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::c 	 INTRODUCTION 
~ 

~any agricultural areas there are soils which are inferior to the 
soils in the immediate neighborhood in that they are relatively in
fertile. In most cases the cause of inferiority is apparent; such as 
rough stony land, shallow soil, poor drainage, and the lack of enough 
clay to retain moisture and plant-food elements. 

In some cases, however, there are soils which from all ordinary ap
pearances and climatic considerations should be more productive 
than they really are. This investigation was undertaken for the pur
pose of determining, if possible, the cause of such infertility. Notable 
examples of these soils are found in the Conowin~o Barrens on the 
serpentine outcrops in Maryland and Pennsylvama. Other soils of 
like character have been described in soil literature. They are the 
soils on the Great Dyke in South Africa and the Nipe and related 
soils of Cuba and Puerto Rico. 

The Conowingo, Nipe, and Great Dyke soils, although widely 
separated geographically and ranging in character from podzolitic to 
lateritic types, have one thing in common. They are formed from 
strata high in magnesia, generally diorites, which alter into ser
pentine and chlorite. These rocks differ from granites and gneisses 
in that they are extremely high in magnesia, generally low in linle, 
and always low in potash and soda. They lllay he low in alumina, 
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,through a growth of stunted oaks, scrub pines, and mountain 1aW''''1 upon the 
heated soil, 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 country. 

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
ized by low yields. The virgin Conowingo soils support a very 
specialized and stunted tree growth. The low acre value and the 
very low percentage of cleared land on the Conowingo areas is taken 
as evidence that the Conowingo soils are infertile. 

A good illm;t):"f.tion of the infertility of the Conowingo series is pre
sented by a long, narrow strip of Conowingo silt loam beginning just 
a 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 land 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 interesting to note that as early as 1810 
Isaac Tyson, Jr., was led to the discovery of chromium ores in Mary
land and Pennsylvania ICbyhis prompt recognition of the comparative 
barrenness of vegetation of the serpentine terrain" (Singewald (33)). 
It was presumably through this recognition that the 'J'yson Chrome 
Works monopolized the chromium indust,ry in this country for over 
40 years. 

The description of the Cono\..-ingo series giyen 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 browl1 silt loam, having a smooth floury feel. In a 
few places in the wooded areas there is either a very thin covering of leaf mold 
or the first 2 inches of soil contains enough organic matter to give it a gmy color. 
The subsoil is yellow or yellowish-brown silty clay loam extending to a depth 
rl'.nging .from 14 to 18 inches, at which depth it gradcs into yellowish-brown or 
brownish-yellow heavy, stiff, plastic clay, having a green or greenish-brown cast. 
This Ileavy clay layer ranges in thickness from a few inches to as much as a foot 
in some places, and it is underlain by greenish-yellow partly weathered rock or by 
the hard rock. In many places the sllrface soil grades into the heavy clay at a 
depth of a. few inches and the clay is underlain at a depth ranging from 15 to 30 
inches by rock, and in other places the rock comes ncar thl' surface or outcrops. 
In places on the more leyel ureas, and particulurly where this soil adjoins Aldino 
silt loam, a mottled light-gray, yellow, and rust-brown compact layer occurs at a 
depth ranging from 14 to 20 inches. Conowingo silt loam is derived .from a 
dark-green rock related to gabbro und diorite, from steatite, und from serpentine, 
or serpentinized rock. In places quartz veins cut through these formations. 

* * * ~ * * * 
This soil occurs in gently rolling or slightly hilly areas, and surface drainage is 

fairly good. On the more level ureas the run-off of rain water is slow, and the 
internal drainage of all areas is poor, owing to the impervious character of the 
subsuiL 

Probably not more than 20 or 30 percent of the lanel is cultivated or in pasture, 
and the remainder is forested, mainly with scrub oak, blackjack oak, white oak, 

~ 

~ 

,. 
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post oak, cedar, and hickory. Small areas are used in the production of corn, 
wheat, hay, and tomatoes. The yields of these crops are usually low unless 
the soil has been heavily fertilized and manured, or cover crops turned under 
prior to planting the crop. In a few places the soil is very shallO\v and such areas 
are of low agriculturii.l 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 
and 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 a 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.-Dcscription taken from 
Bennett and Allison (1, p. 31), of an infertile shallow clay overlying 
serpentine or diorite in Central Soledad, Cuba. 

Typically this is a 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 
to hard clods of small or medium size; overlying (2) pinkish-red clay, which cracks 
into very hard clods of medium to large size, with some fragments of partly 
decomposed parent rock; passing at about 12 to 30 inche8 into (3) rotten (partly 
decomposed) soft and hard parent rock-mostly serpentine and diorite. Typi
cally, lime carbonate is not present. The type is of II. droughty nature but not 
so mucb so as the Holguin clay. In many places the soil is shallow. When such 
areas a:~e plowed, fragments of the soft clay and hard rock are usually turned up
abundantly or in sufficient quantity to produce a decidedly gruvelly or even II. 

stony soil. If plowed wet enough to be decidedly sticky, clods are formed which 
become tough on drying. When dry, plowing is difiicult and large clods &.re 
formed; but these tend to crack on exposure to sun to form a coarse-fragmental 
tilth. Harrowing is necessary to develop the most favorable seed-bed conditions. 

The topography is undulating to hilly, and the drainage is well established. 
Frequently the soil of lower slopes and depressions is more brownish in color, 
often chocolate brownish, and is deeper, more retentive of moisture, and more 
productive. 

Laboratory no. 254-8, Holguin clay.-Central Miranda, 5 km west of 
Ingenio, Cuba. Bennett and Allison (1, p. 30) state: 

This series includes purplish-red soils derived from the underlying igneous 
rocks, chiefly serpentine. Sharp horizonal differences are not usually distin
guished through the profile. Frequently, however, such changes are noted in the 
deeper sections. Often there are only two indistinctly separated horizons above 
the hard rock, these being the upper purplish-red section and a lower section of 
mixed greenish partly decomposed rock material and reddish clay. Black and 
purplish-black concretions of irregular shape are typically abundant in the rec! 
horizons. Manganese ore is taken from the soil in some localities, indicating a 
series characteristic of high manganese content. Only the clay and stony clay 
types were seen, with some very shallow phases over serpentine. 

A characteristic of this soil is its proneness to lose quickly its moisture in the 
dry season, with concomitant dcvelopment of an extremely hardened condition 
accompanied by crackin/!; and formation of hard clods. Crops sufl'er so intensely 
in the dry senson thnt the soil is never favored for cultivation. A typical deep 
dry scction in the foothills of the Nipe Mountains shows t.he following character
istics: (1) A 36-inch horizon of (dry) lmrd small clods ·"jth 20 per cent or more 
of purplish-black und black perdig6n of irregular 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 aud reddish soft and brittle par))ly decomposed rock with 
purplish-black facings along the seams aud 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 
I.imones clay, but it is more purplish red, and harder when dry. There is 
some gradational soil between the true Holguin and the true Limones, such as 
the less purplish red shallow clay of tr.e Holguin region. There is no free lime 
carbonate in the material at any depth, inBorar as could be detected by the acid 
test. 

Laboratory nos. 4722-6, Oonowingo silt loam.-This sample was col
lected three-fourths of a mile north of Dublin, Md., in a forest, 100 feet 
on the southwest side of the road. Blackjack oak, 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 Band C 
horizons in this second profile are taken together. This particular 
phase contains a large quantity of a micaceous-appearing mineral 
which has been identified as vermiculite. 

Laboratory nos. 5829-30-31 and 6175, Oonowingo 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 oak was noted on this location. 
The soil material in the lowest part of the profile shows a very large 
calcium content. The sand in this horizon was largely hornblende. 
This sample was taken near the middle of an area surveyed as Cono
wingo silt loam, and though not a fertile soil, it would appear to be 
more fertile than many soils of this series. It probably represents a 
high calcium phase of the Conowingo due to the presence of a large 
quantity of hornblende and pyroxene in the original diorite. 

Laboratory no. 5891, Nipe clay.-Nipe Bay, Oriente, Cuba. Ben
nett and Allison (1, p. 29) describe this series as follows: 

The Nipe soils occur ext.ensively over t.he northwestern part of the Nipe Moun
tains, in the Province of Oriente. Topographically, they are undulating to gently 
rolling. The basal rock seen is a greenish, crystalline serpentine. The soil is 
derived from this rock. In some exposures the green stone passes down into a 
dark tough crystalline of basic-igneous character, resembling diorite, or peridotite, 
the serpentine rep;'esenting an alteration product of the darker rock. The only 
type found consists of deep-red, friable material of a highly ferruginous nature. 
Roundish, flattish and irregulurly shaped concretionlike 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 charaderistics: 

(1) 0 to '26 inches-decp-red friable clay, containing round, flattish and rough
surfaced ferruginous pebbles (perdig6n) of shiny-black (like desert polish), black, 
and reddish-brown color; 

(2) 26 to 40 inches-reddish-brown, friable clay, with but few perdig6n; 
(3) 40 inches to 13 fect-yellow, very friablc ochreous material; 
(4) 13 to 16 feet-reddish, yellowish and almost black, very friable material, 

the black predominating as a spongelike mass lying immediately ov~1:' the green 
serpentine. In places the depth to unaltered rock is 40 to 50 feet. The top foot 
or two is often more compact than the material beneath. This is in the plancha 
layer. 

The vegetation consists of pine and wire grass. Palm trees, tree-fern, and other 
tropical plants werc found in a limited belt which appeared to have a heavier 
rainfall than the average for the region. About 85 per cent of the ground surface 
is covered with short wire grass. None of this soil was seen in cultivation. '1'he .. 
material is mined for the manufacture of iron. No lime carbonate was detected 
in any of the sectiolls. 

Laborat01'y nos. 6178-80, Oonowingo silt loam.-This sample was 
taken one-half mile east of Cherry Hill, Harford County, Md., on 
rough stony land on B, sidehill. '1'he rock samples, nos. 6181a and 
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6181b represent the weathered surface soil and fresh rock from 
beneath this sample .. 

Laboratory nos. 6236-8, Conowingo silt loam.-This soil was located 5 
miles south of Oxford, Pa. This is typical barren Oonowiu~o silt 
loam. Rock sample no. 6239 was taken from the clay layer 20 mches 
deep in this profile. 

Laboratory nos. 6241-43, Conowingo silt loam.-This sample was 
found one-half mile north of Jermantown, Fairfax Oounty, Va., in a 
pine grove, 100 feet west of the road. It is rated as poor farm land, 
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 Oounty, Oalif. It was collected and sent 
to the Department through the kindness of O. B. Lipman. It was 
taken from the same place as the soil sample described by Gordon and 
Lipman (11) as follows: IlFrom the west peak of Mount 'l'amalpais, 
Marion Oounty. Disintegrating serpl:'ntine rock. No vegetation on 
it except an occl\sional tuft of moss on rock masses. Free from con
tamination with any other rock or soil." It is recognized that this is 
not a soil. It is rather soil material. But since it has a standing in 
soil literature 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 near Logan, Utah, 
Greenville Experiment 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 a 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. 

Laborato7'y nos. 8755-57, Corning gravelly silt loam.-This sample was 
taken from the northeast quarter of sec. 31, T. 39 S., R. 8 W., near 
Woodcock Oreek, Josephine Oounty, Oreg. Kocher and Torgerson 
(1~, p. 367) give the following general description of the Oorning 
senes. 

The surface soils of types of the Corning scrics arc red and dull red to brownish 
red or slightly yellowish red. \Yater-\\'orn gravel of mixed origin and sUlall iron 
concretions are cornmon on the surface and in the surface material of most of the 
types, and some contain angular fragments of igneous rocks. Tlle subsoil is 
typically dull red to bright red in color, compact, usually heavy in texture, and 
fairly retentive of moisture, and contains rounded gravel or angular rock frag
ments. In some of the included materials the subsoil is very compact and partly 
ceUlented when dry. Typically thc heavy subsoil passes at depths of 3 to 5 feet 
into friable gravelly material similar to the surface soil. In its typical deyelop
ment thc Corning series occupies terraces lying from a few feet to 100 .fect or more 
above the present courses of the streams. The parent material consists typically 
of old water-laid deposits. The surface drainage is good. 

This particular sample of Oornin~ gravelly silt loam was sent in by 
W. L. Powers, of the Oregon Agncultural EA-periment Station. It 
was selected because it was an infertile soil derived partly from one of 
the"poison spots" which occur occasionally in this soil. 

Laboratory nos. 9338; 1343, and 9346, Nipe clay.-'.rhe::;e are surface 
soils taken in the vicinity of Mayaguez, P. R. The parent rock is 
predominantly chlorite. These soils are markedly infertile. 
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Laboratory nos. 9356-59, Oonowingo siltloam.-Located at Hunting 
Hill, Mont~omery 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 taken in a very infertile area 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 nre 
numerous serpentine outcrops. 

Laboratory nos. 94.60-62, Oonowingo silt loam.-This sample was 
taken one-half mile east-northeast of the crossroads at Potomac, 
Montgomery County, Md., about 100 feet southwest of a small stone 
house foundation. The tree growth was almost entirely pine, with 
occasional dogwood, cherry, and white oak. The tree growth was 
fairly good. This area is mapped as Conowingo but appeared to be 
a better soil. However, the deepest horizon contained a few fragments 
of serpentine. 

Laboratory nos. 9465-70, Nipe clay.-Located 1 mile east of MaYIl
guez, P. R. These samples are much like Nipe clay, nos. 9338, 934:i, 
and 9346. The parent rock is chlorite and the soil is infertile. This 
profile sample shows much ma~nesium in the lowest horizon and 
traces or very small quantities ill the upper horizons where severe 
leaching Las removed nearly all the magnesium. No. 9469 of this 
profile is remarkable in that it contains the maximum quantity of 
chromium of any soil ever analyzed in this Bureau. 

Laboratory nos. 9889-91, Oonowingo silt loam.-This sample was 
taken one-eighth mile southwest of Alberene, Va., near an old 1l1berene 
mine. According to an official of the company now mining alber
ene in the vicinity there are two distinct phuses of soil forming from 
talc strata, 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 S., R. S W., at. 
the intersection of Sucker Creek and Oregon Cave roads in Josephine 
County, Oreg. It is on an outcrop of serpentine rock. The vegetation 
is scanty, consis1;ing of short grass and weeds. Kocher and Torgerson 
(16) state that Jerome sandy loam has an impervious, heavy day 
subsoil and when thoroughly dry this subsoil bakes into a bricldikc 
mass which is not easily penetrable by the roots of plants. 

Laboratory nos. 9931-33, Oorning gravelly loam.-This sample ,~ras 
taken near the southwest corner of sec. 10, T. 39 S., R. 8 W., Joseplnne ~ 
County, Oreg., from a small clear spot, probably the site of an aban
doned farm. Scant grass and large 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 analyses of some of the high magnesium soils used 
in this study are given in table 1. The analyses were made by L. T. 
Alexander 8.Dd H. W. Lakin, of this Bureau. 
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TABLE' l.-lIfechanical analY8c,~ of high-magncsi:1,m soils 

Mechanical fraction 

SoU type, location, and sample no. Depth iIe::Fine Coarse Jf~ Fine Col
gravel sand sand sand sand loidSilt Clay 

----------1------------------
Llmones clay, Llmones Fnrm, Cen- Per- Per Per Per Per Per Per Per

tral Soledad, Cuba: 171chc& cent cent cent etnt cent cent cent cent 
2522_____________________________ 0- 4 1.2 2.0 1.5 7.5 8.7 29.6 40.0 I (II. 7 
2523_____________________________ 4-16 7.6 6.0 3.2 12.5 11.2 22. i 30.2 

Conowingo silt loom, 3' mile nort.h of 
Dublin, Md.: 

4722_____________________________ 0- 6 3.9 2.3 1.2 3.3 fl. 4 53.0 28.7 1i.7 
472:1.____________________________ 6-.10 3.4 9.3 5.4 12.4 11.0 30.7 26.8 21..14724______ __________ __ ______ ______ 10-:10 0.4 13.4 7.0 15.5 12.7 24.4 17.R 14• .1 
4725_____________________________ 0- 0 2.1 1.8 1.0 2.6 4.0 fiO. {I 30.0 18.64720_ _ _ ____ ___________________ ___ 6-30 

7.0 8. U 3.5 13.0 IS.S 25.9 22.0 IS. .1 
Conowln~o silt.lonm, Belmont, Bol

timore County, 111<1.:
5S29_ _ _ __________________________ ________ 2.1 1.0 1.1 3.4 4.1 50. II 30.0 17.4 
5830_____________________________ ________ .7 1. 3 1.3 5.7 7. I) an. 7 4:1.4 32.7 
5831----_________________________________ .0 1.8 1.010.016.5 2U.2 3U.8 32.2
6175______________________________,, ______ .•_•••. _________________________________________________1 

NJpe clay, Nlpc Bay, Oril'n(e, Cuba: 5SIlI__ _ _____________ _____________ 0-12 
4.6 4.1 2.0 2.3 1.6 21. 2 63.0 50.2 

Conowln~o silt lonm, Y.! mile from 
Cherry Hlll, norford County, :Md.: 

0l7S_____________________________ ________ • S 1. Ii 1.1 2.0 2.1 I 2S.4 1.1.80170_ _ ___________________________ ________ .7 .8 . 0 1. 1 1.8 02.41(10.2 34.0 22.4 
018Q_____________________________ ________ .3 .3 .4 1.0 1. I) 59.S 35.0 23.4 

Conowlnl'o sill, loom, 5 miles south 
of Oxford, I'a.: 

02:\0_ _ ___________________________ 0-12 2.0 3.3 1.8 3.2 .1.3 52.4 31. 0 ~4. :J0237_____________________________ 1~-20 

8.5 11.4 5.4 11.8 10.3 32.1 14.2 10.00238_ ____________________________ 20-20 
3.1 4.0 2.2 4.4 6.5 46. :l 33.2 26.2 

Conowingo flne snndy loom, ~. mile 
north of .Iermnntown, Falrfnx 
Co., Va.:

0241. ____________________________ 0- 4y'! 5.2 7.4 4.2 14.0 21.0 34.0 12.S 0.7
0242_____________ ...______________ H'.!-I:! a.5 8.1 4.5 14.0 20.7 30.0 12.0 9.1
0243 _____________________________ 13·22 7.5 5.2 2.7 8. S 15.0 43.0 15.7 8.2 

lIliJ]\'illclonm, Grecm·ille. Utuh: 7819_____________________________________ 
.1 .2 .4 4.1 17.7 57.0 18.0 14.1 

78~0____________________________________ _ o .2 .2 2.8 15.3 nn,6 20.2 12. i7821 ____________________________________ _ o .1 .1 1.0 13.7 50.2 2".0 10.2
7822 __ .. __ "._ ........ ________________ .. _________ _ 
 o .1 .1 1.0 14.9 62.5 10.0 10,0 

Corning snnd,' clny lonm: 
8755_____________________________ ________ 8••~ 7.8 0.8 14.5 12.8\24.2 22.2 15.1 
8I~~- ____________________________ ________ 1.3 1. 5 1.4 3.1 4.8 2S.5 58. S 50.0 

~758::::::::::=:::::::::::::::::: :::::::: ---j:1- ---1::5- ---1:9- ---ii:!) --ii:ii- --24:0- --50:8- ---43:5 

I Dy wnter-nbsorptlon method. 

In general, there is nothing shown in the mechanical analyses of 
these soils to explain the observed infertility. In some soils, sl1ch as 
the Dublin, Cherry Hill, and Oxford Conowingo soils, there ;$ '}ot 
onough coarse material to give good int.ernal drainage. The silt in 
these soils contains a large percentage of vermiculite which has a 
micalike form and consequently does not pack as closely as some silt 
particles. 

Russell (30; pp. 170, 54.6) maintains that soils containing over 15 
t.o 25 percent of fine silt (English standards) are often difficult to dmin 
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 {:ultivation devices such as treatment 'with lime." 
While Russell's theory may be applicable in some cases, it does not 
generally apply to these high-magnesium soils because the Millville 
loam-the most fertile soil on the list-is also very high in silt. In 

108115°-35-2 
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defense of Russell's theory, ho'wever, it should be said that the lower 
horizons of some of the Conowingo profiles show certain chemical 
characteristics which indicate poor drainage. rrhus, samples 4724, 
6180, 9458, and 9459 (table 2) show a slight negative value or gain in 
weight when treated with hydrogen permd.de in the determination of 
organic matter. This is probably due to the prescence of active fer
rous iron, that is, ferrous iron in a more active condition than in the 
undecomposed ferrous-magnesium silicates. 

The mechanical analyses show an adequate percenta~e 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 according to Hillebrand 
and Lundell (14). The presence of chromite in many of the samples 
made it necessary to fuse the unattacked residue froIll the sodlUm 
carbonate and niter fusion with potassium pyrosulphate to effect 
the solubility of the chromium. The results of the analyses are 
given in table 2. 

The outstanding features shmvn by the chemical analyses of the 
soils are the generally very high percentages of magnesium and the 
compamtively very high percentages of chromium and nickel. MaA-i
mumlercentages of these elements occurring in soils, so far as re
corde , are shown in table 2. The Mount Tamalpais soil material 
with 36.42 percent of magnesium o}.-ide is the highest. The subsoil 
of the Oxford Conowingo, 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. 94G9, with 
5.23 percent Cr203, contains the maximum quantIty of chromium, 
and Limones clay, no. 2524, contains the maximum quantity of 
nickel, 0.453 percent NiO. 

The quantities of nitrogen, potassium, and phosphorus are in the 
main low, but not lower than in many 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 markedly 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 chromium and nickel 
in the Millville profile. 

The Corning soils, nos. 8755-57, 9931-33, and the Jerome, no. 
9929, are mUl'kedly infertile individual members of soil series which 
are productive under some conditions. The samples selected repre
sented "poison spots" in the area. The quantities of plant-food 
elements are comparable with those of the Millville, but there is in 
these soils a high percentage of chromium and generally nickel, which 
is in strong contrast to the }."Iillville soil. The more fertile arells of 
Corning soils, as represented by two samples examined, but of which 
the analyses are not shown in the table, contain no chromium or nickel. 

The quantities of ca.lcium vary widely. In the Conowingo soils it 
is generally low, but in some it is abnormally high. The lowest 
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TABLE 2.-Che11lical composition of soils derwed from rocks high in magnesia 
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SoU type Bnd location 
Labo

ra
tory 
no. 

Depth SiD, TiD. AhO, Fe,O, e.,o, NiD MnO CaD MgO KID NalO P,O. SO, N 
Ignl
tion 
loss 

Or
gan-

Ic 
mat
ter 

Col
loid 
con
tent 

CO. 
as 

car
bon
ate 

pI[ 

-------------- -----------
Pa- Per-

Inches cent cent 
Limones clay Llmones Farm, Cen- { 2522 6-4 }51. 25 0.96tral Soledad, Cuha ________________ 2523 4-10 

2524 16-12 45.85 .63 
Holguin clay, Central Miranda,

5 km west oCIngenio, Cuba ______• 2548 6-36 18.22 .37

[m2 6-6 66.30 .83 
Conowingo silt loam, }imile north of 4723 (HO 47.00 .46 

472-1 l6-aO 37.2:1 .20Dublin, Md______________________. 
4725 6-6 68.40 .84 
4726 6-30 54.99 .17 

{ 5829 
1,<;- 8 73.13 1.57 

Conowingo silt loam, Belmont, :Md __ 5830 'ii-18~ 56.45 1.53 
5831 181-20 46.75 1.48 
6175 a6-56 46.60 1. 05 

Nipe cluy, Nlpe Bay, Oriente, Cuba. 5891 6-12 11.05 1.03 
Conowingo silt loam, Chp-rry Hill, { 6178 6-4 77.94 1.43 

Harford County, Md______________ 6liO 4- 8 iJ.I8 1.25 
6180 8-20 65.90 1.16 

Conowingo silt loam, 5 mUes south of { 6236 6-12 GS.7' ------Oxford, Pa__ ____________________ 6237 12-20 51.49 .18 
6238 26-26 52.24 .65 

Conowingo silt loam, Jermantown. { 6241 6-4H 62.:15 .42
VB _____ . ______________________ •___ 6242 4H-13 47.75 .41 

6243 13-22 46.50 .80 
Soil material, Mount Tamalpnis,Marion County, CallL ____________ 7574 40.28 .12 

{ 7819 6-10 34.16 .33 
Millville loam, Logan, Utah.________ 7820 15-38 33.77 .37 

7821 42-64 24.12 .30 
7822 65-96 23.94 .28 

Corninggravellyslltloam,losephine { ~fgg t16 65.31 .75 
35.23 3.46 

C".,>. 0",__ ---------------- ~'1,..~ 59.23 .7S 
Nipeclay,lmilenortheastofMByaguez, P. R ___ ._____________________ 9338 6- 8 8.07 .78 
Nipe clay, 3~ miles northeast of 

Mayaguez, P. R___________________ 9343 6- 8 14.54 1.40 

I None. 

Per
cent 
17.40 
13.62 

12. 06 
7.17 

13.60 
16.47 
7.36 
6.82 

10.38 
18.66 
22.45 
20.26 
14.58 
8.90 

12.03 
14.44 
8.86 
7.52 

10.95 
10.28 
10.41 
7.18 

2.36 
7.13 
7.22 
5.34 
5.14 

11.59 
27.50 
15.23 

18.06 

24.84 

Per- Per
cent cent 
10.69 { 3.19 

.42 
7.84 3.49 

55.50 .051 
6.44 .17 

11.09 .24 
12.23 .31 
5.58 .24 
7.89 .37 
6.20 .42 

11.00 .06 
12.29 .10 
11.63 .01 
55.23 3.60 
3.52 .16 
5.10 .10 
6.75 .09 
7.81 .33 
8.33 .36 

18.81 .08 
10.90 .:14 
10.78 .O'J 
7.00 .OS 

9.31 .29 
2.55 (I) 
2. 50 (I) 
1.85 (I) 
1.82 (I) 

12.32 1.32 
19.90 .48 
13.49 .67 

54.35 .61 

39.66 .53 

Per- Per- Per- Pa- Per- Per
cent cent cent CelJt cent cent 
0.325 } O.li 3.56 3.35 2.06 1.29.032 

.453 .10 13.19 4.20 1. i4 1.12 

.031 .48 (.) 3.69 .39 .22 

.003 .09 .20 12.96 .66 .53 
(') .11 .06 18.31 .27 .20 
(I) .14 .041 22.70 (') .07 
.021 .07 .20 11.66 .73 .50 
.050 .07 .05 23.70 .11 

1 

.12 
.081 .17 1.14 1.66 1.08 .56 
(I) .11 1.54 2.11 .84 .·11 
(') .15 4.05 4.40 .49, .22 
(') .29 7.50 6.69 .20, 1.15 
.280 .59 .04 .60 .10 .17 
.034 :6~1 .49 1.45 1.52 .67 
.054 .41 1.53 1.85 .81 
.057 .!II .94 2.56 2.16 1. 46 
.002 .13 1.66 4.65 1.22 .71 
.06-1/ ~I flo. 

25.01 .12 .03 
(I) 8.44 .94 .45 
.058 .15 6.26 19.37 .01 .03 
(') .16 6.01 18.35 .05 .02 
.021 .16 4.72 11.69 .35 .38 

.250 .. 13 (') 36.42 (2) .02 
(I) .08 16.30 10.58 1.82 .45 
(I) .07 17.00 10.76 1.80 .55 
(I) .06 23.08 11.59 1.31 .43 
(I) .05 23.59 12.17 1.29 .37 
(') .36 .46 1.83 .41 .23 
.11 .31 .32 .45 .. 24 .04 
t'l .09 .44 2.21 .73 .39 

----- .15 .331 .27 .05 ('l 

----- .09 .19 (Il .11 (I) 

I Trace. 

Per- Per- Per
cent cent cent 
0.22 0.17a _____ 

.30 ----- .01 

:g~I--ii~i3 .11 

.06 .12 

.05 .10 -----

.04 .13 -----

.02 .11 -----
.04 .06 -----
.03 .05 -----(I) .OJ -----
.02 .03 -----
.06 .29 .11 
.02 .11 
.02 .13 

~-----
.06 .13 -----
.04 .11 -----
.04 .08 -----
.02 .09 -----
.02 .12 -----(I) .09 -----

(I) .11 -----
.02 .08 -----
.17 .19 .11 
.16 .22 .09 
.12 .25 .05 
.11 .20 .03 
.13 .09 -----
.42 .08 -----
.07 .12 -----
.08 .271 .114 

.07 .27 .130 

Pu- Per- Per- Pa
cent cent ctnt cent 
9.14 1. 96 61.7 (Il -----

11.34,._____ ----- 7.24 -----

8.72 2.04 ----- (I) 6.70 
5.55 1.36 17.7 (I) 5.85 
9.20 .99 21.5 ~I) 5.62 

10.96 -.21 14.5 I) 6.62 
5.02 1.38 18.6 (I~ 4.88 
6.26 .50 18.5 (I 5.3:0 
4.50 1.00 17.4 (I) 4.06 
7.65 .71 32.7 (I) 4.86 
7.28 .55 32.2 ~1) 5.16 
5.13 .02 ------ I) 5.78 

12.42 ______ 63.9 
~I)

4.65 1.581 15.8 I) 4.32 
3.86 .36 22.4 (I) -----
4.29 -.06 23.4 (I~
4.62 1.08 24.3 (I --ii~i2 
7.32 .69 10.9 (I) 6.82 
6.07 .51 26.2 (I) 6.28 
6.22 .33 9.7 (I) 5.33 
6.46 .73 9.1 (I) 5.00 
5.73 .62 8.2 (I) 4.45 

12. 25 ----- 1.8 (I) 8.09 
26.02 1.80 15.1 22. 00' 8.11 
25.85 1.48 12.7 22. 62 8.23 
31.01 .68 ----- 28.79 8.28 
31.58 .48 10.6 30.58 8.30 
6.49 ----- 15.1 (I) 6.06 

12.05 ----- 50.0 f) 6.01 
7.00 ----- 43.5 I) 6.22 

16.49 ------ ------ ------ ---_ ..
17.82 ------ _... _--- ------ ............. -
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TABLE 2.-Chemical composition of soils derived frornrocka high in magnesia-Continued .... 
~ 

L b Or· C I CO.a o· I IIgni. gan. 0 • ns t;5 
Soil type and locatlon t~~;' Depth SiO, TiO, 1.1,0, Fo,O. CnO, ~iO 1.1nO CaO lUgO K,O Na,O P,O, SO, N tion Ie ~~~~ car· pI aI 

::::= ~~~~ 2:...----- ----- a 
Pa- p". PeT' PeT' Per· Per· Per· Per· Per· Per· p.r· P.T- Per· Per· Per· Per· Per· P.r· > 

Nlpeclay, 3 milessouthoastofMllya· [nch.. ,cent Cfllt cent cent cent cent cent cent cent cent Ctllt cent cent cent cent cent cent cent t< 
guez,P. R......................... 9346 (J- 6 12.10, 0.D7 22.52 40.49 0.6·1 ••••_. 0.11 0.22 ('l 0.07 (') 0.06 0.23 0.152 10.96 ••_•.••_.___ ._._.•.•_. 
 txI9456 0- i 75.82 1.08 8.97 5.04 • 18 O. 020 . 13 .42 1.96 1.35 0.58 •03 • 12 .042 4.36 1.26 ______ (I) 6. ii 

Conowingo silt loam, Hunting Hill, 9457 7-18 63.0:1 .88 12.82 10.20 .20 .030 .20 .68 3.81 1.53 .65 • 03 .16 •038 6.11 .68 __••__ (I) O. 20 
1.Id•• _.___••••______.............. { 9458118-22 57.08 .71 10.57 10.25 .26 .on .24 .7911.00 1.07 .42 .04 .07 .030 7.45 -.01.__•__ (I) 6. 82 

9459 22-30 54.62 .64 8.06 11.20 .28 .072 .23 .4615.44 .78 .22 .04 .07 .013 7.69 -.47 ••___• (I) 7. 00 ~ 9460 0- 9 76.78 1.45 8.87 4.81 .03 (I) .08 1.69 .19 .78 .54 .05 .12 .048 4.27 1.91 ...___ (I) 4. 2 
Conowingo silt loam, l'otomac, Md. 9461 10-22 69.53 1.39 ]3.67 7.57 .04 (I) .05 1.03 .00 .99 .47 .06 .10 .014 4.94 .38.._•.• (I) 4. ,5 ~ { 9462 22-30 67.17 1.33 10. IS 8.39 .05 (') • as 1. 03 .53 1.11 .56 (') .08 (I) 5.45 ..._••.••_.. (I) 4. 2 2: 

94650- 5 I 12.521 .72 15.34 48.54 3.86 •__... .20 .12 .19 •Ql) .01 .14 .24 .266 17.48 __ •••• ••.••• (I) 5. 
. . 9460 5-15 8.78 .57 10.43 57.61 3.30 ••••__ .22 .101 (') .02 e'), .05 .22 .030 12.80 ___..•__.._ (I) 6. ~ 

Nlpeclay, 1 mlJe cast oCl\Iaynguez, 9~67 I5-SO 3.00 .42 18.69 57.79 3.5-1 ___••_ .31 .06 .09 ('l .02 .07 .62 .03215.29 ___... ___••• (I) 5. 2 .... --l 
P. R ••____•___•__..........,.__._. 9468 60 2.5G. 43 15.21 6·1. 90 3.18 ••••_. .23 .16 .11 ('l . 061 .08 .72 (I) 12.82 __ • ___ ...... (I) 5. 


9469 144 2.21).39 12.62 63.48 5.23 """ . 22 .20 (') (1) .03. OS .55 (I) 12.40 .•___••_••__ (I) 5.
19470 156 16.89.34 10.45 49.57 4.67 •••__• .22 .37 6.02 (') (.) .04 .18 (I) 10.82.....____•••._••_. O. ~ 
9889 0- 8 70.49 I. 53 11.62 5.65 .32 .061 .07 .67 3.50 .90 . 181 .09 .08 .074 5.21 ..., .. ____•• (I) 5. 

Conowingo silt loam, Alborene, Va.. { 9890.,S-2~ ~. o.~ . :.~ S.97 12.!9 .2? .0£s .25 5. ~6 15.27 • 2~ (1) • 04 .1~. 0'!8 5.98 ._••___•..•• (1) 6. ,s :n 
9891 .4-30 "'.5. l.v" 10.85 S. ,g .39 .0,4 .14 3.•4 11.50 .41 .09 .06 .0, .000 5.45 ___....._.._ (I) 5. 

]cromesandy loam, Josephine Coun· tl 
ty, Oreg •• __••__•••.•••___• __••••.. 9929 0- 4 43.211 1. 33 12.41 12. 31 2. 37 .051 .21 6.34 14.13 .11 1.IB' •OJ .07 .100 5.£6 __.,__ ••.._. (1) 6. l:!l 

Corning gravelly clay loam, Jose. { 993~1 0- 2 5? 96 2. 0411~. 06 II. ~21 .0!:4 ',039 .20 3.80 2.?4 .?S 1.241 .13 .O! .060 6. 3~ ______ .•••.• (I) O. "d 

Pbl'n-County Oreg 993. 2-10 33.03 .6S 1_96 2S.1l .006 () .71 1.1510.36 .30 .30 .21 .0, .15011.-11 ••__ ........ (Il 6. o ~ 

" , .--•••.••--.... 9933 12-18 51.74 2.06 15.60l 10.04 .200 .025 .22 4.88 2.57 .86 1.40 .44 .10 .230 10.39 __ ......._•• (1) 6. 

---_. - --- 1 o 
l:;I 

I None. , Tmce. 
> en 
~ c:: 
~ 
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CHEMICAL STUDIES OF INFERTILE SOILS 13 

horizon of the Belmont Conowingo, no. 6175, shows nearly, if not 
quite, the maximum calcium content of any carbonate-free Esoil. 
There is some indication that the high-lime Conowingo 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 calcium content. 
Hornblende pockets evidently oceur 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 9889-91. 

The variation in ferric oxide from 3.52 percent in the Cherry Hill 
Conowingo to 55.5 perceI'.t in the Holguin clRY shows a tremendous 
varIation in the composition of soils formed from the same rock, 
serpentine, weathering under different climatic conditions. 

There is a very large und significant variation in the sulphur content 
of the various soils which is due to the chemical charncteristics of the 
colloidal clay. The Conowingo soils with fl· silica-sesquioxide ratio 
around 2 show quite ordinary quantities of sulphur. The Nipe, with 
a silica-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 concentrution of the soils vllries considerably. In 
general, there is a decrease in acidity as the depth increases. Many 
of the s1lrface soils are quite acid. It is quite evident that these ser
pentine soils do not owe their infertility to an alkaline reaction. The 
Mount Tamalpuis soil material is alkaline as Gordon and Lipman (11) 
have stated. The only soil showing an ullmline reaction is the Mill
ville loam, which is remarkably fertile. 

Since the Mount TU.llfl,lpais sample is alkaline and is pl'llctically 
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 tbe first stages of soil formation, is alkaline. 

The organic matter in these soils is low. Mention has been made 
of soil samples of Conowingo silt loam (nos. 4724, 6180, 9458, and 
9459) which show a small negative value for organic matter as de
termined by the hydrogen peroxide method. In these enses, since 
some organic matter is undountedly present, the gain in weight is to be 
attributed to increase in weight of inorganic constituents, in these 
cases probably to oxidation of ferrous iron. These four soils are the 
only ones of several hundred that have given an actual gain in weight 
when treated with hydrogen peroxide. This chaJ'Rcteristic of gaining 
weight with hydrogen pero:-.:ide would seem in itself to indicate prob
able infertility, since both ferrous iron and the conditions producing 
ferrous iron tend to inhibit plant growthc

• 

The Nipe clays show interesting examples of a residual clay from 
which nel.\rly all the magnesium in the parent serpentine had been 
leached away. The parent rock of the Puerto Rico Nipe soils is a 
chlorite containing about 30 percent MgO. The profile samples of 
Nipe clay, nos. 9465-9470, show that the rnngnesium has been pretty 
largely removed from the upper 12 feet while the lowest horizon 
shows the presence of considerable magnesium. The fnct that the 
magnesium has been largely removed from the surface of the Nipe 
clay and that the infertility still remains is additionnl evidence that 
the infertility is not due to an excess of magnesium. Since the chro
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mium remains in large quantities it would seem that this is the toxic 
fnctor. 

There is a possibility that the presence or absence of some of the 
"trace elements 11 not determined in the anoJyses may be a factor 
in the infertility of soils formed from serpentine rocks. The original 
rock from which the serpentine is formed is of very difl'erent composi
tion as compared with the granites, shales, etc., which form the 
great superficial outcrops. Further, the serpentine has undergone 
extensive alterations, carrying with it the opportunity for enrichment 
or impoverishment of the various trace elements. 

Iu addition to the chromium and nickel noted in the above analyses, 
cobalt is present in the Dublin Oonowingo and probably present in 
many of the other soils where nickel occurs. Bertrand and :Mokrug
natz (2, 3) found 13.6 and 17.4 parts per million of nickel in two 
European soils. These same soils contained 2.8 and 3.7 parts per 
million of cobalt. They also found that both nickel find cobnlt {Lre 
common constituents of plant ash in· very small quantities, thus 
showing that both nickel nnd cobalt are of general occurrence in soils. 
It is to be e:-.:pected that cobalt will accompany nickel and if the pro
portions of Bertrand and MokragnaLz 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 except fol' the Nipe samples because of probable 
contamination during tlw process of separating the colloidal mlttter 
from the soil. Work to be reported on later will show that chromium 
exists in the soil in two different fOl'IllS and also that chromium fLnd 
nickel are in a condition to be dissolved from the soil by neutral 
ammonium acetu teo 

The Dublin Conowingo collOIds, nos. 4722 rnd 2725, with 11.92 and 
12.11 percent of magnesia, respectively, have the highest percentages 
of magnesia of any soil colloid yet recorded. These colloids have il 
silica-sesquioxide l'fi tio 11 ppl'oaching 3 and the sodium and cnl('ium 
contents are almost negligible. 

Formerlv, the maximum magnesium content for soil colloids hud 
been found in the pyrophyllitic type of colloids (5) such llS those of 
the Fallon loam n,nd Yolo cby. 'rhese colloids with 5.67 llncI 5.60 
percent of mngnesill, respectively, were developed in regions of scant 
minfnll. They have a silica-scsquioxide ratio approaching 4 and 
have, in addItion to high magnesium, 111gh percentages of calcium 
and the allmJies. The Conowingo colloids, being developed in a 
humid region show a sharp contrast in chemical composition, mainly 
m the mftgnesium content., to other soil colloids developed in humid 
regions lind show probllbly the maximum influence of the composition 
of the parent material on the composition of the colloidal nmttor. 
Allothcr phase of the influenco of the composition of the paront ma
terial not brought out in the analyses is the accumulation of chromhun 
in the residunl soil and probably also in tIle colloidal matter. 

The so-called plant-food elements are not high, but with the ex
ceptio:...: of calcium they are genernlly higher in the colloidal fraction 
than in the whole soils. In tho Belmont and JOl'll111ntown profiles, 
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TABLE 3.-Chemical composition of colloids from high magnesian soils 

CONOWINGO SILT LOAM, ~, MILE NORTII OF DUBLIN, MD. 

Igni· Car· SIO, 
Description and laboratory nO. Dcpth I Si02 I TI02 I AltO, I FC20, I MnO I ('nO I l\[gO I K20 I Na20 I P20, I SO. tion bon· H20, 

Joss ates mtio 
____________________'i ____ I___I___I ___I___I___I___I ___1---1---1---'---'---'---'---

Q
lncht$ Percent Parmt Percent parr"tl Ptrctnl Percent Pacent Percent Percenl Perctnl Perctnl Ptrctnl Percent 

Colloid of 4722•••••••••••••.••••••••••••••.••••••• 0-0 41. 35 0.37 10.38 12.81 0.18 0.00 11.92 0.43 O.ll 0.18 0.21 10.09 <.) 2. 86 ~ Colloid of 4723•...•_ •.•••••••.••••••..••••...•••• 0--10 39.20 .32 21.81 10.00 .l1 .{H 7.211 .45 .07 .13 .18 14.80 ('l 2. OS 
Colloid of 4724••.•••••••••.••••.••••....••••.••.•• 10·30 38.70 .3320.8914.58 .OS .31 8.93 • .44 .17 .OS .1315.50 <.) 2. 18 t::: 
Colloid of 4725 •••.•••••.••••••.•.•••..••.•••..••• 0-0 43.49 .37 10.33 12.6'; .20 (2) 12.11 .42 .02 .20 .22 14.53 (.) 3.02 t.:l 
Colloid of 4720••••.•..••••.•••••. ~ .•••...•••••..•• 0--30 41.20 .4·; 21.34 15.6"1 .10 .09 7.59 .34 (2) .14 .10 13.47 (.) 2.24 :>
Very fine miC3ceollS (fruction of 4724)3••••••.••••• 10-30 40.63 .13 15.36 11.49 .•,.... (2) 21. 78 .11 (2) •••••••• •••••••• 10.59 (I) 3.05 t< 
Mien from sands, 4720•.•.•••..•••••.•.••••.•.•••. 0--30 59.02 • 15 2. 53 5.42 .07 (') 28.41 (2) (2) •••••••••' ••".' 4.01 (.) 

NIPE CLAY, NIPE nAY, ORIENTE, CUBA ~ 
t;;.l 

Colloid of 5S96••..••••••••••••••..•••••...••••••.•1 23 05 0.311 rJl 
10.19 ........1 15.84\ 02.51 1·······-1 0. 1 0. 1 (') I (') 1"·"'·'1'·'·'··'1 9.80 I (.)
Colloid of 5897 , •••••••••.•••••••••.•••••••••••••.. 40-0- 121'r.o 5.55,' 0,41 ll.47 60.59 0.36 (2) .07 0.07 0.02 0.03 0.14 13.51 (.) .17 oColloid of 5898 , •••••••••••••••••••.•.••••••...•••• l00-1H 12.89 .5717.9353.52 .58 (') .21 .10 .03 .05 .14 12.70 (I) .42 bj 

.... 
CO""O,,"INGO SILT LOAM, ~ IIULE EAST OF ClIERUY 1IILL, HARFOHD COUNTY, MD. Z 

Colloid of 6178..•.••••_ ••_ •••.••••••...••••..•••1 20 2~32
0-4143.491 0.221 (.)~'11u~1 <'l 

~ 
Colloid of 6179••.•••••.••••••..••••••.••••••....•• 4- 8 42.38 .91 24.80 11.89 .10 .19 2.25 1.29 .21 0..11 1 .ll 12.50 2.09 
Colloid of OISO••••••...••••..••••••..••••••..••••• 8-20 41. 70 .85 2l!.13 15.58 .OS .19 3.21 1.82 .19 .15 .07 1l.75 ('l 2.37 

1.00 r4·fl~;-lo~To.of~1 ~1 ~ 
~ 
rJlCONOWINGO SILT LOAM, 5 lIrILES SOUTH OF OXFORD, PA. o .... 

Colloid of 6230••••••••••..••••••...•••••••.•••••••1 12 3S 07 27 13 13 21 (Il 1. 92
0.85123.51118.201 0.10114.1213.00 I 1. 

F;; 
Colloid of 6237•.••••••••.••••••.••••••••••••••.••• 12-20 35.39 .74 21.38 25.28 0..14 1 0..25 1 2. 95 1.02 1 0..12 1 0..11 1 •os 13.00 1.60 
Colloid of 6238..••••••••••••••..•••••••••••••...•• 20-20 37.77 • 6~ 18.22 26.07 .13 .2S 4.00 1.14 .20 .07 .09 11.02 (ll 1.84 

0- 1 .421 ('l 

INone. , Contains also 1.50 percent Cr20 •. 
, Trace. I Contains also 0.80 percent Cr,O,. 
, Contains also 0.37 percent Cr,O. and 0.240 percent NiO. 

I-' 
en 
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TABLE 3.-Chemical composition of colloids from high magnesian soils-Continued 

CONOWINGO SILT LOAMi M MILE NORTH OF JERMANTOWN, FAIRFAX COUNTY, VA. 

Igni- Car-Description and laboratory no. Depth SIO, TIO, ..1.100, Fe,O, :MnO CaO K,O 
I l1\fgo Na,O P,O, SO, 	 tion bon

loss ates 

Inches Percent Percent Percent Percent Percent Percent Percent Percent Percent PercentColloid of 6241.___________________________________ 
Colloid of 6242____________________________________ 
Colloid of 6243____________________________________ 

o - 4Mj
4H-13 

13 -22 

·;3. 51
41.26 
40.42 

O. i3 
.66 
.53 

21.86 
24.82 
24.61 

11. 08 
14.61 
14.98 

0.13 
.05 
.08 

0.45 
.50 
.59 

7. EO 
4.81 
4.56 

0.78 
.45 
.36 

0.13 
.08 
.06 

0.11 
.03 
.03 

Percent Percent Percent 
0.18 13.69 (I) 
.12 13.16 f)
.23 13.87 I) 

CONOWINGO SILT LOAM, BELMONT, BALTIMORE COUNTY, MD. 

Colloid of 5829____________________________________[ M- 8[45. 32[ 
Colloid of 5830____________________________________ 8 -18M 42.63 
Collo!d of 583l----------------____________________ 18}2-26 41.10 
CollOId of 583_____________________________________ 36 -56 42.18 

1.03 
.97 
.04 
.97 

26.26 
23.24 
211.69 
29.93 

10.78 
13.02 
13.16 
12.22 

I 

0.12 
.05 
.04 
.06 

0.16 
.19 
.21 
.32 

1. 01 
1. 39 
.99 

1.02 "'I.75 
.42 
.34 

0.17 
.11 
.03 
.09 

0.17 
.09 
.06 
.06 

0.14 
.11 
.09 
.06 

.. n 113.03 
13.79 
13.29 

(I) 
(I)
(I)
(I) 

MILLVILLE LOAM, GREENVJLLE, UT_-\'H 

Colloid of 7819____________________________________ / 
0-10 / 43.21 / O. 70 / 19.54/ 8. 20 1 0.19/ 2. 89 1 4.25/ 3.52/ 0.25/ 0.26/ 0.34/16. 71 1 1.49/ 

INone. 

SIO, 
H,O, 
ratio 

2.66 
2.06 
2.01 

2.32 
2.01 
1.83 
1.89 

2. 97 

..... 
~ 

~ 
n 
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where large quantities of calcium are shown in the soil, very little 
if any appears in the colloids. 

There is considerable variation in the magnesium, iron, and alumi
num of different profiles and in different horizons of the same profile. 
In the Dublin Oonowingo the m!l,~esia decreases about 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 b'e due to a 
difference in composition of the parent rock. It will be noted that 
while the mugnesia and iron oxide and alumina vary considerably, the 
combined wttter remains sensibly constant. One explanation of tills 
is that the magnesia F.nd iron oxide and alumina replace each other. 
A more probable explanation, however, is that the colloids 01 these 
soils consist of tWb major constituents having diff'erent magnesia, 
iron oxide, and alumina contents, but the same water of hydration, 
The 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. It is higher in alumina and 
water and lower in magnesia than the mica separated from the sands. 
It seems probable that a considerable quantity of t.his very fine scale
like material would enter the colloidal fraction, and being finer in 
the collOIdal matter than the fraction analyzed, it would probablv 
have a higher combined water content. ~ 

Viewed in tIus "my the Oonowingo colloids may be considered to 
be made up of two distinct main constituents, very fine vermiculite 
purticles and the common type of halloysitic acid soil colloid, found 
in soils of this region. Direct evidence of tillS is wanting, however, 
for the X-ray patterns made by S. B. Hendricks and M. E. Jefferson 
of this BUre!LU show that the fme vermiculit ~ fraction had It distinct 
pattern, but the corresponding sou colloids were singluarly free from 
lines of any sort. Hendricks and .Tefferson point out that us much us 
20 percent of a very fine crystalline substance may be present in a 
colloidal substance without giving definite X-ray pattern to the 
mixture. 

It is well known that biotite and muscovite alter into vermiculite 
iu the presence of percolating \\'aters containing lllagnesium nnd 
possibly this is the explanation of the large "insoluble" or nonex
chanf,!eable proportion of magnesium in the soil colloids, :MacIntyre, 
Shaw, and Robinson (23) found that magnesium applied to the soil 
as carbonate or hvdro}.'ide soon reacted ,,'ith the silica to form an 
u,bsorption complex in wluch 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 magnesium is retained by the soil colloids in a ver
miculite form, resulting from the alteration of muscovite and biotite. 

Oomparing the chemicul composition of the colloidal matter with 
the soil from wluch it is extracted, perhaps the most striking differ
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ence iEo in the retention of the magnesium and the rejection of the 
calcium 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 
m the 5!oil, 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 a 
colloid with only 0,45 percent of clllciumoxide, while the rp.spective 
figures for mllgnesium are 19.37 and 7.59 percent. Petrographic de
terminations 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 vel'., 
resistant to weathering. Here is a cllse where the chemical compOSI
tion of the soil with respect to cttlcium is quite mIsleading and it is 
necessary to have a colloid analysis to obtain the true picture. 

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 soil 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 matter. 

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 
t,han in other series developed in tlus region. The Nipe soil is a 
laterite developed under tropical conditions from the weathering of 
serpentine l'ock and the contrast between the Conowingo and Nipe 
colloids is an interesting case of the vttriation in chemical composition 
of two soil colloids developed in greatly difl'ering climatic conditions 
from the same general parent material. 

CHEMICAL COMPOSITION O}' 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 gnbbro hus altered. The minerals involved in the 
alteration are largely chrysolite and to n less extent pyroxene and 
amphibole. Cbrysolite is a magnesium silicate wbicb frequently 
contains nickel and chromium; pyroxene and nmphibole contain con
siderable cnlcium in uddition to magnesium and other constituents. 

The composition of the serpentine rock mnss is variable, depending 
upon the proportions of the difl'eren t minernls in the originnl diorite. 
Serpentine contains little or no cnlcium, but in someplaces where the 
proportion of' pyroxene nnd umphibole is lligh, pockets rich in cal
ciumare found. Thus, verde antique is a mIxture of serpentine and .. 
marble, and in some plnces in Cuba pockets of calcium carbonate are 
found in the Nipe soil, which is formed from serpentine (1). The high 
calcium content of the Belmont Conowingo probably is because this 
particular portion of the gabbro is high in pyroxene and nmphibole. 
A Inyer of very different composition from the rest of the profile occurs 
in the B horizon of the Oxford Conowingo. This is undoubtedly due 
to a variation in the composition of the parent materinl. These 
examples serve to show that considerable variation may occur in the 
composition of the soil owing to differences in parent material, and 



------------
--------

------------

19 CHEMICAL STUDIES OF INFERTILE SOILS 

also that it is difficult, on account of these variations, to find It piece 
of parent rock similar jn 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 showod the rocks to be mainly serpentine. The chemical 
analyses are given in table 4. 

TABLE 4.-Chemical composition of high-magnesium rocks from which certain 80i13 
are derived 

Lab· 
BIO. TIO. AhO, Fe,O, MnO Or,O, NIOorn~ 'rype nnd location tory 

no. 

Percent Pe'cent Percent Percent Percent Percent Percent 
6181n Fresh serpentine, Cherry nm, Md ___ 37.08 0.10 0.78 12.45 0.13 0.44 

OISlb Decomposed serpentine, Cherry 11111,
1\'1d. _______________________________ 

39.55 .10 .59 14.37 .12 .60 
6182 43.82 .06 2.41 10.92 .27 .34 0.111Serpentine, Dubltn,1\fd_____________ 
95iO 38.30 .38 6.44 11.31 .2i .38 .200SOllpstone, .Alberene, Va _____ •_______ 
960i Serpentine, llunting 11111, MIl .. _____ 40.27 (Il 3.62 0.29 .10 .38 .090 
9930 Serpentinellkerock, Josephine Coun·ty, Oreg.._______________________ ••_ 43.50 .19 7.62 7.62 .20 .38 .070 

Lab-
orn- OnO MgO K,O Na.O P,O. SO, IgnitionType nnd locationtory loss 
no. 

Percent Percent Percent Percent Percent Percent Percent 
6181n }'resh serpentine, Oherry 11111, Md... (Il 37.68 0.06 0.01 0.03 0.52 10.35 
61SIb Decomposed serpentine, Cherry lli11,:Md.____•• ____..._____......_______ 34.61 .04 .03 .02 .02 10.05(IlSerpentine, Dublin, 1\1d_____________ (I (I)6182 32.98 .07 .10 9.93(Il

U5iO Soapstone, _"'Iberene, Va. __ .. __• _____ 4.56 25.94 (I .01 .02 .35 12.02 
9607 Serpentine, Hunting 11111, Md____... .03 35.53 .14 (I) .02 .06 11.00 
9930 SerpentineIlke rock, Josephine Ooun

t'!l, Oreg_____________________ .. ______ 8.92 23.21 .18 .11 .02 .12 5.43 

1 'rrnce. 

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

In general, the analyses are much the same us given by Dana (6) 
for serpentine. 

The first two samples, 6181a and 6181b, represent the whitish, 
incoherent luyer on the outside of an embedded serpentine boulder 
und the fresh, tough, green serpentine near the middle of the boulder. 
There is comparatively little change in composition, except for the 
sulphur which hus been nearly all removed. Some magnesium has 
been lost, and iron, chromium, and silica have been gained, but the 
changes ure smull. It would seem as though the constituents were 
being carried away by the ground water in much the same proportions 
as they occur in the rock. . 

Ohromium and nickel ure present in considerable quantities in all 
the rocks. TIle ulumina vanes considerably and it would seem that 
the percentnges of nlumin!L in the rock would determine the quantity 
of colloidul matter formed in the weathering of the rock. N one of 
the Oonowingo colloids contains less than 16.33 percent Al20 a• It 
appears that sorpentines containing very little alumina will not 
.produce enough colloidal matter to form a very deep soil, but will 
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produce the rocky Oonowingo 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 serpentine, leaving but 
little insoluble product of hydrolysis to form a soil colloid. It is 
only when the serpentine contains enough alumina to form the kao
linitic .acid complex or the velTIllculite complex that enough colloidal 
matter will remain a£a residual product to form a normal soil covering. 

Ohromium .apparently occurs in two form~ in the parent rocks and 
the soils formed from them. One form, chromite or ferrous chromite, 
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. 'rhe insoluble 
chromite can be filtered and dissolved by fusion with potassium 
pyrosulphate. In tills way a rough separation may be made of the 
chromium occurrin~ as chromite and the chromium replfLcing alumina 
find f!3rric iron WIllch is made soluble by fusion with sodium C01'
bonate and niter. Using this proximat.e method of distinguishing 
between the two forms, it was found that the Hunti:ll.g Hill serpentine, 
no. 9607, contained 0.19 percent 01'20 3 as chl'omite and 0.19 percent 
01'20 3 in the soluble form. The Schuyler, Va., soapstone, no. 9570, 
contained 0.15 percent 01'20 3 as chromite and 0.23 percent 01'20 3 

soluble. The rock from Josephine Oounty, Oreg., no. 9930, con
tained 0.07 percent 01'20 3 as chromite and 0.31 percent 01'20 3, soluble. 
A poison spot in the Jerome sandy loam in this county contained 
.2.37 percent 01'20 3 as chromite und 0.37 percent 01'20 3, soluble. 
Several other poison spots contained from 1.80 to 2 percent 01'20 3, 

Some of the Oonowingo soils contfLined but little chromite, as low 
as one-fifth of the total quantity of chromium being present in tItis 
form. The crn'omium in the Nipe soils is lru'gel), in the form 01' 
clll'omite. The perdigon, or iron concretions in the Nipe, are con
sider'ably higher in chromium than the surrounding soil. According 
to Bennett and Allison (1) perdigon have been formed from soil 
material after t.he formation of the soil. From tills it would appeal' 
that chromium may be dissolved and precipitated in the soil in much 
the srune manner as iron. This is an import.ant point to bear in 
mind in considering t.he probable toxicity that chromium gives to 
soils. Ohromium exists in several states of md_dization and is pru·tic
uJarly tmcic in the chromate condition (17). 

Dolomite enters into the parent material of the lv:fillville loam. 
Dana (6) states that cobalt and zinc rarely OCCUI' in dolomite but 
does not mention the occurl'ence of mckel and chromium. 

A V AILABILlTY OF CHROMIUM, NICKEL, AND OTHER CONSTITUENTS 

It has been shown thn,t chromium and nickel are ever present 
constituents of the infertile Oonowingo, Jerome, Oornir~~, and Nipe 
soils. These elements ore toxic to vlant growth as will be shown 
later. It remains to be proved that cmomiumand nickel are at 
least to some extent soluble and that they ru'e taken up by plants in 
suHicieut quantities to be toxic. To obtain evidence on the fIrst 
point, the solubility of clll'omiumand mcke1 or their exchfLnge
ability wus tested by the runmomum acetnte rnethod ·of Schollen
berger und Drcibelbis (32). Ohromium was estimated colorimet
ricnJly nsdll"Ol)wte in \,Cl'y small volume :md nickel was determined 
by p]:ccipitatioll with dimethylglyoxillle. 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 acetate. The results are gIven in table 
5, to&,ether with the results for the common elements and also barium, 
as this elemen twas present in all cases. 

The data given in table 5 show the presence of appreciable quan
tities of available chromium in all of the soils and the presence of 
available nickel in all but one of the soils tested. When twentieth
normal hydrochloric acid was substituted for the neutral ammonium 
acetate in leachingsoj} no. 4722, the quantities of chromium and 
nickel in the leachate were considerably increased. This soil js fairly 
acid and it is probable that greater quantities of ehl'omium and 
nickel fiJ'e available to plants growing in this soil thu,n the quantities 
which appear in the ammonium acetate leachate. 

TABLE 5.-Soil constituents made soluble by leaching 100g 0/ SOil1cilh 1l ofnclitral, 
normal, ammonium acetate, according to method of ScllOllcnberger m!d Drei
belbis (S2) 

I I ILnborn· 
tory SiO, A"O.+ cno.j NiO DnO MgO X,O Nn,OFe,O,no. MnO II-=- I 

~[ilIj· Milli· M!!li. I '-\-fi(U. },,[iIll' ].filli· Milli· ) Mill!· -;:;;;;: .\fill,· 
cqllil'R- t.fluilJfJ.- tqruvQ- ! tqmlln- tq/l,;ra- I ("lull'a- equo'a- e"Wt'l~~~l~~a- ~7;~it:-(,,"1 lent Iwt , Itnt Unt lent" Icnl lelll 

20Zl O.IS 0.19 <') j O.OOll 0.04 4.28 0.02 1.41 0.04 O. It 
4iZ2 .10 .05 0.0060 I .0120 .04 .16 .02 4.09 .06, .13 
4725 .Il .02 .0010 .0110 •00 .J; .O~ : 4.19 .0.; • .10 
iiS29 .03 .14 .0020. .0030 .19 .75 • Or, I 1.21 .06 .14 
6178 .oa .03 • 0030 j •00,)·\ .35 .55 .01 I J.16 .08 .11 
62.10 .30 .01 .04 .69 8.60 .oa .OS

.06 f 
7594 .33 .03 .0080 .0030 .07 .79 .01 1.27 .01 .\0 
6211 .31 .J5 :~:m I :gg~~ .02 8,33 .02 H.2S .00 .00 

,0015 ____••_.\!~38 .07 .20 .06 2.00 .05 . 3.17 .07 .27.0007 • _______ ,24 0" 1 ,049343 .J.! .03 .9~ .... t .02 .08 
9346 .12 .24 .0025 0" .81 .01 i .~O .10 .:14 

--·~ooiiii-9-1fi6 .30 .13 .0010 .11 .16 ,0:1 i .,,88 .00 
0160 .21 ... 24 .0010 (') .03 .d9 04 1 .:li ·~l .08. 
0880 .24 .14 .00l0 .0021 .24 6.46 03 1 0.06 ."~ I .2S 
0932 447 .25 .0045 .0372 .13 3.75 .03 5.57 .37 .1S. 

I-
I Present, but quantitative read In" lost. 
'None. 
NOTE.-Slnce this manuscript was prepnred for publication, O. F. :Mnrbnt, Chief ~,f the Division of 

Soil Survey, sent in nn unusual soli from the Napa Mea. Calif. This soil, lIInxwell clUJ' adobe. is devel· 
oped from serpeutine nnd i. remrrt"') to be infertile. The (""Hrornb "tnte SoU SUf\'ey notes thut 
the soil contuins consldemble eX"ess of III'Ij!nesia over lime. The surface 5011 "ontains 0.02..'\ pen'cnt Cr,O" 
O.OIlR percent NiO. anel Is lower tlltllllllllny soils of the ("onowin!!o serIes In chromium, but romparnth'ely
hhrh In nickel. The pH of the A, H, nnr! C horizons is 7,0r" liA3. and ~AO, respectiwly. The (' horizon 
contains m'lgne.,ite. When treated as outlinod for the samples in bible 5, thn soils yielded the following 
figures: 

__s_am_Pl_c_n._o·__1Deptb L~~...l R,O, !Cr,O, I NlOll_ CaO 1l\[~0_ r BaO "I 1\:,0 INa,O 

.Hi/Ii· Milli· I l>lilli· Milli- ) ..fitli~! "VilIj· 3fitli.! ."filli· Milli· 
eqUiD'. eqltir. I' <qUill. eqU,iV'1 equil~ 1e",du· elf. ILil" 'I. 'If/lir'l equill-Inch." altllt alellt alent alent alen~Y lIle1lt" alwt alent alen/"

ClH __ •_________• __• D-IIJ 0.94 0.:12 None Trace 3.13 37.7 0.18 0.70 0.70 
<;'115••••_________• __ ltJ.,;1-1 Lost .-101 do do !!o27 3n.0 Lost I .42 2.70 

These fi!!ures are milch tbe Slime as those reported in table 5 except. thnt no soluble chromium is shown. 
If the toxIcity in thIS soil is caused by thn presenc~ of toxic metallic elements it must he due to nickel nnd 
barium, us no soluble chromium is demon.-tmted. Sutlicient lime and pottlsh tlrc shown. Loew'~ (19)
tbeory would seem to explnin the infertility oC this soil. 

The presence of borium in the leachate from all the soils is sur
prising. Barium in small quantities occurs quite genern,lly in plants, 
(Failyer (8), and Robinson, Steinkoenig, nnel ~[ilJer (£9)). The 
quantities of barium in the plant appnrently Yury aeeording to the 
quantities of barium in the soil. It is possible that barium may be a 
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factor in the infertility of these soils but so little is known about the 
exchangeability of barium in soils no comments cun be made on this 
phase. 

Available potassium is generally low in these serpentine soils. This 
is in harmony with the findings of Gordon and Lipman (11). 

Available magnesium is high in all but the Nipe clay soils, nos. 9343 
and 9346 and the Potomac Oonowingo 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 pro:perly applied. 

If Loew's theory IS applied and the effect of the paucity of both 
calcium and 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 to:x-icity to plants may be taken as a 
satisfactory explanation of the observed to:x-icity. In 3 of the 4 
exceptions, the quantities of both lime and magnesia 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 factors playa part. 
It ulso appears that in certain instances, low hydrogen-ion concentra
tion values or a general lack of available plant food may contl"ibute 
to the infertility of these soils. 

It has been shown that chromium and nickel are present in the 
ammonium aceta.teextrnct ofpracticully 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 ta,bIe 6 which shows 
the partial ash composition of the leaves of blackjack oak and red 
oak grown on the Dublin Oono",-ingo soil ulso the partial composition 
of red oak leaves grown on Ohester loam at Falls Ohurch, Va. Both 
of the two soils involved are low in calcium. The Ohester 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 Oonowingo soil 
as in the Falls Ohurch Ohester soil. 

TABLE 6.-Partial composition of oak leaves grown on Conowingo soil compared 
with that of OC./C leaves grown on Chester soil 

Material, location, and soil SiO, R,O, eno, NiO CnO ]\[gO 1',0, 

-------------·1-------- -... -. 
Percent Percent Percent Perce"t Purr,,' Perrr"t Paa"t 

Blackjack oak leoves, Dublin, Md., Conowin-
g'O soil. __ .. _____ ... ___ ~ ___.._____________ ..... _......_ 0, 50 0.45 0.0000 0.000r. 2. :13 I. !i~ O. 28 

Relt ollk .leaves, Dublin, Md.. Conowingo_. _____________________________________~o[L 

.53 .24 .000·' .0000 2.07 I.fiO .~., 
Red oak leaves, Fulls Churcb, Va., Chester 8011 _________________________________________ 

_35 .48 <Il <Il 2.07 7" .M 

'Traco. 

It is regretted that no blackjack oak could be found growing on 
Ohester loam to compare with the Oonowingo specimen. This tree 
seems t(l thrive uncommonly well on the Oonowingo soils and is not 
commonly found on adjoining soils. It would seem to be particularly 
tolerant tochrornium, nickel, and an excess of magnesia. 
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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 magnesium 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 leaves grown on the 
Chester soil. 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 :r,robably be nearly as in
soluble as aluminum phosphate under soIl conditions. Koenig (17) 
found chromium to be concentrated in the roots of plants suffering 
from chromium toxicity and it seems quite probable that chromium 
may pre\Tent the utilization of phosphorus by the plant. 

Bertrand and Mokmgnatz (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
gnatz used large quantities of plant material, up to and over a kilo
gram, and obtained as mu{'h as 3.3 parts per million of nickel, though 
most plants contained less thall 2 parts per million. The quantities 
reported as traces from the oak leaves from Falls Church, Va., are 
less than 1 purt pel' million. Four and six parts of niekel per million 
were found in the leaves of the oak growing on the Conowingo soil. 

Robinson, Steinkoenig, and 1Eller (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 
agricultural 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 a 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 
chromium compounds used. Chromium in all but the smaller concen
tmtions proved to be very toxic. Small applications of chromous 
sans and very small applications of chromates were stimulatine. The 
chromates were the most toxic followed by chrome alum and chromium 
salts. The very insoluble chromite WftS stimulating in higher con
centrations and the heaviest applications were toxic to the more 
sensitive plants. Germination was prevented by a small concentra
tion of ehromium 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 diehromate were toAic. 
It took higher concentrations to produce tOAicity in humous soils. 
Lime counteracted chromium toxiCIty. Lead and silver salts eounter
aeted toxicity due to chroIDates. Chromium in small concentrations 
killed yeast cells. 

Pfeiffer, SimlJ1ermacher, 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 concludp.d 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 that 50 
parts per million of chromium prevented the growth of com and barley 
the first year but was stimulating the second year. With wheat, as 
much as 250 parts per million of chromium lost its injurious effects 
the third year and became stimulating. 

Haselhoff, Haun, and Elbert (lS) investigated the use of waste 
materials from chrome tanneries for composting. They found 
chromium in the form of hydrated oxide to be somewhat to)':ic 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 t a certain sample of triple 
superphosphate very toxic to young sl!gar beets. This superphosphate 
contained considerable chromium. When treated with an excess of 
lime the superphosphate was no longer toxic. If the toxicity was due 
to chromium, as appears reasonable, this result is in harmony with 
Koenig's conclusion that lime counteracts chromium toxicity. Millar, 
as reported by McCool (21, p. 219), at the Michigan Agricultural 
EJ..-periment Station found that a sample of triple superphosphate from 
the same source as that reported above prevented the germination of 
beans. Hill, Marshall, and Jacob (13) have shown that chromium is 
an ever-present but very variable constituent of phosphate rock. 
Some deposits contain from 10 to 50 times as much chromuim as 
.others. It is not improbable that the chromium content of phos
phates is a 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 generally in small 
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 Cr203. 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 a chronllum 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 quantity to be taken up by plants. There is probably some 
natural equilibrium between the quantity of chromite 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 chrome 
alum in the soil may be changed to the very toxic chromates. Waks
man (37), however, does not list chromium as one of the metals o::--i
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 nature 
as secondary minerals, 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 
yeast cells. It is quite possible that chromium in concentrations too 
low to be directly to}"-ic to plant growth may have a profound effect 
on the microbiological flora of the soil • 

• Private cODlmunlcatioD. 
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Scharrer and Schropp (31) 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 sund cultures in 
quantities of about 50 parts per million was somewha,t stimulating, 
but was to:-,.;c at higher concentrations. Cobalt at concentrations less 
than 1 part per million was stimulating to corn and ba,rley but toxic 
to other plants, and in higher concentrations was toxic to all plants. 
The earlier works reviewed by Scharrer and Schropp show, in ~eneral, 
that nickel and cobalcare toxic to plant growth, and partICularly 
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 quantities which the above investigators have found to be toxic 
to plant growth. It would seem that enough work had, been done 
with chromium to establish tbe theory that the smaller quantities 
which are 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 to be toxic. In applying the quantitative 
factor in chromium toxicity due consideration must be given to the 
pH vulue, texture, and composition of the soil. It is probable that 
there is also a quantitative aspect of the effect of nickel and cobalt 
on plant growth on natural soils. Bertrand and Mokragnatz (2,3) 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 cobalt widely distributed in plants. 

SUMMARY AND CONCLUSIONS 

A number of soils derived from high-magnesium rocks in lVfaryland, 
Pennsylvania, Virginia, Utah, Oregon, Californin, Cuba, find Puerto 
H.ico have been studied to determine the cause of their infertility. 
,Mechanicul and chemical unalyses of the soils have been made. 'rhe 
chemical composition of' the colloidal mntter sepnrnted from the soil:; 
has been determined and in a few ('ases the pnrent rocks from which 
the soils hn.ve been formed llfiye been analyzed. 

The availability of nickel, chromium, and some of tIle other con
~ stituents has been studied, using the neutral ammonium acetate 

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 quantity of colloidal 
matter to retain moisture and the plant-food elements and not too 
much to make the soil unworkable. In some cases there is not enough 
coarse material to give good internal drainage and there is a large 
quantity of silt which is deleterious in some soils. The high silt 
eontent is not a predominating factor causing infertility. 

All the infertile soils 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 calcium, potassium, 
and phosphorus were generally low, but not lower than in many soils 
that are successfully farmed. In other cases these constituents are 
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quite high but, with the exception of the Millville loam, are tlcconl
panied by very high percentages of chromi'Jm and conside"uble nickel. 

, Chromium occurs in the soil in two forms, an acid-soluble form, 
-' presumably comparable to the acid-soluble iron and aluminum, and 

, an acid-insoluble form, ferrous chromite, the chromite of mineralo~y. 
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 generaHy quite acid and 
numerically the pH value increases 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 a considerable proportion of vermiculite, though X-ray 
evidence on this point is negative. 

Comparisons of the chemical compositions of the soils, colloids, 
and parent rock show that this group of soils is uniqul:\ in showing 
a profound 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 tropir.al laterites it is largely lost. Both in 
the temperate climate and in the tropics the high contwt of chromium 
from the pnrent rock is largely retained in the soils and nickel is 
largely lost. 

Chromium and nickel in these soils are available in the sense that 
they are dissolved by leaching the soil with neutral ammonium acetate 
and both metals are taken up in compal'lltively 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. 
It is believed by some investigators that an unfavorable calcium

mngnesiuIl1 ratio may cause infertility, but the theory cannot be 
properly applied in general since in many cases the lack of both ('al
cium and l11ngnesium is a limiting factor of plant growth upurt from 
their mutunl relation. 

The literu ture shows that very small quun tities of chromium and 
nickel are somewhat stimulating to plant growth and that larger 
qUllntities are very toxi('. The eviden('e is that practically all soils 
contain some small quantity of chromium and ni('kel. The infertile 
soils under consideration, however, contuin a compuratively greut 
quantity of these elements. It is therefore important to find some 
quantitative expression for the amounts of these elements a cultivated 
soil may sufely contain. This quantity will vary with the reaction, 
texture, and general composition of the soil. 

Whereas poor mechanical composition, causing pOOl' internal drain
age, an excess of magnesium, and lack of plant-food elements may be 
frequent causes of infertility in the soils studied, the only general and 
dominnnt cause of infertility in soils derived from ferromugnesian 
rocks is the comparatively high percentages of chromium and nickel. 
In the past, two very different ussumptions have been made to account 
for the infertility of soils derived from serpentine rock. (1) Loew's 
theory stated thnt 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 alkaline 

http:tropir.al
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hydrogen-ion concentration. From the present study of the chemical 
composition of the soils and soil extracts, the writers believe that the 
presence of comparatively large quantities of chromium and nichel, 
and perhaps cobalt, are the dominant causes of infertility in serpentine 
soils in which the physical conditions are favora.ble for plant growth. 
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