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A STUDY OF THE ACTION OF CARBON BLACK AND
SIMILAR ABSORBING MATERIALS IN SOILS1
J. J. SKINNER and J. H BEATTIE, Biochemists, Soil Fertility Investiga

tions, U. S. Department of Agriculture

Carbon black is a very good agent for purifying distilled water for
plant physiological purposes, its action seeming to be one of absorbing
substances of a solid or gaseous nature. It is used quite generally by
plant physiologists in preparing good water for culture work. Other in
soluble, finally divided materials, such as ferric hydrate, aluminum hy
drate, magnesium carbonate, barium carbonate and quartz flour (1, 3)
are good purifiers of distilled water and extracts of soils.
Water extracts of certain unproductive soils are improved by shaking
them with carbon or ferric hydrate and filtering the solution clear (2, 3).
Experiments were made to ascertain whether certain poor soils would be
improved by the addition of carbon and other finely divided materials di
rect to the soil. These experiments were made first in pots in the green
house, using soils which had grown the same crop repeatedly for a num
ber of times and had become very poor. The productivity of these soils
was not restored by fertilizers. Carbon black was added to and mixed
with the soil in an attempt to absorb anything of a harmful nature from
the soil, but the soil was not thereby improved for plant growth. In a
field experiment on the Arlington Experimental Farm carbon black was
added on plots growing wheat, rye, timothy, clover, corn, cowpeas, and
potatoes. This experiment was conducted for six years, the same crop
having been grown on the same plot each year. The carbon had no bene
ficial effects on any of the plots. These experiments were made by mix
ing the carbon with the soil. Although the carbon might have had an ab
sorptive action in taking up substances of a harmful nature, it was never
theless in close contact with the soil and plant roots. On this account it
might be expected that no beneficial action would be shown. Similar ex
periments were made, in which ferric hydrate and magnesium carbon
ate were used, but no uniformly beneficial results were secured.
Experiments were made in similar soils by putting the carbon in porous
pots, tubes, and jars and burying them in the soil. The tubes used were
very porous, permitting the moisture of the soil to pass freely through the
1
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carbon and out again. Through the use of this method the absorbing
material was not brought in contact with the soil itself or with the plant
roots, but was able to absorb materials from the soil solution. If the soil
contained soluble, harmful organic substances they would to a certain ex
tent be absorbed and removed from the solution. Experiments bearing on
this problem were made and are presented in the following pages. The
carbon black used throughout this investigation is made by burning na
tural gas and collecting the carbon on cooled cylinders. It is known as
the "G Elf" brand and was secured from G. L. Cabot and Co., Boston,
Mass.
EFFECT OF CARBON BLACK INCASED IN POROUS MATERIAL ON GROWTH
IN POTS

Several experiments were made in pots, carbon black being placed in
a smaller pot of porous earthenware material and then buried in the soil
in the larger pot in which the plants grew. The carbon black used in
these experiments was thoroughly washed and packed in the small pot in
a moist condition. The pots were the ordinary unglazed flower pots used
in general greenhouse work. On account of the porous character of the
pots water added to the soil during the experiment could circulate easily
through the soil into the incased carbon and back again through the walls
of the inner pot into the soil in which the plants were growing. The roots
of the plants could in no way come in contact with the carbon black, as
the top of the inner pot was covered in such a way that the soil could not
mix with the carbon.
A soil was used for this first experiment which had grown cowpeas in
the greenhouse, crop after crop for two years. The soil had become very
poor and produced very poor cowpeas. The soil was potted in 8-inch
earthenware pots and a 4-inch pot was filled with carbon and buried in the
center of the 8-inch pot. In the other pot, which was to serve as a check,
the small inner pot was filled with some of the same soil as the larger
pot. Nine cowpea plants were planted around the circumference of the
pots 1 inch from the walls. The seeds were planted March 10, 1910, and
grew for 6 weeks. The growth in the two pots at an early period of the
experiment is shown in Plate I, (fig. 1). Pot No. 1 is the check and No.
2 contains the carbon black. It is shown here that the growth at this
early stage is better in the pot containing carbon. The green weight of
the nine plants at the end of six weeks for the carbon pot was 17.8 gm.
against 13.9 gm. for the check plot, an increase of 29 per cent.
A similar experiment was made growing wheat in a sandy loam soil.
This soil when used in the greenhouse in pots and boxes grew good wheat.
Pots of the same size as those described under the preceding experiment
were used. Ten wheat plants grew in each pot and were planted around
the circumference as in the case of the cowpeas. The wheat was planted
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March 10 and the green weights taken April 11. The growth in the two
pots was practically the same. The check pot produced 10.3 gin, green
weight, while the green weight of the plants in the carbon pot was 10.4
gin
Another experiment was made with wheat. This time a poor silty
clay loam from the Arlington Experimental Farm was used. Eight-inch
pots were used and the carbon, as before, was incased in a 4-inch pot
and buried in the soil of the larger pot. Ten wheat plants were grown in
each pot for 4 weeks. The green weight of the plants in the check pot
was 3.9 gin. and that of the pots containing carbon was 6.6 gin., an in
crease of 70 per cent.
Still another test of this nature was made. The soil used was taken
from the Smithsonian grounds and was so situated that it received the
drainage and dripping from maple trees. Lawn grass in this section of
the park invariably fails. Manure, lime, and commercial fertilizers have
been used in attempts to secure a lawn, but with the same result, a com
plete failure. This ground was annually dug up and re-seeded in the
early spring for several years, but the grass always failed.
The lawn soil was used in 8-inch pots as before. In one of these pots
carbon incased in a small earthenware pot was buried, and in another,
which was to serve as a check, the small buried pot was filled merely
with the same soil used in the experiment. A mixed lawn grass seed was
sown, the same amount in each pot. The grass was seeded April 12 and
was cut for the first time May 11. A second cutting was made June 6,
and a third June 28. The green weights of the grass are given in Table I.
TABLE I
EFFECT OF CARBON BLACK ON THE GROWTH OF GRASS IN A POOR LAWN SOIL
First cutting
Check

Carbon

6.7

10.6

Second cutting

Third cutting
gm.

8.0

5.5

10.0

9.0

The figures in the table show that the carbon had a very beneficial
effect in this soil.
The same soil was used in a similar experiment in which clover was
grown instead of grass. The check pot and carbon pot growing clover
are shown in Plate I (fig. 2). The clover was planted April 12 and cut
and weighed June 14. The green weight of the check pot was 90.0 gm.
and that of the carbon pot 105.5 gm.
The beneficial action of carbon incased in porous material in these
poor soils can be attributed only to its absorbing qualities. It would seem
that the soil moisture, passing through the carbon, is robbed of its harm-
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ful material, whether organic or inorganic, gaseous or liquid, and the
purified soil solution passing again into the soil becomes a better medium
for the growth of plants.
EFFECTS OF CARBON BLACK IN POROUS BATTERY JARS IN Soil. IN GREEN
HOUSE BENCHES

They

.

The principle of the adsorption of harmful organic material by carbon
black from poor soil was tried on a larger scale with soil on greenhouse
benches. The bench used is 3 feet 6 inches wide and 8 inches deep. Par
titions were placed in the bench 18 inches apart. This makes a frame
36 inches by 18 inches by 8 inches and holds approximately 250 pounds
of soil. In this type of experiment, battery jars of very porous material
were used. The
diametr
in are 6 inches long
inches
and 2
3/4
jars
were filled and well packed with moist washed carbon, corked and buried
in the soil. The jars were laid in the bed in two parallel rows, five to each
raw. Each row of jars was approximately 6 inches from the side of the
frame and the rows were 6 inches apart. They were covered with ap
proximately 4 inches of soil. One frame contained the jars filled with
carbon. To serve as a check, the adjoining frame contained the same
number of jars filled with some of the soil used in the beds.
The soil used in this experiment was taken from the flower gardens
of Mount Vernon, Virginia. This soil has been under investigation by
this office for several years. Some parts of the garden are producing un
satisfactory growth in spite of the fact that the soil has been well man
ured. Salicylic aldehyde and several other organic compounds were
found in soil from certain sections of the Mount Vernon garden in
former investigations and this particular sample taken for the present in
vestigation, when subjected to the chemical process for isolating alde
hydes, revealed a substance which gave the aldehyde reactions with cer
tain chemicals, showing the presence of this class of substances in the
soil (4, 5).
String beans were planted in the soil in the soil fertility greenhouse at
Arlington, Va., November 1, 1915. Two rows of beans were planted in
each bed, each row being over a row of tubes. The rows of beans were
6 inches apart, with 7 hills in each row. Two plants were grown in each
hill, making 14 plants in each bed. The beans grew and produced fruit.
They are shown in Plate II (fig. 1). The bed on the left is the check bed
and contained the jars filled with soil; the bed on the right contains the
jars filled with carbon. From the illustration it is seen that the carbon
bed has produced the greater growth. The beans were picked and vines
cut January 15, 1916, having ceased to produce fruit. The weight of the
check bed was 250.0 gm. of vines and 162.5 gm. of beans in the pod and
the weight of the carbon jar bed was 390.0 gm. of vines and 250.0 gm. of
beans.
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Other experiments of this kind were made by adding harmful organic
compounds, namely, vanillin and salicylic aldehyde, to the soil in such
amounts as to injure the growth. Porous jars filled with carbon were
buried in the soil to determine whether or not the harmful materials
would be absorbed from the soil, thereby improving the growth. Vanil
lin and salicylic aldehyde were selected as the organic compounds for this
experiment as they have both been found to exist in some poor soils.
As in the former experiment, the bench beds were 36 inches by 18
inches by 8 inches. In one bed were placed 10 of the porous jars filled
with carbon, arranged in two rows of 5 jars each, and in the adjoining
bed the porous jars were filled with soil. The soil used in these beds was
the silty clay loam, of moderate productivity, from the Arlington Experi
mental Farm. One of the vanillin treated beds contained porous jars
filled with carbon and the other bed jars filled with the silty clay loam.
Likewise, one of the salicylic aldehyde beds contained carbon tubes and
the other soil tubes. A fifth bed having no treatment and no tubes buried
in it was added as a check on the effectiveness of the aldehydes.
Fourteen bean plants grew in each bed. The seeds were planted
November 1, 1915. Before planting, 5 gin. of vanillin and 3 gm. of sali
cylic aldehyde were added and mixed with the soil in their respective
beds. Further quantities of vanillin and salicylic aldehyde were added to
the surface in a water solution November 12, November 23, and Decem
ber 3. The material was worked into the soil; each time S gm. of vanil
lin and 3 gm. of salicylic aldehyde were added, making a total of 20 gin.
of vanillin and 12 gin. of salicylic aldehyde applied in the respective beds.
This makes a total of 200 p.p.m. of vanillin for the two vanillin treated
beds, and 120 p.p.m. of salicylic aldehyde for the two salicylic aldehyde
treated beds. In Table II is given the yield of vines and pods from the
different beds.
Considering the vanillin treated soil first, the growth in the bed which
contained the carbon tubes was much better than the checkbed which
contained the tubes filled with soil. Comparing the growth in both beds
with that in No. 5, it is seen that the vanillin depressed the growth some
what, but the harmful effect was overcome to a great extent by the absorp
tion of the carbon. The growth in the two vanillin beds is shown in Plate
II (fig. 2). The first bed contains the soil tubes and the second the carbon
tubes.
The results with salicylic aldehyde were similar to those with vanillin.
The growth in bed No. 4, which contained the carbon, was much better
than that in the check bed No. 3. By comparing the growth in bed No. 5
with that in No. 3 and No. 4 it is seen that the salicylic aldehyde also pro
duced a harmful effect. This too was partly overcome by the absorption
of the carbon in the tubes. In Plate III (fig. 1) are shown the two sali
cylic aldehyde beds. The second bed contains the carbon tubes.
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A similar experiment was made by growing lettuce in soil treated with
salicylic aldehyde. In this experiment one bed contained tubes filled with
soil and another bed tubes filled with carbon. The lettuce plants were
transplanted November 1, 24 plants of Grand Rapids Curly Leaf variety
having been placed in each bed. The amounts and time of application of
aldehyde were the same as those given in the experiment with string
beans. The lettuce grew rather poorly in this soil. The weight of that
from the carbon bed was 645.0 gm. as compared with a weight of 600.0
gm. for the lettuce from the check bed, indicating a slightly better growth
in the carbon bed.
TABLE II
EFFECT OF CARBON IN POROUS JARS, ON BEANS IN SOIL TREATED WITH
VANILLIN AND SALICYLIC ALDEHYDE
Bed
No.
1
2
3
4
5

Treatment
Vanalin
Vanillin
Salicylic aldehyde
Salicylic ,ildehyde
Untreated

Porous jars
buried
in soil
filled with
Soil
Carbon
Soil
Carbon
(No jam)

Green weight
gm.
Vines

Pods

172.0
225.0
185.0
207.0
241.0

138.8
194.0
139.5
194.2
209.8

A review of these experiments in greenhouse bench beds shows that in
a garden soil in which harmful organic compounds of an aldehyde nature
exist and in soil made unproductive by the addition of organic substances,
such as vanillin and salicylic aldehyde, carbon incased in porous tubes
buried in the soil improves its productivity, presumably by the absorption
of the soluble organic substances from the soil solution by the carbon.

EFFECT OF ABSORBING SUBSTANCES INCASED IN POROUS MATERIALS ON
GROWTH IN THE FIELD
Experiments were also made with carbon in tubes buried in plots in
the field. The experiment was enlarged in this case. Several materials,
all having absorbing qualities were used, namely carbon black, wood char
coal, chalk (CaCO3) and magnesium carbonate. In addition to using the
battery jars, specially constructed concrete tubes and very porous tile
drain were used. The cement tubes were made by coating a wire gauze
tube with cement, thus making a very thin layer, which is very porous and
permits water to pass through freely. These tubes were 2 inches in
diameter and 3 feet long. They were filled with the absorbing material
and the ends closed with corks. The other tubes consisted of unglazed
earthenware tile drains, which were very porous and permitted water to
pass through freely. These were 24 inches in diameter and 1 foot long.
They were filled and corked at each end in the same manner as the con-
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crete tubes. This porous tubing was buried in the plots before the ground
was seeded. Trenches were dug and the tubes laid 8 inches beneath the
surface and under the rows where the plants were to grow.
These experiments were made at the Arlington Experimental Farm
and in soil which had been growing cowpeas for 6 successive years. These
plots are unproductive and produce small yields. The soil is an acid one,
having a lime requirement of approximately 2000 pounds of CaCO3 per
acre. It requires periodical liming to keep the soil neutral.
Carbon black. Cowpeas were grown in rows 16 feet long and 2 feet
apart. Under 4 rows tubes filled with carbon were buried and adjoining
them were grown 4 rows as a check, which had no tubes. Some of these
tubes were of concrete, some consisted of porous tile drain, and some of
battery jars. This experiment was started in the spring of 1914 and 2
years' results were secured. Cowpeas were planted in the spring and
grew to maturity, when they were cut and the weight of the cured hay
taken. In 1914 the weight of the four rows with carbon tubes was 9
pounds and the weight of the check rows without tubes was 8 pounds, a
slight increase of growth in the carbon plot. In 1915 the carbon plot pro
. pounds 16 plot chek the and duced
hay cowpea cured of 181
pounds /4
Both years there was an increase in the carbon plot.
Charcoal. This test was similar to the one with carbon, just described,
except that only 2 rows of tubes were used and 2 check rows that had no
tubes. The porous tubes were filled with powdered wood charcoal, which
was moistened and well packed. The tubes were buried in the soil in the
spring of 1914, and cowpeas grown in 1914 and again in 1915. In 1914
the two rows of cowpeas in the charcoal plot produced 6 pounds of cured
hay and the check plot produced 3.6 pounds, an increase of 66 per cent
for the charcoal plot. In 1915 the charcoal plot produced 12 pounds of
dry cowpea hay and the check plot 6.6 pounds, an increase of 80 per cent
for the charcoal plot.
Chalk. In another plot chalk (CaCO3) was used in the porous tubes
in order to determine whether finely divided chemicals of this character
would have a similar effect to those which have only an absorbing effect.
Calcium carbonate is practically insoluble in water. In addition to its
effect as an absorbent it could have an effect on the soil solution passing
through it by neutralizing or precipitating any acids that may be present.
e
the Three
in
rows
as
of tubessoil, filled with
the
chalk
in
were
buried
x
periment with carbon and charcoal. Cowpeas were grown in the rows in
which the tubes were buried and also in three adjoining rows that were
to serve as a check. In 1914 the weight of cowpea hay for the chalk plot
was
195
7.0 pounds,
In
and
. that of the check pplot
ounds
was only 33
/4
the differences were not so large; the chalk plot produced 122/3 pounds
dry weight, and the check plot 10 1/2 pounds. The growth in the first year
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of the experiment is shown in Plate III (fig. 2). The three rows on the
left have the chalk tubes; the three rows on the right are without tubes.
Magnesium carbonate. Experiments were made with magnesium car
bonate, which is finely divided and, aside from its absorbing qualities,
would also produce a chemical reaction with the acids of the soil solution
similar to that with chalk. Three rows of tubes were used, cowpeas being
grown as before, and the growth was compared with that on three other
rows growing beside them.
In 1914 the growth in the magnesium carbonate plot was 14 pounds
and
weights
the in the
195 check
in
and plot pounds, 141/4
g
nesium carbonate plot was 18.0 pounds and for the check plot 17
practily
had
have
to
sem
carbonte
magnesiu
The .
pounds
1/4
effect, for in the first year there was a reduction of one-quarter of a
pound, and in the second year there was an increase of three-quarters of
a pound.
The magnesium carbonate and its check plot were, however, on a dif
ferent part of the farm from the plots on which the other tests were made.
The plots with carbon, charcoal, chalk and their checks adjoined each
other and the soil conditions were more likely to be similar, whereas the
conditions in the part of the field where the magnesium carbonate test was
conducted were probably very different. This is indicated by the greater
yield in the plot. The effectiveness of the magnesium carbonate in this
respect is therefore not ascertained by this test.
The contents of the tubes were examined chemically for absorbed or
precipitated material by E. C. Lathrop of this laboratory. The carbon
black and charcoal contained a small amount of a liquid fatty acid but no
aldehydes could be isolated. The calcium carbonate and magnesium car
bonate contained a small amount of fatty acids and showed the presence
of aldehydes. The amounts in all cases were too small for further study.
The fact that aldehyde reactions were obtained from the carbonates and
not from the carbon and charcoal would indicate either a destruction of
the aldehydes, possibly by oxidation through absorbed oxygen, or else that
the aldehydes, when once absorbed, are tenaciously held by these sub
stances.
SUMMARY

It is pointed out that finely divided carbon is a good agent for physio
logically purifying distilled water and certain poor soil extracts, and that
by its absorptive qualities it improves the solution as a medium for plant
growth.
The test made by mixing carbon black with poor soils failed to effect
an improvement, as the carbon, even though it might have had an ab
sorptive action, would itself be intermingled with the soil and be in con
tact with the plant roots.
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With carbon incased in porous earthenware pots buried in soil, the
growth of grass, clover and cowpeas was improved when growing in a
poor unproductive soil in the greenhouse.
On benches in the greenhouse a soil which contained salicylic aldehyde
and other organic compounds was improved for the growth of string
beans by the absorptive action of carbon buried in porous tubes in the soil.
In an experiment with string beans and lettuce in greenhouse benches
a soil made poor by the addition of salicylic aldehyde and vanillin was
improved in productivity by the action of carbon incased in porous tubes.
In a two years' field experiment carbon, charcoal, and chalk, when put
in porous tubes and buried in the plots, caused a good increase in growth
of cowpeas.
The beneficial action of carbon and other absorbents may be attributed
to its removing something from the soil solution which is harmful to
plants. The soil moisture passing through the carbon in its process of
moving downward and upward in the soil would be robbed of any such
material. Soils which contain soluble organic substances harmful to
plants would be improved for crop growth.
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PLATE I
Fig. 1.-Effect of carbon black in a poor soil on cowpeas. (No. 1 check, No. 2 car
boa black buried in thesoil inaporous cup).
Fig. 2.-Effect of carbon black in a poor grass soil or clover. (No. 1 check, No. 2
carbon black buried in the soil in a porous cup.)

Figure 1

Figure 2

Figure 1

Figure 2

PLATE II
Fig. 1.-Effect of carbon in porous jars buried in a poor garden soil, on string
beans grown on the greenhouse bench. (Bed on left contains jars filled
with soil; bed on right contains jars filled with carbon black).
Fig. 2.-Effect of carbon black in porous jars in a soil to which vanillin was added,
on string beans grown on the greenhouse bench. (Bed on right contains
jars filled with soil; bed on left contains jars filled with carbon black).

(Jarsfiledwthckunre owsthlef;ncakudrthe owsnright).

PLATE III
Fig. 1.-Effect of carbon black in porous jars in a soil to which salicylic aldehyde
was added, on string beans grown on a greenhouse bench. (Bed on left con
tains porous jars filled with soil; bed on right contains porous jars filled with
carbon).
Fig. 2.-Effect of chalk in porous jars buried in the soil in the field, on cowpeas.

Figure 1

Figure 2

