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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

CHEMICAL STUDIES OF INFERTILE SOILS DE-
RIVED FROM ROCKS HIGH IN MAGNESIUM
AND GENERALLY HIGH IN CHROMIUM
AND NICKEL

By W. O. Rosirson, chemist, Grevy EpcincTon, essisiani chemist, and H. G.
Byens, principal chemist, Division of Seil Chemistry and Physics, Soil Inves-
tigations, Bureau of Chemistry and Soils
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s INTRODUCTION

janr

any agricultursl areas there are soils which are inferior to the
soils in the immediste neighborhood in that they are relatively in-
fertile. In most cases the eause of inferiority is apparent; such as
rough stouy land, shallow seil, poor drainape, and the lack of enough
clay to refain moisture and plant-food elements.

In some cases, however, there sre soils which from all ordinary ap-
pearances and climatic considerations should be more preductive
than they really are. This investigation was undertalen {or the pur-
pose of determining, if possible, the canse of such infertility. Notable
examples of these sois are found in the Conowingo Barrens on the
serpentine outcrops in Maryland and Pennsylvania. QOther soils of
like charncter have been described in soil lsersture. They are the
solls on the Great Dyke in South Africa and the Nipe and related
solls of Cuba and Puerto Rico.

The Conowingo, Nipe, and Great Dyke scils, although widely
separated geographically and ranging in character from podzolific to
leteritic types, have one thing in common. They are iormed from
strata high In magnesia, generally diorites, which alter into ser-

entine and chlorite. These rocks differ from granites and gneisses
In that they are extremely high in magnesia, generally low m lime,
and alwaeys low in potash and scda. '%‘hey mey be low in alumina,
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through a growth of stunted oaks, scrub pines, and mountain laur, upon the
heated scil, through which project boulders of the country rock., These areas
are known throughout the country as the serpentine “barrens.” Wild, uncul-
tivated, almost unsettled, they stand in great contrast to the surrounding rich and
prosperous couniry.

DESCRIPTION OF THE SAMPLES

The Conowingo soils, developed most extensively in Harford,
Baltimore, and Montgomery Counties in Maryland, are perhaps the
most infertile soils known which have good physical properties and
favorable climatic environment. Less than 10 percent of these areas
are cleared for agricultural purposes, and when so used are character-
1zed by low yields. The virgin Conowingo scils support a very
specialized and stunted trce growth. The low acre value and the
very low percentage of clea-re(f land on the Conowingo areas is taken
as evidence that the Conowingo soils ars infertile.

A good illustyation of the infertility of the Conowingo series is pre-
sented by a leng, narrow strip of Conowingo silt loam beginning just
& few miles west of Rockville, Md., at Hunting Hill and running some
5 or 6 miles southwest from this point. Inside this area very little
of the lend is cleared, but just outside on the Chester loam the land is
practically all cleared and is occupied by prosperous farms. The line
of demarcation between the two series is unusually sharp and easily
apparent to any observer. On the Conowingo side of the line the
tree growth is stunted and the very few farms there present a picture
of hopeless economic struggle,

In this connection it is inferesting to note that as carly as 1810
Israc Tyson, J1., was led to the discovery of chromium ores in Mary-
land and Pennsylvania ‘“by his prompt recognition of the comparative
barrenness of vegetation of the serpentine terrain” (Singewald (33)).
It was presumably through this recognition that the Tyson Chrome
Worls monopolized the chromium industry in this country for over
40 years.

The description of the Conoivingo series given below is quoted from
Perkins and Winant (25, pp. 20-21).

The surface soil of Conowingo silt loam to a depth of about 6 or 8 inches is
grayich-yellow or very light brown silt leam, having 2 smooth floury feel. Ina
fow places in the wooded arcas there is cither & very thin covering of leaf mold
or the first 2 inches of seil contains enough organic matter to give b a pray color.
The subsoil is yellow or yellowish-brown silty elay loam extending to o depth
renging from 14 to 18 inches, af which depth it grades into yellowish-brown or
brownish-yellow heavy, stif, plastic clay, having a green or greenish-brown east.
This heavy clay layer ranges in thickness from a few inches to ns much as 2 foot
in some places, and it is underlain by greenish-yellow parily wenthered rock or by
the hard rock. In many places the surface goil grades inte the heavy clay at o
depth of a fow inches and the clay is underlain at a depth ranging from 15 to 30
inghes by rock, and in ather places the rock comes near the surface or outerops.
In places on the more level areas, and particularly where this soil adjoins Aldino
silt loam, a mottled light-gray, yellow, and rust-brown compact layer occurs at a
depth rengiog from 14 to 20 inches. Conowingo silt loam is derived from a

dark-green rock related to gabbro and diorite, from steatite, and from serpentine,
or serpentinized roek. In places quartz veins cut through these formations.
%k k& 4 ok % %

This soil oecurs in gently rolling or slightly hilly arens, and surface drainage is
fnirly good. On the more level areas the run-off of rain water ig slow, and the
internnl drainege of all areas is poor, owing to the impervious character of the
subsoil.

Probably not more than 20 or 30 pereent of the land is cultivated or in pasture,
and the remainder is foresfed, mainly with serub oak, blackjack onk, white oak,
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poat oak, cedar, and hickory. Small aress ere used iz the produetion of corn,
wheat, hay, and fomatoes.” The yields of these crops sre usuzlly low unless
the soil has been heavily fertilized and manured, or cover crops turned under
prior to plaating the ecrop. In o few places the soil is very shallow and such sress
are of low agricultura} value and should be devoted to forest or pasture.

The Conowingo stony loam is derived from the same parent material
as the Conowingo silt loam. As the name implies, it is more stony
end shallow. It is unproductive soil and practically none is under
cultivation. The forest growth now on this soil shows it to be
unsuited to forestry or orcharding.

Four other series of high-magnesium soils were studied, namely
laterites from Puerto Rico; the Millville loam from Greenville, Utah;
and the Corning and Jerome series from Josephine County, Oreg.

The locations and brief descriptions of the samples of soil studied,
with & short series description in some cases, are given below. For
convenience of future reference the soils are given in the order of the
laboratory numbers assigned to them.

Laboratory nos. 2522—4, Limones clay.—Deseription taken from
Bennett and Allison (I, p. 8I), of an infertile shallow clay overlying
serpentine or diorite in Central Soledad, Cuba.

Typically this is o 3-horizon soil, with the following vertical section features:
(1) About 3 to 5 inches of dark-red or purplish-red clay, which cracks on drying
%o hard clods of small or medivum size; overlying (2) pinicish-red clay, which cracks
into very hard clods of medium to large size, with some fragments of partiy
decomposed parent rock; passing at about 12 fo 30 inches into {3} roften (partly
decompesed) soft and hard parent rock—mostly serpentine and diorite. Typi-
cally, lime earbonate is not present. The type’is of a droughty nature but not
80 much s0 as the Holguin clay. In many places the soil is shaliow. When such
areas are plowed, fragments of the soft elay and hard rock are usnally turned up
abundanily or in sufficient quantity to produce a devidedly gravelly or even a
stony soil. If plowed wet enough to be decidedly sticky, clods ore formed which
become tough on drying. When dry, plowing is difiicult and lerge clods ure
formed; but these tend to crack cn exposure to sun to form a coarse-fragmental
tilth. Harrowing is necessary to develop the most favorabie sced-hed conditions.

The fopography is unduleting to hilly, and the drainage is well established.
Frequently the soil of lower siopes and depressions is more brownish in color,
often chocolate brownish, and is deeper, more retentive of moeigbure, and more
productive.

Laboratory no. 2548, Holguin elay.—Central Miranda, 5 km west of
Ingenio, Cubs. Bennett and Allison (I, p. 30) state:

This series includes purplish-red soils derived from the underiying igneous
rocks, chicfly serpentine. Sharp horizonnl differences are not usually distin-
guished through the profile. Frequently, bowever, such changes are noted in the
deeper sections.  Often there are only two indistinetly separated horizons above
the hard rock, these belng the upper purplish-red section and a lower sechion of
mixed greenish partly decomposed rock material and reddish clay, Black and
purplish-black concrefions of irreguler shape are typically abundant in the red
horizons. Mangonese ore is taken from the soil i some localitios, indicating a
series charaeteristic of high manganese content, Only the clay and stony clay
types were seen, with some very shailow phases over serpentine.

A characteristic of this soil is its proneness to lose quickly its moisture in the
dry seuson, with concomitant development of an extremely hardened condition
accompanied by cracking and formation of hard clods.  Crops suler so intenscly
in the dry scason that the soil is never favored for cutlivation. A typical deep
dry scetion in the foothills of the Nipe Mountains shows the vliowing churacter-
istics: (1) A 36-inch horizon of {dry} hard small elods *.ith 20 per cent or more
of purpligsh-black and black perdigén of irregulur shape; this overlying (2} a
layer 8 to 12 inches thick consisting of yellowish-brown and reddish cloddy clay,
together with soft, partly decomposed rock with black and purplish-black facings;
over {(3) greenish and reddish soft and brittle parfly decomposed rock with
purplish-black facings along the seams and cracks, the interior of the partly
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decomposed rocks being greenish in color; passing at depths of about 4 feet into
(4) greenish rock {serpentine). In point of origin the material is related to the
Nipe soil, but it is not nearly so friable. It is also related to the material of the
Limones clay, but it is more purplisk red, and harder when dry. There is
gome gradetional soil between the true Holguin and the true Limones, such as
the less purplish red shallow clay of the Holguin region. There is no free lime
g:ré)ona.te in the material &t any depth, invofar as could be detected by the acid
sf.

Laboratory nos. 4729-6, Conowingo silt logm.—This sample was col-
Jected three-fourths of a mile north of Dublin, Md., in a forest, 100 fest
on the southwest side of the road. Blackjack osk, smilax vines, and
blueberry bushes were the predominating growth. Nos, 4725 and
4726 are from a profile about 50 feet north of no, 4722. The B and C
horizons in this second profile ere taken together. This particular
phase conteins o large quantity of s micaceous-appesring mineral
which has been identified as vermiculite.

Laboratory nos. 5829-30-31 and 6175, Conowingo silt loam —This
soil was taken 1 mile northeast of Belmont, Baltimore County, Md.,
200 feet southeast of the road. It was in stumpage but had not been
cultivated for some time. The tree growth was better than the
Dublin Conowingo and no blackjack ozk was noted on this location,
The goil material in the lowest part of the profile shows a very large
caleium content. The sand in this horizon was largely hornblende.
This sample was taken near the middle of an ares surveyed as Cono-
wingo silt loam, and though not s fertile soil, it would appeur to be
more fertile than many solls of this series. It probably represenis a
high calcium phase of the Conowingo due to the presence of a large
quantity of hornblende and pyroxene in the original diorite.

Laboratery no. §841, Nige clay —Nipe Bay, Oriente, Cuba. Ben-

nett and Allison {7, p. 29) describe this series as follows:

The Nipe sofls ccour extensively over the northwestern part of the Nipe Moun-
taing, in the Province of Oriente.  Topographically, they are undulating $o gently
rolling. ‘The hasal roek seen is o greenish, crystalline serpentine. The soil is
derived from this rock. In some exposures the green stone passes down into &
dark tough crystalline of basic-igneous character, resembling diorite, or peridotite,
the serpentine representing an alterntion product of the darker rock. The only
type found consists of deep-red, friable materinl of & highly ferruginous nature,
Roundish, fattish and irregularly shaped coneretionlike pebbles of black and
reddish-brown color are abundantly present. In many places these can be
scooped up by the handful from the surface of the ground. A fresh exposure
showed the following eharacteristics:

{1} 0 to 26 inches—decp-red friable clay, containing round, flattish and rough-
surinced ferruginous pebbles {perdigén} of shiny-binck (iike desert polish), black,
and reddish-brown color;

{2; 26 10 40 inches—reddisli-hrown, Triable clay, with bub few perdigén;

{3) 40 inches to 13 fect—yeliow, very friable ochireous material;

(4) 18 to 16 foct—reddish, yellowish and almost biack, very friable material,
the blaek predominating as o spongelike mass lying immedintely over the green
serpenbine.  In places the depth to unaltered rock is 40 fo 56 feet. The top fopt
or two is often more compaet thun the material bepeath. This is in the plancie
inyer.

The vegetation consists of pine and wire grass.  Paln $recs, tree-fern, and other
tropical plavts were found in a limited belt which appeared to have » heavier
rainfeli than the average for the region.  About 85 per cent of the ground surface
is covered with shorl wire grass. Nome of this soil was seen in cultivation. The
material is mined for the monofneture of iron, No lime carbonnie was deleebed
in any of the sections,

Laboratory nos. 6178-80, Conowinge sii loam.—This sample was
taken one-half mile esst of Cherry Hill, Harford County, Md., on
rough stony land on s sidehill. The rock samples, nos. 618la and
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6181k represent the weathered surface soll and fresh rock from
beneath this sample, -

Laboratory nos. 6236-8, Conowingo silt loam.—This soil was located §
miles south of Oxford, Pa. This is typical barren Conowingo silt
loam. Rock sample no. 6239 was taken from the clay leyer 20 inches
deep in this profile.

Laboratory nos. 624143, Conowingo silt loam.—This sample was
found one-half mile north of Jermantown, Fairfax County, Va., in a
pine grove, 100 feet west of the road. It is rated ss poor farm Jand,
but cultivated flowers produce good blooms on this soil in this locality.

Laboratory no. 7574, soil material—This sample was located on
Mount Tamalpais, Marion County, Calif. It was collected and sent
to the Department through the kindness of C. B. Lipman. Tt was
teken from the same place as the soil sample deseribed by Gordon and
Lipman (11) as {ollows: “From the west peak of Mount T'amalpais,
Marion County. Disintegrating serpentine rock. No vegetation on
It except an cocnsional tult of moss on rock masses. Free from con-
taminstion with any other rock or soil.” I{ is recocnized that this is
not & soil. Tt Is rather soil material. But since it has a standing in
soll lterature as an infertile soil material formed from serpentine
rock, it became of interest to examine this soil material for nickel and
chromium, and to ascertain its chemical and mechanical composition.

Laboratory nos. 7819-22, Millville loam —Located nenr Logan, Utah,
Greenville Xxperiment Farm. This is a classical example of a fertile
soil high in magnesia. It has been studied by Stewart (34). The soil
is formed from & lacustrine deposit of detritus from limestone, dolo-
mite, and quartzite in the old Lake Bonneville basin. This soil is
remarkably fertile and produces excellent crops even without the
addition of fertilizers.

Laboratory nos. 8755-57, Corning gravelly silt loam.—This sample was
taken from the northenst quarter of sec. 31, T. 3¢ 8., R. 8 W., near
Woodcock Creck, Josephine County, Oreg. Kocher and Torgerson
(16, p. 367) give the following general description of the Corning
series,

The surfeee soils of types of the Corning serics arc red and dull red to brownish
red or slighfly yellowish red.  Water-worn gravel of mixed origin and small iron
concretions are cominon on the surface and in the surface meterial of most of the
types, and some contain abgular fragmenis of igneous rocks. The subsoil is
typically dull red to bright red in color, compact, usnally heavy in fexture, and
falrly retentive of moisture, and containe rounded gravel or angular rock frag-
ments. In some of the included materisls the subsoil is very compact and partly
cemented when dry.  Typically the heavy subsoil passes ot depths of 3 to 5 feet
into frieble graveily material similar to the surface soil.  In its typical develop-
ment the Corning scrics occupies terraces lying from & few feet to 100 fect or more

above the present courses of the sfreams.  The parent material consists typically
of old water-laid deposits. The surface drainage is good,

This particular sample of Corning gravelly silt loam was sent in by
W. L. Powers, of the Oregon Agricultural Experiment Station. Tt
was selected because it was an infertile soil derived partly from one of
the *““poison spots™ which oceur oceasionally in this soil.

Laboratory nos. 8338, 4848, and 9346, Nipe clay.—These are surface
soils taken 1 the vicinity of Maysguez, P. B. The parent rock is
predominantly chlorite. These solls are markedly infertile.
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Laboratory nos. 9366-58, Conowingo silt loam.—Located at Hunting
Hill, Montgomery County, Md., three-quarters-of a mile southwest of
Hunting Hill and 75 feet west of Piney Meeting House Road. It was
covered with a stunted tree growth of blackjack oak, pine, greenbrier,
and blueberry bushes, with an occasional white oak. In many places
patches of several square feet were entirely covered with moss. This
sample was talken in a very infertile ares of Conowingo, which is sur-
rounded by fertile Chester soils. The line of demarcation between
these two series is very sharp. In the Conowingo area there are
wumercus serpentine outerops.
~ Laboratory nos. 9460-62, Conowingo silt loam.—This sample was
taken one-half mile east-northeast of the crossroads st Potomac,
Montgomery County, Md., about 100 fest southwest of a small sfone
house foundstion. The tree growth was almost entirely pine, with
occasional dogwood, cherry, and white oak. The tree growth was
fairly good. This area is mepped as Conowingo but appeared to be
a better soil. However, the deepest horizon contained a few fragments
of serpentine.

Laboratory nos. 8466~70, Nipe clay—Located 1 mile east of Maya-
guez, P. R. These samples are much lilke Nipe clay, nos. 8338, 9343,
and 9346. The parent rock is chlorite and the soil is infertile. This
profile sample shows much magnesium in the lowest horizon and
traces or very small quantities in the upper horizons where severe
leaching Las removed nearly all the magnesium. No. 9489 of this
profile is remarkable in that it contains the maximum quantity of
chromivm of any soil ever analyzed in this Bureau.

Laboratory mnos. 9889-91, Conowingo silt logm.—This sample was
taken one-eighth mile southwest of Alberene, Vs., near an old alberene
mine. According to an official of the company now mining alber-
ene in the vicinity there are two distinct phases of soil forming from
talc strate, differing mainly in that one is less infertile than the other,
This profile is from the more fertile phase.

Laboratory no. 9929, Jerome sandy loam.—This soil is the dark-
colored phase from near the west corner of sec. 26, T.39 5., R. 8 W, at
the intersection of Sucker Creel and Oregon Cuve roads in Josepbine
County, Oreg. Itis on an outcrop of serpentine rock. The vegetation
is scanty, consisting of short grass and weeds. Kocher and Torgerson
(16) state that Jerome sandy loam has an impervious, heavy clay
subsoil and when thoroughly dry this subsoil bakes into a bricklke
mass which is not easily penetrable by the roots of plants.

Laboratory nos. 9931-33, Corning gravelly loamn.—This sample was
taken near the southwest corner of sec. 10, T, 39 8., R. 8 W, Josephine
County, Oreg., from o small clear spot, probably the site of an aban-
doned farm. Scant grass and lerge oaks were on the area where
sample was taken. Conifers and oaks are plentiful on higher areas of
the same type.

MECHANICAL COMPOSITION OF THE SOILS

The mechanical ansalyses of some of the high magnesium soils used
in this study are given'in table 1. The anslyses were made by L. T.
Alexander and H. W. Lakin, of this Bureau.

-
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Tasue 1—2Mechanical analyses of high-magnesiim soils
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t Dy wnter-nbsorption method.

In general, there is nothing shown in the mechanical analyses of
these seils {6 explain the observed infertility. In some soils, such as
the Dublin, Cherry Hill, and Oxford Conowingo soils, there s not
enough coalse material to give good internal drainage. 'The silt in
these soils contains a large percentage of vermieulite which has a
micalike form and consequently does not pack as closely as some silt
particles.

Russell (30, pp. 170, 546} maintains that soils containing over 15
to 25 peroent of fine silt (English standards) are often difﬁcuﬁ; to drain
and to work, ““and that this close packing, being the result of particle
size and not of any special colloidal property, cannot be mitigated by
the usual clay cultivation devices such as treatment with Ilime.”
While Russell’s theory may be applicable in some cases, it does not
generally epply o these high-magnesium soils because the Millville
oam—the most fertile soil on the list—is slso very high in silt. In

HB1I5P—d—2
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defense of Russell’s theory, however, it should be said that the lower
horizons of some of the Conowingo profiles show cerfain chemical
characteristics which indicate poor drainage. Thus, samples 4724,
6180, 9458, and 9459 (table 2) show a slight negative value or gain in
weight when treated with hydrogen peroxide in the determinaiion of
organic matter. This is probably due to the prescence of active fer-
rous iron, that is, ferrous iron in & more active condition than in the
undecomposed ferrous-magnesium silicates.

The mechanicsl analyses show an adequate percentage of colloidal
matter to hold soil moisture and to prevent the too rapid leaching of
the plant food elements.

CHEMICAL COMPOSITION OF THE SOILS

The analyses of the soils were made by the methods outlined in
circular 139 (28) with special determinations secording to Hillebrand
and Lundell {(4). 'The presence of chromite in many of the samples
made it necessary to fuse the unattacked residue {rom the sodium
carbonate and niter fusion with potassium pyrosulphate to effect
the solubility of the chromium. The results of the snalyses are
given in table 2.

The outstanding features shown by the chemical analyses of the
soils are the generally very high percentages of magnesium and the
comparatively very high percentages of chromium and nickel. Maxi-
mum dpercentages of these elements occurring in soils, so far as re-
corded, are shown in table 2. The Mount Tamalpais soil material
with 36.42 percent of magnesium oxide is the highest. The subsoil
of the Oxford Conowinge, no. 6237 (12 to 20 inches) with 25.01 per-
cent of magnesium oxide, is the maximum percentage of this con-
stituent yet recorded for a natural soil. Nipe clay, no. 9469, with
5.23 percent Cr,0., contains the maximum quantity of chromium,
and limones clay, no. 2524, contains the maximum quantity of
nickel, 0.453 percent NiQO.

The quantities of nitrogen, potassium, snd phosphorus are in the
main low, but not lower than in meny fertile soils. The Millville loam
which is the only fertile soil studied, is very high in potash and fairly
high in phosphorus. It is, however, not_as high in potash as the
Limones clay, no. 2522, or the Cherry Hill Conowingo, no. 6180.
Both of these two last-named soils are markediy infertile. The nitro-
gen in the Millville profile is not very different from the other soil
profiles. 'The most conspicuous difference between the fertile Mill-
ville and the other infertile soils is the absence of ¢hromium and nickel
m the Millville profile.

The Corning soils, nes. 8755-57, 9931-33, and the Jerome, no.
9929, are markedly infertile individual members of soil series which
are productive under some conditions. The samples selected repre-
sented ““poison spofs’” in the aren. The quontities of plani-food
elements are comparable with those of the Millville, but there 1s in
these soils o high percentage of chromium and generally nickel, which
is in strong contrast to the Millville sofl. The more fertile areas of
Corning soils, ns represented by two samples examined, but of which
the analyses are not shown in the table, contain no chromium or nickel.

The quantities of calcium vary widely. In the Conowingo soils it
is generally low, but in some 1t is abnormally high. The lowest
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TaBLE 2.—Chemical composition of soils derwed from rocks high in magnesia
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Conowingosilt loam, 3{ mile north of y '_g gg N '.“,8

Dublin, Md 7 68.40]" .84
54.99 7

REBSHED

1.57
Conowingo silt loam, Belmont, Md.. . 7 6 iig

1. 05
Nipe clay, Nipe Bay, Oriente, Cuba. 9 L05] 1,03

Conowingo. silt loam, Cherry Hill,
Harford County, Md

el et dd gl b ulot:

Conowingo silt loam, 5 miles seuth of
Oxford; Pa..

: " 62 0- 439
CO‘IYJ:WIDEO silt loam, Jermantown, 6242414-13

62431 13-22

Boil material, Mount Tamalpais,

Marion County,; Calif. 7574
728519 g—ég

it 7820} 15
Millviile loam, Logan, Utah 7821} 49-64
7822 65-96
Corning gravelly silt loam, Josephine g{.gg (2):1(%

County, Oreg 8757] 10-20

Nipeclay, 1 milenortheast of Maya-
guez, P. R 9338t 0~ 8
Wipe clay, 3% miles northeast of
Mayaguez, P Rocvecmaacics —— 9343} 0-'8
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TaBLE 2.—Chemical composition of sotls derived from rocks high in magnesia—=Continued

Labo-

Boil type and locatlon tf:-.y Depth

Nipe clay, 3 miles southeast of Maya-
guez, P.

Cm}owingo silt loam, Hunting Hill,

Congwingao silt loam, Potomae, Md.

22-30
0-5
) 515
Nipe clay, 1 mile east of Mayaguez, 15-30
P.R. ) 60

ihbhtb'\lGQO!
2 UG £y oo

ey
e
&

o
&n
=

e

9468!

9469} 144
9470{156 X 3
0889 0-8 |70, . . 3 ~671 -3.50
Conowingo silt loam, Alberéne, Va._}{ 0800 §-24 , . A 3 5. 86} 15. 27

08911 24-36 § 5 . 3 3 3.74] 11.50)
Jerome sandy loam, Josephine Coun-
ty, Oreg 9920 .20] 1, 2 7 5 6.34] 14.13

Corning gravelly clay ]onm, Jose- 382.1, 2-10 ol . 0; .0 ??g lggé

phine County, Oreg 0033 12-18 | 5174 2 o6 .64 om0 0 4.88) 2,57

(=} &t
REERE

zasy

Sooa penson

t None,

&”
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borizon of the Belmont Conowingo, no. 6175, shows nearly, if not
quite, the meximum caleium content of any carbonate-free soil.
There is some indication that the high-lime Conowingoe soils are less
infertile than the low-lime Conowingo soils. The difference in lime
content is due to the difference in the parent rock. The presence of
hornblende and pyroxenes accounts for the high ecalcium content,
Hornblende pockets evidently occur frequently in the altered diorite.
An example of such an occurrence is brought out in the Oxford and
the Alberene Conowingo profiles, nos. 6236—38 and 0889-91.

The variation in {erric oxide from 3.52 percent in the Cherry Hill
Conowingo to §5.5 percert in the Holguin clay shows a tremendous
vanation in the composition of soils formed from the ssme rock,
serpentine, weathering under different climatic conditions.

There is a very large and significant variation in the sulphur content
of the various soils which is due to the chemical characteristics of the
colloidal clay. The Conowingo soils with o silica-sesquioxide ratio
around 2 show quite ordinary quuntities of sulphur. The Nipe, with
o silien-sesquioxide ratio of less than unity, show much larger quanti-
ties, an indication of anion exchange, or, stated in another way, the
high sulphur content is an indication of basic ferric sulphates.

The hydrogen-ion concentration of the soils varies considerably, In
general, there is a decrease in acidity as the depth inereases. Many
of the surface soils are quite acid. It is quite evident that these ser-
pentine soils do not owe their infertility to an slkaline reaction. The
Mount Tamalpais soil material is alkaline as Gordon and Lipman (11)
have stated. The only soil showing an alkaline reaction is the Mill-
ville loam, which is remarkably fertile.

Since the Mount Tamelpais sample is alkaline and is practically
pure serpentine, and the lower profiles of many of the serpentine soils
approach neutrality, it is probable that the disintegrating solution,
after acting on the rock in the first stages of soil formation, 1s alkaline,

The organic matter in these soils is low. Mention has been made
of soil samples of Conowingo silt loam (nos. 4724, G180, 9458, and
9459) which show a small negative value for organic matter as de-
termined by the hydrogen peroxide method. In thesc cases, since
some organic matter is undoubtedly present, the gain in weight is to be
ettributed to increase in weight of inorganic constituents, in these
cages probably to oxidation of ferrous iron. These four soils are fhe
only ones of several hundred that have given an actual gain in weight
when treated with hydrogen peroxide. This characteristic of gaining
weight with hydrogen peroxide would seem in itself to indicate prob-
able infertility, since both ferrous iron and the conditions producing
ferrous iron tend to inhibit plant growth.

The Nipe clays show interesting examples of o residual clay from
which nearly all the magnesium 1o the parent serpentine had been
leached awny. The parent rock of the Puerto Rico Nipe solis is 2
chlorite containing about 30 percent MgQ. The profile samples of
Nipe clay, nos. 9465-9470, show that the magnesium has been pretty
largely removed from the upper 12 feet while the lowest horizon
shows the presence of considerable magnesium. The fact that the
magnesium has been largely removed {rom the surface of the Nipe
clay and that the infertility still remains is additional evidence that
the infertility is not due to an excess of magnesium. Since the chro-
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;D.ium remains in large quantities it would seern that this is the toxic
actor.

There is a possibility that the presence or absence of some of the
“trace elements’’ not determined in the analyses may be a {actor
in the infertility of soils formed from serpentine rocks. The original
rock from which the serpentine is formed is of very diflerent composi-
tion as compared with the granites, shales, ete,, which form the
great superficial outcrops. Ifurther, the serpentine has undergone
extensive alterations, earrying with it the opportunity for enrichment
or impoverishment of the various trace elements.

In addition to the chromium and nickel noted in the above analyses,
cobalt is present in the Dublin Conowingo and probably present in
many of the other soils where nickel occurs. Bertrand and Mokrag-
natz (2, 3) found 13.6 and 17.4 parts per million of nickel in two
Furopean soils, These same soils contrined 2.8 and 3.7 ports per
million of cobait. They also found that both nickel and cobalt nre
common constituents of plant ash in- very small quantities, thus
showing that both nickel and cobalt are of general occurrence in soils.
Tt is to be expected that cobalt will accompany nickel and if the pro-
portions of Bertrand and Mokragnaiz hold true in general one would
expect to find about one-fifth as much cobalt as nickel in the soil,

CHEMICAL COMPOSITION OF THE SOIL COLLOIDS

In table 3, which shows the chemical composition of the colloids
separated from high-magnesium soils, the figures for chromium and
nickel are not given cxcept for the Nipe samples because of probrble

contamination during the process of sepamtin% the colloidal matter

from the soil. Work to he reported on later will show that elromium
exists in the soil in two different forms and also that chromium and
nickel are in o condition to be dissolved from the soil by neutral
ammenium acetate.

The Dublin Conowingo colloids, nos. 4722 rnd 2725, with 11.92 and
12.11 percent ol miagnesin, respectively, have the highest percentages
of magnesia of any soil colleid yet recorded. These colloids have a
silica-sesquioxide ratio approaching 3 and the sodium and caleium
contents are almost negligible.

Formerly, the maximum magnesium content for soil colloids had
been found in the pyrophyllitic type of colloids () such as those of
the Fallon loam and Yolo elay. These colloids with 5.67 and 5.60
percent of magnesin, respectively, were developed in regions of scant
rainfall, They have a silica-sesquioxide ratio approaching 4 and
bave, in addition to bigh mugnesium, lugh percentages of calcium
and the alkalies. The Conowingo colioids, being developed in a
humid region show u shorp contrast in chemical composition, mainly
in the mugnesium content, to other soil colloids developed in humid
regions and show probably the maximum influence of the composition
of the parent materinl on the composition of the colioidal matter.
Arother phase of the influence of the composition of the parent ma-
terinl not brought out in the analyses is the accumulation of ehromium
in the residual soil and probably ulso in the colicidal matter,

The so-called plant-food elements are not high, but with the ex-
ceptio= of calcium they are generally higher in the colloidal fraction
than in the whole soils. In the Belmont and Jermantown profiles,




TaBLE 3.—Chemical composition of colloids from high magnesian soils
CONOWINGO SILT LOAM, 3 MILE NORTH OF DUBLIN, MD.

l Igni-{ Car-

Description and laboratory no, Depth | Si0s | TiO; | A1:0; | Fe203 { MnO | Ca0 | MgO | K0 | Na:0 S0 ;.ion bttm-
0ss ates

Percent| Percent| Percent| Percént] Percent| Percent | Percent| Percent] Percent| Percent| Percent| Percent| Percent
Colloid of 4722 0-G| 4135 0.37] 16.38 1 12.8 0.18 0.06 1 11.92 . 43 0.11 0.18 0.211 16.09| (1)
Colloid of 4723 2321 2181 3 8 .13 14.86
Colloid of 4724 . L33 20.89 S . : .08 15.50
Colloid of 4725 .37 16.33 .20 14.53
Colloid of 4726, Laf ] 2L34 5.62 . 09 .14 13.47
Very fine micaceous (l’rucuan of 47 4)1 . L35 15.36 10.59
Mica from sands; 4726 . . .15 253 5

NIPE CLAY, NIPE BAY, ORIENTE, CUBA

Colloid of 5596, 0-121 10.19 !_---_--_ 15.84 1 62.51 0.23 0.05 (2 ®
Colloid of 5897 ¢ 40- 60 5. 55 0.41 | 1L47] 66.50 . () .07 0.07 0.02

Colloid of 5508 3 100-144 | 12.89 57| 17,93 53.52 58 (O] 21 .16 .03 .05

CONOWINGO SILT LOAM, 34 MILE EAST OF CHERRY HILL, HARFORD COUNTY, MD.

Colloid of 6178 0-4] 43.49 1.00 1 0.22 0.06 1.43 0.22 0.20
Colloid of 6179 4-8} 42.38 .91 . . 10 .19 1.20 .21 -1
Colloid of 6180, 8-20 | 44.70 .85 15. -08 .18 1.82 .19 .15

CONOWINGO SILT LOAM, 5 MILES SOUTH OF OXFORD, PA.

§TI0S WILLHEINI 40 SHICALS TVOINEHD

Colloid of 6236 0-12| 38.42 0.85 | 23.51} .18.20 0.07 .27 1.13 0.13 0.21
Colloid of 6237, 12-20 | 35.39 J741 21,38 [ 25.28 214 1.02 .12 11
Colloid of 6238 20-26 § 37.77 .66 18.22 | 26.07 .13 N L4 .20 .07

1 None. 4 Contains also 1.50 percent Crz0;.
? Trace. § Contains also 0.80 percent CryOj.
% Contains also 0.37 percent Cr30; and 0.240 percent NiO.




TaBLE 8.—Chemical composition of colloids from high magnesian soils—Continued

CONOWINGO SILT LOAM; 3§ MILE NORTH OF JERMANTOWN, FAIRFAX COUNTY, VA.

i Igni- | Car-
Description and laboratory no. Depth | Si0s | TiO2 | A1:03 | Fe03 | MnO | €a0 | 2Mg0 | K20 | Nas0 P05 80; l];ion bgn—
oss ates

N Percent) Percent| Percent| Percent| Percent| Percent| Percent| Percent| Percent, Percent| Percent| Percent| Percent
Colloid of 6241 0 14 3. 51 0.73 | 21.86 { 11.08 4 7.59 0.78 0.13 011 0.18] 13.69 1

Colloid of 6242 41. 26 .60 24.82) 14.61 .05 .50 5 .46 .08 .03 JI20 13,18 ?)
Colloid of 6243 40, 42 53 24,61 14.98 .08 .59 . .36 .06 .03 .23 13.87 O}

CONOWINGO SILT LOAM, BELMONT, BALTIMORE COUNTY, MD.

Colloid of 5829 14- 8 45.32 . 26.26 | 10.78 0.12 . 101
Colloid of 5830 8. -18l4] 42.63 . 28.24°| 13,02 .05 1.39
Colioid of 5831 1814-26 41.10 20,69 | 13.16 04 . .99
Colloid of 5832 36 -56 42,18 . 20.93 | 12,22 .06 1,02

MILLVILLE LOAM, GREENVILLE, UTAH

Colloid of 7819 43.21 0.70.1 19.54 8.20 0.19 2.89 4.25

1None,
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where large quantities of calcium are shown in the soil, very little
if any appears in the colloids.

There 1s considerable variation in the magnesium, iron, and alwmi-
num of different profiles and in different horizons of the same profile.
In the Dublin Conowingo the magnesis, decreases sbout 4.5 percent
from the A to the B horizon. This decrease cannot be explained by
removal of sesquioxides from the A to the B horizon. It is too great
to be accounted for through dilution by sesquioxides. There is,
of course, the possibility that the observed difference may be duefo a
difference in composition of the parent rock. It will be noted that
while the magnesia and iron oxide and alumina vary considerably, the
combined water remains sensibly constant. One explanation of this
Is that the magnesia end iron oxide and slumina replace each other.
A more probable explanation, however, is that the colloids of these
soils consist of two major constituents having different magnesig,
iron oxide, and alumine contents, but the same water of hydration.
Thbe composition of the very fine micaceous fraction given in table 3
indicates this may be true. It was noticed in the separation of the
colloidal matter from the soil that there was a very fine scalelike ma-
terial that did not settle out by gravity but was thrown out on the
centrifuge bowl. A sample of this material was separated by those
properties and the analysis is given in table 3. In composition this
fraction resembles the vermiculites. Tt is higher in alumina and
water and lower in magnesia than the mica separated from the sands.
1t seems probable that a considerable quantity of this very fine scale-
like material would enter the colloidal fraction, and being finer in
the colloidal matter than the fraction analyzed, it would probably
have g higher combined water content.

Viewed in this way the Conowingo colloids may be considered to
be made up of two distinet main constituents, very fine vermiculite
particles and the common type of Lialloysitic acid soil colloid, found
in soils of this region. Direct evidence of this is wanting, however,
for the X-rny patterns made by S. B. Hendricks and M. E. Jefferson
of this Buresu show that the fine vermiculits {raction hiad @ distinct
pattern, but the corresponding sou colloids were singularly free from
lines of any sort. Hendricks and Jefferson point cut that us much as
20 percent of & very fine crystalline substance may be present in &
colloidal substance without giving definite X-ray pattern to the
mixture.

It is well known that biotite and muscovite alter into vermiculite
mm the presence of percolating waters containing magnesium and
possibly this 1s the explanation of the large “insoluble or nonex-
changeable proportion of magnesium in the soil colloids. MacIntyre,
Shaw, and Robinson (29) found that magnesium applied to the soil
as carbonate or hydroxvide soon reacted with the silica to fortn nn
absorption complex in which very little of the magnesium is exchange-
able.  In soil colloids, numerous studies have shown that much less
of the magnesium is exchangeable than of calcium or generally of the
alkalies. The micas are of wide-spread occurrence in soils and it is
probable that the inagnesium is retained by the soil ¢olloids in a ver-
miculite form, resulting from the alteration of muscovite and biotite.

Comparing the chemical composition of the colloidal matter with
the soil from which it is extracted, perhaps the most striking differ-
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ence is in the retention of the magnesium and the rejection of the
caicium by the colloid as it forms from the parent rock. In the lowest
profile of the Belmont Conowingo with 7.50 percent of calcium oxide
In the soil, only 0.32 percent of calcium oxide appears in the colloid.
Of the 6.69 percent of magnesium oxide in the same soil, 1.02 percent
of magnesium oxide appears in the separated colloidal matter, The
Jermantown surface soil, with 6.26 percent of calcium oxide, yields o
colloid with ouly 0.45 percent of calelum oxide, while the respective
figures for magnesium are 19.37 and 7.59 percent. Petrographic de-
terminaticns by W. H. Fry of this Bureau showed a large proportion
of hornblende in these soils. Both soils are fairly acid and the col-
loids, being low in calcium, indicate that the hornblende is very
resistant to westhering. Here is a case where the chemical composi-
tion of the soil with respect to caleium is quite misleading and it is
necessary to have a colloid analysis to obtain the true pieture.

In nearly all the work previously done by this Bureau it has been
found that the colloidal matter separated from the soil is consider-
ably higher in magnesia than the whole soil. The Conowingo series
presents a notable exception to this generality in that the whole seil is
considerably higher in magnesia than the colloidal matter, This, of
course, Is because of the high proportion of unchanged serpentine in
the soil which is not present in the colloidal matser.

The silica-sesquioxide ratio shows considerable variation through the
profile, being generally higher in the surface colloid. This ratio is
considerably higher in the surface colloids of the Conowingo series
than in other series developed in this region. The Nipe soil is a
laterite developed under fropical conditions from the weathering of
serpentine roclk and the contrast between the Conowingo and Igipe
colloids is an interesting case of the variation in chemical composition
of two soil colloids developed in greatly differing climatic conditions
from the same general parent material,

CHEMICAL COMPOSITION OF THE PARENT ROCK

The ultimate parent rock of the Conowingo series of soils is gabbro,
but the immediate parent material is an impure serpentine rock mass
into which the gabbro has altered. The minerals involved in the
alteration are largely chrysolite and to & less extent pyroxene and
amphibole. Chrysolite s a magpesium silicate which frequently
contains nickel and chromium; pyroxene and amphibole contain con-
siderable calcium in addition to magnesium and other constituents.

The composition of the serpentine rock mass is variable, depending
upon the proporticns of the different minerals in the original diorite.
Serpentine contains little or no calcium, but in some places where the
proportion of pyroxene and amphibole is high, pockets rich in cal-
cium are found. Thus, verde antique is a mixture of serpentine and
marble, and in some places in Cuba poclets of ealeium carbenate are
found in the Nipe soil, which is formed from serpentine (f). The high
caleium content of the Belmont Conowingo probably is because this
perticular pertion of the gabbro is high in pyroxene and amphibols.
A layer of very different composition from the rest of the profile occurs
in the B horizon of the Oxford Conowinge. This is undoubtedly due
to a varistion in the compesition of the parent materinl. These
examples serve to show that considerable variation may oceur in the
composition of the soil owing to differences In parent materiel, and
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also that it is difficult, on account of these varistions, to find a piece
of parent rock similar in composition to the parent rock that formed
any particular soil profile. Nevertheless, to be certain that the general
parent material was really serpentine rock, an attempt was made to
collect such samples in a few cases. Petrographic identifications made
by W. H. Fry showed the rocks to be mainly serpentine. The chemical
anglyses are given in table 4.

Tasre 4,—Chemical composition of kigh-magnesium rocks from which certain soils
are derived

'ype and location B0; | TG

Percent |Pevcent | Pereent (Percent | Percert [Percent | Percent
Fresh serpentine, Cherey BH), Md_. | 37.98 0,10 0.78
Dili%mpused serpentine, Cherry 3HEHL,

2. 45 0.13 0.44

_- 5 10 .50 . .12
Serpentine, Dubite, Md . A i 2,41 L g
Soupstone, Aiberene, Va - .38 6. 44 L V27
Serpentine, Huntiog IHH, Md . () .02 3 LG
Serpentinelike rock, Josephine Cann-

1y, Oreg .-j 43 .19 T.02 . L2

Type and logation

3 Pereent | Percent | Percent |Percent [Percent
Fresi: serpentine, Cherry Hi, Md...| {1} a7.468 0,08 0,01 0,04 Q.52
Drecpmpuosed sorpentine, Clherry Hill,
.. 34. 81 . 03
Serpentine, Dublin, Md 32.08 07
Sorpstone, Alberone, Va____.._ . a0, 64 L0l
Sorpentine, Hunting B, M4 . 35. 63 . )
Serpentinellke rock, Josephine Coun-
ty, Oreg ) nn . .11

tPrpee.

In the analyses in table 4 no figures are given for ferrous iron.
Although some iron is undoubtedly present in this state, it was all
determined as ferric iron.

In general, the analyses are much the same gs given by Dana (§)
for serpentine.

The first two samples, 618la and 6181b, represent the whitish,
incoberent layer on the outside of an embedded serpentine boulder
and the {resh, tough, green serpentine near the middle of the boulder.
There is compurative%y little change in composition, except for the
sulphur which has been nearly all removed, Some magnesium has
been lost, and iron, chromium, and silica have been gained, but the
changes are small. It would seem as though the constituents were
being carried nway by the ground water in much the same proportions
as they occur in the rock,

Chromium and nickel are present in considerable quantities in all
the roeks. The slumina vanes considerably and it would seem that
the percentages of aluming In the rock would determine the quantity
of colloidal matter formed in the weathering of the reck. None of
the Conowingo colloids contains less then 16.33 percent AlLO, It
appears that sorpentines containing very little alumina will not
produce enough colloddal matter to form a very deep soil, but will
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produce the rocky Conowingo barrens. In this case the magnesia
and silica are carried away by the ground and river waters in much
the same proportion as they occur in the serpentipe, leaving but
little insoluble product of hydrolysis to form 2 soil colloid, It is
only when the serpentine contains enough sluming to form the kao-
Linitic acid complex or the vermiculite complex that enough colloidal
msiter will remain asa residual product to form s normal soil covering.

Chromium apparently occurs in two forms in the parent rocks and
the solls formed from them. One form, chromite or ferrous ch romite,
is not attacked by fusion with sodium carbonate and potassium
nitrate and is left as a brownish black insoluble residuum when the
products of fusion are treated with hydrochloric acid. The inscluble
chromite can be filtered and dissolved by fusion with potassium
pyrosulphate. In this way & rough separation may be made of the
chromijum oceurring as chromite and the chromium replacing alumina
and {ferric iren wiieh is made soluble by fusion with sodium car-
bonate and niter. Using this proximate method of distinguishing
between the two forms, it was found that the Hunting Hill serpenting,
no. 9607, contained 0.19 percent Cr.0; as chiromite and 0.19 percent
Cr.0s in the soluble form. The Schuyler, Va., soapstone, no. 8570,
contained 0.15 percent CryO; as chromite and 0.23 percent Cr.O;
soluble. The rock from Josephine County, Oreg., no. 9930, con-
tuined 0.07 pereent Cr,Q; as chromite and .31 percent Cr,0;, soluble.
A poison spot in the Jerome sundy loam in this county contained
2.37 percent Cr;O; as chromite and 0.37 percent Cr:0;, soluble.
Several other poison spots contained from 1.80 to 2 pereent Cr,O,.
Some of the Conowingo soils contained but little chromite, as low
as one-fifth of the fotal quantity of chromium being present in this
form. The chromium in the Nipe soils is largely in the form of
chromite. The perdigén, or iron concretions in the Nipe, are con-
siderably higher in chromium than the surrounding soil.” According
to Bennett and Alfison (7) perdigén Lave been formed from soil
material after the formation of the soil. From this it would appear
that chromium may be dissolved and precipitated in the soil in much
the same manner as iron. This is an imaportant point to bear in
mind in considering the probable toxicity that chromium gives to
solls. Chromium exists in several states of oxidization and is partic-
vlarly toxic in the chromate condition (7).

Dolomite enters into the parent material of the Millville loam.
Deana (6) stailes that cobalt and zine rarely occur in dolomite but
does not mention the occurrence of nickel snd chromiun.

AVAILABILITY OF CHROMIUM, NICKEL, AND OTHER CONSTITUENTS

1t has been shown that chromium and nickel are ever present
constitucnts of the infertile Conowingo, Jerome, Corning, and Nipe
soils. These elements are toxic to plant growth as will be shown
later. It remains fo be Fl'oved that chromium and nickel ave at

least to some extent soluble and that they are taken up by plants in
sufficient quantities to be toxic. To obtain evidence on the first
point, the solubility of chromium and nickel or their exchange-
ability was lested by the ammonium acetate method of Schollen-
berger and Dreibelbis (82). Chromium was estimated eclorimet-
rically as chromate in very small volume and nickel was deternined
Ly precipitation with dimethylglyoxime. The solutions were obtained
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by percolating 200 to 500 g of soil with 2 to 5 1, respectively, of
normal, neutral ammonium scetate. The results are given in table
5, together with the results for the common elements and slso barium,
as this element was present in all cases.

The data given in table 5 show the presence of appreciable quan-
tities of available chromium ir all of the soils snd the presence of
available nickel in all but one of the soils tested. VWhen twentieth-
normal hydrochloric acid was substituted for the neutral ammonium
acefate in leaching soil no. 4722, the quantities of chromium snd
nickel in the leachate were considerably increased. This soil is Tairly
acid and it is probable thai greater quantities of chromium and
nickel are available to plants growing in this soil than the quantities
which appear in the ammonium acetate leachate.

TaBLE 5.—Satl constiluents made soluble by leaching 100y of soil with I of neutral,
nermal, cmmonium acetale, aecording lo method of Schollenberger and Drei-
belbis (32)

Labors- :
wry [ sio; | P9H! cnos | xio Ca0 _ K0 Na0
8o, .

Afifii- Midti- MitH- Afitg- | M [ M | AMHG- )AL Miltl- - Afiin-
opicira- | egwive- | oequita- ¢ oepldre- | equiea- | equica- eyieirn- i EQHIFA-  PREM -
fent lend feni | fent lent ety femt fent

[N XLt 0. 04 113 .02 0.0
G.0060 | 0120 i L8 06,

L0040 00D .08 I . : . 05
L0207 0090 Nyl . Th [ il
L W5 .34 ' : . W08
. EIR W04 o L LB
. T8 g2 " Ry Lo i)
ALk 07 . Rl
.06 ; L7 A7
LB KN M
L2 .
L1
.83
.9 .24
e T . G4, .13

| Present, but quantitative rendlng lost.
1 Mone.

Nore,—Sknce Lhis manuseript was prepared for publiertian, ©. F. Marbut, Chief of the Division of
Soil Burvey, sent in on unustnd soll from the Nupp area, Caelil. This spil, Mpxwell clus adobe, is devel-
oprd fram serpootine nnd is reparrel 1o be infertile, The Califernia Ste Soff Stirvey nates that
the soll contains eonsidernble excess nf warnesis over lime.  The surfnce spil containg o070 pereent CraOy,
0.008 percent NiQ), and fs lower than many soils of the Conowines seres In ehromium, bt vampniatively
high io eickel. The pH of the A, B, and & torizons is .94, 5.43, and 4,40, respectively. The £ harizup
contalty mngnesite.  Whaen treated as cutlinod for the sumples in tabile 3, the Soils yieldod the lnllowing
Apures:

- 7 - i -
Samplc oo, iDepth} 8i0:  Raly Ty b XIO Cud | MzD ! Ead KO} NaD
! i

‘ ?
! | 1
H
XEHi- ’ AiHE- b Miti- ‘ Miii- 1 MM | M- .I MMl | MRE-  ATHN-

apuit- |oequir- © epteln- | eguin- | oequite | erpine | aynie- ! egnir- | equin

Inches ; alent mient | nlent alent | oiemts | alemis | alent wlent | alents
O=it) 112} 0.32 | Nowe | Trice 2.13 T 0. 18 0.7 070
634 i Lost i 1] F do de 227 .o Last i .42 270
+

Thess fimires are mich the snme as those reported In table 5 excopt that no soinble chromium is shown.
If the toxicity in this soil is enused by the presence of toxic metuilic elemuonts it must be due bo Bigkel apd
barizm, us no soluble chromium is demtonsiroled  Suflictent lime ond potagh are shown. Lpew's [$153]
theory would seem Lo explain the lnfercilicy of this anil,

The presence of barium in the leachate from all the soils is sur-
prising. Barium in small quantities occurs quite generally in plants,
(Failyer (8), and Robinson, Steinkoenig, and Miller (29)). The
quentities of bartum in the plant apparently vary according to the
guantities of barium in the soil. It 1s possible that barium may be o
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factor in the infertility of these soils but so little is known about the

eaﬁchﬂ,ngeability of barium in soils no comments cun be made on this
ase.

P Available potassium is generally low in these serpentine soils. This

isin harmony with the findings of Gordon and Lipman (17).

Available magnesium is high in all but the Nipe elay soils, nos. 9343
and 9346 and the Potomae Conowingo silt loam, no, 9460. All of
these soils except the Limones clay, no. 2523, and the soils just men-
tioned, show considerable excess of magnesia over lime. In many of
the soils the lime and perhaps some other constituents are too low for
optimum plant growth. In these cases the lime-magnesia theory of
Loew cannot be properly applied.

If Licew’s theory is applied and the effect of the paucity of both
calcium ond some other elements is neglected it will be seen that in
11 of the 15 soils examined, Loew’s theory that an excess of magnesia
over lime is responsible for the toxicity to plants meay he taken as n
satisfactory explanation of the observed toxicity. In 3 of the 4
exceptions, the quantities of both lime and magnesin are so low that
they may be limiting factors of plant growth. Since, however,
soluble chromium is present in all the 15 soils, the theory that the
infertility is due to soluble chromium appears more attractive than
Loew’s theory. It is quite probable that both facters play a part.
It nlso appears that in certain instances, low hydrogen-ion concentra-
tion values or a general lack of available plant food may contribuie
to the infertility of these soils,

It has been shown that chromium and nickel are present in the
ammonium acetate extract of practically all the soils examined and
it is probable these elements are taken up by plants growing on the
soils, Direct evidence on this point is shown in table 6 which shows
the partial ash composition of the leaves of hlackjack onlk and red
onk grown on the Dublin Conowingo soil also the partial composition
of red oalk leaves grown on Chester loam at Falls Church, Va. Both
of the twe soils involved are low in calcium. The Chester soil does
not contain enough nickel or chromium to be detected in 5 g.  There
is over 25 times as much magnesium in the Dublin Conowingo soil
as in the Falls Churcli Chester soil.

TavLE 6.—Farlial composition of oak leaves grown on Conowingo soil comparcd
with that of ook Ieaves grown on Chester soil

Materinl, Iocation, and sail 8iD: | ey | CrOu | KiD Cal | AIpD | e

Percent | Percent | Pevcent | Pereent |Percen® | Perernd | Piroeint
Piackiack nak leaves, Dablin, Md., Coopwin-
o soll 0. 51 .45 | ©. 0003 | 0. (K05 A l. 68 028
Hed onk lenves, Dublin, Md., Conowingo
w0l 53 S| 000 | L KIOG .07 1. fifi

.35 B @ 0] 2,07 LT

Rnd"nrlk lonves, Fulls Choreh, Va., Chester
50

1t is regretted that no blackjack oak could be found growing on
Chester loam to compare with the Conowingo specimen. This tree
seems to thrive uncommonty well on the Conowingo soils and is not
commonly found on adjoining soils. It would seem to be particularly
tolerant to chromium, nickel, and an excess of magnesia.




CHEMICAL STUDIEB OF INFERTILE BS80ILS 23

The main deductions to be made from the data of table 6 are that
the leaves grown on the Dublin Conowingo soil are very much higher
in chromium, nickel, and magnesivm than the leaves grown on the
Chester soil, The calcium content is about the same in all cases.
The phosphoric acid is very much higher in the lesves grown on the
Chester s0il, In most of the constituents the composition of the ash
of the leaves follows the composition of the soil,

The lower figure for phosphoric acid in the leaves grown on the
Conowingo soil gives a possible clew to the mechanism of chromium
toxicity. Chromium phosphate would probably be nearly as in-
soluble as aluminum phosphate under soil conditions. Koenig (I7)
found chromium to be concentrated in the roots of plants suffering
from chromium toxicity and it seems quite probable that chromium
may prevent the utilization of phosphorus by the plant.

Bertrand and Mokragnatz (3) found small quantities of nickel and
cobalt also in the ash of a large number of plants. They believe these
elements to be common constituents of plants. Bertrand and Mokra-
gnalz used Jarge quantities of plant material, up to and over a kilo-
gram, and obtained as much a3 3.3 parts per million of nickel, though
most plants contained less than 2 parts per million. The quantities
reported as traces from the oak leaves from Falls Church, Va., are
less than 1 part per million. Four and six parts of nickel per million
were found in the leaves of the oak growing on the Conowingo soil,

Robinson, Steinkoenig, and Miller (29) found traces of chromium
in 14 out of 48 plants tested. The soils on which the plants grew
contained, at the most, 0.013 percent of chromic oxide,

TOXICITY OF CHROMIUM AND NICKEL SALTS

Both chromium and nickel were found to be toxic by the earlier
agriculturel chemists. Koenig (17) gives a summary of the literature
up to 1912 on the effect of chromium on plant growth. He gives a
comprehensive report of his own work on the growth of & number of
different kinds of plants in water cultures, in sand cultures, and in
humous soils to which various chromium compounds had been added.
Koenig found that chromium was taken by plants from all the
chromiuvm compounds used. Chromium in all but the smaller concen-
trations proved to be very toxic. Small applications of chromous
sal‘s and very small applications of chromates were stimulating. The
chromates were the most toxic followed by chrome alum and chromium
saits, The very insoluble chromite was stimulating in higher con-
centrations and the heaviest applications were toxic to the mmore
sensitive plants. Germination was prevented by a small concentra-
tion of chromium and the roots of the plants in the chromium cultures
contained more chromium than other parts of the plant. In sand
cultures 50 parts per million of chromium as dichromate were toxic.
It took higher concentrations to produce toxicity in humous soils.
Lime counteracted chromium toxicity. Lead and silver salts counter-
ected toxicity due to chromates. Chromium in small concentrations
killed yeast cells.

Pleifler, Siminermacher, and Rippel (26) grew plots of oats and
barley to which were added different chromium compounds. Favor-
able results were obtained in some cases; unfavorable results in others.
They concluded that the practical value of chromium as a soil amend-
ment was not established,
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Voelcker (36, p. 161), using pot-culture methods, reported thet 50
parts per million of chromium prevented the growth of corn and bariey
the fixst year but was stimulating the sscond yesr. With wheat, as
much sg 250 parts per million of chromium lost ifs injurious effects
the third year and became stimulating,

Haselhoff, Haun, and Elbert (1£) investirated the use of waste
materials from chrome tanneries for composting. They found
chromium in the form of hydrated oxide to he somewhat toxic and
that chromates were very toxic. The toxicity of both forms was
greater in sandy than in clay soils.

L. A. Hurst of this Bureau reported ? a certain sample of triple
superphosphate very toxic to young sugar beets. This superphosphate
contained considerable chromium. en freated with sn excess of
lime the superphosphate was no longer toxic. If the toxicity was due
to chromium, as appears ressonable, this result is in harmony with
Koenig's conclusion thet lime counteracts chromium toxicity. Millar,
as reported by McCool (21, p. 219), at the Michigan Agricultural
Experiment Station found that a sample of triple superphesphate from
the same source as that reported above prevented the germination of
beans, Hill, Marshall, s.ng Jdacob (I3) have shown that chromium is

an ever-present but very varisble constituent of phosphate rock.
Seme deposits contain from 10 to 50 times as much chromuim as
others. It is not improbable that the chromium content of phos-
phates is & factor in their fertilizer value.

It is evident that the toxicity due to chromium will depend not
only on the quantity and the form of the chromium but on soil con-

ditions such as pH value, oxidation, and reduction and presence of
other metals.  Chromium is present in all soils, but generelly in smail
quantities. Robinson (27) found from 10 to 180 parts per million in
13 fertile surface soils of the United States, the average being 74 parts
per million Cr,0;. This is an entirely different order of magnitude
from the chromium content of the infertile high-magnesium soils
which run from 510 to 38,360 parts per million, averaging 8,350 parts.
The fertile soils have & chromium content which Koenig and Voelcker
class as stimulating, while the infertile soils contain quantities which
Koenig classes as toxic.

Koenig has shown that even chromite, probably the most insoluble
of the chromium compounds occurring in soils, will dissolve in suffi-
cient Bt:‘[luantity to be taken up by plants. There is probably some
natural equilibrium between the guantity of ehromite in the soil and
the more soluble forms of chromium. Chromite in the soil is there-
fore a potential source of soil toxicity. Koenig states that chroms
alum in the soil may be changed to the very toxic chromates. Walks-
man {37}, however, does not list chroroium as one of the metals oxi-
dized by bacteria. There are, however, may soil organisms which
cause corresponding oxidization of sulphur, iron, manganese, arsenic,
and other elements. Since lead and other chromates occur in naturs
as secondary minersls, it is not improbable that under some soil con-
ditions chromium salts may be converted into the very toxic chro-
mates. It has been stated that chromium in low concentrations kills

east cells. Tt is quite possible that chromium in concentrations too
ow to be directly toxic to plant growth may have a profound effect
on the microbiclogical flora of the soil,

i Private communication.
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Scharrer and Schropp (81) review the literature on the effect of
nickel and cobalt on plant growth and present their own data on the
growth of corn, barley, rye, oats, beans, and peas in sand and water
cultures containing small quantities of the metals. Their work on
cobalt was more extensive than on nickel. Nickel in sand cultures in
quantities of about 50 parts per million was somewhat stimulating,
but was toxic ot higher concentrations. Cobalt at concentrations less
then 1 part per mi%lion was stimulating to corn and barley but toxic
to other plants, and in higher concentrations was toxic to all plants,
The earlier works reviewed by Scharrer and Schropp show, in general,
that nickel and cobale are toxic to plant growth, and perticularly
toxic to yeast.

The quantities of chromium, nickel, and probably cobalt found in
the infertile soils derived from high-magnesium rocks are higher than
the guantities which the above investigators have found to be toxic
to plant growth. Tt would seem that enovgh work had been done
with chromium to establish the theory that the smaller quantities
which ere found in fertile soils do not harm and perhaps may be
beneficial. The larger quantities, however, of the order of 0.1 percent
and more, would seem fo be toxic. In applying the quantitative
factor in chromium toxicity due comsideration must be given to the
pH value, texture, and composition of the soil, Tt is probable that
there is also o quantitative aspect of the effect of nickel and cobalt
on plant growth on natural soils. Bertrand and Mokragnatz (2, 8) and
also McHargue {22) have found small quantities of these metals in
fertile soils of the order of 1 to 10 parts per million. The former
report nickel and eobalt widely distributed 1n plants.

SUMMARY AND CONCLUSIONS

A number of seils derived fromn high-magnesium rocks in Maryland,
Pennsylvania, Virginia, Utah, Oregon, California, Cuba, and Puerto
Rico bave been siudied to determine the cause of their infertility.
Mechanical und chemieal analyses of the soils have been made. The
chemical composition ol the colloidal matter separated from the soils
has been determined and in o few cases the parent rocks from which
the soils bave been formed have been analyzed.

The availability of nickel, chromium, and some of the other con-
stituents has been studied, using the neutral ammonium sacetate
leaching method. In a few cases nickel and chromium have been
determined in plants growing on the infertile soils.

From this study the following conclusions are drawn in regard to
these soils.

The mechanical analysis shows a sufficient guantity of colloidal
matter to retain moisture and the plant-food elements and not tou
much to make the soll unworkable. In some cases there is not enough
coarse material to give good internal drainage and there is & large
quantity of silt which is deleterious in some soils. The high =it
content is not a predominating factor causing infertility.

All the infertile secils show a comparatively high percentage of
chromium and nickel; cobalt was shown to be present in one soil—
the only one tested for this element. In most cases the magnesium
was very high though it was low in others. The calciumn, potassium,
and phosphorus were generally low, but not Jower than in many seils
that are successfully farmed. In other cases these constituents are




26 TECHNICAL BULLETIN 471, T 1. DEPT. OF AGRICULTURE

quite high but, with the exception of the Millville loam, are accont-
panied by very high percentages of chromium and considerable nickel.

Chromium occurs in the soil in two forms, an acid-soluble form,
. presumably compareble o the acid-soluble iron and aluminum, and
" an acid-insoluble form, ferrous chromite, the chromite of mineralogy.

An alkaline pH is not a dominant factor in causing the infertility
of these soils. The reactions of the infertile soils vary from very
acid to slightly alkaline. The surface soil is generally quite acid and
nuTeﬁcaIIy the pH value incresses generally with depth to the parent
rock.

Many of the soil colloids in these series are extremely high in
magnesium. They vary considerably in composition in the different
soils also in the same profile. It is probable that these soil colloids
contain & considerable proportion of vermiculite, though X-ray
evidence on this point is negative.

Comperisons of the chemical compositions of the soils, colloids,
and parent rock show that this group of soils is unique in showing
a prefound influence of the composition of the parent rock on the
compositions of the soil and colloids, The influence of climate is
also shown, for, in the temperate climate, magnesium largely remains
with the soil but in the tropical laterites it is largely lost.  Both in
the temperate climate and in the tropics the high content of chromium
from the parent rock is largely retained in the soils and nickel is
largely lost.

Chromium and nickel in these soils are avaiiable in the sense that
they are dissolved by leaching the soil with neutral ammonium acetate
and both metals are taken up in comparatively large quantities by
. plants growing on some Conowingo soils.

The ammonium acetate leachate from all the soils examined con-
tained a determinable quantity of barium.

1t is believed by some investigators that an unfavorable egleium-
mugnesium ratio may cause infertility, but the theory cannot be
properly applied in general since in many cases the lack of both cal-
ciunm and magnesium is & Iimiting factor of plant growth apart from
their mutual relation.

The literature shows that very small quantities of chromium and
nickel are somewhat stimulating to plant growth and that larger
guantities are very toxic. The evidence is that practically all soils
contain some smail quantity of chromium and nickel. The infertile
soils under consideration, however, contain & comparatively great
quantity of these elements. It is therefore important to find some
quantitative expression for the amounts of these elements a cultivated
soil may snfely contain. This quantity will vary with the reaction,
texture, and general composition of the soil.

Whereas poor mechanical composition, causing poor internal drain-
age, an excess of magnesium, and lack of plant-food clements may be
frequent causes of infertility in the soils studied, the only general and
dominant cause of infertility in soils derived from ferromsgnesian
rocks is the comparatively hugh percentages of chromyium and nickel,
In the past, two very different assumptions have been made to account
for the infertility of soils derived from serpentine rock. (1) Loew’s
theory stated that the infertility was due to an excess of magnesia
over lime; (2) Gordon and Lipman held the main causes for the
infertility of such soils were lack of plant-food elements and an ajkaline
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hydrogen-ion concentration. From the present study of the chemical
composition of the soils and soil extracis, the writers believe that the
presence of comparatively large quentities of chromium and nickel,
and perbaps cobalt, are the dominant causes of infertility in serpentine
soils in which the physical conditions are favorable for plant growth.

n
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