peat in typical 
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highmoor profiles, so does a layer of sedge, of forest, or of sedimentary peat 

in a highmoor peat profile possess all the chemical characteristics of similar 

layers in lowmoor peat profiles or sedimentary peats. In other words, these 

results show conclusively that peats, considered not only from the point of 

view of the profile as a whole but also as a series of different layers varying in 
origin and composition, can be characterized by their chemical composition; 

this may have even a more important bearing upon the applications to be 

made of these peat formations, than a knowledge of their botanical compo- 
sition alone. To beable tocharacterize a peat both by its botanical and chem- 

TABLE 3 

Chemical composition of a sphagnum peat profile near Orono, Maine 

On per cent basis of dry material 

cae | gendame Neen e lcErtcnosgs | CELLULOSES| LIGNINS | PROTEINS | ASH TOTAL 

O: 1.76 1.40 26 30 16.43 19:15") 3.97 3.05 72.06 

O, 2.53 1.39 25:51 13.33 22.23 | 4.04 2.80 71.83 

Os 2.45 1.90 20.92 16.23 25.43: | 5:72 1.84 74.49 

Os 2.57 2.20 22.68 12.07 25.83 | 5.53 1.45 72 33 

Os 3.63 2.83 15.78 10.84 35.75 | 13.15 1.74 85.01 

Os 2.60 2.16 5.93 3.20 52.79 | 13.44 8.01 88.13 

QO; 213 2.06 4.78 2.70 54.94 | 12.07 9.34 88.62 

TABLE 4 

Chemical composition of a sphagnum peat profile at Lewiston, Maine 

On per cent basis of dry material 

ae sorusre | conunre |CELLULOsES |CELLULOSES | LIGNINS | PROTEINS} ASH TOTAL 

Li 2.90 2.10 18.09 9.72 26.96 | 7.09 8.79 75.65 

ln 1.93 1.37 26.57 14.06 21.49 | 4.27 1.85 71.34 
L; 4.83 2:40 13.82 11.40 35.85 | 5.78 1.68 76.11 

ly 3.55 3.81 11.15 9.08 AKT | 115 1.25 84.06 

Le 2.24 1.86 5.60 1.40 37.44 | 18.19 | 23.58 90.31 

ical composition is of course of even greater significance for gaining an under- 

standing of bog formations and their practical utilization. 

Table 3 gives the analyses of the Orono peat profile. In this bog as well, 

the upper four horizons consist largely of sphagnum peat which is characterized 
by a high acidity, a low ash and nitrogen content, a high hemicellulose and 

cellulose content, and a rather low lignin content. The fifth horizon (Os) 

forms a transition to the sedge layers of peat. This is characterized by a slow 

but gradual increase in pH value, a rapid increase in the nitrogen, a gradual 
but marked decrease in the celluloses and hemicelluloses, and a definite in- 

crease in the lignin-like complexes. 

/ 



396 SELMAN A. WAKSMAN AND KENNETH R. STEVENS 

The lowest two horizons of this profile consist of sedge and forest peat. In 
chemical composition, these two layers are found to be typical of sedge and 

forest peats. This is brought out by a rapid decrease in acidity or increase in 

}pH value, a decided increase in the ash content, a high nitrogen content, a 
| decrease in the celluloses and hemicelluloses, and an increase in the lignins. 

|A definite parallelism is thus found again between the acidity of the peat 

"AI formation and the cellulose and hemicellulose content, while an inverse relation 

‘is found to exist between these and the high ash, protein, and lignin content. 
A high acidity (low pH) indicates a characteristic growth of Sphagnum and 

Eriophorum; it indicates the presence of certain types of celluloses and hemi- 

celluloses and their slow decomposition; it indicates a low protein content due 

to insufficient activities of the microédrganisms. On the other hand, a low 

acidity points to a vegetation of grasses, to a rapid decomposition of the 
hemicelluloses and the celluloses, and to an accumulation of the lignins, pro- 
teins, and minerals. 

An examination of the results obtained in the analysis of the various horizons 

of the Lewiston peat profile tends to confirm fully the above considerations. 

Here as well, the upper four horizons are markedly acid in reaction and re- 

present a peat formed by a mixed vegetation of Sphagnum and Ericaceous 

shrubs. In chemical composition, these horizons are very similar to the upper 

corresponding horizons of the Orono profile, with certain distinctive differences 

due of course to the fact that both the vegetation and the conditions of de- 
composition are somewhat different in the two bogs. The sphagnum horizons 

are highly acid, have a low ash (except the surface layer) and nitrogen content, 

a high cellulose and hemicellulose content, and a low lignin content; the lowest 
or the fourth of these horizons (Ly), still acid in reaction and low in ash, shows 

already a marked diminution in the hemicellulose and cellulose content and 

an increase in lignins. When the sedge and sedimentary horizons are reached, 

there is a decrease in acidity, an increase in ash and nitrogen content, a de- 
crease in celluloses and hemicelluloses, and an increase in the lignins. 

This third profile is not a typical highmoor as the Cherryfield profile is and 

as the German peat profile described previously was. It represents a certain 

intermediary stage in the nature of its vegetation; it does not show as dis- 

tinct differences in the chemical composition as do the typical highmoor and 

lowmoor profiles. However, the chemical composition of the various horizons 

in even such an uncharacteristic profile throws definite light upon the 

nature of peat formations. 

Attention is here again called to the fact that in the lowmoor and forest 

peats, as well as in the sedge, forest, and sedimentary layers of highmoor peats, 

the sum total of the various organic and inorganic complexes accounted for 

in the proximate chemical analysis is about 90 per cent and frequently more. 

However, in the sphagnum peats the sum total of the chemical constituents 

accounted for by this method is only 72 to 80 per cent. This is largely because 
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in the treatment of the peat with 2 per cent hot hydrochloric acid, following the 

treatment with ether, alcohol, and water, about 50 to 55 per cent of the organic 

constituents are brought into solution; but of this, only about a half is ac- 
counted for in the form of reducing sugars and recorded as hemicelluloses 
(after multiplying the reducing sugar by 0.9), Since the nitrogenous com- 
plexes and the ash fraction brought into solution by the dilute acid do not 
in account for more than2to4per cent of this extract, 20 to 25 per cent of the 

organic constituents of the sphagnum peat which are soluble in hot dilute 
acids, but which do not give any reducing sugars, remain unaccounted for. 

This fraction includes various pectins and gum-like complexes, which give on 
hydrolysis organic acids and other non-reducing substances. It may also in- 
clude certain polysaccharides which give furfural even on boiling with dilute 
acid and which are lost therefore from the determination. A study of the 
chemical nature of this complex will soon be undertaken. 
A large number of anaerobic bacteria were found in the various horizons 

of the profile. These bacteria are largely anaerobic in nature although many 

of them are facultative anaerobes and can, therefore, live also under aerobic 
conditions. These organisms were found in an active state and their numbers 

do not diminish with the depth of the bog but even tend to increase. They 
bring about the decomposition processes taking place slowly in the bogs. A 
detailed study of the nature of these organisms and their activities will be 

published in a subsequent contribution. 

SUMMARY 

A study has been made of the chemical composition of the organic constit- 

uents of three sphagnum peat bogs in Maine, one of which was a typical 

highmoor bog. 
The sphagnum horizons are very acid in reaction, of a pH around 4.0. The 

high acidity is always accompanied by a low ash (except sometimes at the 

very surface of the bog) and nitrogen content; a high cellulose, hemicellulose, 

fat, and wax content; and a low lignin content. 
With the transition of the sphagnum layers into a sedge, forest, or sedi- 

mentary peat layer, there is an immediate rise in the pH value, an increase 
in the ash, a decrease in the cellulose and hemicellulose, and an increase in 

the protein and the lignin contents. 
The chemical composition of the organic and inorganic complexes of peat 

bogs is quite sufficient for the description of these bogs, and a knowledge of 

this composition is of special importance from the point of view of the practical 
utilization of the bogs. When this information can be combined with a careful 

botanical description of the vegetation which has contributed to the formation 

of the various horizons, the results are of even greater significance for our 
understanding of the nature of the peat formations, their origin, and the 
methods of handling when brought under cultivation. 
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Investigations on the influence of specific kinds of materials on the develop- 
ment of soil fungi have been rather limited. Some phases of the subject of 
soil mycology and of the part that soil fungi play in the economy of the soil 

are only in the beginning stage. Enough work has been done, however, to 
indicate that soils changed by the addition of various materials which influ- 

ence bacterial content and activity, also influence changes in soil fungi (5). 

Waksman (6) quotes the results of some investigators in which it was found 

that the addition of stable manure stimulated the development of Penicillia 
and Mucorales, and that pure cellulose in the presence of available nitrogen 

brings about an extensive development of Trichoderma, Fusarium, Verticillium, 

Monosporium, and certain Penicillia. The writer (3) found Mucor, Rhizopus, 

and Alternaria predominating in alfalfa root treated soils, Cladosporium in 
straw treated soils, and Aspergillus and Penicillium in sweet clover root treated 

soils. 

The previous work seems to indicate that different kinds of organic mate- 

rials influence to some extent the types of soil fungi which are most active in 
the soil. In previous studies by the author, sweet clover and alfalfa tops and 
roots seemed to differ in substance enough to warrant further study, so the 
experiment described below was planned and carried through. 

PLAN OF THE EXPERIMENT 

One-gallon glazed jars were filled with a clay loam soil of pH 7.5. The soil 
used was secured at a depth of 6 feet in the spring of 1928, and was left exposed 

until September, 1928. No plant material had obtained a foothold. Very 

slight summer showers were all the moisture whieh the soil had received. 

The surface 2 inches of a pile of this soil was removed and the soil used for the 
experiment was secured from this depth down to 12 to 18 inches. One per 
cent of air-dried ground alfalfa roots having a total nitrogen content of 1.33 
per cent was added to each of three jars. Similar jars of soil were treated with 

corresponding amounts of dried and ground alfalfa tops, sweet clover tops, and 
sweet clover roots having a nitrogen content of 2.25 per cent, 2.30 per cent, and 
0.77 per cent respectively. Three jars of soil were used as controls. The 

_ alfalfa roots were obtained to a depth of 12 inches from a 5-year-old alfalfa 
field and the tops were taken from the first crop at about the half mature stage, 

399 
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The sweet clover roots were obtained to a depth of 12 inches from a second- 

year growth of sweet clover and the tops were approximately one-third grown. 

The moisture content of the soils was then brought to 25 per cent dry basis. 

All of the jars were kept under laboratory conditions at room temperatures 

varying from 19° to 21°C. 
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Fic. 1. GrapH INDICATING THE RELATIVE DEVELOPMENT OF FUNG! AT DIFFERENT 

Periops oF Time 

Columns 1, 2, 3, 4, and 5 represent sweet clover roots, alfalfa roots, sweet clover tops, 

alfalfa tops and checks, respectively. 

At intervals of 1, 3, 5, 7, and 10 weeks, the soils were sampled and mold 

counts and identification of mold genera were made for each sample. As 
previously mentioned, each soil was treated in triplicate. Four plates were 

poured from each sample, thus making 12 plates for each treatment. The 

average of each 12-plate group is given in the tables. Raisin agar described 

by Waksman (4) was used as the medium. The identification of the molds 



EFFECT OF CLOVER AND ALFALFA ON FUNGI 401 

produced on the plates was made according to the descriptions given by Buch- 

anan (1), Gilman and Abbot (2), and Waksman (7). 

DISCUSSION 

It will be noticed that no counts are given in table 1 for the 7- and 21-day 

periods. When the plates were examined at the end of 3 days, they were so 

completely overgrown with species of Mucor that it was impossible to make 
counts. At the end of the 35-day period, the Mucors grew more slowly and 

the mycelium filled the plates less densely. It was, therefore, possible to make 

counts and study the types developed. The Penicillium colonies were very 

small. The results obtained at the 49-day period indicated a further retarda- 

tion in the development of Mucors. There was, however, a slight increase in 
numbers. There was also a greater variation in the types developed. The 
70-day period showed a very slow growth of Mucors. The Penicillium colonies 

were larger but fewer in number. The total number of molds for each period 
of determination diminished as the time of incubation increased. 

As indicated in table 2, the sweet clover roots had a different influence on 

mold development. During the first period, the Mucors developed in larger 

numbers but their growth was very slow compared to the sweet clover top 
treatments. There were many large colonies of Monillia at first, but after 35 
days, they decreased rapidly. The Penicillium colonies were the predomi- 

nant fungi for clover roots in every period. Their numbers tended to decrease 

with time, but not so rapidly as did the Monillia and the Mucors. For some 

reason, the Mucors did not show much development during the 21-day period, 
particularly when compared with the 35-day period. The Monillia and Peni- 
cillia were about the same as in the previous sampling. In 35 days, the varia- 
tion in types was more marked but all the colonies were very small. In the 49- 
day determination, it was found that the numbers had diminished, the Mucors 

grew more slowly and the Monillia were relatively quite large. The 70-day 
period failed to show much change in rate of growth and size of colonies. There 
were fewer fungi but the decrease occurred in all types, although the Penicil- 

lium showed the least relative change. There was also a slightly greater varia- 
tion in mold type. As the incubation period lengthened the total number of 
colonies decreased in numbers, the same was noted for the tops, but the tops 
maintained its Mucor growth while the roots declined. Another significant 

difference is that the clover tops supported almost no Monillia, but the roots 
showed at least some in every period. The flora of the clover tops is largely 
confined to the Mucor and Penicillium types and is not nearly so variable as 
the tops. 

Table 3 shows that alfalfa tops had about the same influence as sweet clover 

tops on Mucor development for the first 21 days of incubation. It was im- 

possible to make counts because of the vigorous and rapid growth of the 
Mucors. The 35-day period indicates a predominance of Mucors, but they 

grew more slowly and did not fill the plates with mycelium. Monillia were 
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TABLE 1 

Effect of sweet clover tops incorporated with the soil on the development of numbers and 
types of soil fungi 

Number per gram of soil and average of 12 plates reported 

7 DAYS | 21 Days 35 pays | 49pays | 70 Days 

| 

DME he Ce sGhcncehsooeees nonce esol lese eee | be kewen 48,000 | 43,000 | 32,812 

TRENRIEE . coSkuckcckewccesueeeweet j§§§ || daussen 22s ree 

ENE So ebun se wince ss ebn bases eee Plates overgrown | ...... 1,200 312 
ee rere ere ery with Mucor in 6,000 DIO csnsiwnce 

PINE oon pan iecbsonsoewe es 3 days 23,000 | 20,000 | 12,500 

MUM S050 c os Gwhsecuwisen seeeueeser 19,000 | 21,250 | 20,000 

TABLE 2 

Effect of sweet clover roots incorporated with the soil on the development of numbers and 

tvpes of soil fungi 

Number per gram of soil and average of 12 plates reported 

| 7 DAYS 21 Days 35 pays | 49 Days 70 Days 

BUMMER wA SDS. cure rouse cass bok | 70,000 | 68,000 | 64,400 | 43,150 | 48,300 

Se SEE EE EE OEE | TP ok Oe Eee Een 2,500 

Sc sstitexdicdxndvcterescas ae per 200 | 3,250] ...... 
PEN IEANE Sici sun oext Se ivesseteusee | sea A wwawas Je. OS eee 1,000 

EMS oC ooh cose nekeeswhauwes eee | 17,500 | 18,000 | 7,500 | 3,625 200 

EDEMUNES 2 copes wie each cues wesennsse | es eee Us eae 1,500 

REI co6 ea cate eh cower puessen eeows | 37,500 | 47,500 | 37,500 | 29,000 | 26,250 

NN ai cos bee pniscacheeeres | 15,000 | 2,500 | 14,500 | 7,250| 2,750 

TABLE 3 

Effect of alfalfa tops incorporated with the soil on the development of numbers and 

types of soil fungi 

Number per gram of soil and average of 12 plates reported 

| 7 DAYS } 21 Days 35 DAYS 49 DAYS 70 DAYS 

REIS Renee er re ne ee” | alta eas E veeneae 72,450 | 36,780 | 38,650 

il oe aad eee oes ere 200 
ie i ei at ieaiadiach ee oC 8,200 
TES eo os er tai ake wie | Meospeen | 2°22 We Oh ee 

UME Ceo sOcs Meuscckascaeenbenwes 1| chit Meee tn RMP, Ghee decease 

id it cue guar einatil if ye 200 | 2,500 500 
i ta odin siccuwed’ | - 25,000 | 2,500| 6,500 
I stn sie sims buceoeve oe’ | 16,250 | 16,250 | 7,500 
cas a a cake cd | 27,000 | 14,280 | 15,750 
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very noticeable in their development. All the other colony types were small; 

particularly was this the case with the Penicillium colonies which ranked third 

in number of colonies. At the end of the 49-day period, Rhizopus developed 
as also did the Trichoderma, although in total numbers, they did not approach 
the kinds mentioned above. The Mucors grew more slowly. At the end of 
70 days, the Mucors continued to diminish in vigor, although not in numbers. 

TABLE 4 

Effect of alfalfa roots incorporated with the soil on the development of numbers and 

types of soil fungi 

Number per gram of soil and average of 12 plates reported 

7 DAYS 21 DAYS 35 DAYS 49 DAYS 70 Days 

DRSRBN Noto csutatussiciata-a.cferieie slob a erciee Sieiets 70,000 | 61,000 | 60,500 | 47,000 | 17,800 

SE RYE OE STADE SOSA Ae TR | RE ETON rien an: PCIe 5 | 

Trichoderma..... SP ete e ie ores ais as ee ones totavate ult eahatotee cell trcreva ech uae eateere 1,250 550 
MIMI NAD. ot acs a5 crocs o oa ho sis. ow lee GTN BTA, Uo wee I tcl oelal 300 SO seseatets 

ELITE 7 RRA OER TEER ICL SOR ERTA (UCC SOET Ti [MERCIER ee O;500)1 77500" is.cces 
LT TRE AO SE SCIACTICS: aR SIRT | Cc ciel (Re COe 1,195 300 | 8,750 

PRS RAMUS ova oa a to 35 o's Nie sate wad 9s 6:3 S0to 200 eee taiwie tee MN mecotousean a | | ee 

EME ices cide ais seus Soh ea Scene 20,000 | 18,000 | 7,750 | 11,750} 2,500 

TEMAS So soos he gla dtaein Sb RG wia oS 42,500 | 40,500 | 39,200 | 22,500 | 32,500 
RN RICDM cake wreeeiaisioi Skate ain wioed ARON ERAS ee 1500), 2RSOOT eevee Hi siecteer 2,500 

TABLE 5 

Numbers and types of soil fungi developed in soil without treatment with organic matter and 
used as controls for this experiment 

Number per gram of soil and averages of 12 plates reported 

7 DAYS 21 DAYS 35 DAYS 49 DAYS 70 Days 

MSU oe aiabate ators are sale wie dieve wins Ceieeniore 7,900 | 7,550} 4,055 | 4,740 |) 3,200 

BO ES PTT, eer Om ae rere rere COO ecsicex 
LIMEUM NOMS fas. ssaia(s oie ic fers is baw ke Sais ese. I wieiaknies 1,125} 1,000 200 

Le OL CSE OL OSTEO AERC CIID IMRAN (RACES 2,000 | 1,040 800 
MED MHIDI 55 fol 5 56! GVovaua ree a ailss we eke oe WSIS eLORTSaTSE [ee ers iere Niaveneceass 1 eee 

NONE xox ic5ion 6 oS se Aeib ea denies 1,250 | 3,700 330 | | re 

DS ee ToS oe aE Ee 400 1,250 400 800 | 2,000 

EAN iho ewes Fes Nike Kee Rew Re EES 6,250 | 2,600 200 200 200 

The other types grew fairly large. There was a decrease in numbers as the 

length of time of incubation increased. This decrease was due to a diminu- 

tion in all three of the main types of fungi but especially in the Monillia. 

Table 4 presents the results following alfalfa root incorporations. The 

Mucors during the first period were few in number and their growth was very 

slow. The Penicillia grew quite rapidly and the colonies were relatively large 
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compared to the previous organic matter treatments. The Monillia grew 

more vigorously than in any of the previous treatments, with the possible 

exception of alfalfa tops. The 21-day samples indicated a very similar growth 

to the first week, the Mucors being fewer and slower in growth. The 35-day 

determinations showed a greater variation in colony types. There was no 

Mucor growth. The Monillia colonies were the largest that had been noticed 
thus far in the investigation. The 49-day period, as in the previous one, failed 

to show any Mucor development. There was a greater variation in types and 

the Monillia were the predominating colonies on the plates. The 70-day 

studies indicated a growth very similar to the 49-day determinations. The 

numbers had decreased more than previously. 

The results from the controls, given in table 5, show a very poor growth 

of molds. The colonies were very slow in growing and the numbers were very 

few compared to the treated soils. During the 7-day period, the Mucors 

were small and the Monillia large. In three weeks the colony development 

had diminished. In five weeks there was a greater variation in types but 

fewer numbers. This was indicated also in the 7-week and 10-week 

determinations. 
The most noticeable fact in all of these studies is that sweet clover tops and 

alfalfa tops stimulated a very vigorous Mucor development during the early 

part of the incubation period. The roots encouraged a greater variation in 

types. The Monillia colonies developed very noticeably in the alfalfa-treated 

soils, particularly with the root incorporations. 

Comparing the number of colonies found in the two sources of organic 
matter, it is significant to note that the Mucors do not grow so abundantly in 

alfalfa as in clover. The only exception to this is for the tops during the 35- 

day period and the roots during the second period, when they were equal. 

The Monillia, on the other hand, are distinctly more numerous in the alfalfa 

treated soils, especially for the tops, and for the roots during the latter part of 

the experiment. The Penicillia do not show any well-defined reaction to either 

source of plant material, but are irregular at the different times when counts 

were made. On the whole, alfalfa tends to support a good growth of a wider 

variety of fungi than does clover, but during the first two periods when the 

greatest numbers of organisms were at work, the roots of both supported no 

recognizable fungi except Mucor, Penicillia, and Monillia. 

Organic matter is a factor in mold development. One year ago, the writer 
attempted a similar study using a soil that had been cultivated for several 

years and had a nitrate content at the beginning of 40 p.p.m. The varia- 

tion in types of organic materials added failed to show differences in mold 

development. The soil used in this experiment, however, never had grown 

a crop and the nitrate content at the beginning was 13 p.p.m. To study the 

influence of different kinds of organic matter on mold development, it is evi- 

dent that a soil low in organic matter is essential. It may be that the nitrogen 

content of the organic material added is a distinct factor in the type of mold 
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development. The rate at which this nitrogen is made available also must be 
considered because in the soils when a vigorous nitrate accumulation occurred 

there was the greatest Mucor development. 

CONCLUSION 

When a clay loam subsoil is treated with alfalfa roots and tops and sweet 

clover roots and tops, these treatments influence the types of molds developed 

on that soil. The more succulent the material, the greater the stimulation 
to the development of Mucors. As the period of decay lengthens, there is a 

noticeable decrease in total numbers and also in the rapidity of development, 

particularly of the Mucors. The alfalfa root and sweet clover root incorpora- 

tions do not influence the development as much as do the corresponding tops, 

but the roots increase the number of Penicillia more than do the tops. 
Mucors grow more rapidly in soil containing either the tops or the roots of 

sweet clover than they do with incorporations of the corresponding parts of 
alfalfa, but the opposite may be said of the Monillia. The incorporation of 
alfalfa in a soil favors a wider variety of molds than does the incorporation of 
sweet clover. In general, the total number of colonies is greater in alfalfa 
treated soil than in sweet clover treated soil. After a period of 35 days, or 
after the subsidence of the vigorous growth of Mucors following the incorpora- 
tion of the tops, the total number of colonies of molds is greater in soils treated 

with roots than it is in soils treated with tops of either alfalfa or sweet clover, 

and this is largely due to the greater number of Penicillia, although the roots 
also tend to have a greater variety of molds. 
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Of the three methods generally used for the determination of carbonates 

in the soil—titrimetric, volumetric, and gravimetric—the gravimetric has 

fallen to a certain extent into disfavor and has received little attention for 

some time. Cain (5) cited many of the difficulties encountered in the absorp- 

tion of carbon dioxide and the weighing of the absorbent, and soil chemists 

have not made any serious effort to improve the process, although it is generally 

accepted that the method gives very accurate results if precautions are ob- 

served (16). 
The procedure can be stated briefly as the production of carbon dioxide 

from the carbonates by the action of dilute acid on the soil; the purification, 

drying, and absorption of the resulting gas, by drawing it through a “train” 

by aspiration; and the final weighing of the absorbing material. The chief 
precautions needed are: 1. the preliminary sweeping out of all traces of car- 

bon dioxide from the apparatus; 2. the decomposition of all the carbonates 

in the soil without an attacking of the organic matter—a difficulty shared 

with the gas-volumetric and titrimetric methods; 3. the removal of the air 

from the absorption bulb with the same water content as it has on entering. 
Errors may also be incurred by the variation in the amount of moisture on 

the surface of the absorbing bulb. In the apparatus described hereafter, we 

have made an adaptation which shortens the time needed for sweeping out 

the carbon dioxide; the decomposition of the carbonates has been accelerated; 

the time taken both for the absorption and for the weighing has been materi- 
ally reduced. 

The old method of heating the soil with strong acid in order to set free the 
carbon dioxide was abandoned because of the action on the organic matter. 

Marr (10) at Rothamsted, after trying a variety of methods, finally distilled 

the soil with dilute HCl under reduced pressure at 50°C. for 20 minutes. He 

claimed that under these conditions no decomposition of organic matter took 

place, and carbonates were readily decomposed. Marr at the same time con- 

firmed the conclusion of Amos (2) that occlusion of carbon dioxide in air-dry 

soil did not take place to any extent; this is also in accordance with our ob- 
servations. MaclIntire and Willis (8) suggested H;PO, for the acid, but re- 

1Contribution from the Department of Chemistry, 
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turned later to HCI (9) as the phosphoric acid failed to give complete decom- 

position of all carbonates in 30 minutes. 1:10 HCl was recommended by them 
for most soils and 1:5 for soils with greater than 15 per cent CaCO;. They 

state ‘We have found that the action of 1:10 HCl on soil organic matter at 

room temperature is altogether negligible upon 5, 10, 20 gm. charges of the 
average soil.” They also observe that if residual magnesite occurs in a soil 
“neither boiling for 1 minute, or several minutes, nor the Marr method, nor 

the Tennessee Station method will effect the complete decomposition of the 
mineral magnesium carbonate.” Such soils are of rare occurrence, but they 

needed boiling for 30 minutes to get complete decomposition. 

—_— 

an Y 

Lb 
Fic. 1. StrRRER wITH Mercury SEAL 

MacIntire and Willis noted the necessity for shaking the soil with the acid 

and devised a multiple shaking apparatus which was later adopted by the 
Association of Official Agricultural Chemists. Truog (17) avoided the shaking 

by bubbling the CO,-free air through the soil solution. In a previous report 
(6) we have noted the fineness to which soil is brought by continuous stirring, 

and in place of shaking we therefore introduced a stirrer combined with the 
mercury seal. 

The stirrer with mercury seal was described by Briihl (4) and has become 

increasingly useful to the organic chemist (1). It can be applied frequently 

to soil problems. Figure 1 shows the stirring rod attached by a stopper (a) 

to the inverted tube which revolves with it. This tube is sealed to the passage 

of gas by the mercury in the outer tube (5). The tube (c) connects the seal 
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with the flask; the stirring rod, slightly greased, fits fairly closely into this. 
It is convenient to attach one of the small 1/8 H.P. stirring motors directly 

to the stirring rod to avoid vibration. An innovation is the presence of the 
extra inlet (d) which passes inside the revolving tube and terminates above 
the level of the mercury; this enables air to be drawn through the seal, effec- 

tively preventing any carbon dioxide from staying in the air spaces. 

Preliminary stirring is unnecessary: a soil which was stirred with water 

free from carbon dioxide for 5 hours before adding the HCl, did not give any 

increase in the final amount of carbon dioxide compared to the same soil when 
stirred only during the time of aspiration. The speed of evolution of the gas 

without preliminary stirring was equal to the rate of production from the soil 

which had been previously stirred, indicating that the stirring during aspira- 

tion allows the acid to attack the carbonates with rapidity, as well as holding 

to a minimum the solution of carbon dioxide in the liquid (8). We have used 

a concentration of acid sufficient to make a 1:10 HCl in the flask when added 
to the soil and water. For soils with a high concentration of carbonates, or 
for lime materials, we have included sufficient acid to obtain approximately 

1:10 HCl in the flask after the reaction, and have added the acid slowly. 

A solution of potassium hydroxide is effective when used as the absorbent 

for the carbon dioxide but it necessitates slow aspiration. In order to ac- 
celerate the passage of the air, ascarite has been utilized. This sodium hy- 
droxide, asbestos mixture was introduced in work on steel by Stetser and 

Norton (15) who found that the ascarite retained the water produced by the 

absorption of the carbon dioxide. Marsh (11), however, reported against its 

use for soils. He states that gases must be drawn or forced through the ab- 
sorbing medium for periods varying from 12 to 48 hours or more, and as the 
ascarite lost water after 5 hours, he concluded that “where long runs are 

necessary as in the determination of CO, production from soil, ascarite because 

of loss of moisture, can not be successfully used.” 

A possible means of adapting ascarite for soils was pointed out by Under- 
wood (18). In the direct determination of carbon dioxide in limestone 

Underwood passed the gas over phosphorus pentoxide before it entered a 
Midvale absorption bulb containing the ascarite, and again over the pentoxide 

before it left the bulb. In this way he took care of any excess moisture which 
was not absorbed by the ascarite. We have used a U tube with glass stop- 

cocks for the absorbing materials. Approximately one-half inch of phos- 
phorus pentoxide is placed on glass wool on the ascarite where the gases emerge 

from the tube. This allows of much faster aspiration than if a potassium 
hydroxide solution is used, and it is easy to see when the material should 

be renewed. 
A drying agent, which compares well with phosphorus pentoxide in absorptive 

capacity and has several advantages, is magnesium perchlorate trihydrate, 

sold under the name “‘dehydrite.” This was tested by Willard and Smith 

(19) and has been used by a number of investigators for carbon determinations 
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(3, 14); it has been applied by Lee and Brown (7) to biological processes. The 

debydrite can be used until it increases in weight 20 to 25 per cent, and does 

not become sticky when charging the tubes. It gives little resistance to the 
gas and when used shrinks so that it does not stick or clog. This can replace 

the phosphorus pentoxide, but we have used a somewhat larger quantity of 

the dehvdrite in the weighing tube. 

In order to facilitate the removal of the tube from the train, the arms may 

be ground to make glass joints, instead of being attached with rubber connec- 

TABLE 1 

Weight of U tubes without aspiration 

MINUTES IN BALANCE CASE 

5 15 25 

VRE WHILE BICOL RO 5 3 5.550 )0 0 056085 sien o's 82.8876 82.8877 82.8880 

EEN yoo wicns acc denn a sosasauucsau eer 82.8876 82.8879 82.8880 

RI haxacc ncurses see xesiesceweeseewnes 82.8876 82.8876 82.8881 

rece pork Cc on Et. | Pe 82.8879 82.8881 82.8882 

PNM cnneeactsaseees >a ses case ssuuees 82.8878 82.8881 82.8882 

WIRE ED AUN OEE So oo oa'c cise bh waocweices 34.8027 34.8028 34.8029 
MAEM ooo wahiccce ere uca wuss neeye ese 34.8026 34.8028 34.8029 

REL ace c okie os sis cess aeue renwal Sem 34.8026 34.8028 34.8029 

TABLE 2 

Weight of U tubes with aspiration 

MINUTES IN BALANCE CASE 

— ASpIRATED 
5 10 15 20 

PND Scone use excep kee san ee 1.25 | 60.2356 | 60.2358 | 60.2360 | 60.2360 
1.25 | 60.2683 | 60.2682 | 60.2682 | 60.2683 

1-5 60.2685 | 60.2685 | 60.2688 | 60.2688 
FROMM cbs ve cksdessipeescd 45 60.2696 | 60.2695 | 60.2696 | 60.2696 

1.0 60.2696 | 60.2698 | 60.2699 | 60.2699 

AA OM ooies hoc ssusdassuduscdvesuns 0.515 0.515 0.514 0.514 

tions. The U tube is wiped off with an alcohol-dampened cloth and after- 

wards with a dry cloth: it is then placed in the balance case for a few minutes 

before weighing. We have found, even with a large U tube weighing 80 gm. 

when filled, that the original weight rarely changes more than 0.2 to 0.3 mgm. 

when it is left in the laboratory air for the five or six hours necessary for aspi- 

ration. Tubes weighing from 40 to 60 gm. when packed with the ascarite 

and P,O; or dehydrite give a volume of sufficient size for a large number of 
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soil determinations; weighing with a tare is generally unnecessary if tubes are 

wiped off and weighed at the beginning of the run, although the weight will 

alter on long standing. Table 1 gives figures for both large and small tubes 
after being wiped with alcohol. Weights were standardized and weighings 

made as outlined by Richards (13) and are reported to the nearest 0.1 mgm. 

From the figures given it will be seen that the gain in weight is very slow 

after 5 minutes in the balance case. Table 1 shows that consistent results 
can be obtained by wiping with the alcohol-dampened cloth, followed by a 

dry cloth and weighing after 5 minutes. Pregl (12) suggests the final wiping 
should be with chamois skin in microanalytical work in order to prevent 

electrification, and this procedure can be recommended. Table 2 gives figures 

_ for an actual series of weighings during a run on soil, with the CO; calculated 

as CaCO;. A sample of Iceland Spar gave the following results: weight after 

OEHYORITE 

OR P205 

ASCARITE ( 

ASCARITE 

H2SO04 

1,2,3. TO REMOVE coz 
4. HCI 75 CL. FLASK 
S. SAMPLE SOIL. 200Cc. FLASK 

6 MERCURY SEAL AND STIRRER 
7 CONOENSER 

8. 2504 IN 1.4 H2SQ4 

9, 10.” CONCENTRATED H2S04 
12. WEIGHING TUBE 

Fic. 2. APPARATUS FOR CARBON DIOXIDE DETERMINATION IN SOILS 

5 minutes, 99.85 per cent CaCO;; after 10 minutes, 99.84; 15 minutes, 99.85; 

20 minutes, 99.86. 

In figure 2, numbers 1, 2, and 3 serve to remove carbon dioxide from the 

air. The dropping funnel 4 is fitted with a rubber stopper, and is filled com- 

pletely with the hydrochloric acid. A small water condenser, made of two 

glass tubes, has been found satisfactory for substances which do not need 

boiling; this protects from too much dilution the silver sulfate which is to 

catch the hydrochloric acid. When a silver precipitate forms it is easily re- 

moved through the stopcock at the bottom, and by creating a slight vacuum, 

a fresh solution is sucked up. The concentrated sulfuric in the following fun- 

nels can be replaced in the same way. The glass tubes in these are drawn to 

fine points, as in numbers 1 and 2, to decrease the size of the bubbles. Under 

the conditions the phosphorus pentoxide or dehydrite in 11 lasts for a long 

time without renewal. If the absorption tube 12 is fastened with rubber 

connections instead of ground glass joints, care must be taken that small 
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particles of rubber do not get inside the arms. Other joints may be wiped 

with benzene saturated with equal parts of paraffin and beeswax. 

PROCEDURE 

From 5 to 20 gm. of soil which has been passed through a 1-mm. sieve, is 

placed in flask 5 and washed down with a little CO.-free water. Air is then 

drawn through the apparatus by running water from the aspirator; by the 

use of the three-way stopcock at A the CO,-free air can be taken through the 

TABLE 3 

Carbon dioxide from soil, calcium carbonate and mixtures 

oe a-| wetcur | WEIGHT) ASPIRATION TO | WEIGRT CaCOs CaCO; 

ins | ToRE | oF som | caco,| “Wercut | CO: | sampce| ™ SO 
| 

gm. gm. hours | liters gm. | per cent\per centt 

ee eee ROOM 1 o0500%4 1.8171) 5 15 vegies oy | aa 

ee ere | Room |....... |1.9912) 4 13 0.8748) ey 
eee |, 8 eee 11.2210) 4.5 14 0.5373/100.00 pei 

Iceland spar.........2..060. | Room |....... 1.9414] 3.75 | 14 0.8534) 99.98] ..... 
| Average 99.94 

BN) cs Lbs esha e ea euene eee Room 5.0000; pentue Bi25 1-48; 10;0305) 3:94) ..... 

oe a ee Room | 5.0000)1 6219) 4.5 19 |0.8431)...... §.93 

ob een eee 50° oon eset 325°] 9 0.4318) 6:00) ..... 

SAI.) cb xa vesssueeseecs Room /10.0000)...... 4 13.5 |0.4898) 11.14) ..... 

OE de | er | Room /|10.0000)1. 2430) 6 a7) | (4120857); ......<.. 11.43 

| 50° |10.0000)...... |4* | 12 /0.4942/ 11.24) ..... 
0M PEC -PRDET.....000cs.050-1 SO" alee ta ial S jesrsi....... 11.27 

en | Room |....... on 24 |0.1398| 97.05) ..... 
ee eee Room |15.0000)...... 7:25:15 20 0.0340 0.52) ...... 
SE | te Room /15.0000.0.2757/5.75 | 32 0.1511)...... 0.51 

OME ec tcica web cnn seseee | 50° |15.0000...... 7.25*| 16 {0.0356 Ue) re 
Sol B2 4- CaCO): 5 ois evcic sees | 50° |15.0000,0. 2757 3.00* | 14 j0.1520 Rauwine | 0.53 

* After aspiration at room temperature as above. Final figures were the same when soil 
was run at 50° from the time of adding acid. 

t Total in mixture minus amount in CaCO, as found at room temperature. 

stirrer or through the funnel 4. If there are no leaks, when the inlet at 1 is 
closed for a few minutes, the water will cease to flow. Stopcocks are then 

closed and tube 12 is weighed as described, and the aspiration repeated until 

the weight is constant. The tube is replaced in the train and funnel 4 filled 

with the dilute hydrochloric acid. Before opening B stirring and aspiration 

are started, and then A and B turned to allow a few drops at a time to pass 

into flask 5. When all the acid is in the flask, aspiration proceeds slowly at 

first, and is gradually increased and continued until no change in weight in 

sy SE tesa 

| wa ae a ee tee oe ee ee 
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the absorption bulb occurs. The CO,-free air is drawn through the mercury 
seal or through funnel 4 as desired. Between runs the stopcocks are closed, 

so that the drying parts of the system 8, 9, 10, and 11 are kept free from the 

outside air. After the introduction of the soil into 5, the three-way stopcock 

may be opened at D and air drawn through from 1 to D; this materially ac- 

celerates the preliminary removal of the CO, from the apparatus. 

The three soils reported contain very widely differing amounts of carbonate. 

It will be seen from table 3 that in the mixture of soil and carbonate, when the 

CO, in the Iceland spar is subtracted from the mixture, the recovery of the 

CO, from the soil is almost identically the same as it is when the soil only is 

used. At 50° there is a slight increase in the amount of CO: given off. Mac- 

Intire and Willis ascribe this to a decomposition of the organic matter at the 
higher temperature (8), and this seems to be the case. Saturated CO, water 
with HC] was aspirated and all the CO, was removed in about 2 hours at room 
temperature. No increase in weight was found by raising the temperature to 
50°. Similarly the Iceland spar showed no increase in the weight of CO, on 

running at 50°. The indication is that the increase when soil is present is 
due to the action on the soil and not to any CO; dissolved in the water. 

During the time of aspiration little or no attention is needed —five to seven 

hours has been found long enough in almost all cases for the U tube to come 

to constant weight. 

SUMMARY 

1. An improved method for the gravimetric determination of soil carbonates 

has been outlined. 
2. The method makes use of ascarite and either dehydrite or phosphorus 

pentoxide as absorbents. 
3. The soil mixture is stirred instead of shaken, and the mercury seal is 

adapted for this purpose. 

4. One to ten hydrochloric acid is used at room temperature. At 50° there 

is a slight increase in the amount of CO, given off. 

5. Figures are given for determinations on three soils containing widely 

differing amounts of carbonates, both alone and mixed with calcium carbonate. 
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