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ARID REGIONS*
BY
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INTRODUCTION

The student of soils in the humid region, when for the first

time exploring soils in the arid region, is invariably struck with

the extraordinary depth of the latter as against the very shallow

nature of the former. Taken by and large, and excepting the

faulty soils, including those underlaid at no great depth by stiff

clay, coarse gravel, hardpan, or original rock, respectively, the

soils of the arid region very commonly show a depth of at least

eight to ten feet, and, when viewed in section, exhibit such a

striking uniformity in texture and color as to attach to this

unusual condition, in the mind of the observer, a certain marked

practical and scientific interest. The full significance to crops of

the arid region of this extraordinary condition in our soils was

first realized and pointed out by Ililgard and was made the

subject, by him and Loughridge, of a comprehensive investiga-

tion on the "soil-columns" of California, a large part of which

is completed, but some of which is still in progress. The study

of the soil-columns of California comprised what might be

looked upon as a very thorough partial soil survey of Cali-

fornia. It was the intention of the investigators above named,

at the inception of the work, to obtain columns of soil repre-

senting depths of twelve feet, including a sample for every foot
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* Eead before the Society of American Bacteriologists, Washington,
D. C, December 27, 1911.
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in depth, and to obtain a knowledge of the chemical constitu-

tion and the texture of the soils by makina: systematic chemical

and mechanical analyses of all the samples thus collected. The

information thus obtained in the several years in which the soil-

columns were studied by Ililgard and Loughridge and the large

number of types of soils considered, along with the most striking

circumstance of the depths to which plant root-systems of the

arid regions penetrated, led Hilgard to believe that the striking

chemical and mechanical differences between the soils of the arid

and humid regions, as well as the diiiPerences in the development

of the root-systems in these regions, respectively, might find

a parallel also in a difference between the bacterial flora at

various depths in the soil. It was this belief on Hilgard 's part

and his valuation thereof as being of exceeding scientific interest

as well as practical value, that led to the association with him

something over three years ago of the writer, and it was then

that I undertook, among other biological problems in soils, a

study of the nitrogen-transforming and nitrogen-fixing bacteria

in the different layers of soils in the arid region. This study,

while it has progressed considerably, is still in the first stage

of its development and the complete results thereof are intended

ultimately to be combined with the mechanical and chemical

analyses of these soils in a comprehensive report on the whole

work. For the purposes of this paper, it is sufficient to give a

resume of some of the important results obtained in these inves-

tigations with an account of the methods employed in the work,

so that it may serve as a preliminary communication on the sub-

ject and bring out certain striking facts with reference to the

distribution of bacteria in California soils.

:\[ETHODS EMPLOYED IX THESE INVESTIGATIONS

One of the most difficult problems in connection with these

investigations was to find a method for the collection of soil

samples at the several depths -which would fairly represent the

actual conditions which obtain there, so far as the bacterial

flora are concerned. Our first attempts in this direction were

made with an auger of the type manufactured by Iwan Brothers

at South Bend. Indiana, bv means of which we tried, through
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successive sterilization of the auger (before taking each sample),
to obtain a sample which represented, uncontaminated, each of

the soils as they are found in their natural state in the field.

With a sterile spatula there were taken from the samples thus

obtained with the auger representative samples which were im-

mediately placed in sterile cotton-stoppered bottles. It was

soon found, however, that this method could not be relied upon
for accurate results, since no matter how carefully the samples
were thus taken, there were many chances for contaminating

samples from the lower layers with soil from the upper layers

and thus obtaining results which were erroneous. After much

experimenting we finally decided on the following plan for

taking the soil samples, which, so far as I know, is as free from

chances of error as any method that can be adopted in a series

of investigations which must of necessity be so extensive. In-

deed, I believe the chances for error here are so small that they

cannot affect the validity, to any appreciable extent, of the

results obtained. Our method consists in having dug, a day
or two prior to sampling, a hole twelve feet in depth with at least

one vertical wall and large enough for a man to stand in. The

samples are taken as follows : With a sterilized spade, a layer

of soil of about five or six inches in depth is sliced down along

the whole length of the wall which is to be sampled. After this

is done, to remove the soil that in the one or two days' exposure

may have become contaminated, the fresh surface thus obtained

on the vertical wall is sterilized hy means of a plumber's torch

on the surface surrounding every spot, previously marked off,

at which a sample from each foot in depth is to be taken. When
this is done a sterile cylindrical tin tube, a little over one inch

in diameter and about ten inches long, is driven at right angles

to the wall into the spot selected for sampling, immediately

drawn out when sufficient soil has thus been obtained, and the

cotton plug replaced. In our first experiments, glass tubes of

the size described were employed, with paraffined corks at one

end and cotton stoppers at the other. We found this to be a

poor method, however, and have replaced the glass by tin tubes,

closed at one end and plugged with cotton at the other. These

are sterilized at 150 degrees centigrade for one hour and a half
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before iising. In this way by the use of a plumber's torch at

every depth as we descend from the surface of the soil down

to the twelve-foot depth, we obtain, by starting at sterile sur-

faces, a sample of soil representing as nearly as possible the true

condition which obtains at very depth. The samples are marked

properly, taken to the laboratory, and examined for their am-

monifying, nitrifying and nitrogen-fixing powers by means of

a modified Remy method, the solutions employed for the work

being prepared in accordance with the formulae used by J. G.

Lipman.^ Every 50 c.e. portion of the medium in a 250 c.c.

Erlenmeyer flask is inoculated with 5 grams of soil.

DESCRIPTION OF SOILS EMPLOYED IN THESE
EXPERIMENTS

The descriptions given below represent the soils which were

employed for bacteriological examinations and sampled for the

purpose as above described. The numbers employed below are

used throughout all the following tables so as to make unneces-

sary any further descriptions.

Soil No. 1. Red clay loam mesa soil, from Riverside, California, on

which good orange trees were growing at time of sampling. The soil is

well supplied with potash, but rather poor in phosphoric acid and very

poor in humus and nitrogen. It is underlaid by hardpan at six feet from

the surface, which continues on down to the twelve-foot depth. With the

careful cultivation which is given it, along ^vith proper fertilization and

tillage, the soil produces profitable crops of oranges and lemons.

Soil Xo. 2. Silty alluvial loam, from Davis, California. The samj^les

used were obtained from between some fig trees at the University Farm.

This soil is practically uniform in color from the first foot to the twelfth

and only becomes slightly different in texture below the fifth foot, becoming

gradually coarser and sandier as we descend to the lower layers. It is

well supplied with potash, phosphoric acid, and lime and has, for a soil of

the arid region, a normal content of humus.

Soil No. 3. Sandy alluvial loam, from Davis, California. Samples were

taken from a wheat field at the University Farm, only to a depth of ten

feet. This soil is well supplied with phosphoric acid, potash and lime,

but rather poor in humus and nitrogen. The sand is of a coarse nature

and becomes rapidly coarser, descending from the first foot down to the

twelfth, where it is found as very coarse sand.

1 Bulletin 180. N. J. Agr. Expt. Station.
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Soil No. 4. Sandy alluvial loam, from Davis, California. Samples ob-

tained in almond orchard at the University Farm. This soil is not nearly

so coarse as soil No. 3 and shows a more uniform texture throughout a

seven-foot depth, but after that becomes coarser in texture. It is better

supplied with humus and nitrogen than soil No. 3 and is well supplied

with potash, phosphoric acid, and lime.

Soil No. 5. Alluvial loam, from Davis, California. Samples obtained

in a pear orchard at the University Farm. The soil is uniformly of a

fine sandy loam texture for a depth of nearly five feet and then rapidly

becomes much coarser than the soil at similar depths in No. 3. The upper
soil is well supplied with potash, phosphoric acid, and lime, and fairly well

supplied with humus and nitrogen. The lower layers are rather poor in

phosphoric acid, humus and nitrogen.

Soil No. 6. Fine silty soil, from Hanford, California. Samples taken

from a vineyard at Hanford, from the first to the ninth foot only. No

sampling was done below the ninth foot because of the fact that the water-

table was reached at about that point and it was almost impossible to get

samples uncontaminated. This soil is almost devoid of humus and contains

but little nitrogen, but is fairly well supplied with phosphoric acid, potash,

and lime. No alkali is present in the soil.

Soil No. 7. Silty alluvial loam, from Davis, California. Samples taken

at the University Farm, close to a young eucalyptus tree, about twenty

months old. The soil is fairly uniform in texture throughout the entire

depth studied and is fairly w^ell supplied with humus and nitrogen, and

well supplied with phosphoric acid, potash, and lime. No alkali is present.

Soil No. 8. Alkali soil from Tulare, California. Taken only to a depth

of ten feet, owing to water conditions such as those described in soil No. 6.

This soil contains very little humus and is strongly impregnated with salts,

especially "black alkali." It is otherwise well supplied with phosphoric

acid, potash, lime, and the other minerals. Hardly any vegetation can exist

on this soil after the salts have risen to the upper layers.

Soil No. 9. A very stiff and tenacious silty clay adobe, from Imperial,

California. Uniform in texture from the surface down to the eighth foot,

at which there is found a layer of fine sand for a foot and a half in

depth and then a silty sand below to the twelve-foot depth. The soil

throughout is almost devoid of humus and contains but very little nitrogen.

It is very rich, however, in phosphoric acid, potash, and lime. The upper

layers of the soil consist of particles of silt and clay which are so fine

as to become cemented together into an extremely hard, refractory material,

which is almost of the consistency of a dry, but not heated, brick. A
considerable quantity of common salt is present in this soil. This soil has

never been cultivated or cropped.

Soil No. 10. Fine, sandy soil from the desert of Coachella Valley. In

this, as in the Imperial Valley soils, there are to be found narrow layers

of an inch or two, and sometimes more, of very fine shells of former life

which existed in the water at one time covering this land. The soil has very
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little or no hiimus and nitrogen. It is, however, rich in phosphoric acid and
lime and well supplied with potash. The soil is uniform in texture through-
out the twelve-foot depth and becomes only a little coarser at twelve feet.

The only changes visible in color and texture in the vertical wall are

merely those of the shell layers above noted. The soil from which these

samples were taken has never been cropped, but similar soil, with a good
water supply, produces very fine alfalfa. Very little alkali is present in

this soil.

Soil Xo. 11. Fertile, alluvial loam from Hay^ard, California. Uniform
in texture for seven feet and then rapidly becoming quite coarse and re-

maining so down to a depth of twelve feet. This soil is very fertile,

producing good crops of cherries, walnuts, potatoes, and other agricultural

plants. It is well supplied with humus and nitrogen, judged by the

standard for soils of the arid region, throughout the twelve-foot depth.

The phosphoric acid, potash, and lime are also plentiful in all the soil layers.

The samples used in these investigations were obtained in a cherry orchard.

AMMOXIFICATIOX IX SOIL COLUMNS

Second only to the importance of soil bacteria in maintaining

the total nitrogen supply in soils is their power to supply con-

stantly available nitrogen to plants. The essential nature of

this important phase of the activities of soil organisms is in no

wise detracted from by the recent research which has made it

clear that some plants at least can take their nitrogen from the

soil in forms other than the nitrate. While many of them may
not absorb their nitrogen in the form of nitrates, it seems quite

certain that practically all of them must take their nitrogen in

forms much simpler than the proteid. This being undeniably

the case, some agency in the soil is necessary to accomplish the

transformation of the organic nitrogen (no matter what the

source of the latter to the soil may be) into a simpler, more

available, or more assimilable form. These agencies we have

found to be the various types of soil organisms which constitute

what we now designate by the term "ammonifying flora" of the

soil.

TTith these statements admitted, it seems reasonable to sup-

pose that any increase in the acti\ities of the organisms, included

under this head, is a distinct advantage to the plant. Under our

climatic conditions, where, as above stated, the plant roots very

deeply, besides making a large lateral root-development, it is

necessarv to have the activities of the ammonifving organisms
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not only in the upper layers of the soil, but in the lower layers

where an actual examination of the root-systems of plants shows

a large development of fibrous or feeding roots. A study, there-

fore, of the ammonifying powers of the different layers of soil,

or, rather, of the microorganie flora which they contain, is of

practical moment, since it is bound to throw light on the soluble

nitrogen supply for roots in the greater depths of soil and

indicate what practical measures may be taken toward siLstain-

ing and encouraging the growth and activities of the organisms

responsible for that soluble nitrogen supply. Since, therefore,

we assume ammonia production to be the first great step recog-

nized by our analytical methods in the transformation of soil

nitrogen, I have first determined the ammonifying powers at

various depths of soils, which may be considered typical of well-

defined areas and conditions in the arid region.

For this purpose there were inoculated into sterile 50 c.c. por-

tions of 1 per cent peptone solution, 5 grams of soil from every

foot from the surface down to the last depth taken, as above

described. After four days incubation at about 28 degrees

centigrade, the cultures were washed into copper distilling flasks,

sufficient distilled water added, as well as a slight excess of

magnesia, and distilled. The distillate was caught in standard

tenth normal hydrochloric acid, the excess of w^hich was titrated

with standard tenth normal ammonia. Table I gives the results

of determinations of the ammonifying power of the soils chosen,

as above described. The ammonifying power of only one soil,

namely No. 6, is not given, for the reason that the soil column

had inadvertently become contaminated before we were ready

to use it.

The numbers of the soils refer to corresponding numbers

under the descriptions given above, and the amounts of ammonia

produced, as given in the table, represent milligrams of nitrogen

as ammonia.

The data given in table I prove very clearly two facts. First,

that in the typical deep and normal soils of the arid region, the

activities and the distribution of the ammonifying flora seem to

run parallel with the texture, the chemical composition, and the

root-development in these soils. Second, that in the absence of
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to the tenth foot and therefore an indication that in these soils

there is constantly being made available nitrogen, if organic

nitrogen be present from humus and other sources, for the needs

of plants with deep root systems.

In soil No. 3, which is more sandy than the other alluvial

soil described and which rapidly becomes coarser in texture as

we descend into the lower layers, we find vigorous ammonifica-

tion to obtain down to the fourth foot, below which we find a

considerable decrease in ammonifying power, owing to the fact

that in that coarse soil neither water nor humus, nor soluble

minerals, are present in sufficient quantity to encourage bacterial

development. Here, however, we find the general tendency for

ammonifying organisms to penetrate to the greater depth quite

plainly visible. The remarks made for soils 2 and 3 are just

as truly applicable to the other alluvial soils from the same

district represented by Nos. 4, 5, and 7. The marked produc-

tion of ammonia, even in the twelfth foot of No. 7, is in accord

with the fine physical and chemical condition of that soil to

that depth and therefore deserves additional mention here.

As to other types of soils, the data in the table show plainly

enough what a profound effect strong alkali salts (both black

and w^hite alkali salts among them) may exert on the ammoni-

fying flora and their vigor. Here ammonification is indeed very

feeble in the surface soil, becoming feebler as we go down until

the eighth foot is reached, at which depth, as w^ell as in the ninth

foot, we find quite a marked increase in ammonia production.

This is doubtless due to the fact that the total salt-content is

at that depth much lower and therefore not so seriously affecting

the activities of the organisms there contained. As for the

desert soils, which never have contained much humus and very

frequently contain too much alkali, it is natural to expect a

rather feeble ammonifying power on the part of the soils. Table

I shows that in this case the expected happens. In soil No. 9.

for example, not only the lack of humus and moisture, but the

very unfavorable physical condition, above referred to under

the description of that soil, along with its salt-content, have so

far affected the ammonifying power of that soil as to reduce it

to a little over one-third of what the normal vallev soils de-
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scribed have exhibited. ]\Ioreover, it would seem that the salt-

content in the lower layers of this soil, which increases as we

go down, has very seriously checked the development of these

organisms there and was probably assisted by the unfavorable

physical condition mentioned. In soil No. 10, while the salt-

content is only meager, we have a rather coarse, sandy soil with

hardly any humus, which is therefore for that reason an unfavor-

able medium for the development of bacteria, to say nothing of

the lack of moisture there and the great heat which these desert

soils must absorb from the sun. We therefore have a very much

smaller ammonifying power in the upper layers of the soil than

exists even in soil No. 9, from Imperial, and then a very rapid

decrease to almost no ammonifying power in the lower layers.

By a general survey of all of these data, it would certainly

seem that we are justified in drawing the conclusion that am-

monification and the ammonifying flora of soils are vigorous for

several feet down in the arid region and are limited in their

activities only by the presence of large amounts of salt or a

lack of humus and moisture. Since, however, California soils,

taken by and large, are deep, we have reason, from the facts

above given, to suJ)pose that tbe ammonifying power in most

of these soils, which are not in any way
' '

abnormal,
' '

is vigorous

at great depths.

NITRIFYING POWERS OF SOIL COLUMNS

By very many and perhaps by most plants, nitrate is the

form of nitrogen taken up. It is therefore of importance not

only to study ammonia formation in soils, but nitrate formation

as well. In these investigations we have studied qualitatively

and quantitatively the production of nitrites and nitrates in

ammonium sulfate solution by soils from the different depths

in everv case. Here also, as in the ammonification work. 5 grams

of soil were used to inoculate 50 c.c. of culture solution. The

residts obtained in this work are set forth in a qualitative man-

ner, as to nitrate formation merely, in table II, since it is

sufficient for the purpose of this preliminary paper to know to

what depths in the soil nitrates are produced. Later publica-

tions, giving the more complete data of these investigations, will
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give the quantitative results as they are given for ammonification

in table I. The plus sign represents nitrate formation and the

minus sign the absence thereof. The numbers of the soils are

referred again to the descriptions above given.

TABLE II

Nitrification in Soil Columns

Soil No. 1 2 3 4 5 6 7 8 9 10 11

1st ft. + + + + + + + ___ +
2na ft. + + + + + — + — __ +
3rd ft. + + + + + _ + ___ +
4th ft. + + + + + _ + ___ +
5th ft. + + + + + _____ +
6th ft. trace + __ + _____-|_
7th ft. ___ — ______ +
8th ft. __________ +
9th ft. — — — — — — _ _ _

10th ft. — — — — — ___
11th ft. — — — — _ _ _ _
12th ft. — — — — — _ _ _

From the data in table II we see again a striking resemblance

between nitrification in the soil depths and ammonification in

the same. All the alluvial soils in particular show very uniform

nitrate formation. The latter seems to be as much inhibited

in soil No. 1 by the hardpan layer as is ammonification. In

soils 2, 3, 4, and 5, as well as 7, we find a general tendency for

nitrates to be formed in the first five feet and then an enfeebled

power of nitrate formation, in some cases for one foot and in

other cases a total loss of that power. In nearly all cases these

run parallel with a similar decrease in ammonia formation, but

it seems that nitrate formation is more seriously hampered by

the conditions which curtail ammonia formation and particularly,

it appears, by the lack of oxygen in the lower layers of the soil.

This is an account, therefore, of the first case which has come to

my notice of nitrification at any depths below two or three feet

in the soil, and shows a marked difference in itself between soils

formed and existing under humid and those formed and exist-

ing under arid conditions. Nitrogen therefore is available in
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these soils, not only for those plants which are able to absorb

ammonia nitrogen, but also for that larger class of normal

plants which absorb their nitrogen in the nitrate form. It must

be said here, however, that nitrate formation proceeded always
more rapidly in soils from the first foot than in cultures pre-

pared from the other depths. This may indicate a smaller num-

ber of nitrifying organisms in the lower layers of the soil or

perhaps a less vigorous flora, but their activities are uniform

from the second foot down to the last depth in which they

show no activity as indicated in table II. In soil No. 6, which

we find on analysis contained merely a trace of humus, that cir-

cumstance seems to have made the soil unfit for the develop-

ment of the vigorous bacterial flora and is supported by the

data in tables II and III. As to the nitrate formation in

culture solutions by the inoculation with this Hanford soil,

nitrates were produced only after a month's incubation and only

in small quantities in the culture prepared from the upper foot

of soil, whereas all other surface soils, when inoculated into solu-

tions with the exception of those which show no nitrification at

all, showed nitrate formation before the end of two weeks. In

culture solutions from soil No. 6, kept about three months and

prepared from the lower layers of soil, no nitrates were ever to

be found. The depressing effect of alkali on the bacterial flora,

as well as the inhibiting effect of a lack of humus, moisture,

and the proper physical condition, are again exemplified in

tal)le II in soils 8, 9, and 10, as they were for the same soils in

table I referring to ammonifieation. Even after one month's

incubation, not one of these soil-samples showed any nitrate

formation, whether the culture was prepared with the soil from

the upper layers or from the lower. There seems to be a total

absence of nitrifying bacteria of one kind or another.

The best example of the penetration of nitrifying bacteria

to great depths was obtained in soil No. 11, a fine alluvial loam

from Hayward, where nitrate formation was obtained down to

the ninth foot in the soil. In this case also there was, besides

a mere formation of nitrates, as shown by a qualitative test, an

actually vigorous nitrate formation in the lower layers as well

as in the upper layers of the soil. It would seem again here
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therefore, in general, that where soils in the arid region are

supplied with a moderate amount of humus, with the proper tex-

ture and chemical constitution, as well as freedom from alkali,

all of which is true of the large majority of our soils, nitrification

as well as ammonification is found to obtain vigorously in the

lower layers of the soil for four feet at least, and in some cases

to six and to nine foot depths.

NITROGEN FIXATION IN SOIL COLUMNS

The next point of interest to determine in these soil-column

investigations from the bacteriological standpoint was to show

whether or not the supply of nitrogen, at the disposal of the

ammonia-forming and nitrate-forming organisms, which we have

found developed to such great depths, and enabling roots to

have a soluble nitrogen supply there, was provided merely by

the humus content of the soil at those depths and produced from

decaying roots, or carried down from the upper layers; or, was

that nitrogen supply in part a new one obtained directly from

the atmosphere by nitrogen-fixing bacteria. If such were the

ease, we should, of course, have enormous quantities of nitrogen

fixed per acre, since the fixation would not be limited to the

upper foot of soil. Accordingly, experiments were inaugurated

to obtain the facts which exist with reference to this matter.

Here the necessary mannite solution was inoculated with five

grams of soil in each case, and a culture prepared from every

foot in depth in the case of every soil. Table III shows in

tabular form the results obtained, which are set forth qualita-

tively. The numbers at the heads of the columns refer again

to the numbers used in the description of soils, and one plus

sign is intended to show the presence of Azotobacter, two of

a fairly vigorous development of these organisms, and three of

a very vigorous development. In this qualitative way, there-

fore, nitrogen fixation has been judged by the development of

Azotobacter as a criterion. It may justly be argued against this

that other organisms are capable of fixing nitrogen and that the

quantitative figures would be preferable to the qualitative one

showing merely the presence of Azotobacter. While this argu-

ment may in part be true, it appears from my results, which
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show quantitative as well as qualitative figures iu these as well

as other experiments, that in the absence of Azotobacter only

very slight fixations of nitrogen or none are obtained.

From the results set forth in table III, it appears that only

one soil of the eleven tested shows the presence of Azotobacter

as deep down as the fourth foot and six others show the pres-

ence of these organisms in the third foot. Most of them, how-

ever, show the presence of Azotobacter in vigorous form only

in the first two feet. It is therefore not sufficient, evidently, for

TABLE III

NiTROGEX Fixation ix Soil Columns

Soil No. 1 2 3 4 5 G 7 8 9 10 11

1st ft. ++ + + + + + ++ + ++ + ++ — ++ + — — — ++
2mlft. ++ + ++ + ++ + + + + ++ — + + + — — — ++
3rd ft. + — ++ +++ + ++ — ++ — — — ++
4th ft. _ _ — — +++ — — — — — +
5th ft. — — — — — — — _ — — —
6th ft. — — — — — — — -___
7th ft. — — — — — — — — — — —
8th ft. — — — — — — — _ — — —
9th ft. — — — — — — — — — — _

10th ft. — — — — — — — — — — —
11th ft. — — — — — — — — — — —
12th ft. — — — — — — — — — — —

soils to be chemically and physically as favorably constituted as

these soils are for ammonification and nitrification to encourage

the deeper penetration of Azotobacter. As is well known, these

organisms are extremely sensitive to a lack of oxygen and it

would appear that this circumstance regulates and controls the

penetration of Azotobacter organisms as above portrayed. I think

in addition, however, it may fairly be argued that the presence

of Azotobacter in more than half of these soils in the third foot

is. in itself, a favorable indication of the nature of the soils in

question. It is of intere-st also that, iu soil No. 5, Azotobacter

organisms, with the nitrogen-fixing power as vigorous as those

above, were found in the fourth foot. This, so far as the writer is
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aware, constitutes the only published case of even this extent of

penetration of Azotobacter organisms. It has been reported to

me, however, that Azobacter organisms have been found in the

twelfth foot of soil in some of the very favorably constituted loess

soils of Nebraska. The question put in the introduction to this

subject of nitrogen fixation is therefore answered in the negative.

For the greater depths, at any rate, in which ammonification

manifestly is vigorous in our soils, Azotobacter organisms do

not penetrate and are not the source of the supply of nitrogen

which can be transformed at those depths by the ammonifying

organisms or by the nitrifying organisms. The nitrogen supply

of these, therefore, in the lower layers of the soil must be the

humus produced from the decaying roots at those depths, or

the humus brought down in solution from the upper layers of

the soil.

As regards soil No. 6 we have here again a total absence

of Azotobacter organisms, possibly due in part, at least, if not

wholly, to the absence of any but very small amounts of humus,

by which I have already tried to explain the feeble nitrification

only in the first foot of this same soil. The same remarks

also which were made above, with reference to soil Nos. 8, 9, and

10, as regards their ammonifying and particularly their nitrify-

ing power, apply again in the case of their nitrogen-fixing power.

No Azotobacter organisms and no fixation of nitrogen were ever

observed in any of these soils, no matter from what depth of soil

the cultures were prepared.

In justice to this subject it must further be stated here that

the comparatively slight penetration of Azotobacter organisms

in our soils may be due to factors other than merely a lack of

a plentiful supply of oxygen. There is evidently some other

circumstance which controls the presence or absence in many
of our soils of Azotobacter organisms and that may also limit

the depth to which th&se organisms may penetrate. Just what

this factor may be is not at present clear to the writer, but the

fact remains that frequently soils with a good chemical and

physical constitution and producing good crops, will yet show

no Azotobacter organisms.
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GENERAL DISCUSSION

As I have already pointed out in an earlier publication,- the

slow formation of clay substances in soils of the arid region,

owing to the peculiar climatic conditions there obtaining, is

doubtless responsible for a much greater degree of aeration in

soils because of the larger volume of pore spaces made possible

through a lack of large quantities of cementing substances. Thus

when soils first begin to form from disintegrating rock we have

much more complete aeration with an encouragement for bac-

teria, probably the earliest inhabitants of the soil, to penetrate

to greater depths. Such penetration on the part of bacteria is

invariably accompanied by the production of more favorable

physical and chemical conditions in the soil for the roots of

plants. These in their turn, through physical and chemical

changes which they bring about in the soil in their search for

water and food, make better conditions for a deeper penetration

of bacteria and so through mutual aid the latter and the higher

plants are able, under our arid climatic conditions, to make the

deeper layers of soil a more congenial medium for each other.

The changes thus brought about result in a more uniform tex-

ture of soils at great depths, uniformity of chemical composi-

tion, including humus content, in all the soil layers, and a

much closer approximation of the bacterial flora in the lower soil

layers to those of the upper laj'ers than can be found in the

average soils of the humid region, where climatic conditions are

unfavorable to good aeration, because tendencies opposite to those

above described for our soils are in operation. An estimate of

the biological condition of our deep soils was thus similarly made

by Hilgard on a priori considerations and the investigations

above recorded serve, in general, to confirm liis surmise.

Viewing the subject in its entirety, we find that the organ-

isms forming ammonia in soils penetrate to greater depths than

the nitrifying or nitrogen-fixing bacteria studied. While am-

monification is iisually most vigorous in the surface, four to six

feet, it is none the less very pronounced in the lower layers from

six to ten feet in depth in all of our normal deep soils. Hardpan,

- Lipman, C. B., New Facts about Bacteria of California Soils, Science

K S., June 11, 1909.
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alkali, and a lack of humus and moisture decrease the ammoni-

fying powers of our soils or are not favorable to the develop-

ment of vigorous ammonifying flora, but their effects are just as

pronounced in the upper laj^ers of these abnormal soils as in

the lower layers which, therefore, cannot be fairly compared

with our deep average soils as to bacterial content. To what a

serious extent alkali salts may affect ammonification has been

shown by me in a recent paper.^ That the humus content alone

may profoundly affect the number and vigor of bacteria is well

exemplified in .both soils No. 6 and 10, where all other condi-

tions but the humus content are favorable and where both the

number and physiological efficiency of the organisms is small.

It would therefore seem, in brief, that ammonification is

vigorously active in the lower soil layers in soils of the arid region

where humus is present and hardpan and alkali are absent.

Since these conditions are complied with in the average of our

cropped soils, the opinion is justified that the deep penetration

of bacteria is a distinctive characteristic of soils in arid regions

which results from much better aeration, as a starting point,

than can be attained in soils of the humid region. The experi-

mental data above given amply confirm this opinion and help

to explain why deep plowing is not only harmless in our soils

but directly beneficial, and why three or four feet of upper soil

may be removed in grading, and alfalfa and fruit trees may be

grown on the newly uncovered subsoil without difficulty, a feat

which cannot be accomplished on soils of the humid regions.

As for nitrification my data present again features of striking

interest. They go to prove that nitrate formation, like ammoni-

fication, goes on at much greater depths in soils of arid than in

soils of the humid region, and thus render distinctly sectional the

observations of Dyer* on this subject, and makes them applicable

only to soils of the humid region. While the nitrifying organ-

isms are doubtless more susceptible to a lack of oxygen than the

ammonifying bacteria, the differences obtained above between

the two groups of organisms, so far as soil fertility is concerned,

are rather those of degree than of kind. The same relationships

* Bulletin 106, p. 55, O. E. S., U. S. D. A.

3 Centrallblatt fiir Bakt., 2 Abt., vol. 32, p. 58.
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displayed by the ammouifying bacteria toward hardpan, alkali,

and a lack of humus and moisture, hold in a more exaggerated

way as regards the nitrifying organisms. jNIore specifically, the

writer has also shown^ the distinct effects of each of the alkali

salts on nitrifjnng bacteria in work quite recently completed. It

would appear in general, however, that in our deep soils, a supply

of nitrate as well as of ammonia is at the disposal of plants for

a depth of five or six feet. As regards the nitrogen-fixing powers

of soils of the arid region, my results show plainly that they do

not differ strikingly from those of soils in the humid regions,

if the presence and vigor of Azotobacter organisms be taken as

a criterion. While it is true that in one or two cases Azotobacter

organisms were found in our soil-columns below the depth at

which they occur elsewhere, and perhaps at a slightly greater

depth in all soils in which they were found, I feel loath to believe

that these are expressions of a rule for soils of the arid region.

Other observations indeed lead me to believe that Azotobacter

development has not gone so far in our soils as it has in soils

of other regions. For example, I have studied many soils in Cali-

fornia with a favorable physical and chemical constitution which

were absolutely devoid of Azotobacter organisms. If therefore

the results set forth above, with reference to nitrogen fixation,

are to be considered representative, the nitrogen supply in the

lower layers of the soil must be replenished in this region as

well as in the humid region, not from direct fixation by Azoto-

bacter, but from the nitrogen of the upper soil layers.

With reference to these investigations in general, one or two

additional points need more than passing consideration. First,

as to the method of collecting the soil-samples for examination,

it appears to the writer that every possible precaution was used

to prevent contamination and it would be difficult to devise a

method which takes into consideration and avoids more of the

avenues of contamination by which anj^ results might be vitiated.

Moreover, I find strong confirmation of this belief in the facts

brought out in the data above given, viz., that any abnormality

in the soil was sure to be reflected in the results obtained with

cultures prepared from that abnormal soil. Thus hardpan layers

s Cent, fur Bakt., 2 Abt., vol. 33, p. 305.
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never gave evidence of vigorous bacteria, nor did alkali soils

or soils devoid of humus.

Secondh^, the writer desires to anticipate criticism on the

method used in culturing the organisms of the various soil

samples, viz., a modified Remy solution method. No one is more

ready than I am to admit the just criticism made of the solu-

tion-culture methods in soil bacteriology. Indeed I believe that

•I was one of the first to put into practice on a large scale the

direct soil-culture method in the laboratory. But when problems
of the nature involved in these investigations must be attacked,

regard nnist ])e had for the chances of contamination in the

method employed, and for the feasibility of obtaining, uncon-

taminated, large volumes of soil for use in these experiments.

When these were considered from all points of view, only one

feasible and reliable method of culturing the soils seemed avail-

able and that was the solution method. The difficulties, prac-

tically insurmountable, which must arise with any other method,

when such work is carried out on a large scale as it must of

necessity be, can ])e fully appreciated by those who have ever

attempted it. The gratifying results obtained in this work, how-

ever, seem to me a further justification of the methods em-

ployed.

It seems of particular moment now, to call the attention of

soil bacteriologists in particular, and soil scientists in general,

to the important field explored in these investigations and the

striking results obtained therefrom, not only because it repre-

sents a new field of research, but because it emphasizes more

strongly than ever the radical differences which obtain between

soils of the humid and arid regions. It also helps to explain

the extraordinary appearance of our subsoils (if subsoils they be)

and the marvellous root developments of which plants under our

climatic conditions are capable. While these studies have not yet

departed from the realms of the preliminary, they are replete

with facts which are already of considerable practical and scien-

tific significance and which are doubtless destined to become

more so as time progresses. As a part especially of a comprehen-

sive soil study they are invested with unusual importance and

may help tO solve problems now perplexing and difficult to study.
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CONCLUSIONS

Investigations of the distribution and activities of bacteria in

soils of the arid region show :

1. That samples of soil for studying the flora of each layer

of soil can best be obtained from a hole twelve feet in depth
Avith at least one vertical wall, the latter when sterilized being

sampled.

2. That tin tubes ten inches long and about one inch in

diameter closed at one end and cotton-stoppered are best for

collecting the samples.

3. That the solution method for studying the soils, despite

its many drawbacks, is the most feasible one to employ.

-i. That soils of the arid region at all depths studied show

ammonifying powers which, however, are generally most

vigorous in the first six or eight feet. In one case ammouifica-

tion was noted in soil from a depth of fifteen feet, or adjoining

the water-table.

5. That nitrification is found commonly down to a depth of

five to six feet in soils of the arid region. In one case soil from

the eight-foot depth showed a vigorous nitrifying power.

6. That nitrogen fixation tlii'ough .Vzotobatcer does not go

on l)elow two feet in the soil usually, but has been found in

some soils at three feet and in one soil down to four feet. Many
soils in the arid region, otherwise favorably constituted, do not

contain Azotobacter organisms.

7. That from the point of view of annnonification and nitri-

fication soils in the arid region differ markedly from those in

the humid region when the lower layers of soil are considered.

The difference is not marked as regards nitrogen fixation.

8. The results above recorded help to explain the favorable

physical and chemical constitution of our soil and also the deep

rooting of plnnts so characteristic of the arid regions.

Transmitted April 8, 1D12.
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STUDIES ON THE PHENOLDISULPHONIC

ACID METHOD FOR DETERMINING

NITRATES IN SOILS

BY

C. B. LIPMAN AXD L. T. SHARP

Despite the fact that some careful research has been carried

out on the colorimetric method for determining nitrates, many
factors concerned with it have not been studied, and the some-

what uncertain nature of the method makes it imperative to con-

trol, so far as possible, every factor which may interfere with

the accurate analysis of nitrate-containing material. These

statements apply particularly to the analysis of soils for nitrates

and the authors therefore deem the subjoined data, derived from

a thorough investigation, deserving of the attention of every soil

chemist.

Among the interfering factors in the phenoldisulphonic acid

method which have been either studied inadequately or not at

all, are the effects of salts, the effects of agents employed to pre-

cipitate the clay and organic matter, and the effects of decolor-

izing agents. Cognizance must be taken of all of these factors

by the chemist in the determination of nitrates and in the ar-

rangement and interpretation of results. The importance of salt

effects and their significance in this connection are emphasized

by the fact that many soils, and particularly those of arid and

semiarid regions, may frequently be found to a greater or less

degree impregnated with one or more of the so-called "alkali

salts," together with which, it often happens indeed, consider-
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able quantities of nitrates are to be found. So far as the clay-

coagulating substances are concerned, it has alwaj^s been a com-

mon practice in soil work to employ varying amounts of a satur-

ated solution of alum to obtain a clear soil solution, and more

recently it has been proposed by investigators who have studied

the method under discussion to use aluminum cream for the pur-

pose in place of alum. For decolorizing solutions both aluminum

cream and bone black have been used. The methods for both

clay coagulation and decolorization are obviously essential in most

soil work, since ordinary filtration, without the use of such

agents, can rarely be depended on to yield a clear, colorless soil

solution, even if time be no object. The employment of the

Pasteur Chamberland filter to remove clay has been found by
direct investigation to involve well-defined losses of nitrates.

It is not our purpose here to enter into a lengthy review of

other investigations bearing on the subject in hand, but into a

brief discussion of the more important ones which show the ques-

tions still remaining unsolved or bring out certain results with

which ours do not agree.

In 1894 GilP carried out a series of painstaking investiga-

tions which, briefly, indicate (1) that for purposes of accuracy

the phenoldisulphonic acid employed in the nitrate determination

must be carefully prepared to insure a uniform compound for

use as a standard; (2) that chlorine induces losses of nitric acid

both when the solution containing nitrate is evaporated on the

water bath and when the residue is treated with the reagent;

(3) that NajCOg added to the nitrate-containing solution to pre-

vent escape of nitric acid during evaporation induces losses of

nitrates varying in quantity from four to six per cent; (4) that

alumina may be used to precipitate colloidal material for obtain-

ing a clear solution
; (5) that silver sulphate, if free from nitrate,

may be employed to precipitate chlorine, thus removing an im-

portant interfering agent.

More recently Chamot and his coworkers^ have prosecuted an

even more thoroughgoing investigation than the preceding, in

which the most emphasis has been placed, however, on the mode
of preparation of the tripotassium salt of nitrophenoldisulphonic

1 Jo«r. Am. Chem. Soc. vol. 16, p. 122. 1894.
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acid iTsed as the reagent. Their results indicate (1) that in

order to obtain the phenoldisulphonic acid free from the mono

and tri-phenolsulphonic acid a careful digestion of the phenol

and sulphuric acid under certain constant conditions must be

assured; (2) that the mono and tri-phenolsulphonic acids intro-

duce other colors which interfere with the readings in the colori-

meter; (3) that the tri-potassium salt of nitrophenoldisulphonic

acid gives the characteristic color employed in the determination

and should always be used as a standard; (4) that heating the

dry residue of nitrates even for several hours on the water bath

occasions no losses; (5) that aluminum cream is the best pre-

cipitating agent for organic matter of several used and occasions

no losses of nitrates; (6) that 2 c.c. of the phenoldisulphonic acid

should be used in uniform amounts in all determinations; (7)

that KOII was to be preferred to NaOH and NH^OH, as the

alkali employed; (8) that chlorides induced losses of nitrates;

(9) that carbonates and organic matter did likewise; (10) that

temperature, concentration, and length of exposure to reagent

greatly affect results; and (11) that there have been other minor

effects of iron, magnesium, and nitrites.

Reference must also be made here to the brief investigation of

Stewart and Greaves^ pertaining to the effect of chlorine in de-

termining nitrates in soils, both because the work is recent and

because it is the only one published which is derived from re-

searches on soils. This investigation and those above reviewed

cover most completely the questions involved and reference will

be made in the discussion of our experimental work below to

those questionable points which were considered settled but which

our work shows M'ere far from being so.

The Interference of Salts with the Nitrate Determination

As has been above indicated the salt accumulations which

occur in the soils of California, Nevada, Utah, and other arid

or semi-arid regions frequently contain considerable quantities

of nitrates and the determination of the latter in the presence

of the "alkali salts" is, as has been found, frequently attended

^ Ihkl., vols. 21, p. 922; 32, p. 630; 33, p. 366
^
Ihid., vol. 32, p. 756.
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with losses of nitric acid. AYliile all the investigations above re-

viewed have pointed out the interference of chlorine and chlorides

with the nitrate determination, and while some of them have

also considered the losses occurring through the use of Na^COs,

no mention is made of the effects of the most common and widely

spread of the alkali salts, NaoSO^, or Glauber salt. It seems fur-

ther to have been taken for granted that Na^COg and NaoSO^

should, for obvious reasons, have the same effects on the nitrate

determination by the phenoldisulphonic acid method. Our re-

sults do not, however, bear out this opinion. Under this head

were also studied the effects of the kation as well as the anion

of salts on the same determination.

Varjdng quantities of the salts tested were here added to the

same amounts of nitrates in solution, and uniform quantities of

salts were also tested as to their effects on varying quantities

of nitrates. Everyone of the following tables gives the effects

of one of the salts tested in accordance with the scheme above

indicated and in some cases also shows how the nitrate deter-

mination is affected by varying the quantities of both the nitrates

and other salts. The residue containing the salts and the nitrates

was treated with 2 c.c of phenoldisulphonic acid thoroughly

stirred for about two or three minutes, 25 c.c. of nitrate-free dis-

tilled water was added, and then strong ammonia drop by drop

until the odor of ammonia persisted and the color was per-

manent. The solution was then diluted as necessary and com-

pared in the Sargent-Kennicott colorimeter with a standard

solution similarly and always freshly prepared, whose strength

was in every case carefully tested. The results of these experi-

ments are given in the following tables.
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Uniform quantities

KNO —varying
amounts NaCl

Varying quantities

KNO„-uniform
amounts NaCl

Varying quantities of

both KNO and NaCl
3

Uniform amounts KNO
small amounts NaCl

Color blanks

on both salts

TABLE I

Effects of NaCl

NaCl added

mgs.

.25

.50

1.00

2.50

1.00

1.00

1.00

1.00

1.00

1.00

.50

1.00

1..50

2.00

2.50

.01

.05

.10

.00

2.50

N. added as

nitrate mgs.

.050

.050

.050

.050

.050

.100

.250

.500

1.000

2.500

.050

.100

.2.50

..500

1.000

2.500

.050

.0.50

.050

.050

.000

N. found as

nitrate mgs.

.045

.041

.035

.026

.038

.070

.215

.460

.940

2.300

.046

.078

.230

.460

.900

2.300

.051

.051

.049

.050

.000

TABLE II

Effects of Na^SOi

Amounts of nitrate

uniform and sulfate

varying

Amounts of sulfate

uniform and nitrate

varying

Amounts of both salts

varying

Na„SO^ added
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nature of the action of the salts in question. The results of

these experiments, which will be given below, make entirely clear

what seemed at first quite puzzling.

In further general discussion of the tables above given, it

must be added that the decreases in the nitrate content of the

solutions tested as induced by the presence of salts never oc-

curred in accordance with any definite law, the losses at times

being greater with smaller amounts of salts than w4th larger

amounts, the amounts of nitrates being constant. On the other

hand, with a given amount of nitrates not exceeding one-tenth

of a milligram the salts seemed always to induce larger per-

centage losses than they did in the case of the larger amounts of

nitrates. Our results not only give good opportunity for a com-

parison of the effects of varying quantities of salts on the same

nitrate content, but point out all the relationships between the

salts and nitrates where first the former, then the latter, and

finally both, are varied. There are two other points, also, which

they would not seem to confirm
;
indeed they give entirely different

evidence on these than was obtained by other investigators. The

first is that small amounts of NaCl do not induce losses of

nitrates, as claimed by Stewart and Greaves, and Table I indi-

cates that amounts of NaCl below .1 milligram do not occasion

any losses. The other point of difference between our results and

those of the others mentioned is that NaoCOg does not decrease the

amounts of nitrates, no matter to what extent it is used, as shown

in Table III. This is in entire disagreement with the results of

Gill and Chamot and his coworkers, who claimed that Na2C03
and other carbonates induced losses of nitrates, in the determina-

tion outlined. It must also be added here that the effects of

Na.SO^ as given in Table II constitute the first published results,

so far as we are aware, on the effects of Glauber salt on the

nitrate determination, and they have indeed been indirectly re-

sponsible for the discovery of one or two other points of interest

which will be discussed below.

The results above given indicate the effects of each of the

salts taken singly on the nitrate determination. To make the

data more complete it was thought desirable to test various mix-

tures of the same salts and note their effects. Table IV gives

the results obtained.
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TABLE IV

Effects of Mixed Alkali Salts

Na^COj
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tain if such materials in any way affect the accuracy of the

determination. Indeed Chamot and his coworkers have recom-

mended the use of aluminum cream for removing suspended

material from the solution, and claim to have had very satis-

factory results in the use of that material. Our experiments

in this series were intended to clear up this question and the

following results show very strikingly that none of the materials

mentioned may be employed in the nitrate determinations with-

out incurring very serious losses. Table V gives results obtained

in the use of potash alum, and Table VI gives results obtained

in the use of bone black and aluminum cream.
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TABLE VI

Effects of Aluminum Cream and Bone Black

Sufficient alnmimiiii cream to

clear solutiou. Five minutes

exposure

Twice the amount of aluminum

cream used above. Exposed one

X. added as
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ther attempts to find a coagulating and decolorizing agent which

might promise well for this method, it struck us that quicklime,

being the best coagulating material for clay, might perhaps also

serve to remove organic matter and yet might not decrease

seriously the amount of nitrates in the solution to be tested.

Accordingly, tests were carried out by adding lime to solutions

containing known amounts of nitrates, to soils containing known

amounts of nitrates and to soils with unknown amounts of

nitrates-, in which latter a comparison was also especially made

between lime and aluminum cream. We found in these experi-

ments that the losses of nitrate through the use of lime were not

only very small or negligible, but that the action of lime in

precipitating both clay and organic matter was equal to or better

than that of the best of the coagulating and decolorizing agents.

Its coagulating action on clay has of course always been recog-

nized in soil physics. The results of the experiments are given

in Table VII.

TABLE VII

Effects of Lime

A—Solutions of known nitrate content

CaO present
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It would seem from these results therefore that lime can

3'ield a clear, colorless solution without decreasing the quantity

of nitrates present in the solution appreciably, and that it is

therefore the only one of the coagulating agents above tested

which can be safely used in the work. We commend it to soil

chemists and others making nitrogen determination under similar

conditions. Only where very large quantities of lime are em-

ployed, and they are not necessary, have we found definite losses

of nitrates. We find that 2 grams of CaO is sufficient to

coagulate the clay in 100 grams of loam soil and to remove

whatever color may be present at the same time.

While lime has been used by some chemists in accordance

with the method above outlined, its use has by no means been

general and no data prior to this existed with reference to its

effects on the nitrate determination. J. G. Lipman and P. E.

Brown give directions in their laboratory manual on Soil Bac-

teriology for the use of 2 grams of lime to precipitate the clay

in the 100 gram samples of soil used in nitrification experiments,

but we have never seen any published statements beyond that

as to the advisability or feasibility of employing lime. It is cer-

tainly surprising that those who have tested the method for

nitrate determination should not have tried and urged the use

of lime as a substitute for alum or aluminum cream.

Other Experiments on Salt Effects

It appeared interesting, when the results in Tables I, II, and

III were obtained, to ascertain if the kation as well as the anion

of salts was responsible for losses of nitrates. Accordingly a

series of experiments was instituted in which the effects of

NaCl, KCl, and MgCU could be compared. The following re-

sults were obtained.
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,

TABLE IX

Effects of Dry Mixing of Nitrates and Salts
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error, and to establish the method on a firmer basis. Our results

as above outlined show that losses of nitrates are induced by

the presence of NaCl and NaoSO^, and such losses are indeed

hard to avoid when working with "alkali soils." Even the

suggestion of Chamot that AgSO^ might be used to precipitate

chlorides would seem, from our results, not to be useful, since

the addition of sulfate to the solution would accomplish very con-

siderable losses itself, even if the silver sulfate can be obtained

nitrate-free, which Chamot claims is seldom the case. So that while

we deem it unsafe in the presence of considerable quantities of salts

containing chlorides and sulfates to determine nitrates by the

phenoldisulphonic acid method and M^ould therefore recommend

the Street modification of the Ulsch method in such cases, it is

likewise clear that many of the nitrate determinations made

in soil laboratories, as is especially the case in soil bacteriological

work, would not be interfered with by salts. In such cases the

method can be safely depended on if potash alum, aluminum

cream, and bone black are not used to coagulate clay and or-

ganic matter, since they have been found in the researches above

described to be productive of very serious errors. We recom-

mend as a substitute for these coagulating agents the oxide of

lime in its chemically pure state, to be employed in accordance

with the method above given. The losses of nitrates sustained

through its use have been shown to be very small in the work

above reported, and it may be employed by grinding the soil

with water or by direct addition to the muddy suspension pre-

pared from the soil.

Other sources of loss such as those brought about through

the sterilization of controls in the autoclave are unavoidable.

They have been found at times to be distinctly appreciable, and

especially in the presence of considerable quantities of organic

matter. It is further of the greatest interest to learn, from the

experiments above described, of the action of the anion of the

salts employed in our studies and the losses of nitrates occurring

on the water bath from solutions being evaporated there when

either NaCl or NajSO^ is present.

We should also make mention here of our attitude toward

the use of NH^OH instead of KOH, which was found superior
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to the former in the investigations above reviewed. While higher

absolute results may no doubt be obtained from the use of KOH
than from XH^OH, and while in addition ammonia possesses

other objectionable features, we were not aware of the first of

these objections when these investigations were begun and did

not deem the others serious enough to warrant a change in the

established method. ]\Ioreover, the same relative values would

exist for the data above given if obtained with one or the other

of the hydrates, and therefore our results, having been obtained

throughout by the use of ammonia, do not in any way lose their

value. We do intend, however, in the future to emplo}^ KOH
exclusively in nitrate determinations made in this laboratory.

Finally we desire to call the attention of soil chemists to the

fact that losses of nitrates by the agencies above described never

seem to occur in accordance with anv definite law, with the

exception of the case in which the various alkali chlorides are

compared. In these it would appear, from calculations which

we have made, that the losses of nitrates are proportional to

the amounts of chlorine present. While no law can be formu-

lated, however, in accordance with which nitrates are lost in

the presence of salts, it may be possible to work out tables

for the losses of nitrates incurred in the presence of varying

quantities of chlorides and sulphates, and to make corrections,

therefore, in samples whose composition is unknown after alkali

determinations are made. It is true, however, that calculation

has shown on the basis of data in Table YIII that the losses

of nitrates induced by chlorides alone are proportional to the

amount of chlorine present.

CONCLUSIONS

1. The "alkali" salts NaCl and NaoSO^ induce losses of

nitrates when the latter are determined by the phenoldisulphonic

acid method. Na.CO^ has no such effect. NaCl induces much

greater losses than NaoSO^.

2. Among the substances used to coagulate clay and organic

matter from solutions in which nitrates are to be determined,

potash alum, aluminum cream, and bone black have been found

decidedly unreliable. They all induce large lo.sses of nitrates.
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3. Lime has been fouud to be much more reliable for the pur-

pose named than any of the other substances, the losses incurred

through its use being very small.

4. The reason for the difference between the action of Na2S04

and NaoCOg so far as the nitrate losses are concerned is to be

found in the fact that Na.S04 induces the loss of nitric acid

from the solution while the latter is being evaporated, while

NaoCO;, containing only a weak acid radicle has no power to

set nitric acid free. Neither NaoSO^ nor Na.COo has the power

to set nitric acid free from nitrates when the dry residues of the

two are mixed prior to treatment with phenoldisulphonic acid.

5. Losses of nitrates from solutions as induced by chlorides

alone seem to be proportional to the amount of chlorine present.

6. The work of Gill which showed that chlorine induces losses

both on the water bath and in mixing the dry residue with

phenoldisulphonic acid is confirmed.
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HISTORICAL INTRODUCTION

Loew^ and his co-workers found, some years ago, that the

growth of a number of plants may be markedly influenced by

variations in the ratio of calcium to magnesium, both in solution

and soil cultures. Osterhout- also showed that a more or less

definite relation between other elements in culture solutions is

necessary for maximum growth. These and other researches have

drawn attention to certain long neglected phases of plant physi-

ology and strengthen the view that in addition to the mere

jjresence of the necessary elements, plants also demand a physio-

logically balanced relation between the elements in solution if

maximum growth is to be produced. By means of artificial cul-

ture solutions principles of great importance are being worked

out, but in generalizing from culture solutions to natural soils,

many difficulties arise. The great complexity of the factors in-

volved and the difficulties inherent in the question necessitate

the greatest care in making broad generalizations regarding soils.

iLoew and May, Bur. Plant Ind. U. S. D. A., Bui. No. 1; Aso, Bui.
Col. Agr. Tokyo, vol. 4, pp. 361-370; vol. 5, p. 49.5; vol. 6, p. 97; Loew and
Aso, vol. 7, pp. 395-407.

2Bot. Gaz. 42, 127-134; 44, 2.59-272; 48, 98-104.
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In this connection the "lime-magnesia ratio" has become a

matter of general interest and is being extensively investigated

at the present time. Some recent experiments by Lemmermann^

and others seem to indicate that a wide variation in this ratio is

of no consequence to plants. It is well known, however, that the

effects produced by natural limes and limestones are not always

equal. In certain instances dolomitic limes are known to produce

less favorable results than non-magnesian limes. During recent

years additional light on the action of lime in soils has been

found in the fact that calcium carbonate enhances certain bio-

logical activities through supplying an active base by means of

which the essential neutral condition is maintained. In this con-

nection the question of the effects on bacterial activity brought

about by different sources of lime and limestone naturalh^ sug-

gests itself.

In regard to physiologically balanced solutions for bacteria.

Dr. C. B. Lipman* has shown that the ammonification of peptone

b}' pure cultures of B. subtilis is favored on the one hand by a

certain ratio of calcium to potassium, magnesium to sodium and

potassium to sodium
;
while on the other hand, he failed to observe

any antagonism between calcium and magnesium or calcium and

sodium. In his investigations Lipman found that a certain con-

centration of magnesium chloride proved toxic to the development

and activity of B. subtilis and at the same time the addition of

certain amounts of calcium chloride failed to overcome this tox-

icity. Likewise, magnesium or sodium was ineffective in over-

coming the toxicity of calcium. While it is probably true that

calcium is not necessarj^ for the normal development of bacteria,

the importance of these observations, if found to apply in soils, is

at once obvious.

From a study of the effects of various carbonates on the

nitrification of ammonium sulphate in solutions, Owen^ in 1908

concluded that magnesium carbonate is better suited to the stimu-

lation and growth of nitrifying organisms than calcium, potas-

sLandw. Jahrb., 40 (1911), pp. 173-254; Also see Gile, Porto Eico Sta.

Ann. Kept., 1911.

4Bot. Gaz., 48 (1908), pp. 10.5-125; 49 (1909), pp. 41-50.

r. Ga. Sta. Bui. 81 (Teclmical Series Xo. 1), 1908.
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sium or ammonmm carbonates. It is but fair to mention in this

connection, however, that great dilution of these carbonates was

employed.

In 1910 Dr. J. G. Lipman** observed that the addition of one

gram of calcium carbonate per one hundred grams of a New Jer-

sey soil stimulated the ammonification of dried blood but de-

pressed the formation of ammonia from cotton seed meal. In

parallel experiments he observed that an equal amount of mag-

nesium carbonate caused a depression in the ammonification of

dried blood but stimulated the ammonification of cotton seed

meal. In other words, the ammonification of dried blood and cot-

ton seed meal in one and the same soil were affected by calcium

and magnesium carbonates in opposite ways, both as regards the

carbonates and the nitrogenous substances employed. These re-

sults are interesting and suggestive and point to the complexity

of this single step in the preparation of available nitrogen from

the organic substances occurring in soils.

In the same year Kellerman and Robinson^ pointed out that

the addition of magnesium carbonate to a highly magnesian soil

in quantities above 0.25 per cent greatly depressed the formation

of nitrates while the application of calcium carbonate in quanti-

ties up to 2 per cent markedly stimulated nitrification. The

growth of crops on this soil had been found to be much more

favorably influenced by the application of ground oyster shells

than by magnesium limestone. The authors inferred from their

experiments that the inferior effects on crops following the appli-

cation of dolomitic limestone may be due, in part, to retarded

nitrification.

AMMONIFICATION

In the course of some studies on soil bacteriology at the Uni-

versity of California, the writer undertook a study of certain

biological transformations, as affected in two different sandy soils

from California by varying amounts and combinations of calcium

and magnesium carbonates. On account of the striking nature

of the results obtained in the preliminary ammonification ex-

' N. J. Sta. Eept., 1910.

7 Science, 32, p. 159.
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periments a systematic study of this -question was undertaken.

The soil employed in the aramonification experiments presently

to be described was of a light sandy character having been taken

from near Oakley in the upper part of San Joaquin Valley and

represents a large area now devoted to the growth of peaches

and other fruits. With suitable moisture conditions this land

produces excellent growth of the crops suited to it. The follow-

ing analysis furnished by the courtesy of Dr. Lipman sets forth

the composition of this soil.

Table I. Composition of Son. Used ix Ahmoxificatiox Experiments

Pel' cent

Insoluble matter 80.45

Soluble silica 6.1-5

Potash (KoO) 0.35

Soda (Xa„0) 0.15

Lime (Ca 0) 1.41

Magnesia (MgO) 0.33

Br. Ox. Manganese (Mn^A) 0.09

Ferric Oxide (FeAO 3.96

Alumina (A1,0,) -4.45

Phosphoric Acid (P-A) 0.10

Sulphuric Acid (SO,) 0.06

H„0 at 110° C - 0.80

Volatile matter 2.02

Total 100.32

In the ammonification experiments dried blood was used as a

source of nitrogen. Five grams of this material and varying

amounts of calcium and magnesium carbonates were thoroughly

mixed with 100 gram portions of sifted soil, placed in tumblers

and then optimum moisture conditions provided by the addition

of sterile water. The tumblers were covered with Petri dishes

and after an incubation period of seven days the ammonia was

distilled into standard acid by the use of magnesium oxide and

measured in the usual way. The results are recorded in the

following table.
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Table II. Effects of Calcium and Magnesium Carbonates on the

Ammonification op Dried Blood

Ammonia nitrogen
Treatment mgs.

None 81.4

1 Gram Calcium Carbonate 84.3

2 Gram Calcium Carbonate 8-5.0

4 Gram Calcium Carbonate 91.0

6 Gram Calcium Carbonate 91.0

8 Gram Calcium Carbonate 87.8

12 Gram Calcium Carbonate 87.8

1 Gram Magnesium Carbonate 53.2

2 Gram Magnesium Carbonate 53.9

4 Gram Magnesium Carbonate 50.0

These data, as all others submitted iu this paper, represent

averages of closely agreeing duplicates. In examining the above

data we note a slight stimulation in ammonia formation from the

use of the several amounts of calcium carbonate employed, the

maximum stimulation being reached with from 4 to 6 grams per

100 grams of soil. With the use of magnesium carbonate a marked

depression in ammonia accumulation occurred, there having been

found to be a falling off of approximately one-third as compared

with the amounts found without the use of carbonate. It is also

noteworthy that one gram of magnesium carbonate proved to be

about as toxic to ammonification as larger amounts.

A second series was prepared with the use of still smaller

amounts of magnesium carbonate for the purpose of determining

the concentration at which toxic effects begin and also to deter-

mine the minimum amount of this carbonate necessary to produce

maximum toxicity. The results follow.

Table III. Ammonification of Dried Blood as Affected by Small

Amounts of Magnesium Carbonate

Ammonia nitrogen
Treatment mgs.

None - 93.1

0.1 Gram Magnesium Carbonate 77.4

0.2 Gram Magnesium Carbonate 70.6

0.4 Gram Magnesium Carbonate 65.6

0.6 Gram Magnesium Carbonate 65.2

0.8 Gram Magnesium Carbonate 64.6

1.0 Gram Magnesium Carbonate 62.0
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These data are instructive as showing the marked depression

of ammoniflcation in the soil employed, even with the small

amount of .1 per cent of magnesium carbonate. The toxicity in-

creased with greater amounts of the magnesium carbonate added

reaching a practical maximum with from 0.8 to 1 gram per 100

grams of soil.

According to Loew the toxic effects of an excess of magnesia

in soils can be overcome or antagonized by the application of

lime. "\Miile this theory was proposed and held for the higher

plants, it was thought to be of some interest to study the question

with reference to the ammoniflcation process. Accordingly the

following series of experiments was arranged. In these trials one

gram of magnesium carbonate per 100 grams of soil was used

throughout, this quantity having been found to l)e the lowest

that produced maximum toxicity.

Table IV. AMiioNiFiCATioN of Dried Blood in the Presence of Both
CaCo and MgCo

3 3

Ammonia nitrogen
Treatment mgs.

1 Gram Calcium Carbonate 84..S

1 Gram Magnesium Carbonate 53.9

1 Gram Magnesium Carbonate + Of) Grams Calcium Carbonate 51.1

1 Gram Magnesium Carbonate + 1. Grams Calcium Carbonate 53.9

1 Gram Magnesium Carbonate + 2. Grams Calcium Carbonate 53.2

1 Gram Magnesium Carbonate + 3. Grams Calcium Carbonate 50.6

1 Gram Magnesium Carbonate + 4. Grams Calcium Carbonate 51.1

1 Gram Magnesium Carbonate + 5. Grams Calcium Carbonate 50.7

1 Gram Magnesium Carbonate + 6. Grams Calcium Carbonate 50.3

1 Gram Magnesium Carbonate + 8. Grams Calcium Carbonate 50.7

1 Gram Magnesium Carbonate + 12. Grams Calcium Carbonate 50.4

From these data it is at once seen that no antagonism was

produced. Even the very large amount of 12 grams of calcium

carbonate in no way reduced the toxic effects produced by one

gram of magnesium carbonate. The results, therefore, are in

harmony with the observations made by Dr. C. B. Lipman^ in his

studies on the physiology of B. suhfilis.

8 Loc. cit.
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NITRIFICATION

Having failed to observe any antagonism between calcium and

magnesium in the complex process of ammonification in the soil

under investigation, attention was directed to a study of nitrifiea-

tion under similar conditions. A sandy soil from Anaheim, Cali-

fornia, that contained a vigorous nitrifying flora, was employed

in these studies. The following table of analyses furnished by

the kindness of Dr. Lipman shows the chemical composition of

this soil.

Table V. Compositiox of Soil Used in Nitrification Experiments

Per cent

Insoluble matter 73.59

Soluble Silica 11.17

Potash (K3O) 64

Soda (Na,0) l.j

Lime (Ca O) 1.39

Magnesia (Mg O) 93

Br. Ox. Manganese (Mn.OJ 04

Ferric Oxide (FeA) 5-10

Alumina (ALO,) 3.92

Phosphoric Acid (PA) 12

Sulphuric Acid (SO,) 02

Volatile matter ")
j,
„„

ILO at 110° C
I

'^'

Total 99.95

The nitrification experiments were carried out in tumblers,

tM^o grams of dried blood being mixed with each 100 gram portion

of soil. The amounts of calcium and magnesium carbonates added

are shown in the table. Optimum moisture conditions w^ere main-

tained throughout the 21 day incubation period during which

time a temperature of 27 to 28 degrees was maintained. The

results are shown in the following table.
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Table VI. Effects of Calcium and Magnesium Carbonates on the

Nitrification of Dried Blood

Xitrate nitrogen
Treatment found mgs.

None 14.5

1.0 Gram Calcium Carbonate 23.5

2.0 Gram Calcium Carbonate 19.2

4.0 Gram Calcium Carbonate 21.2

8.0 Gram Calcium Carbonate 20.2

0.1 Gram Magnesium Carbonate 3.6

0.2 Gram Magnesium Carbonate 2.9

0.4 Gram Magnesium Carbonate 2.8

0.8 Gram Magnesium Carbonate 5.1

1.0 Gram Magnesium Carbonate 1.0

2.0 Gram Magnesium Carbonate 2.0

4.0 Gram Magnesium Carbonate 2.9

8.0 Gram Magnesium Carbonate 3.3

Original soil 5.0

It will be observed that while approximately a 50 per cent

stimulation in nitrate formation was effected by the addition of

calcium carbonate, nitrification was totally inhibited by the addi-

tion of one-tenth of one gram of magnesium carbonate. Before

further discussing these results the data obtained from the

effects of calcium and magnesium carbonates acting synchron-

ously will be presented.

Table VII. The Lack op Antagonism Between Calcium and Magnesium

Carbonates as Shown in the Nitrification of Dried Blood

Nitrate nitrogen
Treatment found mgs.

None 14.5

1.0 gram Calcium Carbonate 23.5

0.1 gram Magnesium Carbonate 3.6

0.1 gram Magnesium Carbonate and 1. gram Calcium Carbonate 4.1

0.1 gram Magnesium Carbonate and 2. gram Calcium Carbonate 3.4

0.1 gram Magnesium Carbonate and 3. gram Calcium Carbonate 2.6

0.2 gram Magnesium Carbonate and 1. gram Calcium Carbonate 1.9

0.2 gram Magnesium Carbonate and 2. gram Calcium Carbonate 1.4

0.2 gram Magnesium Carbonate and 3. gram Calcium Carbonate 2.0

0.4 gram Magnesium Carbonate and 1. gram Calcium Carbonate 2.2

0.4 gram Magnesium Carbonate and 2. gram Calcium Carbonate 1.8

0.4 gram Magnesium Carbonate and 3. gram Calcium Carbonate 3.1

0.8 gram Magnesium Carbonate and 1. gram Calcium Carbonate 2.9

0.8 gram Magnesium Carbonate and 2. gram Calcium Carbonate 3.5

0.8 gram Magnesium Carbonate and 3. gram Calcium Carbonate 4.1
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Here again it is shown that .1 gram of magnesium carbonate

per 100 grams of soil entirely prevented nitrification. Neither

do we observe any effective antagonism through the use of cal-

cium carbonate.

On the one hand it was found that ammonification of dried

blood was seriously interfered with by the presence of small

amounts of magnesium carbonate, and on the other, nitrification

was completely prevented by its presence. In neither case was

there any evidence of an antagonism between magnesium and

calcium carbonates. In the above nitrification experiments, mag-
nesium carbonate not only prevented the formation of nitrates

but at the same time induced a reduction in the amounts of

nitrates originally present in the soil. It was observed that with

the addition of magnesium carbonate a much more abundant

growth of moulds took place than in the tumblers receiving cal-

cium carbonate.

With a view of throwing further light on this question, total

nitrogen was determined, both before and after the incubation

period of 21 days, in a similar set of experiments to which one

gram of magnesium carbonate had been added. The result showed

that during the period of bacterial action, similar to that in the

preceeding nitrification experiments, the soil sustained a loss

equal to about 20 per cent of the combined nitrogen originally

present.

Two factors suggest themselves as bearing on this question.

The first and probably most important is that of volatilization

and, therefore, loss of ammonia. J. G. Lipman'' in his numerous

researches found that the dilution of a heavy silt loam with

silica sand caused a loss of ammonia in ammonification experi-

ments. The loss began to manifest itself with the use of 30 per

cent of sand but greatly increased with larger amounts. This

loss was attributed to the volatilization of ammonia and was

sufficiently great to give an appreciable odor of ammonia above

the tumblers. The soils employed in the experiments herein

described were largely composed of sand and contained very

small amounts of silt and clay. The substances capable of fixing

large amounts of ammonia are, therefore, largely absent from

9 N. J. Sta. Kept., 1909.
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these soils and consequently considerable loss may have been

sustained through the volatilization of ammonia. The data on

ammonifieation, therefore, should be considered as representing

the ammonia accumulated rather than the absolute amounts

formed. The relative effects of calcium and magnesium carbon-

ates on the loss of ammonia were not investigated.

A second factor in the loss of nitrogen is that of denitrifica-

tion. It was recently shown by VogeP° that calcium carbonate

under certain conditions can bring about a considerable loss of

nitrogen as nitrates in soils through denitrification. In the pre-

vious experiments it was observed that with the use of magnesium
carbonate a decided reaction for nitrites could be obtained. Deni-

trification, therefore, took place and an actual loss of nitrogen

is probably traceable to this cause. From the preceding data

(Table VI) it is seen that the use of small amounts of magnesium
carbonate not only inhibited nitrification but, as previously men-

tioned, also caused a considerable loss of the nitrates already in

the soil. We have here, therefore, still further evidence of deni-

trification having taken place. With the use of larger amounts

of magnesium carbonate, nitrification and denitrification were

both inhibited but no considerable loss of the nitrates originally

present in the soil took place.

It seems probable, therefore, that the smaller amounts of mag-

nesium carbonate were toxic to the nitrifying bacteria M'hile still

allowing the denitrifiers to act, but under the influence of larger

amounts of magnesium carbonate both the nitrifying and deni-

trifying groups were rendered inactive.

The striking nature of the results obtained in the previous

ammonification and nitrification experiments suggested a study

of nitrogen fixation under similar conditions. For this purpose

the Anaheim soil was employed since it contains a vigorous nitro-

gen fixing flora. Mannite was used in these experiments and

the usual method followed. The results obtained proved to be so

irregular and discordant that their publication is withheld at this

time. In one series a slight decrease in the amount of nitrogen

fixed followed the use of magnesium carbonate, while in still

another series no effects were observed.

10 Centbl. Bakt. 34, pp. 540-561.
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DISCUSSION

The experimental data presented above show that under the

conditions employed and in the soils studied, calcium carbonate

stimulated the ammonificatiou of dried blood to a limited extent

but exercised a more noteworthy stimulating effect on nitrifica-

tion. With magnesium carbonate a pronounced toxic effect was

produced. In the ammonificatiou of dried blood there was sus-

tained a loss of about one-third as compared with the experiments

without the use of carbonates, w^hile in the nitrification experi-

ments magnesium carbonate completely inhibited nitrate forma-

tion. It is also noteworthy that no evidence of antagonism be-

tween calcium and magnesium carbonates was observed. It is

not intended, however, to generalize from these results. It does

not follow that similar results would be obtained from any soil.

In fact, data already obtained from other soils show that the

phenomena observed in the two soils above discussed are not of

universal occurrence under similar conditions.

A further study of the lime-magnesia ratio in reference to

nitrogen transformations in soils is now under way with the

use of several types of Hawaiian soils and interesting results have

already been obtained. A more complete interpretation of the

results obtained is reserved for a subsequent publication after a

wider range of observations have been made. Before a satis-

factory understanding of the lime-magnesia question in regard

to field crops is presented it is imperative that we have more

specific knowledge concerning the effects produced on the various

organisms of soils, now generally admitted to be of fundamental

importance in plant growth, and it is especially important that

the effects produced on the organisms affecting nitrogen trans-

formations be more fully understood. It is hoped that this work

may stimulate other investigations along this line.

The author wishes to extend his thanks to Dr. C. B. Lipman,
in whose laboratory this work was carried out, for many valuable

suggestions offered from time to time and the great interest

shown.
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While the phenoldisiilphonic acid method for determining

nitrates in soils at present offers the most speedy and satisfactory

means of ascertaining the nitrate content of soils free from

"alkali," it has been shown^ to be of questionable value when

employed with soils containing even small amounts of soluble

salts, and especially in the presence of the chlorides and sulfates

of the alkalies. Since this is true, and further since the number

of nitrate determinations on soils containing "alkali" is con-

stantly increasing, due to the great increase in our research work

on "alkali" problems, both chemical and bacteriological, it was

deemed by the Avriter to be a matter of importance to establish

a method for the determination of nitrates which was not affected

by the presence of soluble salts.

The possible methods considered were Busch's "nitron" pro-

cess, the methods depending upon the liberation and subsequent

measuring of nitric oxide, and the reduction methods in which

the nitrate nitrogen is reduced to ammonia and either titrated

against a standard acid solution or Nesslerized.

Busch's "nitron" process- was rejected for the following

reasons. A number of the acids (both organic and inorganic),

1 Univ. of Calif. Publ. Agr. Sci., vol. 1, no. 2, pp. 21-37. Utah Agr.
Exp. Sta. Bull., 106.

2 Ber. Dent. Chem. Gsell. 38 (1905), 3, pp. 861-866.
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and salts found in soils, form insoluble compounds with the

"nitron" (1.4-diphenyl-3.5 endanilodihydrotryazol) as well as

does the nitrate radicle. The sterilization of soils also appears

to liberate substances which interfere with the crystallization of

the "nitron" nitrate.' The occurrence of soluble organic matter

invariably present in the soil solutions tends, in many cases, to

vitiate completely the results.* The calcium oxid. which we use

to coagulate the clay before filtration, comes down as the car-

bonate in the filtrate, thus making a gravimetric determination

impracticable. (Lime has been shown to effect the least loss of

nitrates of any of the common coagulants.) The trouble and

cost of procuring the reagent also militated against the use of

this method. The Schulze-Tiemann,^ Schlosing-Wagner,® and

similar methods which depend upon the liberation and subse-

quent measurement of the nitric oxide from the nitrates did not

appear feasible because of the errors introduced through atmos-

pheric conditions, the expense of apparatus for a large number

of determinations, and the length of time necessary for the

operations involved.

Thus all but the reduction methods were eliminated. In

1890 the Agricultural Experiment Station' at Halle, Germany,

perfected a reduction method for the determination of nitrogen

in nitrates. They used zinc dust, iron filings, and a solution

(sp. gr. 1.3) of sodium hydrate. The presence of chlorides and

sulfates did not impair the accuracy of the determination. Sev-

eral modifications of this reduction process are now used. In

the modified Ulsch^ method sulfuric acid and reduced iron are

employed to liberate the nascent hydrogen, an excess of mag-

nesium oxid being added just before distillation. In the Devarda®

method an alkali, an alloy of aluminum, copper and zinc, and

ethvl alcohol are all used to effect the reduction. M. E. Pozzi-

3 J. Litzendorflf, Ztsclir. Aiigew. Chem. 20 (1907), 51. pp. 2209-13.

4 Mich. Exp. Sta. Eep. for 1911, pp. 178-181.

5 Bohm. Ztschr. Zuckerind. 2.5 (1900). p. 356, abs. in Chem. Centrbl.

(1901), I, 22, p. 1216.

eKonig's Untersuch. Landw. Stoffe, p. 151.

"> Experiment Station Eecord, vol. V, pp. 464-465.

8 New Jersey Exp. Sta. Rep. for 1892, pp. 188-193.

9 Analyst, 35 (1910), 412, p. 307.
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Escot^" utilizes aluminum filings, mercuric chloride and a solution

of potassium hydrate. J. T. Bornwater^^ uses aluminum filings

and a solution of potassium hydrate.

Still further elimination was thus necessary among the reduc-

tion methods. The modified Ulsch method presented certain

difficulties of technique which, in the case of numerous deter-

minations, would render the method impracticable. The alumi-

num reduction method has been heretofore used successfull^y in

water analysis,^^ and it appeared advisable to make a study of

it as applied to determinations of large amounts of nitrates as

met with in soil work; it further seemed important to determine

the feasibility of its use for a large number of determinations

made simultaneoiLsly. Such other factors also as the amounts

of aluminum and of alkali to employ, the length of time, and the

temperature for reduction, demanded a careful test.

Description of the Method

One hundred grams of the soil in which the nitrates are to

be determined are placed in round-bottomed, enameled cereal

dishes which have a capacity of about 800 c.c. INIortars were

used at first, but the cereal dishes were found to be much lighter,

easier to manipulate, and less expensive. Two grams of pow-

dered CaO and exactly 200 c.c. of distilled water are added to

each dish. The contents of each dish are now thoroughly ground
and mixed with a pestle for from 3 to 5 minutes, after which

the soil and clay are allowed to settle for 15 or 20 minutes, and

are then filtered through paper. It may be said here that the

solutions should never be allowed to stand over 2 to 3 hours, as

there occurs a noticeable loss of nitrates, possibly due to dentri-

fication. In case it is impossible to proceed at once with the

determination a few drops of chloroform^ ^ may be added. One

hundred c.c. portions of the filtrates, obtained as above described,

are placed in 400 c.c. casseroles and 2 c.c. of a 50 per cent NaOH
solution, free from nitrates, added to each. These are then boiled

10 Ann. Chim. Analyt. 14 (1909), 12, pp. 445-446.
11 Chem. Centbl. (1906), I, 8, p. 703.

12 Amer. Jour. Pub. Hyg., vol. XIX, 3. p. 1.

13 V. I. Sazanov, Abs. in Centbl. Zuckerindus. 15 (1907),' 34, p. 923.
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down to about half their original volume to drive off ammonia,

the residues washed into 125 c.e. Jena test tubes, diluted to

100 c.c, and a strip of aluminum (about 150 X 6 X -4 mm.,

weighing approximately one gram) added to each. The tubes

are then stoppered with one-hole rubber stoppers carrying bent

glass tubes, each of which has been drawn out to a fine capillary

tip. The solutions are allowed to remain in the tubes from 11

to 14 hours at a constant temperature of from 20° to 22° C.

(about our laboratory temperature). In case of large amounts

of nitrogen the temperature is of prime importance, a lower

temperature giving incomplete reduction in the above mentioned

time, while a higher temperature may induce a considerable loss

of ammonia. After reduction the contents of the test tubes are

washed into distilling flasks, about 300 c.c. of distilled, ammonia-

free water is added, and the ammonia distilled off and caught in

N/10 HCl, the excess of acid being titrated against N/10 NH^OH.
We run 24 or 36 determinations simultaneously, avoiding a

loss of time by allowing the reduction to take place over night,

either in an incubator kept at 20°-22° C, or when temperature

conditions are right, in the laboratory.

The cut below shown is a photograph of a rack which the

writer had made for the purpose of holding 36 of the large test

tubes while reduction was taking place. The holes are all num-

bered, thus doing away with the necessity of marking the glass

tubes, the determinations being run in rotation.
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Test of the Reduction Method With Large Quantities of

Nitrate

In soil work considerable amounts of nitrates are often

encountered. The first series of experiments were thus made

to determine whether or not the reduction method would prove

accurate in the presence of from 30 to 60 mgs. of nitrate nitrogen.

The results set forth in the following table are averages of

several analyses made at the same time and under similar condi-

tions. A comparison is also made here of the reduction method

with the phenoldisnlphnnic acid method.

TABLE I

A Comparison of the Beduction Method and the Phenoldisulphonic

Acid Method With Large Amounts of Nitrate Nitrogen
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alyzed Chemicals." All the reagents upon analysis were found

to be free from nitrogen. The salts were added in solution from

accurately graduated pipettes and burettes. The reduction

period for all the samples was 11 hours at a temperature of

20°-22° C.

The following table shows the results obtained in a series

of nitrate determinations made by the reduction method in the

presence of "alkali." The details with reference to these deter-

minations are also given in the table, and the figures are averages

of closely agreeing duplicate or triplicate analyses. This state-

ment applies also to the following tables.
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TABLE 11— (Continued)

Effects of "Mixed Alkali" Salts

Salts
added
Grams

0.2 NaCl
0.35 NaoS04
0.1 NaoCO,
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often from one to one and one-half milligrams of nitrogen, or

about the amounts which appear to be lost where large quantities

of nitrates are determined by this method.

As a means of comparison, the same amounts of "alkali"

salts and nitrate were added and the entire series analyzed by

the phenoldisulphonic acid method. The results of this work are

shown in the last column of Table II. The standard method

here calls for the use of 2 c.c. of the phenoldisulphonic acid, but

we found that even where no foreign salts were present, if the

amount of nitrate nitrogen exceeded about 10 mgs. 4 c.c. were

necessary to complete the reaction.

The results of tests of the colorimetric method where large

amounts of nitrates were present, using respectivelj^ 2 and 4 c.c.

of the phenoldisulphonic acid, follow:



]913] Burgess: Beduction Methods for Soil Nitrates 59

The Effect of Soluble Organic Materlvlr on the Reduction

Method

After having found that the soluble mineral salts had no

effect on the accuracy of the reduction method, it was deemed

advisable to ascertain whether or not the organic matter, which

is always present in the soils to a greater or less extent, interferes

with it. Such organic materials may be roughly divided into

two great classes: the humates, or the salts of humic acid with

the alkalies of the soil, and the soluble carbohydrate material. By

simply triturating the soil sample with pure water but a very

small percentage of the former class of compounds is ever ex-

tracted, while soluble carbohydrates are present in soils only in

exceedingly small quantities, except in rare cases. In these tests

dried, water solube humus and dextrose were used and two sets

of experiments were run, in one of which the solution to be

reduced contained .2 per cent of dried humus and the other of

which contained 1 per cent of dextrose. The addition of humus

produced a very dark brown solution, much darker in fact than

any solution that can be obtained by triturating, even soil high

in humus, with water. The analytical procedure was the same

as that above given and the results are expressed in Table IV,

and represent averages of closely agreeing duplicates.
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These results show a slight loss where large amounts of nitrate

were present, but the same also holds true above, as an exami-

nation of the foregoing tables will indicate. Therefore the losses,

which are also in part explained above, are not to be attributed

to the presence of excessive amounts of soluble organic materials.

Besides, the losses brought about for the reasons indicated are

of no serious practical import, since most soils seldom contain

more than from 15 to 20 milligrams of nitrogen per 100 grams

of soil.

The Time Required for Complete Reduction at a

Temperature of 20°-22° C.

That the time required for complete reduction should be

accurately ascertained at a given temperature is obvious. The

results given below are averages of analyses carried on simul-

taneously.

TABLE V

The Effect of Time ox the Process of Eeductiox at Constant

Temperature (20°'22'' C.)

Hours 1 2 Ms 4 6 8 9 10 11 12 15 24
Nitrate N Nitrate X recovered
added Mgs.
MgS. r

^'

100 19.04 33.88 46.20 .5.5.02 89.74 93.10 96.53 97.90 97.44 98.42 95.20

50 19.18 22.05 31.36 36.82 46.76 47.18 49.14 49.10 48.86 49.42 49.42

25 14.35 17.71 19.00 20.79 23.94 23.94 24.50 24.50 24.50 24.50

In all of these samples 0.2 per cent of XaCl was present. A
study of this data shows 11 to 15 hours to be the optimum time

limits for reduction at 20°-22° C. A longer time results in a

slight loss of ammonia from the solutions containing the larger

amounts of nitrogen, while less than 11 hours is too short to effect

complete reduction.

The Effect of Temperature on the Time Necessary for

Reduction

Temperature is of vital importance, both in the accuracy of

the determination and also on the time necessary for complete
reaction. This is borne out by the following table.
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TABLE VI

Time of Eeduction 12 Hours. Temperature Constant at 8° to 10° C.

NaCl
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^Moreover, the writer's results are also proof of the fact, as

the data in Table I indicate, that even in the absence of salts the

reduction method is superior to the colorimetric method where

large quantities of nitrates are concerned.

In the case of soils containing large amounts of organic matter

the reduction method is again found superior, since it is fre-

quently found impossible to remove the color of a soil extract

from such soils without a loss of nitrates.

So far as my investigations have gone on the subject, and I

have tried to take into consideration the several factors involved,

no uncontrollable factor has been found to militate against the

successful use of the aluminum reduction method. Great accu-

racy can be obtained by taking the precautions above described,

and reasonable accuracy may be assured in ordinary work with-

out the use of such extraordinary measures. The method is

strongly commended to the attention of soil investigators in all

phases of the work and it is to be hoped that it may serve to

render simple and free from annoyance the determination of

nitrates in soils under circumstances which until now have pre-

sented many difficulties.

CONCLUSIONS

1. The aluminum reduction method for the determination of

nitrates in soils yields the most accurate results of all methods

now commonly in vogue.

2. "Alkali" salts do not in any way interfere with the success-

ful operation of the method.

3. The presence of extraordinarily large amounts of soluble

organic materials (soluble humus and dextrose) have little effect

on the method.

4. A temperature of 20° C. for from 11 to 15 hours has been

found the optimum for the reduction of large quantities of

nitrates.

5. The proper amount of NaOH to be employed in the reduc-

tion was found to be 2 c.c. of a 50 per cent solution, with an

ahiminum strip weighing approximately one gram.

My thanks are due Prof. C. B. Lipman for helpful sugges-

tions and critical reading of the manuscript.
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In 1905 the Merchants '

Exchange of San Francisco, the State

Board of Trade, the Sacramento Valley Development Associ-

ation, and the more prominent millers and grain dealers of

California called the attention of the Agricultural Department

of the University to the fact that the milling trade found it

necessary to import many hundred tons of wheat per year to

maintain the quality of California flour owing to the low gluten

content of the wheat grown in the state.

With the view of ascertaining the causes of such an undesir-

able condition, investigations were begun under an appropriation

made by the Legislature at the session of 1906 (Senate Bill no.

10, entitled "An Act to provide for the improvement of cereal

crops of California and appropriating money therefor"). The

investigations are still under way, the bill having been re-enacted

at the legislative session of 1908 and again in 1910.

The chief points for study in these investigations are: (1)

To determine the effect of changes of environment upon the

growth of cereals, particularly as regards the composition of the

wheat kernel and with special reference to the causes of the

production of a low protein content; (2) to discover or produce

such wheat as will yield the largest profit per acre for the farmer,

and will supply the millers with wheat of superior quality;

(3) to conduct similar experiments with oats, barley, and other

cereals as may he desirable; (4) to determine the effectiveness of

various methods of culture as affecting the production of cereals.
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The nature of this work is such that uo permanent results

can be secured from one or two seasons' operations. The element

of time is an all-essgntial one for the solution of such problems.

This would be true even though the problem was merely the

development of wheats giving higher yields than those now being

grown in the State, but ivith the introduction of the problem of

increasing the gluten content, the element of time is even of

greater importance. With this in view, the experiments were

so planned that while the final results could not be expected for

several years, it was possible to obtain data of importance bearing

upon the entire question of cereal culture each year, material

progress thus being assured.

As early as 1882 Clifford Richardson called attention to the

fact that wheats from the Pacific Coast were relatively low in

their protein content, and numerous analyses of California

grown wheats made at the California Agricultural Experiment
Station under the direction of Dr. E. W. Hilgard, in the earlier

years, also showed the same condition to exist.

That this condition exists is undoubtedly true, whatever the

causes may be. To bear witness to the fact the following sum-

mary is given of anal3ses of white wheats grown in several

different states, as compared with the analyses of 149 samples

of wheats of the same class grown in California in the same

years. For the sake of comparison also the average results

obtained from the analysis of 49 hard winter wheats grown in

Kansas the same season are included, as well as those of three

soft white wheats grown in Kansas from seed originally obtained

from the state of Washington.

Table Showing the Protein Content op White Wheats Grown in

Different States in the Same Season

State

California
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In practieall}^ all of the former studies of this subject the

plan has been to transfer the seed from one point to another and

thus change the environmental conditions, and from the results

so secured to attempt to draw general conclusions. Under such

conditions, changes, not merely in environment, but also in soil,

were accomplished, thus introducing too many variables. In

the experiments here recorded two general methods have been

followed: (a) the production of numerous varieties of wheat in

the field on a small area of uniform soil and varying other con-

dition of growth than the soil, and (h) growing wheat from the

same seed under the same conditions on soils of widely different

origin placed under the same cultural and climatic influences.

The large and important question involved is the cause or causes

of the relatively low gluten content of wheat grown under Cali-

fornia conditions. In this connection, it is particularly desirable

to know whether or not such tendency to change as exists is

constant; whether it is due to some climatic influence, the time

of cutting, the time of seeding, the bleaching action of the sun,

the effect of early and late application of moisture, the efi^ect

of cold nights, of varying amounts of sunshine during the rip-

ening period, or to some induced or inherent condition of the

soil. The work which we have conducted has aimed at the solu-

tion of all of the questions just mentioned and consisted of

several parts each of which dealt with one of the questions

involved.

Variation in the Protein Content op Wheat

Seasonal Variation.—It has been observed that from season

to season there is a marked variation in the protein content of

wheat even though grown upon the same soil, a seeming indi-

cation that the seasonal factor is considerably greater than the

soil factor in protein formation. This may be shown from a

number of samples grown during the course of the experiments,

some of which are given below. These wheats have b(!en grown
each year on the same soil and under the same cultural conditions

at the University Farm at Davis, California.



66 University of California Publications in Agricultural Sciences [Vol. 1

Total Protein in Dry Matter

1906 1907 1908 1909 1910 1911 1912

Kubanka 9.68 9.90 14.71 14.30 14.87 10.60 14.93

Crimean 10.38 11.38 11.75 13.27 12.18 10.60 12.11

Little Club Av. of 5 plats 10.29 9.78 9.98 13.00

That the quantity of available nitrogen in the soil has com-

paratively little bearing, if any, beyond its necessity in sufficient

quantity to insure the normal growth of the plants, is indicated

on a series of fertilizer plats of very uniform land, discussed

further on in this paper. The seasonal effect is apparent, how-

ever, from the check plats in the same series.

Varietal Variation.—Variation in protein content occurs be-

tween different varieties of wheat, even though the strain be a

pure one and the soil conditions under which they are grown be

the same. The analyses given below are from plants of pure

strain grown during the course of breeding experiments in cent-

gener plats under just as nearly the same conditions as it is

possible to secure in the field. The soil was uniform and the

plants were 4 inches apart each way and seeded at a uniform

depth of 2 inches.

Grown at Davis, 1908

Little Club
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Variation in Individual Plants.—That there is a wide dif-

ference in the ability of individual plants to elaborate protein

in the grain is shown from the analysis of a number of varieties

grown under like conditions on the same character of soils. These

plants were all grown in the same season in centgener plats, the

plants being four (4) inches apart each way, and seeded at uni-

form depth by means of a centgener planter. The outside rows

were all cut away at harvest and discarded, so that none of the

plants shown here represent outside rows, but all had a uniform

feeding area on uniform land.

In each of the lots shown in Table 1 it will be noted that there

is a great variation between individual plants even when grown
under exactly the same climatic and cultural conditions. The vari-

ation in individual plants of the variety White Australian ranged

from a minimum of 9.06 to 15.31 per cent total protein, or a

variation of 6.25 per cent within 25 plants, and the range in

Little Club is even greater, being from 7.12 to 15.22.

Such evidence as that presented above would seem to throw

the main factors determining the protein content of wheats, and

inferentially other grains, externally, primarily upon some cli-

matic influence, and secondarily upon the internal factors of

variety and individuality of the plant itself. It seems certain

that the individuality of the wheat plant is just as potent in

determining the protein content of the grain as is the indiv-

iduality of the dairy cow in determining the fat content of her

milk and that it is just as impossible to feed protein into wheat

by increasing the available nitrogen of the soil as it is to feed

butter-fat into a cow's milk.

Following these general considerations of some of the external

and internal factors bearing upon the question of protein vari-

ation, attention is turned to more restricted phases of the problem.
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THE CONSTANCY OF CHANGE TOWARD STARCHINESS IN WHEAT
KERNELS

The phase presented in this portion of the study has to do

with the tendency of varieties toward a constancy of change

from the type seeded. The central idea was that if there really

existed a strong tendency toward the development of a distinctly

starchy nature, under the conditions which here obtain, not only

would the progeny of perfectly typical glutenous kernels show

a considerable number of more or less starchy kernels and a

lower protein (gluten) content, but spotted kernels would show

a similar change in their progeny; and the entirely changed

kernels, carrying 100 per cent of starchy kernels in the original,

would show a still lower percent of typical kernels and a verj'

low protein content in the progeny, remaining, in fact, essentially

starchy.

The plan of the experiment which extended over the seasons

of 1906-08, inclusive, was to grow a number of varieties of wheat

at several points in the state, the physical and chemical con-

dition of the originals used being first determined, and to follow

the changes in the progeny in each instance during the season

and th(' total period of the trials.

The experiments were conducted in the fields at Modesto,

Ceres, and Tulare as typical of San Joaquin Valley conditions,

and at Yuba City and Davis as representative of Sacramento

Valley conditions. In order to follow better such changes as

occurred, by the eye as well as by analysis, such varieties of

wheat were selected as had typical kernels of distinctive ap-

pearance.

THE NITROGEN OF TYPICAL vs. SPOTTED WHEAT KERNELS
OF THE SAME VARIETY

At the outset a number of varieties of wheat were hand-

separated into three primary lots or groups, based upon the

physical appearance of the kernels, as follows :

Group I, consisting entirely of perfectly typical (glutenous)

kernels :

Group II, consisting of kernels of the same varieties of wheat
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which were of an entirely starchy character, showing no typical

kernels whatsoever
;

Group III, consisting of kernels of the same varieties of an

intermediate appearance upon which the percentage of typical

kernels was determined in each case.

Each of these lots was subjected to a determination of

the nitrogen content in order to ascertain whether this dis-

tinctive appearance of the kernels was a fair indication of their

nitrogen content.

The results are subtended :

Nitrogen Content (Dry Basis)

Sample
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DISCUSSION OF 1906 EESULTS

Examination of the 1905-06 results shows that in physical

appearance none of the seven originals carrying 100 per cent of

typical kernels (Group I) maintained their perfection in their

progeny—all showed some starchy kernels. The fact that those

grown at Modesto showed 97.5 per cent of typical kernels in

their progeny while those groAvn at Yiiba City showed but 60.1 per

cent very strongly suggests there must have been some local

condition of either soil or climate which influenced this change.

The average protein content of this group at Modesto and

Yuba City decreased slightly, as did the percentage of typical

kernels, showing 13.15 per cent total protein in the originals and

12.91 per cent in the progeny; while at Yuba City the results

were 12.52 per cent for the originals and 11.64 for the progeny.

It will be noted also that the Modesto samples possessed some-

what higher total protein as well as a larger percentage of typical

kernels than did those grown at Yuba City.

Under Group II at Modesto the progeny showed an average

of 92.5 per cent of typical kernels from originals carrying abso-

lutely none, and a comparative protein content of 10.i)7 per cent

for the originals against 13.55 per cent for the progeny, or an

increase of 2.58 per cent.

Group III at IModesto carried an average of 40.7 per cent

typical kernels in the originals and 96.6 per cent in the progeny,

and a protein content of 12.55 and 13.11 respectively, a distinct

increase in both respects. At Yuba City this group showed 62.9

and 69.5 per cent typical kernels in the originals and progeny

respectively, and a protein content of 12.07 per cent against

11.92 per cent.

Considered as a whole the results are expressed below :
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Group I

1906

Xumlier Per cent
of samples typical
in group kernels

Original 7 100.0

Progeny 7 81.5

Per cent
total

protein

12.74

12.78

Group II

Number Per cent
of .samples typical
in group kernels

9 0.0

'5.6

Per cent
total

protein

10.58

12.50

Group III
'L.

Number Per cent
of samples typical
in group kernels

6 55.6

6 78.5

Per cent
total

protein

12.23

12.32

1906

Original

Progeny
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Name
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Inches
of

water
applied

7.5



1913] Shaw: Studies on Influences Affecting Protein Content of Wheat 77

o

a
w
a
H

m

O
03

M

<!

W

o

o

>

s

Wo
p

CO

W
Ph

o
!zi

o
W
02



78 University of California Publications in Agricultural Sciences [Vol. 1

s
o

1--o

o ,

r-'-Ol^COClOOOllNi—It^lOCOr-IOOOJOO'+ICOOitMt^.—lt>.

^ oi r-i c-i i-i c^ (m' oi cj ci N M c^ oj oi ci oi cq c<i c4 w oq c^ w

^1
"

C5 CO lo CO ira COO LO
i-i O

lO 00
N CI !M Tti C-] ^
(M lO LO * CO O o t-

CO
(M_

1-i 00 CO Ol CO O C-i rH

^ '^ to CI lO CO 1—I

«5
t-;

05 05 O ^ Ci

CJCOCOC0C5C<loiT-i
T-l C] T-l 1—I T—I r-l

'tsSjOCO^lO-tl'+ICvl'-HOit^t^'—ICOOOClOiLOTfCOtOLOW"*-Kol^ClOlOOaiOOOl^OOCOClGCCOi-iCOCO CI <35 i-> rH C] Tf I-- 00 o
Eh*; CI .—1 1-H 1

—
^ 1
—

\ }
—

^ CI r^ 1
—

I cicjcqcvicoci^HCJ^cocai—iCsir-Hca

Q

02

o
OS

M
w

w

o

W
P

o

w

E-i

m

j3 C' ^ ^
K GO I— ~ t^ o GO c;» rt Ol Oi
"^ i-i rH Ci r-i C3 i-i

r-HciLot^t^ioi^oooiocaiocoLot^cjTtiiocq
C' OO CO CCi L- 1—1 O T—I CO 1—1 rH O C3 Oi Cl O t^ 05 C]

1—ICli—tr-lr-l,-lCvlC]CvlCOC<IC\IClrHi-l(MCj!—li-lCq

.Stoco'+ocvit^oot^oocoiocaoiooot^oocQTtioo»-^iowcit-^ociTtioi^oeoi—it^ooooTticooD-*
t~ O Tt< 1—I O
1—I CO CO Ttt *

P CO o; o; ci 0-. o; OGO'C'»OOCqOi-HCO>—lOi o o
1-! CI

T—I ca CO o ci o

c
7:^OQOOi>—lOOl'-HOOCOOOt^tOCO--oCOCClOtOl^lOOOTfOSi—It^X:^o^<. ....•*••••
fHiHC^^Hl—IrHrHl—I^Hl—Imi—ll—ICICJ

'5

Ci CO C5 CI
O' -^ o t-

T-HOiClCOlOO^Cv]
c; LO o i-H lo Oi ^ 00

I—iCQClOQi—IrHCOCJCli—Ir—li—II—I

^C0^i-HG0C5OOCC«000i—ICC'l^'*-*l>-OlO^«DkO-rt<'QOCOOCl
^lCC5l^O'L~lOiOC;CiOO-<*<CO^CDOOr-icococoooccioirai--;

CI CO CI CO CI CO O CI C5 CO O T-H o O CO O C]

j:!L2a*+<rHOcoiO'i<cocii—lOQOC'T-HO-t^C'SFSooooocioc-rooiT— ci-HCi^r-iCi
- S c t. CI CI ca CI c] CI CI CI cj CI cj CO CO CO CO c) CI ci

t^ lO »0 ^ 1-- Oi 00
00 CO

C lO -^^ o
CI r-1 C] Ca CJ C5 CO CO

ca

o
o o GO O 00

CO o irt'

.-H O CO O
1-;o

--H 05 t- ^ c lo ^ CI lo t-H lo o o; *
CI
00

lO CO CO t^ 05
t^ o; CO oo CO

COCOCi050«OtC>Cll>-
oo«Dcoi-~ci toirst^

=2 CI oj CI

i*"o ^ '3c >. 'Sd >^ 'Sd >> 'So 2 'So
Q cs •.- ~ •" r2 •r' "r: -r " t*

5 c]

a;

o3 CJ OS o3 03

a
13 '^

- . 3 . 3 s = -. i -E^

CQ

>. "bJC si 'm ij]o
'bi t>i 'tUD ^. 'b£i >. tiC ^- 't* ^

S 'J^ 3 "E 2 'tn 3 t^ 13 'i- 3 '^ S 'sh 3

o
to

><

W

o

o
M

<!

o

S3

O O

-o



1913] Shaiv: Studies on Influences Affecting Protein Content ofWheat 79

s
o

o
03

C5

o

M oi
i>j

i-H o
Cvj

oj CO oi i-H I—( w I—I ca CO

.S «5 CO -^ -^ (M 1-1 IC
j^COOit^COOSL^O

O 00 I—I lO O lO «D^ (N t^ O to 03 O
OCOCiOiO^HOi—(i—ICOOCi<M

gOOSCS-^CDt^OlOlGOOiOOJOOl^rH
oq i—li—li—lOqCQi—li—l<M

o

<1

o

o

<!

>

ft

<!
O
)—I

ao
o

->!

-)o
I—t

M

w
p^

o
iz;

o
W

jll CO -^ lO t^
w O O Oi 03 CI o

oj CM I—I ^^ oa t-i (^i

(Mo CO '^O Oi
C-1 lO CD r-H l^
GO O 00 O O

.Si-li-IOOOOlO^CCrH O t^ ?D O
l^ 1—I OO O

o



80 University of California Publications in Agricultural Sciences [Vol. 1

Discussion of 1907 Results.—Essentially the same results

are shown here as in the preceding season. Of the seven (7)

originals in Gronp I. all of the progeny dropped distinctly

below the original standard, showing 55.99 per cent of

t^'pical kernels, while the eight samples in Group II. carrying

distiuctlv starch kernels in the originals, all increased bv about

the same amount as the others dropped, the average per cent of

typical kernels in the progeny being 55.2 per cent, or less than

0.7 per cent below those of Group I.

In the group of typical kernel original, only one out of seven

increased in protein content, the average per cent in the originals

being 12.79 against 11.20 per cent in the progeny, or a drop of

1.59 per cent. In Group II. consisting entirely of the distinctly

starchy kernels, there was a universal increase in the typical

kernels in the progeny, and three out of eight increased in protein

content, the averages being 10.65 per cent for the originals and

11.02 per cent for the progeny. Group III showed 58.1 per

cent typical kernels in the originals and 64.1 per cent in the

progeny, an increase of 6 per cent: and 11.50 and 12.25 per

cent total protein, respectively.

Summarizing by groups as in the results of the preceding

year, the figures appear as below:
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Eighteen of these thirty-three samples showed an increase

of typical kernels in the progeny over the originals, the respective

average being 60.2 and 54.6. The protein content increased in

sixteen (16) out of thirty-three cases, with averages for originals

and progeny of 11.56 per cent against 11.72 per cent.

EXPERIMENTS OF 1908

The same experiments were continued in 1908 at Davis instead

of Yuba Cit}', and at Ceres instead of Modesto. The tabulated

results of this season are presented below :
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Summarizing the results of the foregoing table for the three

groups we find the following :
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GENEEAL DISCUSSION AND CONCLUSION

Reviewing the results of the three years, the general average

of typical kernels in the original was 63.63 per cent and of the

seed produced therefrom 77.99 per cent, while the protein con-

tent was 12.34 per cent and 12.95 per cent respectively.

The results as a whole show :

First—That in general the physical appearance of durum and

red wheats is a fair indication of their relative protein content;

kernels having a distinctly horny or glutenous appearance being

higher in protein than those of a more or less dull or starchy

appearance.

Second—That there is a wide seasonal fluctuation in protein

content of wheat which may become so great as to overbalance

almost entirely any hereditary tendency of starchy originals to

produce the same characteristics in their progeny.

Third—That the protein content of wheat in a locality is

undoubtedly largely dependent upon the seasonal precipitation

in such locality.

Fourth—That the use of perfectly typical glutenous seed is

invariably followed under California conditions by a lowering

of the gluten content, as indicated both by the physical appear-

ance of the grain and by its protein content.

Fifth—That if the original carries a considerable percentage

of starchy kernels the progeny usually shows an increase toward

the typical character to a degree determined by the character

of the season in the locality. This is especially so with reference

to the precipitation, which is in some instances may have such

a strong influence as to cause a practically perfect grain to result

from an original seed carrying 100 per cent of starchy kernels.

Sixth—The last tabulation by groups further indicates quite

strongly, however, that as a matter of fact the character of the

seed used has quite a marked influence upon the progeny, and

that the quality of the seed used, to some degree at least, deter-

mines the character of the resultant crop, for it will be noted that

as the originals decrease in both percentage of typi<!al kernels

and protein the progeny in each case decrease in the same order,

although the effect of this is materiallv lessened and sometimes
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almost entirely overcome by the character of the season, as

shown by the other results.

THE EELATIOX OF THE TIME OF PLANTING TO THE PROTEIN

CONTENT OF WHEAT KERNELS

On account of certain differences in the physical appearance

of kernels from early and late planted wheats in preceding

seasons, experiments were conducted in 190S to ascertain more

detinitely the relation of early and late planting to the protein

content of wheat kernels. In these experiments it was intended

to conduct parallel series of plantings at the University Farm,

Davis, and at the substation at Tulare. At the former place,

however, conditions were not favorable for early seeding, and

all had to be planted too late to be at all satisfactory in pre-

senting any decided contrast in planting time, particularly for

the winter wheats, there being but fifteen days between the early

and late seeding. The first plantings of the season were not

made until February 27. and the second plantings on ]March

13. At Tulare there was a wider difference, the plantings

having been made on December 12, and January 17.

As a matter of record, however, the analyses of these grains

are presented below:

Table o.—Showing the Relation of Time of Planting to the Physical

AND Chemical Characteristics of Wheat Kernels

DAVIS. 1908
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Table 6 Showing the Relation of Time of Planting to the Physical

AND Chemical Characteristics of Wheat Kernels
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generally, it is noticeable that the average percentage of typical

kernels also follows the same order as the protein content, al-

though the difference is slight. If the average be made after

discarding the last sample, which constitutes the single exception

above referred to, the order in the average of typical kernels

will appear absolutely the same a.s that of the protein content,

and very consistently bears out the results secured at Davis and

Tulare, previously discussed. While it may reduce the yield,

relatively late seeding tends to produce a grain of better quality,

than does early planting.

This same fact is further evidenced by a series of thirty-

seven (37) types of New South Wales hybrid stocks seeded at

Davis in the season of 1910-11
;
the dates of planting being

December 12, 1910. and February 20, 1911. The analyses from

this lot are tabulated below :
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Table 8 Showing the Eelatiox of Time of Planting to the Gluten

Content of Wheat Kernels

Early planting Late planting
A

Sample
No.

1

2-1

3

4-B
4-C
4-D
4-E
5-2

5-^

5-5

6

7

8

10-1

10-2

10-3

10-4

11

12-2

12-4

13

15

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Total
sliadin

Total

gluten gliadin Ash

14.37 5.890 1.71

13.00 5.322 1.71

13.74 5.552 1.70

14.42 5.657 1.73

12.66 5.555 1.63

12.15 4.572 1.48

10.79 4.646 1.82

11.98 4.311 1.78

12.55 4.186 1.81

12.38 4.657 1.88

11.26 4.287 1.91

13.80 5.424 1.94

14.42 6.179 1.74

13.46 4.595 1.77

12.21 3.765 1.78

13.06 4.333 1.61

11.92 3.845 1.75

12.62 5.210 1.74

14.25 5.339 1.76

13.06 4.731 1.70

13.57 4.884 1.70

13.34 4.879 1.81

14.02 4.311 1.64

13.51 5.418 1.72

11.70 4.544 1.56

13.17 4.328 1.81

16.01 5.707 2.05

13.17 4.708 2.15

14.08 4.288 2.10

13.34 4.461 1.82

14.08 4.345 1.87

14.76 5.117 1.63

11.47 3.311 1.87

13.24 5.293 1.65

13.57 5.572 1.50

13.26 5.305 1.58

12.49 4.515 1.87

Av. 13.158 4.812 1.764

Total Total

gluten gliadin Ash

16.41 6.742 1.88

13.42 5.787 1.78

14.54 5.839 2.05

15.22 6.049 1.76

15.44 6.503 1.69

15.22 5.594 1.86

13.46 6.299 1.96

15.28 5.248 1.73

16.41 6.477 1.61

15.22 5.935 1.61

16.30 5.873 1.94

17.38 6.844 1.83

16.24 7.242 1.60

16.01 5.600 1.70

15.33 4.975 1.71

15.50 5.731 1.73

16.01 5.560 1.81

14.94 6.117 1.97

14.59 5.765 1.79

14.93 5.288 1.51

14.94 5.310 1.77

14.14 5.026 1.95

16.13 5.469 1.63

15.56 6.162 1.60

15.05 5.077 1.63

16.41 5.452 1.58

17.89 6.747 2.08

15.44 5.384 1.80

15.79 5.305 1.92

15.84 5.163 2.04

17.60 6.088 1.98

15.39 5.350 1.78

14.54 4.146 1.76

14.82 5.867 1.70

14.54 5.992 1.94

14.37 6.054 1.64

14..54 6.418 1.81

15.428 5.796 1.787

In this series of plantings, without a single exception, the late

planted samples run higher in protein than those planted early,

and the same holds true of their c'liadin content.
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General Discussion

Collecting all results for the season of 1908, 1909, and 1911,

the following grand averages appear upon which to base con-

clusions :
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all of the grain is left standing- on the straw in the field until

it is "dead ripe" and finally cut in that condition and threshed in

a single operation by means of a combined harvester.

In the later method the grain often stands on the straw and

is subjected to the action of the sun for several weeks after

reaching the hard dough stage. This difference in the method

of harvesting has led to the belief among many that the time

of cutting might be one of the causes of the relatively low protein

(gluten) content of Pacific Coast wheats.

With the idea of determining the effect of such standing in

the field, a series of experiments was planned to ascertain what

might be the influence of this practice.

For the purposes of this experiment several varieties of wheat

whose kernels possessed distinctive characteristics as indicated

in the preceding discussion were hand-separated into three groups

as previously sho^^'n (page 69). These were drill-seeded under

uniform soil and climatic condition at the several stations. One-

half of each lot was harvested in the hard dough stage, in which

condition it would normally be cut by a binder, and the other

half was left standing on the straw in the field until it reached

a condition suitable to be cut with a combined harvester. This

was finally harvested and each portion subjected to analysis in

addition to determining the percentage of typical kernels as

indicated by the physical appearance of the kernels, using 1000

kernels as a basis.

Aside from the main question as to the effect of the time of

cutting upon the quality of the grain, the data as presented in

tabular form further furnishes a means for comparing the

original used, with the progeny as in the previously discussed

experiment (pages 69-74).
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Discussion of 1906 Results.—In these results the same thing

is noticeable as in the former series, viz., that the samples grown

at Modesto as a whole maintained both a higher percentage of

typical kernels and a higher protein content than those grown

at Ynba City, the comparison by averages being as follows :

Modesto Yuba City

Average per cent typical kernels 89.70 65.2

Average per cent protein 11.87 10.5

It is particularly noticeable that, outside of the instances in

which the originals carried 100 per cent of typical kernels, there

was in this season a practically universal marked increase in

the number of typical kernels in the progeny; that in the case

of sample no. 714, which carried no typical kernels, the original

seed being 100 per cent starchy, the second cutting produced

100 per cent of typical kernels and the first cutting (no. 713)

96.9 per cent of such kernels. Almost as good a showing also is

made by samjjles nos. 719 and 720, which produced respectively

96.1 and 96.3 typical kernels from entirely starchy kernels.

It is further shown that in the case of the early cutting

twenty-one out of the thirty-one trials showed an increase in the

percentage of typical kernels in the progeny over the original,

the relation in those cases in which increase occurred being 42.5

per cent in the original and 83.19 per cent in the progeny, while

in the eight cases in which decrease occurred the averages were

96.1 per cent typical kernels in the originals against 75.3 per cent

in the progeny, which is entirely confirmatory of the results

presented in Table 2.

Looking more particularly^ at the specific question involved

in this experiment, viz., the effect of the time of cutting upon
the percentage of typical kernels and the protein content, it is

found that the following averages hold:

Modesto

Number Per cent
of typical Per cent

trials kernels protein

Early cutting 15 94.6 13.38

Late cutting 15 90.1 13.19
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Yuba City

Number Per cent
of typical Per cent

trials kernels protein

Early cutting 16 66.1 11.98

Late cutting 16 64.6 12.05

These average figures show, in the case of the Yuba City lot,

an apparent contradiction in that the early cutting with 66.1

per cent typical kernels showed 11.98 per cent protein, while the

late cutting wdth but 64.6 typical kernels showed 12.05 per cent

protein. When it is remembered, however, that the difference

in the two cuttings is represented by but a single kernel in one

hundred and that the average protein content is but seven-

hundredths of 1 per cent, it will be seen that the discrepancy is

only apparent, and well within the limits of error in either count

or analysis.

As a whole, it is shown that out of the total of 31 cases 11

showed an increase of typical kernels in the late cut grain and

14 showed an increased protein content, with, the following rel-

ative averages:

Number Per cent
of typical Per cent

trials kernels protein

Early cuttings 31 79.89 12.66

Late cuttings 31 76.9 12.60

The results for 1906 do not show that there is any marked

difference to be attributed to allowing the grain to become thor-

oughly ripe on the straw, as is generally done in California.

EXPERIMENTS OF 1907

The experiments as to the effect of the time of cutting wheat

upon its protein content were continued in the manner described

above in the season of 1907 at Modesto, Yuba City, and Tulare,

with the following results:
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The averages for the three localities are shown in the following

small table :

Table Showing the Average Results From Early and Late Cut Wheats

AT Three Station in 1907
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EFFECT OF SUNSHINE ON THE COMPOSITION OF THE WHEAT

KERNEL

It has long been a matter of common knowledge that the

composition of plants varies greatly under different conditions

and in different localities. The exact environmental factor or

factors which cause this variation in composition has been the

cause of much discussion and investigation.

It has alread}' been remarked above that in 1882 Richardson

observed that wheat grown in Colorado had by reputation a

much higher gluten content than wheat grown from the same

seed in Oregon. Not only was there a marked difference in the

composition of the wheat grown in the two states, but he found

that the wheat grown in Colorado had a higher gluten content

than the original seed, while that grown in Oregon had a lower

gluten content than the seed from which it was produced. From
these observations Richardson and Blount concluded that the

soil was the modifying factor.

Wiley, however, draws the conclusion that the difference in

gluten content is due to climatic conditions.

Lawes and Gilbert in an elaborate series of experiments have

shown that the use of manures and fertilizers have very little

influence on the composition of the wheat kernel. On the other

hand, they found a wide variation in composition in different

seasons.

Deherain in France also observed that a difference in seasonal

conditions, especially during the ripening period, had a marked

influence on the gluten content of wheat.

Similar observations have been noted by Thatcher of Wash-

ington, and others.

From these numerous observations and experiments it has

come to be generally conceded that the gluten content is influ-

enced mostly, if not wholly, by the climate.

Wheat grown in the coast states is, as a class, much lower in

gluten content than w^heat grown in the central west, or the

northwestern states. Even when seed of a high gluten content

is introduced, a product, as Richardson observed, considerably

inferior is the result.
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Climate includes a large number of factors. The specific

climatic factor which is the cause of this variation has recently

been the subject of much study and investigation.

The formation of organic compounds in the plant, such as

starch and gluten, is a physiological process. The maximum

development of these compounds is necessarily dependent upon
favorable conditions. Starch is formed under the influence of

sunlight. The formation of nitrogenous compounds requires not

only an adequate supply of nitrogen, but also a supply of carbon

compounds in the proper form and under the proper conditions.

Just what these conditions are is not definitely known.

In general, investigators have concluded that the large amount

of sunshine prevalent in the coast states during the period in

which the seed develops works directly in favor of the formation

of large amounts of starch. In other words, that the gluten

content is low only by reason of the formation of proportionally

larger amounts of starch. Were this the case, the exclusion of

portions of the sunlight should tend to increase the percentage

of gluten. Theoretically the gluten would increase inversely with

the amount of sunlight which the plants received.

In order to determine whether or not sunlight is a prominent
factor a series of experiments were planned in which portions

of the natural sunlight were excluded from the growing plants.

Duplicate experiments were conducted during the seasons of

1908 and 1909 at the Tulare Sub-station and at the University

Farm at Davis.

Original Seed.—At the Tulare Station in 1908 the originals

used Avere as follows :

No. 864/07 Weissenberg
No. 879/07 Currell

No. 892/07 Beloglina
No. 894/07 Velvet Don (starch grains)
No. 901/07 Turkey Eed (gluten grains)
No. 899/07 Yellow Gharnovka (gluten grains)

At Davis the following varieties were used :

No. 868/07 Kubanka
No. 847 Kubanka
No. 870A Velvet Don (gluten grains)



1913] Shaw : Studies on Influences Affecting Protein Content of Wheat 105

The originals showed the following composition
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Table 12.—Showing Effect of Various Amounts of Sunshine on the

Gluten Content of Wheat

86-1

89-1

899

901

879

892

Av.

One-(|uarter
sunshine

Total
gluten

17.55

12.10

12.66

15.33

18.17

15.39

15.19

Gliadin ratio

Gliadin

8.000

4.930

5.333

6.602

8.000

6.674

6.589

43.40

TULARE,
One-half
sunshine

1908

Total

gluten

18.00

12.72

12.61

15.45

18.63

16.58

15.665

Gliadin

8.065

5.350

5.311

6.986

8.406

7.157

6.879

Three-quarters
sunshine

Total

gluten Gliadin

Full
sunshine

Total
gluten

20.73

13.57

13.63

16.13

18.34

17.04

16.57

43.91 42.

Gliadin

9.599

4.856

5.515

6.545

8.463

7.554

7.088

77

DAVIS, 1908

868

847

870G

Av

One-third
sunshine

Total
gluten

13.19

12.69

14.30

13.39

Gliadin

4.17

4.46

4.71

4.445

One-half
sunshine

A

Total
gluten

13.94

12.37

Gliadin

4.17

4.09

Gliadin ratio 33.19

13.15 4.13

31.40

Two-thirds
sunshine

Total

gluten

14.10

13.40

13.53

13.67

Gliadin

4.42

3.50

4.21

4.034

Full
sunshine

Total

gluten

13.79

12.47

13.17

13.14

^9.57 3:

Gliadin

4.28

4.00

4.52

4.266

.46

EXPERIMENTS OF 1909

During the season of 1909 the same experiment was conducted

at the Tulare and Davis Stations, with the exception that the

following varieties of wheat were used:

Gluten grains from Richi 1044A;
Gluten grains from Kul^anka 1045A;
Starch grains from Kubanka 1045A;
Gluten grains from Turkey 1046A;
Gluten grains from Beloglina 1047A;
Starch grains from Beloglina 1047A.

Determinations made upon these previous to seeding showed

as follows :

No.
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At Davis the originals and their analyses were as follows ;

No.
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Discussion.—If the proportion of protein to starch, or the per-

centage of nitrogen, increased inversely as the amount of sun-

shine the phmts received we would expect the percentage of

protein to be highest in the plants receiving only one quarter of

the total sunshine and to decrease gradually to full sunshine.

This, however, does not seem to be the case. Taking the

average of the six samples grown at the Tulare station

in 1908, we find just the opposite result. The protein content

increases with the sunshine quite uniformly. The wheat from the

plants receiving one-half sunshine contain .47 per cent more

protein than the wheat from those recei^ang one-quarter sunshine.

The wheat receiving full sunshine contained .91 per cent more

than those receiving only one-half sunshine. Unfortunately the

samples grown under three-quarters sunshine were lost, so that

we are unable to say Avhether or not the protein content here

would have been above or below that of full sunshine.

The analysis of the individual samples in this set show

that only one departs markedly from the average. In the

variety no. 879 we find that the wheat grown under one-

half sunshine had a higher protein content by .29 per cent than

did that grown under full sunshine, while that grown under

one-quarter sunshine is the lowest of the three by .17 per cent.

In sample no. 899 we find that one-quarter and one-half sunshine

gave nearly the same results, with a slight difference in favor

of the former.

The general trend of the results from 1909 experiments is

much the same. The average of the samples grown under one-

quarter and one-half sunshine are about equal, while the protein

content of those grown under three quarters and full sunshine

are much higher. If we exclude sample no. 1046G grown under

one-half sunshine, which is unusually low, the average for

one-half sunshine is 12.25 per cent. This gives, then, quite

a gradual increase in protein content from one quarter to three

quarters sunshine, while the full sunshine samples average .5

per cent lower than those receiving only three-quarters sunshine.

The results from the experiments at Davis are slightly more

erratic, but the general trend is the same as that obtained at

Tulare during the season of 1909. The samples under one third

sunshine average .24 per cent more protein than did those under
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one-half sunshine. The samples under two-thirds sunshine aver-

aged .52 per cent more protein than those under one-half sunshine,

and .28 per cent more than those under one-third sunshine.

There was, then, a drop in the full sunshine sample to about the

same protein content as those receiving one-half sunshine.

The results for 1909 at Davis came in the same order as those

of 1908. The samples under one-third sunshine average higher

in protein than those under one-half sunshine by .23 per cent.

The samples under two-thirds sunshine averaged higher than

those under one-half by .6 per cent, and than those under one-

third sunshine by .37 per cent, while the average of the samples

grown under full sunshine is nearl}" the same as of those grow^n

under one-half sunshine.

These results certainly show that the protein content does not

vary inversely with the amount of sunshine which the plants

receive. On the other hand, the experiments at Davis and those

of the year 1909 at Tulare tend to show that there is a happy
medium under which the maximum amount of protein is stored.

This optimum condition seems to be at a point somewhat below

the normal sunshine. If, however, the amount of sunshine falls

below that medium then again there is a decrease in the amount

of protein stored. Just why this should be the case is still a

matter of conjecture. It is quite probable, however, that it is

due to a disturbed condition of the physiological functions within

the plant brought about by the abnormally low sunshine. This

fact can only be determined by a closer study of the formation

and transformation of the various compounds in the plant.

The giiadin content of the samples in this experiment seems

to bear even less relation to the sunshine than did the total

protein. In fact, there was no regularity whatever in the results

those obtained at Tulare being just opposite from those obtained

at Davis.

A comparison of the two years at the two stations shows that

there was a marked difference in the protein content of the samples
in different seasons. At Davis we find that the samples averaged
a higher percentage of gluten in 1909 than in 1908 by over 2 per
cent.
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Comparing the weather reports at Davis for the months of

April, May. and June, we find that this period during 1909 was

much drier and somewhat warmer than the corresponding months

the year before. As this is the time when the greatest develop-

ment of the kernel takes f)lace. it is not at all unlikely that these

climatic differences may account to some extent for the dif-

ferences in composition of the grain. The moister and cooler

condition of 1908 may have prolonged the developing and rip-

ening period, thus favoring the storing of a larger amount of

starch. Other seasonal differences not recorded have doubtless

also contributed their share.

The difference in protein content for the two seasons at Tulare

is just as marked as at Davis, but the order is reversed. No

weather reports from the immediate vicinity were available, so

we can make no comparison with the Davis conditions.

Another rather striking seasonal difference brought out by

the table is the percentage of gliadin to total protein. The years

that the percentage of total protein is high, the percentage of

gliadin to total gluten is also high. In fact, the difference in the

gliadin content of the wheat samples for the two years is pro-

portionally greater than the difference in total protein. This

would lead us to believe that the gliadin is affected more by the

season than the other protein compounds. "We find, however,

little or no relation between the gliadin content and the sunshine

received.

In conclusion, then, it is safe to say that while sunshine does

exert some influence upon the composition of the wheat grain,

there are other climatic factors which also exert very marked

influences in this direction. AYe find that the protein does not

increase inversely as the sunshine, but that there is an optimum
condition under which the greatest development of protein takes

place. This optimum of sunshine is somewhat less than normal

in the valleys of this state. Other things being equal, too little

sunshine lowers the protein content to just as great an extent as

too much sunshine. This condition is probably due to the fact

that a certain amount of sunshine is necessary in order that the

normal physiological functions of the plant ma}' take place.

When the amount of sunshine is reduced to one quarter or one



1913] Shaw: Studies on Influences A fecting Protein Content of WJieat 111

half of the normal it is quite likely that the plants do not receive

enough sunshine to allow even the maximum nitrogen metabolism

to take place.

The fact that there is a greater difference in the percentage

of protein for different seasons than there is in the same season

under various amounts of sunshine certainly tends to show that

there are factors other than sunshine, which play just as im-

portant a part in determining the composition of the grain.

Certain experimenters have stated that the exposure of grain

to the action of strong sunlight after it had become ripe had a

tendency not only to bleach the kernels, forming the so-called

"yellow berry," but also to lower the protein content. Attention

was called to this by Lyon and Keyser based upon some trials

made at the Nebraska station. On account of the fact that the

sunshine in the main grain-growing regions of California is very

intense during the ripening and harvesting period, and that the

grain frequently stands for several weeks on the straw in the

field, an attempt was made in 1906 at Yuba City to ascertain

if this effect held under the conditions which obtain in this state.

In this experiment several varieties of wheat w^ere selected in

which differences in the physical appearances of the grain

could be easily followed owing to the color of the typical and

changed kernels. The percentage of typical kernels in the orig-

inal was determined, using 5000 kernels in each case as a basis,

and these were seeded in plats under like conditions in the field.

At the maturity of the grain three fourths of the grain was cut

while in the hard dough stage, a few bundles being shocked and

left in the field, while an equal number were protected from the

direct action of the sunlight. The remainder of the grain was

left on the standing straw from July 5 to August 13, when
it was harvested and all three lots were threshed at the same

time. The experiment was repeated again in 1907. A determi-

nation was made of the percentage of typical kernels in each

lot, and of the percent of protein. The results follow :
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The above results are not as consistent as could be desired

in answering the main question involved in this experiment and

no attempt will be made to interpret them as bearing upon this

particular question. They do, however, further bear out the

results discussed in the experiment on the effect of allowing the

grain to stand on the straw in the field after reaching the hard

dough stage, for it will be noted that in four out of six cases

there was a larger percent of typical kernels in the late cut

samples than in those early cut, and in one other case (no. 879)

the percentage was essentially the same in the late cut sample

as in that early cut. In the matter of total protein, the late cut

grain all carried a higher percentage than did those of the early

cutting.

The average results from this standpoint are shown below:
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Plat C was irrigated in the same manner twice, once at the

same period in the plants' growth as in Flat B and again just

after the grain set.

All plats, then, received the rainfall of the season and Plat B
in addition had one irrigation and Plat C had two irrigations,

the last one very late in its period of growth.

The wheats used in the experiment and their original com-

positions were as follows:

Table Showing the Axajlysis of Original Wheats Used in Ieeigation

Trials at Davis, Cal.

No.

730/06
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Examining these results, it will be seen that in both the early

and late cut lots Plat A, which received no late application of

water, carried the highest average per cent of protein, and that

Plat C, which had two water applications, carried the lowest.

Averaging the early and late cut lots, the following figures hold :
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morning hours about one half of each plat throughout the period

of cooling. From the time the grains were well up until the

spring rains ceased a layer of ice was spread on a loose frame

and placed over one half of each plat, within four inches of the

top of the plants, every night during the first half of the growing

period of the plants. A portion of the north half of each plat

was left uniced. To retain more effectively the cooled air during

the night the iced portion of the plats was entirely covered by
a piece of heavy canvas.

In this experiment two varieties of common wheats and five

strains of durum wheats were used. The composition of each

sample harvested is shown below:

Table 14.—Showing Effect of Reducing Night Temperature Upon the

Composition of Wheat Kernels
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Cooled Second Period

Lab.
No.

745B/08
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RELATION OF INCREASING THE SEVERAL AVAILABLE PLANT
FOODS IN THE SOIL TO THE PROTEIN CONTENT OF

WHEATS AT THE UNIVERSITY FARM,

DAVIS, 1908-12, INCLUSIVE

The general effect upon the protein content of wheat from

increasing the available nitrogen and other plant food elements

in the soil at the University Farm at Davis has been made the

subject of study for the past four years and the results are

discussed below. In these experiments Little Club wheat has

been used each year. In order that any cumulative effect which

might accrue from the nitrogen and the other plant foods used

might be apparent, the seed from each plat was seeded back

upon the same plat each succeeding season.

The original seed used in these experiments was grown in

1906, and had the following composition :

As In dry
analyzed matter

Moisture 11.28

Total protein 12.12 13.66

Gliadin 4.38 4.93

Glutenin 6.38 7.19

Non-gluten proteids 1.36 1.58

Ash 1.62 1.82

Kernels in 10 grams .... 226

Bushel weight 59 lbs.

For the four years 1908. 1909. 1910. and 1912 the average

result was as stated in the table below. During the season of

1911 the land was under bare summer fallow on account of it*

foulness with wild oats, which accounts for the omission of that

year.

During these trials the one-twentieth acre plats received the

indicated quantities of fertilizer each season.
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Table 15. Showing the Effect of Various Fertilizer Ingredients Upon

THE Protein Content of Wheat Kernels

Per cent
total Per cent

Fertilizer applied protein gliadin Ash

1. Nitrate of soda, 5 lbs.; hydrate of lime, 132 i/o

lbs

'

*10.36 3.000 1.75

2. Hydrate of soda, 5 lbs *11.08 3.280 1.73

3. Hydrate of lime, 1321/2 lbs 11.41 4.037 1.93

4. Check, no fertilizer 10.81 3.869 1.98

5. Nitrate of soda, 5 lbs.; sulphate of potash, 6

lbs 10.99 3.816 1.95

6. Nitrate of soda, 10 lbs 11.00 4.130 1.99

7. Check, no fertilizer 11.18 3.866 1.86

8. Nitrate of soda, 5 lbs.; superphosphate, 20 lbs. 11.02 3.855 1.82

9. Nitrate of soda, 10 lbs.; sulphate of potash, 6

lbs 11.91 4.416 1.80

10. Nitrate of soda, 10 lbs.; superphosphate, 30

lbs 10.93 3.728 1.83

11. Check, no fertilizer 9.99 3.793 1.87

12. Superphosphate, 20 lbs 10.64 3.888 1.86

13. Sulphate of potash, 6 lbs 10.82 4.054 1.81

14. Check 10.77 3.978 1.79

15. Nitrate of soda, 5 lbs.; sulphate of potash, 12

lbs 10.94 3.806 1.82

16. Nitrate of soda, 5 lbs.; superphosphate, 30 lbs. 10.57 3.878 2.20

17. Nitrate of soda, 10 lbs.; superphosphate, 30

lbs.; sulphate of potash, 12 lbs 10.76 3.870 1.90

18. Nitrate of soda, 5 lbs.; superphosphate, 30

lbs.; sulphate of potash, 6 lbs 11.00 4.291 1.87

19. Nitrate of soda, 5 lbs.; superphosphate, 30

lbs.; sulphate of potash, 12 lbs 11.35 4.703 1.90

20. Nitrate of soda, 5 lbs.; superphosphate, 50

lbs.; sulphate of potash, 6 lbs 11.92 4.815 1.91

21. Check 10.58 4.312 1.82

22. Sulphate of potash, 6 lbs.; superphosphate, 30

lbs 11.06 4.617 1.81

23. Dry blood, 7 lbs.; superphosphate, 30 lbs.;

sulphate of potash, 6 lbs 11.24 4.748 1.86

24. Legume, 1907-08; nothing, 1908-09; super-

phosphate, sulphate of potash, 1909-10 12.27 5.720 1.87

25. Superphosphate, 30 lbs., sulphate of potash, 6

lbs., 1907-08; legume, 1908-09; nothing,
1909-10 12.86 5.440 2.03

* Plats 1 and 2 were discontinued in 1910 on account of building and plats 28 and
29 substituted.
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Table 15— (Continued)

Per cent
total Per cent

Fertilizer applied protein gliadin Ash

26. Sulphate of potash, 6 lbs., superphosphate, 30

lbs., 1908-09; nothing, 1907-08; legume,
1909-10 12.51 5.287 1.71

27. Check, no fertilizer 11.23 4.692 1.93

28. Nitrate of soda, 5 lbs.; hydrate of lime, 132i/^

lbs *11.91 5.265 1.86

29. Nitrate of soda, 5 lbs *11.89 5.065 2.14

* Plats 1 and 2 were discontinued in 1910 on account of building and plats 28 and
29 were substituted.

THE EFFECT OF NITROGEN

Collecting the results as to the effect of nitrogen upon the

protein content, the following figures hold :

Plats receiving nitrogen
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while Plat 7 received no fertilizer, and yet the average protein

content of the latter shows .18 per cent higher than the former.

Further, in the case where a complete fertilizer was used, as

in Plats 17 and 19, the former receiving double the quantity

of nitrate of soda, the latter showed .59 per cent protein above

the former. The results for the entire period show that increas-

ing the available nitrogen of the soil had no general influence

toward increasing the protein content of the wheats, either when

used alone or when used in connection with the other plant food

elements.

Comparing the effect of nitric nitrogen with organic nitrogen,

as dried blood, in a complete fertilizer, the following results

stand for the four years :

1908

Plat 18—Nitric nitrogen 9.24

Plat 23—Organic nitrogen 10.28

This set seems to show a very slight increase due to the organic

nitrogen, but it is so slight as not to affect in any material way
the quality of the grain, and the variations are such as to render

it more than probable that such variations as do occur are due

to other causes, possibly moisture, rather than to the nitrate

present.

THE EFFECT OF INCEEASING THE NITROGEN CONTENT OF THE
SOIL IN THE PRESENCE OF LIBERAL AMOUNTS

OF PHOSPHORIC ACID

In these trials, nitrogen in the form of nitrate of soda was

used in connection with an application of phosphates, as shown

in the tabulation :

Nitrogen and phosphate plats Check plats

1909
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The average differeuce shows .28 per cent, an amount which

is too small to be a matter of consideration for practical im-

provement in the quality of the grain. Further, it Avill be noted

that such differences as do occur did not run always in the same

direction.

THE EFFECT OF PHOSPHATES

In the.se trials the superphosphate used was from treated

rock and the amounts used are given in the scheme previously

shown.

Superphosphate plats
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There is shown a slightly increased protein content on the

potash plats over the corresponding checks. Three out of the

five cases show a higher protein content on the potash plats than

on the checks, and one shows the same percentage on both plats.

The difference is so small in the average that it might easily

be due to difference in the moisture content of the soil, but data

along this line as relating to these plats are not at hand, and

therefore it would be unwise to attempt to draw conclusions

until such data are secured.

THE EFFECT OF GEEEN MANUKE CEOPS

Plats 23, 24, and 25 have had legumes grown upon them

every third year and cereal crops the other"' year of the rotative

period, with superphosphates and potash added the second year

after the legume. Comparing the result from these plats for

the short period the trials have been under way with the average

of the check plats, and with the average of those on either side,

the following results appear :

Per cent
protein

Plats with legumes 11.06

Average of all checks, no legume 11.02

Average of two nearest checks, no legume — . 10.90

It is not apparent that any material change in protein content

has been effected by the treatment employed.

GENERAL CONCLUSIONS

The results presented in the foregoing pages seem to warrant

the following conclusions:

First—There are important seasonal, varietal, and individual

variations in wheat plants with respect to protein content.

Second—The principal factor causing the most pronounced

variation in the protein content of wheats is climate, particu-

larly the moisture supply in the later growing period of the crop.

Third—The tendency of wheat kernels to change from a

glutenous to a starchy condition is not a constant one, but is

mainly dependent upon the individuality of the plant and upon
seasonal influences, particularly moisture supply in the latter

part of the growing period of the plants.
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Fourth—In wheats 100 per cent of which are entirely starchy

there may be a reversion to an entirely glutenous condition in

a single season, or the reverse may occur, dependent upon the

seasonal condition.

Fifth—Allowing the grain to stand on the straw in the field

until fully ripe does not materially affect the protein content.

Sixth—The protein content of wheat is affected by the time

of seeding, the product of late seeded grain having a higher

percent of protein than that of early seeded grain.

Seventh—The protein content of wheat is very largely influ-

enced by the water content of the soil in the later period of its

growth, and the effect of either irrigation or rainfall during this

period is to lower its protein content.

Eighth—The percentage of sunshine which the grain receives

during its period of growth has a somewhat direct bearing upon
its protein content, but other seasonal conditions are more im-

portant.

Ninth—Retarding the growth through cooling the atmosphere

has a tendencj^ to increase the protein content.

Tenth—The quantity of available nitrogen in the soil either

alone or in the presence of other available plant foods, provided

there be sufficient to supply normal growth, appear to have little,

if any, influence upon the protein content.

Eleventh—The low gluten content of wheats grown in Cali-

fornia is not due to soil exhaustion, but rather to the following

causes: (1) To climatic factors which allow a long growing

period; (2) to relatively early seeding; (3) to the use of varieties

inherently low in gluten; (4) to a lack of selecting highly glu-

tenous seed.

Acknoivledgements : The author is greatly indebted for valu-

able assistance rendered in the prosecution of various parts of

the routine analytical w'ork which furnishes the basis for this

paper to IMiss Rachel Corr and Messrs. J. D. Rose, B. A. Madson,
and E. H. Walters, and also to Messrs. A. J. Gaumnitz, H. F,

Blanchard and J. T. Bearss for the careful attention to the field

production of the samples.

Transmitted January 24, 1913.



UNIVERSITY OF CALIFORNIA PUBLICATIONS—(Continued)

15. On Nutrient and Balanced Solutions, by W. J. V. Osterliout. Pp. 317-
318. October, 1907 05

16. A Synopsis o'f the North American Godetias, by Willis Linn Jepson.
Pp. 319-354; plate 29. December, 1907 40

Index, pp. 355-360.

Vol. 3. 1. Compositae of Southern California, by Harvey Monroe Hall. Pp. 1-

302; plates 1-3, with a map. December, 1907 3.00

2. The Origin, Structure, and Function of the Polar Caps in Smilacina

amplexicaulis Nutt., by H. D. Densmore. Pp. 303-330; plates 4-8.

December, 1908 _ „. .35

3, 4. (In one cover.) The Value of Sodium to Plants by Reason of Its

Protective Action. On the Effects of Certain Poisonous Gases on
Plants. By W. J. V. Osterhout. Pp. 331-340. June, 1908 10

5. Contributions to the Knowledge of the California Species of Crusta-
ceous Corallines, I, by Maurice Barstow Nichols. Pp. 341-348;
plate 9. December, 1908 10

6. Contributions to the Knowledge of the California Species of Crusta-
ceous Corallines. II, by Maurice Barstow Nichols. Pp. 319-370;
plates 10-13. April, 1909 15

7. New Chlorophyceae from California, by Nathaniel Lyon Gardner. Pp.
371-375; plate 14. April, 1909 10

8. Plantae Mexicanae Purpusianae, by T. S. Brandegee. Pp. 377-396.

May, 1909 15

Index, pp. 397-400.

Vol. 4. 1. Studies in Ornamental Trees and Shrubs, by Harvey Monroe Hall. Pp.
1-74; plates 1-11; 15 test-figures. March, 1910 .75

2. Gracilariophila, a New Parasite on Gracilaria confervoides, by Harriet
L. Wilson. Pp. 75-84; plates 12-13. May, 1910 10

3. Plantae Mexicanae Purpusianae, II, by T. S. Brandegee, Pp. 85-95.

May, 1910 10
4. Leuvenia, a New Genus of Flagellates, by N. L. Gardner. Pp. 97-106;

plate 14. May, 1910 10

5. The Genus Sphaerosoma, by William Albert Setchell. Pp. 107-120;

plate 15. May, 1910 15
6. Variations in Nuclear Extrusion Among the Fucaceae, by Nathaniel

Lyon Gardner. Pp. 121-136; plates 16-17. August, 1910 15
7. The Nature of the Carpostomes in the Cystocarp of Ahnfeldtia gigarti-

noides, by Ada Sara McFadden. Pp. 137-142; plate 18. February,
1911 05

8. On a Colacodasya from Southern California, by Mabel Effie McFadden.
Pp. 143-150; plate 19. February, 1911 05

9. Fructification of Macrocystis, by Edna Juanita Hoffman. Pp. 151-158;
plate 20. February, 1911 05

10. Erythrophyllum delesserioides J. Ag., by Wilfred Charles Twiss. Pp.
159-176; plates 21-24. March, 1911 15

11. Plantae Mexicanae Purpusianae, III, by T. S. Brandegee. Pp. 177-194.

July, 1911 15
12. New and Noteworthy California Plants, I, by Harvey Monroe Hall.

Pp. 195-208. March, 1912 15

IS. Die Hydrophyllaceen der Sierra Nevada, by August Brand. Pp. 209-

227. March, 1912 20
14. Algae Novae et Minus Cognitae, I, by William Albert Setchell. Pp.

229-268; plates 25-31. May, 1912 40

15. Plantae Mexicanae Purpusianae, IV, by Townshend Stith Brandegee.
Pp. 269-281. June 26, 1912 15

16. Comparative Development of the Cystocarps of AnUthamnio7i and

Prionitis, by Lyman L. Daines. Pp. 283-302; plates 32-34. March,
1912

,
20

17. Fungus Galls of Cystoseira and Halidrys, by Lulu M. Estee. Pp. 305-316;

plate 35. March, 1913 10
18. New Fucaceae, by Nathaniel L. Gardner. Pp. 317-374; plates 36-53.

April, 1913 75

VoL 5. 1. Studies in Nicotiana I, by William A. Setchell. Pp. 1-86; plates 1-28.

December, 1912 1.25

2. Quantitative Studies of Inheritance in Nicotiana Hybrids, by Thomas
H. Goodspeed. Pp. 87-168; plates 29-34. December, 1912 1.00

3. Quantitative Studies of Inheritance in Nicotiana Hybrids II, by Thomas
H. Goodspeed. Pp. 169-188. January, 1913 20

4. On the Partial Sterility of Nicotiana Hybrids made with N. Sylvestris
as a Parent, by Thomas H. Goodspeed. Pp. 189-198. March, 1913 10



UNIVEESITY OF CAI.IFOENIA PUBLICATIONS—(Ooutinued)

AMEBICAir AECHAEOLOGY AND ETHNOLOGY.—A. L. Kroeber, Editor. Price
per volume, $3.50 (Volume I, $4.25). Volumes I-IX completed.
Volumes X and XI in progress.

GEOLOGY.—Bulletin of the Department of Geology. Andrew C. Lawson and John O.

Merriam, Editors. Price per volume, $3.50. Volumes I (pp. 428),U (pp. 450), in (pp. 475), IV (pp. 462), V (pp. 458), and VI,
completed. Volume VII in progress.

ZOOLOGY.—W. B. Bitter and 0. A. Kofoid, Editors. Price per volume, $3.50. Volumea
I (pp. 317), II (pp. 382), III (pp. 383), IV (pp. 400), V (pp. 440),
VI (pp. 478), VII (pp. 446), and VIII (pp. 35/) completed.
Volumes IX, X, and XI in progress. Commencing with Volume U,
this series contains the Contributions from the Laboratory of the
Marine Biological Association of San Diego.

MEMOIRS OP THE UNIVERSITY OF CALIFORNIA (Quarto).

Vol. 1. 1. Triassic Ichthyosauria, with special reference to the American Forms,
by John C. Merriam. September, 1908 $3.00

2. The Fauna of Rancho La Brea. Part I. Occurrence, by John C. Mer-
riam. November, 1911 30

The Fauna of Rancho La Brea. Part II. Canidae, by John C. Merriam.
October, 1912 80

Vol. 2. The Silva of California, by Willis Linn Jepson. 480 pages, 85 plates, 3

maps. December, 1910 9.00

Vol. 3. Business Cycles, by Wesley C. Mitchell, xviii + 610 pages. September,
1913 , ^ 5.00

Other series in Classical Philology, Economics, Education, Egyptian Archaeology, Engi-
neering, Entomology, Graeco-Roman Archaeology, History, Mathematics, Psychology, Semitie

Philology, Modem Philology.

UNIVERSITY OF CALIFORNIA CHRONICLE.—An of&cial record of University life,

issued quarterly, edited by a committee of the faculty. Price, $1.00 per
year. Current volume No. XTV.

ADMINISTRATIVE BULLETINS OF THE UNIVERSITY OF CALIFORNIA.—Edited bj
the Recorder of the Faculties. Includes the Register, the Presidenff
Report, the Secretary's Report, and other ofiicial announcements.

Enropean agent for the series in American Archaeology and Ethnology, Classical Pbil*

elogy. Education, Philosophy, and Semitic Philology, Otto Harrassowitz, Lelpcif. For till

eeries In Botany, Geology, Pathology, Physiology, Zoology, and also American Azth^^clogi
and Ethnology, R. Friedlaender h Sohn. Berlin.



UNIVERSITY OF CALIFORNIA PUBLICATIONS
IN

AGRICULTURAL SCIENCES

Vol. I, No. 6, pp. 127-139 March 28, 1914

THE EFFECT OF COPPER, ZINC, IRON AND
LEAD SALTS ON AMMONIFICATION

AND NITRIFICATION IN SOILS

BY

C. B. LIPMAN AND P. S. BURGESS

UNIVERSITY OF CALIFORNIA PRESS

BERKELEY



UNIVEESITY OF CAX.IFOENIA PUBLICATIONS

Note.—The University of California Publications are offered in exchange for the publi-
cations of learned societies and institutions, universities and libraries. Complete lists of
all the publications of the University will be sent upon request. For sample copies, lists of

publications and other information, address the Manager of the University Press, Berkeley,
California, U. S. A. All matter sent in exchange should be addressed to The Exchange
Department, University Library, Berkeley, California, U. S. A.

OTTO HAEEASSOWITZ E. FEIEDLAENDEE & SOHN
LEIPZIG BEELIN

Agent for the series in American Arch- Agent for the series in American Arch-

aeology and Ethnology, Classical Philology, aeology and Ethnology, Agricultural Sci-

Education, Modem Philology, Philosophy, ences. Botany, Geology, Mathematics, Path-

Psychclogy. ology. Physiology, Zoology, and Memoirs.

AGEICULTUEAL SCIENCES.—Charles B. Lipman, Ernest B. Babcock, and John W.
GUmore, Editors. Price per volume, $3.50.

Vol. 1. 1. The Distribution and Activities of Bacteria in Soils of the Arid
Eegion, by Charles B. Lipman. Pp. 1-21. October, 1912 $0.20

2. Studies on the Phenoldisulphonic Acid Method for Determining Nitrates
in Soils, by C. B. Lipman and L. T. Sharp. Pp. 23-37. October, 1912. .15

3. The Effects of Calcium and Magnesium Carbonates on Seme Biological
Transformations of Nitrogen in Soils, by W. P. Kelley. Pp. 39-49.

December, 1912 10
4. The Aluminum Eeduction Method as Applied to the Determination of

Nitrates in * 'Alkali" Soils, by Paul S. Burgess. Pp. 51-62. May,
1913 15

5. Studies Upon Influences Affecting the Protein Content of Wheat, by G.
W. Shaw. Pp. 63-126. October, 1913 - .75

6. The Effect of Copper, Zinc, Iron and Lead Salts on Ammonification and
Nitrification in Soils, by C. B. Lipman and P. S. Burgess. Pp. 127-
139. March, 1914 , 15c

Vol. 2. 1. Studies in Juglans I. Study of a New Form of Juglans Californica

Watson, by Ernest B. Babcock. Pp. 1-46, plates 1-12. December,
1913 60

AGEICULTUEE.—The Publications of the Agricultural Experiment Station consist of Bul-
letins and Biennial Eeports, edited by Professor Thomas Forsyth Hunt,
Director of the Station. These are sent gratis to citizens of the State of
California. For detailed information regarding them address The Agri-
cultural Experiment Station, Berkeley, California.

BOTANY.—W. A. Setchell, Editor. Price per volume, $3.50. Volumes I (pp. 418), II (pp.

360), in (pp. 400), completed. Volumes IV and V in progress.
Vol. 1. 1. A Botanical Survey of San Jacinto Mountains, by Harvey Monroe

Hall. Pp. 1-140; plates 1-14. June, 1902 $1.00
2. Two new Ascomycetous Fungi Parasitic on Marine Algae, by Minnie

Eeed. Pp. 141-164; plates 15-16. November, 1902 25
3. Algae of Northwestern America, by William Albert Setchell and Na-

thaniel Lyon Gardner. Pp. 165-418; plates 17-27. March, 1903 2.25

Vol. 2. 1. A Eeview of Califomian Polemoniaceae, by Jessie Milliken. Pp. 1-

71; plates 1-11. May, 1904 75
2. Contributions to Cytological Technique, by W. J. V. Osterhout. Pp.

73-90; 5 text-figures. June, 1904 „ 25
S. Limu, by William Albert Setchell. Pp. 91-113. April, 1905 25
4. Post-Embryonal Stages of the Laminariaceae, by William Albert

SetcheU. Pp. 115-138; plates 13-14. April, 1905 25
5. Eegeneration among Kelps, by William Albert Setchell. Pp. 139-168;

plates 15-17. July, 1905 30
6. A New Genus of Ascomycetous Fungi, by Nathaniel Lyon Gardner.

Pp. 169-180; plate 18. July, 1905 15
7. Teratology in the Flowers of some California Willows, by William

Warner Mott. Pp. 181-226; plates 16-20. December, 1905 50

8. 9, 10, 11. (In one cover.) The Eesistance of Certain Marine Algae to

Changes in Osmotic Pressure and Temperature. The E61e of Os-
motic Pressure in Marine Plants. On the Importance of Physiolog-
ically Balanced Solutions for Plants. The Antitoxin Action of
Potassium on Magnesium. By W. J. V. Osterhout. Pp. 227-236.

March, 1906 .25

12. Cytological Studies in Cyanophyceae, by Nathaniel Lyon Gardner.

Pp. 237-296; plates 21-26. November, 1906 1.00



UNIVERSITY OF CALIFORNIA PUBLICATIONS
IN

AGRICULTURAL SCIENCES

Vol. 1, No. 6, pp. 127-139 March 28, 1914

THE EFFECT OF COPPER, ZINC, IRON AND
LEAD SALTS ON AMMONIFICATION

AND NITRIFICATION IN SOILS

BY

C. B. LIPMAN AND P. S. BUEGESS

In the course of investigations on the effect of smelter wastes

on crop growth one of the writers decided to test also the effects

of the salts of the heavy metals on the transformation of organic

nitrogen in the soil into ammonia and nitrates which serve as

the source of nitrogen for plants. This correlation between the

effects of external factors upon both the soil flora and the physio-

logical condition of plants was deemed eminently worth while,

for reasons which are at once obvious to the careful student of

soil fertility problems. Some of the results obtained with plants

have been published,^ and still fuller data dealing with the same

problem will soon find publication elsewhere. In view of the

foregoing the writers have carried out experiments dealing with

the toxic and stimulating effects of copper, zinc, iron and lead

on the ammonifying and nitrifying flora of a sandy soil. The

results, owing to their interesting nature and their cogency at

this time are here given apart from the results obtained with

plants.

Methods of the Experiments

The work here described was carried out by the direct soil-

culture method in a manner fully explained by one of us else-

where.- No attempt was made to modify the soil flora, but the

ff^'

1 Bot. Gaz., vol. 5.5, p. 409.

2 Cent, fiir Bakt., 2*" Abt., vol. 32, p. 58, vol. 33, p. 305.
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soil with its natural flora was employed. Tlie ammonia deter-

minations were made in accordance with methods described in

the papers above cited and the nitrate determinations in accord-

ance with the method described by Burgess."

The work carried out by other investigators dealing with the

subject in hand has thus far been rather meager and but few

of the results possess pertinence with respect to our findings. In

studying the amounts of copper in vineyard soils due to accumu-

lation from copper-containing sprays. Prandi* was unable to

note any damage to vines after the copper sprays had been used

for a number of years. jMoreover. he did not adjudge dangerous

the amounts of copper which had accumulated in the soils

studied in the quantities in which he found it there. He does,

however, inake the further interesting speculative statement that

copper may have an important influence on the soil organisms.

The original work of Eickmeyer^ is unfortunately not accessible

to us and. while it may contain some of the most cogent infor-

mation on our subject which is in print, we can ascertain only

that the investigator named studied the effects of copper and iron

sulfates, among other poisons, on soil bacteria. In studying the

bacteriology of ammonium compounds Ehrenberg'' observes that

the cause of the difference in the effects of ammonium compounds

used for fertilizers in zinc pots and in the field must be that the

zinc exercises a deleterious effect on "ammonia-fixing" bacteria

which compete with the plants for soluble nitrogen in the soil.

Owing to that, he believes ammonium fertilizers stimulate plants

in zinc pots but have no effect in the field. Among studies on

the effects of the poisonous metals here considered, on some of the

lower organisms, may he mentioned those of Latham.' who

obtained stimulation with low concentrations of ZnSO^ for

Aspergillus nigcr, and those of Remy and Rosing.^ which indicate

a marked stimulating effect of iron on Azotobacter organisms.

3 Uiiiv. Calif. Publ. Ajir. Sci., vol. 1, no. 4, p. 51.

4Staz. Sper. Gr. Ital., vol. 40, p. o31, cited from E. S. R., vol. 19. p. 755.

5 Winner Landw. Ztg., vol. 57, p. 600, cited from E. S. R.. vol. 19, p. 625.

GFubling's Landw. Ztg., vol. 27, p. 449.
'
Cited from E. S. R., vol. 21, p. 421.

s Cent. fiir. Bakt., 2'^ Abt., vol. 30, p. 349.



1914] Lipman-Burgess : Ammouification and Nitrification in Soils 129

The only work with which the writers are acquainted which

allows of any direct comparison with our results is included in

the splendid series of investigations of Fred** on the effects of

small or limited quantities of various poisons on the higher as

well as the lower plant organisms. In addition to showing the

stimulating powers of certain poisons like CS2 and
p'-rr' )

on the bacterial count, nitrogen-fixing power, etc., of soils in direct

soil cultures, that investigator gives evidence also of work done

with the higher plants yielding similar results. Of a series of

metallic salts, further, with which Fred worked he was unable to

demonstrate stimulation to nitrification except perhaps one case

of slight stimulation through the use of FeS04 (100 mgs. per 100

grams of soil). The salts tested were MnS04, FeSO^, CUSO4,

and NaCl. The nitrifiable material employed was (NH4)oS04

and not the organic nitrogen of blood which we used.

Aside from these investigations, only one or two of which

have any direct bearing on our subject, but little has been

accomplished of either direct or indirect applicability to our

results. Where any studies were carried out dealing with the

effects of the heavy metals on bacteria, such as those of Kellerman

and Beckwith" or Jackson," they were prosecuted in solutions

and therefore, as one of us has emphatically shown in other

publications,^- are scarcely comparable with results from soil cul-

tures such as are below discussed, or with results obtained with

plants in soil cultures.

Since the experiments below described were completed there

has appeared from the pen of Greaves^^ a paper bearing on the

effects of arsenic on ammouification and nitrification in soils. This

work, because of the methods employed, is of pertinence here,

and interesting, because of the stimulating powers of considerable

quantities of arsenic in soils to ammonia and nitrate production

by the natural flora. While arsenic, chemically considered, is a

9 Cent, fiir Bakt., 2'« Abt., vol. 31, p. 185.

10 Bull. 100, Bur. PI. Ind., U. S. D. A.

11 Jour. Am. Chem. Soc, vol. 27, II, p. 675.

i2Bot. Gaz., vol. 55, p. 409 and literature there cited,

13 Cent, fiir Bakt., 2*"^ Abt., vol. 39, p. 542.
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totally different substance from the metals we have studied, it

is interesting to compare its effects on the soil tlora with those

exercised by copper, zinc, lead and iron. This is especially so

since arsenic so frequently occurs with the other elements in

soils and in smelter wastes from which it may be transported to

agricultural soils.

In closing this brief review of investigations dealing with the

subject of this paper or one allied thereto, it should also be

added that some fragmentary information was obtained in the

course of other investigations by J. G. Lipman and his asso-

ciates" which refers to the effects of CUSO4, and FeSO^ among
other compounds on the ammonifying flora of the soil. These

results indicate that copper stimulates ammonification very

slightly at a concentration of 0.1 per cent, that ZnSO^ gives no

stimulation and is toxic at all concentrations, and that FeSO^

at the concentration of 1 mg. per 100 grams of soil gives marked

stimulation.

The Ammonification Experiments

To a fifty-gram portion of dry soil, one gram of tankage

(9.62% N) was added and thoroughly mixed Avith it. Sterile

distilled water was then added, to make optimum moisture con-

ditions, and also varying quantities of the salts to be tested.

The soil, water and salt mixture was thoroughly stirred in the

tumbler, the latter covered with a Petri dish cover and incubated

for one week at 27° C to 30° C. The results of the ammonia

determinations at the end of the incubation period, together with

other necessary explanatory data, wull be found in Table 1. The

sulfates of the metals tested were employed throughout. It Avill

be noted that the results of duplicate determinations are given

throughout, averages being omitted since the reader can so

readily ascertain them from the data submitted.

It is at once obvious, from even a casual examination of the

data given in Table 1, that none of the metals employed exercises

a stimulating effect on the ammonifying flora of the soil employed

even at the smallest concentrations (50 p.p.m.). Despite that

14 N. J. Exp. Sta. Bull. no. 246, p. 32.
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30 per cent, zinc by 20 per cent, lead by about 15 per cent, and

iron by only about 12 per cent of that of the normal yield.

Despite this fact, however, copper begins to manifest its toxicity

most slowly of the four metals, since it shows little if anv toxicity

at a concentration of .005 per cent, whereas all the other metals

show clearly a slight toxic effect even at that concentration.

Just why this peculiar relationship between the metals tested

and the ammonifying flora should obtain is by no means easy

of explanation.

Speaking of the data in Table 1. by and large, it seems justi-

fiable to venture the assertion that all the metals become markedly
more toxic at concentrations of 0.1 per cent of the dry weight

of the soil or in concentrations in excess of that amount. Other

details worthy of mention here are the fact that at times the

depressing effect of a certain concentration is followed by a

stimulating effect at an increased concentration of the same

metallic salt. Also, the very striking fact is noted of the rela-

tively slight increases of toxicity which accompany relatively

large increases in concentration of the salt. The latter is par-

ticularly marked in the case of FeS04. Whether or not this

latter result is to be explained by the differences in solubility

which obtain between the different metallic sulfates employed, as

well as by the different adsorptive power exercised by the soil

towards every one of them, still remains to be shown.

In general, it is worthy of special remark here that though

these so-called very toxic metals manifest undoubted toxicity

towards the ammonifying flora, and no stimulation in any con-

centration of them, the toxic effect is relatively small and in

some cases even absolutely slight.

The Nitrification Experiments

To 100-gram portions of sandy soil in tumblers were added

two grams of dried blood (13.29% N). enough water to make

optimum moisture conditions, and the necessary amounts of the

salts to be tested. The mixture was prepared for incubation as

above described for the ammonification cultures and incubated



1914] Lipman-Burgess: Ammonificatio7i and Nitrification in Soils 133

for four weeks at 27° C to 30° C. Other explanatory data are

given in Table 2, which shows the results obtained from the

nitrate determinations made as above explained.
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a most striking stimulating effect on the nitrifying flora, which

results in the production of nearly twice as much nitrate nitrogen

as is yielded in the normal soil receiving no copper at all. But

the stimulation of the nitrifying flora does not cease at a con-

centration of CuSO^ equivalent to 0.05 per cent of the dry

weight of the soil. Even at a concentration of 0.075 per cent of

CuSO^ we obtain stimulation and one-third again as much nitrate

as is produced when copper is present at the preceding concen-

tration (0.05 per cent CuSOJ. At 0.1 per cent CuSO^ about

the same amount of nitrate is produced as at a concentration of

0.075 per cent, or perhaps slightly less, and at the highest con-

centration of CiiSO^ employed, namely 0.15 per cent, we obtain

an increase of about 100 per cent of nitrate over the normal soil

to which no copper is added. That such remarkable stimulation

should be exercised by CUSO4 for the nitrifying flora and at such

high concentrations of that supposedly toxic salt is a new and

interesting fact of great significance.

While our results agree with those of Fred above cited as

regards the lower concentration of CuSO^ which he employed,

namely 0.01 per cent, they are wholly at variance with his results

as regards his only other concentration. 0.1 per cent CuSO^.

The latter gave Fred no stimulation for the nitrifying flora what-

ever, but it yields us nearly the maximum point of stimulation

of CuSO^ for the flora in question, and in a series of results in

which the existence of stimulation is throughout remarkable.

To what circumstance these differences between our work and

that of Fred are attributable is not readily determined. It can

scarcely be due to the difference in the strain or vigor of the

nitrifving flora, for we have obtained similar results to those

above described with widely different soils which were employed

in corresponding vegetation experiments. That the nitrifiable

materials were wholly different may. however, be a factor of con-

siderable significance. Not only because of its totally dift'erent

physical nature, but because of possible antagonistic eft'ects which

it might induce. (XH^)oSOi might well be expected to yield"

different results in nitrification work from those obtained with

dried blood or similar forms of nitrogen, especially when salt

effects are studied.
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A question more difficult of solution is that involving the

cause or causes of the stimulating effects of CuSO^ on the

nitrifying flora or the production of nitrates in soils.
• The

experiments of Fred have included such as aimed at the dis-

covery of the reply to the question just raised. The results of

such experiments, however, would seem to throw no positive

light on its solution. Two factors do seem, nevertheless, to have

been eliminated. But little support was found for the idea that

poisons like the salts above employed destroy soil toxins which

might interfere with bacterial efficiency, as well as for the further

idea that the effect of such poisons in the destruction of amoebae

might manifest itself by a stimulation for the soil organisms.

It seems, to use Fred's expression, to be a ''Reizwirkung" on

the part of the salts and other poisons added to the nitrifying

flora, but the question as to how this "Reizwirkung" is accom-

plished still remains unanswered. This question is further dis-

cussed below.

ZnSO,

Zinc evidently exercises relatively the »same influence on the

nitrifying flora as copper. Like the latter, it stimulates but very

slightly at a concentration of 0.0125 per cent ZnSO^, does so

very definitely at a concentration of 0.025 per cent, very

markedly at 0.05 per cent, and still more markedly at concen-

trations of 0.075 per cent and 0.10 per cent, at which latter the

highest point of stimulation is reached. Concentrations in excess

of 0.1 per cent ZnSO^ seems to be much less stimulating to nitrate

production than similar amounts of CuSO^. The absolute

amounts of nitrate produced by the nitrifying flora under the

stimulus of zinc salts seem to be throughout slightly smaller than

those produced by similar flora in the presence of CuSO^.

FeSO,

With FeSO^ we obtain effects on the nitrifying flora which

possess many characteristics different from those obtained with

CuSO^ and ZnSO^. In the first place, stimulation is marked

with the smallest concentration, 0.0125 per cent FeSO^, while

it is either extremely slight or wanting with the other salts at
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similar concentrations. While stimulation continues up to and

including concentrations of 0.075 per cent, it is not so great as

with the smallest concentration, and increases or decreases with

the different amounts of FeS04 employed, with no regularity.

Then, beyond the concentration of 0.075 per cent FeSO^, a

wholly inexplicable sudden toxicity manifests itself, and stranger

still, beyond that point with two additional and larger concen-

trations employed we obtain the most marked stimulation in the

whole series of cultures and about equivalent to the stimulation

effected by CuSO^ at similar concentrations.

The causes of this erratic behavior of FeS04 are a mystery

as yet. We suggest that the rapidity of oxidation of the FeSO^

may vary and so the ferrous and ferric salts may yield different

effects, though this explanation does not appear wholly satis-

factory. The distribution of the salt in the soil culture may also

be a factor. What appears to us as another promising explana-

tion for the behavior of the FeSO^ under discussion is its effect

on the physical condition of the soil and the modification of the

latter 's absorptive power for moisture and gases. Whether or

not the effects noted may be related to transformations in the

amounts of available bacterial foods present cannot be answered

from the data in hand.

PbSO,

In this series of cultures we are confronted with effects which

are in certain definite ways different from either those of CuSO^
and ZnSO^, on the one hand, and FeSO^ on the other hand.

Lead is the only one of the metals used above which exercises an

uncpiestionable and marked toxicity on the nitrifying flora at

even the lowest concentration (0.0125 per cent PbS04). But

while that is so, larger amounts of PbSO^ make conditions in the

soil more favorable for nitrification as the lead salt increases

in concentration from 0.0125 per cent to 0.05 per cent, at which

point nitrification is about as active as in the normal soil. When,

however, the PbS04 is still further increased we obtain what

appears to be a definite stimulation to nitrification. Oddly

enough, however, at a concentration of 0.1 per cent, PbSO^
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behaves like a similar concentration of FeS04 to the nitrifying

flora and becomes about as toxic as 0.0125 per cent was shown

to be above. Then at 0.0125 per cent PbS04 the latter again

behaves like FeS04 in that definite stimulation follows the tox-

icity of the previous concentration, but while the stimulation of

the FeSO^ at a similar concentration is very marked it is only

slight in the case of PbS04. Then, again, at the further con-

centration of 0.15 per cent PbS04, the latter acts entirely differ-

ently from all the other salts in that it becomes markedly toxic

again.

The idiosyncracies of PbS04 as regards the nitrifying flora

of a soil are even more numerous than those of FeS04. How-

ever, it must be borne in mind that PbS04 is a very insoluble

salt and while the other salts are capable of being added in

solution to the cultures. PbS04 has to be mixed with the soil as

thoroughly as possible in its dry state. This fact would account

for a poor distribution of the salt through the soil mass and

thus indicate one possible cause of the extremely erratic behavior

of PbSOi in nitrification cultures. The fact, however, that

FeS04 aiid PbS04 behave alike at a concentration of 0.1 per

cent would seem to be more than a mere coincidence, and some

of the speculations made above with respect to FeSOi and its

behavior may have some cogency here. The most striking fact,

however, gleaned from the series of cultures with PbS04 is that

the latter possesses a stimulating power toward the nitrifying

flora. Considering the well-known toxic powers of lead with

respect to other organisms, this fact assumes considerable im-

portance. In all cases, of course, the stimulating powers of the

other salts are much greater than that of PbS04.

General Discussion

The experimental data above submitted constitute the first

series of systematic experiments dealing with the effects of copper,

zinc, iron and lead on the ammonifying and nitrifying flora of

the same soil. Once more we are confronted by the striking

differences between the physiological characteristics of the

ammonifying and the nitrifying flora of soils. Other similar
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cases, though not so marked, have been commented on elsewhere

by one of us (see literature above cited). While the sulfates

of all the metals named are toxic to ammonification, and in very

low as well as very high concentrations, ranging from 50 parts

per million to 2500 parts per million, they manifest a relatively

low toxicity for the flora concerned in that phase of nitrogen

transformation. On the other hand, all the same metals exercise,

in a large variety of concentrations, a marked stimulating effect

on the nitrifying flora. That differences of such magnitude

should exist between two flora of the soil, one being presumably

dependent for its raw material on the other, is, to say the least,

amazing and not wholly explicable. Since, however, nitrification

in the broader sense of the term represents the algebraic sum of

the activities of all forms of nitrogen-transforming bacteria in

the soil, it would appear from our results that the net effect of

the activity of the metallic salts tested is to insure a larger

nitrate supply in the soil. This must be so, since in the most

extreme cases above studied ammonification is depressed only

to an extent which lowers the total ammonia yields below that

of the salt-free soil by about 30 per cent, whereas nitrate pro-

duction is frequently enhanced in efficiency by the presence of

the same metals to an extent which doubles the yield of a normal

soil flora.

Our findings would therefore render much easier the explana-

tion of the oft-noted stimulating effect of copper, in particular,

and metallic salts in general (in proper concentrations), on the

higher plants, regarding which, also, we have accumulated con-

siderable data. If a larger nitrate production in the soil follows

the application of a metallic salt as above shown, the nitrogen

nutrition of plants must go on with greater facility and adequacy ;

hence increased growth.

As above intimated, the underlying causes of our very inter-

esting results are not easy to discover. In addition, however, to

the speculations on that subject which we make, and which we

recognize for more reasons than one as far from satisfying, we

have obtained some experimental evidence on the point in ques-

tion which possesses more cogency. It appears from these that

water absorption is hastened by germinating seeds and young
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plants in the soil in the presence of copper. Why might not a

similar effect be exercised by metals as regards the nitrifying

bacteria which, physiologically speaking, in every way resemble

the higher plants much more than the other soil flora?

Conclusions

1. Copper, zinc, iron and lead exercise toxic effects on the

ammonifying flora of a sandy soil from Southern California in

all concentrations, ranging from 50 to 2500 parts per million of

their sulfates.

2. Such toxicity is relatively small, however, and is more

marked at concentrations below 0.1 per cent than above it, in

most cases.

3. The metals named exercise no stimulating effect on the

ammonifying flora at any concentration.

4. Copper, zinc, iron and lead exercise marked stimulating

effects on the nitrifying flora of the same soil and i>equently

more than double the normal nitrate yield.

5. The same metals may in very small concentrations exercise

toxic effects on the nitrifying flora or no effect at all, but they

are markedly stimulating at much higher concentrations.

6. With the one exception of lead sulfate, the metals named

showed very marked stimulation for nitrification even at 0.15

per cent, the highest concentration employed.

7. Comparisons are given of our work with that of one or

two other investigators on portions of the same subject. In some

cases our results confirm previous work. In other cases they are

wholly at variance with it.

8. A brief discussion is given of possible causes for the effects

of the metallic salts under consideration on the soil flora.

9. Fuller consideration will be given in another paper to the

theoretical phases of the subject treated above.

Transmitted March 6, 1914.
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The study of the physiological efficiency of soil bacteria

rather than their number is admittedly the dominant method in

soil bacteriological investigations. In view of this fact it is

singularly striking to note how little work has been accomplished
in the study of some phases of the physiological efficiency of pure
cultures of certain groups of soil bacteria. This is especially so,

since the introduction of radical changes in our soil bacterio-

logical methods have made it necessary to repeat some, if not all,

of the work which had been carried out by the old methods.

However this may be, it remains a fact that, since the publication

of MarchalV splendid work on ammonification in solution

cultures, but scant information has been adduced from studies

of soil bacteria which relate to the physiology as well as the

physiological efficiency of even the more common ammonifying
bacteria. Certainly, the work carried out along this line in

direct soil cultures, which recent work has shown to be so far

superior to solution cultures, has been very meager indeed.

In order, therefore, to glean some useful information relative

to the physiological efficiency of pure cultures of a number of

ammonia-producing bacteria, the writers deemed it wise to select

a number of organisms and to compare their power to produce

ammonia not only from one form of organic matter, but from

several forms, most of which have found use in farm prac-

^ tiee as fertilizers. Accordingly, the following organisms in pure
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culture were selected for the experiments: B. mesentericus vul-

gatus, Ps. putida, B. vulgatus, B. megatherium, B. mycoides, B.

s^ibtiUs, B. tumescens, Sarchm lutea, B. proteus vulgaris, B.

icteroides, B. ramosiis, Streptothrix, sp., Fs. fluorescens, B. vul-

garis (Novy strain), Mic. tetragenus. The organic materials

experimented with were dried blood (13.16% N), tankage

(9.62% N), cottonseed meal (5.5% N), sheep and goat manure

(2.13% N), peptone (14.14% N), fish guano (8.63% N), and bat

guano (3.96% N).

Method of Experiments

Fifty-gram portions of soil were placed in tumblers and

thoroughly mixed with the organic material to be tested. The

tumblers were covered with Petri dish covers and sterilized in

the antoclave at a pressure of thirty pounds for three hours.

After cooling, the soils were each inoculated with a 1 cc. suspen-

sion of the organisms to be tested, made up by shaking with some

sterile water a young slope culture grown on bouillon agar.

The soil was then stirred with a sterile spatula after enough

sterile water had been added to make a moisture content in the

soil about equal to the optimum. The soil cultures thus pre-

pared were incubated at 28° to 30° C for twelve days. After

the incubation period the soils were transferred to copper dis-

tilling flasks, 400 cc. of distilled water and an excess of j\Ig

added, and distilled into standard H/10 HCl. The ammonia

was then determined in the usual way.

No attempt was made to run all the series with the different

forms or organic matter at the same time, because only the

relative powers of the different organisms to produce ammonia

were sought. For the same reason amounts of organic matter

were chosen in the different series which would least affect the

physical conditions obtaining in the cultures rather than amounts

employed which would make the total amount of nitrogen added

the same in all series.

For the reasons above given, therefore, the effects of the

various organisms on any given form of organic material will

be treated below as a separate series in the case of each soil and
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comparisons between the different series made only where per-

missible. The data, moreover, are presented so that the dupli-

cate determinations which were carried out in all cases may be

compared. The averages of duplicate determinations, however,

are also given as well as the percentages of nitrogen in the

organic matter which was transformed to ammonia.

Three different California soils were tested with each one of

the ammonifiable materials. The soils were a sandy soil from

Anaheim, a clay loam from Davis, and a black clay-adobe soil

from Berkeley. The mechanical and chemical analyses of these

soils are given in Tables I and II which follow.
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The pure cultures of the organisms employed in these investi-

gations were obtained by one of us from the bacteriological

laboratories of the University of Illinois. Fresh strains of

B. suhtilis and B. mycoides were, however, isolated by us from

California soils in order to check the stock cultures of the same

organisms. The same relative powers of producing ammonia

were, however, found to obtain with the fresh as with the old,

and different strains thus strengthening the validity of the

results below discussed.

Series I. Experiments with Dried Blood

Sandy Soil

Two per cent of finely sifted dried blood was added to the

soils in this series, or one gram per fifty grams of soil. In the

case of the sandy soil three series in duplicate were tried, and the

same relation under different conditions having been found to

obtain between the ammonifying powers of the different organ-

isms, we give only one duplicate set of the determinations. The

incubation period was twelve days throughout at a temperature

varying between 27° C and 30° C. The results of the ammoni-

fication determinations with all the soils using dried blood

throughout are given in Table III. The percentage of nitrogen

of the total amount added which is made available is also given

in every case.

The data in Table III most strikingly indicate the superiority

of Ps. putida, B. vulgaris and Sarcina lutea to all other organisms

in their efficiency at the production of ammonia from the nitrogen

of dried blood. The next fact of singular interest is that B.

mycoides, which has, in the hands of several investigators, shown

such marked superiority over other ammonifying organisms in

the production of ammonia from organic nitrogen in solutions,

manifests a relatively low power to transform the nitrogen of

dried blood in soil cultures into ammonia. This, moreover,

cannot be considered accidental, since different strains of B.

mycoides, as above explained, exhibited that same lack of vigor in

three duplicate sets of cultures run at different times and under

slightly varying conditions of temperature and period of incuba-
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tion. Of the three organisms showing the highest efficiency, as

above indicated, in transforming the nitrogen of dried blood to

ammonia. B. vulgaris appears in its turn to be the most vigorous,

though the other two approach it closely and are about equal

among themselves.

Clay-Loam Soil

When the clay-loam soil is used as the medium with dried

blood, marked differences are apparent in the efficiency of all

the organisms. The poorer air supply of the clay-loam soil, due

to its fineness and much greater tenacity, are evidently inimical

to ammonia production, even though the same source of nitrogen
—dried blood—is supplied for the ammonification process. The

largest amount of ammonia produced in this series was that by
B. proteus vulgaris, and even that was little more than one

quarter of the amount produced b}- B. vulgaris as above noted

in the sandy soil.

Moreover, the most efficient transformers of the nitrogen in

dried blood in the sandy soil medium are not necessarily the

same as those in the clay-loam soil. For example, in the case of

the clay-loam soil B. proteus vulgaris is the most efficient

ammonia producer with dried blood as ammonifiable material,

while in the sandy soil the same organism manifests less than half

the ammonifying efficiency of B. vulgaris. This latter organism,

however, stands second to B. proteus vulgaris in efficiency in

the clay-loam soil and yields 7.49 mgs. of ammonia nitrogen as

against 9.10 mgs. produced by the last-named organism. There

appear to he four other organisms which approach the efficiency

of the two just discussed in the clay-loam soil in the following

order: Mic. tetragenus, B. ramosus, Streptothrix, sp., and Ps.

putida. While the latter does not compare in efficiency in the

clay-loam soil with that shown by it in the sandy soil, it still

manifests a notable efficiency. Sarcina lutea, however, appears

to have lost in the clay-loam soil the marked ammonifying power

possessed by it in the sandy soil.

Of course it must be again emphasized that the amounts of

ammonia produced by all the organisms in the clay-loam soil
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series are relatively so small that the margin allowable for safe

comparison must of necessity be much decreased and therefore

comparisons are more difficult.

Clay-Adobe Soil

Passing on to a study of the data obtained with the clay-adobe
soil as a medium, we find again that he physical condition of the

soil is a powerful factor in determining the amount of ammonia

produced in soils by pure cultures of organisms possessed of

ammonifying powers, if the fifteen different organisms used are

a suitable criterion. This confirms the findings of J. G. Lipman
in his long series of ammonification experiments with mixed cul-

tures. For practical purposes, we may add that most of the

bacteria ammonify dried-blood nitrogen equally well in the clay-

adobe soil and in clay-loam soil, though there does appear to be

a slight though consistently greater amount of ammonia produced
in the first-named soil. Again, we find in the clay-adobe soil

an organism which stands out as far superior to all others in

ammonifying efficiency and again also it is not the same organism
as manifested that superiority in the preceding soil. Wliile the

duplicate determinations here do not agree as well as might be

desired, they indicate amounts so much greater than the quan-

tities of ammonia produced by the other organisms of the series

that there can be no doubt of the marked and superior efficiency

of B. tumescens as an ammonia producer from the nitrogen of

dried blood in the clay adobe soil as a medium. Two other

organisms appear to be in the second class in this series and they

are Mic. tetragenus and B. mycoides. The first, it can be seen

from Table III, occupied third place in efficiency in the clay

loam soil, but the second has thus far been relatively inefficient.

All the other organisms of the series do not manifest differences

in efficiency of sufficient magnitude to warrant further comment,

except that it is curious and interesting to note that the most

efficient organism in the sandy soil is the least efficient organism

in the adobe soil.

It should be remarked here that the generally excellent agree-

ment between duplicate determinations, as shown in the table.
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eliminates the fear that physical conditions in the individual

cultures might operate to produce the rather marked effects noted.

In a comparison of the three soils it appears that the follow-

ing organisms are among those which show the highest efficiency

in transforming the nitrogen of dried blood into ammonia : Ps.

putida, Sarciua lutea, B. vulgaris, B. proteus vulgaris, Mic.

tetragenus, B. tumescens. Of these organisms only Mic. tefra-

genus shows a high efficiency in all three soils. Of the others

B. vulgaris shows a high efficiency in both the sandy and adobe

soils and Ps. putida, in the sandy and clay-loam soil. The rest

namely Sarcina lutea, B. proteus vulgaris and B. tumescens, are

markedly efficient only in one soil each, namely, the sandy soil for

the first, the clay-loam soil for the second, and the clay-adobe

soil for the third. It appears to us particularly worthy of note,

also, that of the last three organisms named B. proteus vulgaris

and B. tumescens each holds a pre-eminent position of efficiency

in its own soil which no other organism of the fifteen has

approached; and even in the case of Sarcina lutea we find that

it occupies a position in efficiency in its favorite soil which is

second only to that of B. vulgaris and not very far behind the

latter. This rather remarkable condition would hardly seem to

be accidental and appears to us to indicate for certain organi-sms

marked preferences for certain physical characteristics in media

in which they are grown.

It must be added here. too. that only six of the fifteen

organisms show marked ammonifying efficiency as regards the

nitrogen of dried blood even Avhen tested in three widely different

soil types. The others vary but little from one another in all

soils. Oddly enough, the organism which has shown the highest

ammonifying efficiency because it maintained it through all soils,

namely, Mic. tetragenus, has never before been looked upon, so

far as we are aware, a.s an important ammonifier. That it should

be the only one of fifteen organisms tested which should be about

equally efficient in all soils used is not unworthy of note.

It is further significant to note here that B. mijcoidcs, which

has always been regarded as one of the most efficient soil organ-

isms at ammonification, does not in our experiments show any

unusual activitv in that direction, at anv rate when dried blood
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is used as the ammonifiable material, no matter what the soil

medium. A possible exception to this statement may be found

in the case of the adobe soil, in which B. mycoides seems to be

superior to all but three or four of the fifteen organisms tested.

Such superiority, under the circumstances noted, is probably of

little significance.

Series II. Experiments with Tankage

This series was arranged in a manner similar to the preced-

ing, the sandy, clay loam, and clay-adobe soils again being used

as media, but the ammonifiable material in this case was a high-

grade tankage, the nitrogen content of which was 9.62 per cent.

The results of the ammonia determinations were as shown in

Table IV on page 150.

Discussion of Series II

The Sandy Soil

When we study in the foregoing table, the ammonification of

tankage by pure cultures of bacteria, and compare the results

with those of Table III, we see at once some very striking differ-

ences between the ability of the same micro-organisms to produce

ammonia from tankage and from dried blood respectively. Not

only do more of the organisms show a high efficiency in trans-

forming the tankage nitrogen to ammonia, but the point of

highest efficiency is not reached by the same organisms as before,

others having taken their places in this series with sandy soil as

the culture medium. For example, we find that B. mesentericus,

which iu the preceding series showed throughout an extremely

low ammonifying efficiency even in the sandy soil, now manifests

in the same culture medium, which, however, has tankage in

place of blood added to it, the highest efficiency of all of the

organisms tested. Indeed, it occupies a position of its own in

that direction, much as does B. vidgaris in the sandy soil of the

last series. The organism which approaches it most closely in

the same medium is B. proteus vidgaris which, however, falls 25

per cent short of producing the amount of ammonia yielded by
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B. mesentericus. Then follow, not far behind B. proteus vulgaris,

B. tumescens, B. ramosus, and B. vulgaris in the order named,
the latter being more than 331/3 per cent short of the efficiency

exhibited by B. mesentericus. Nearly all of the other organisms
fall more than 50 per cent short of the efficiency of the last-

named organism under this set of circumstances, namely, sandy
soil with tankage. There are, therefore, but five organisms out of

the fifteen tested which can be adjudged distinctly efficient

ammonifying organisms under these conditions. B. mycoides

again exhibits a low efficiency, and not far different from, though

slightly below, that manifested by it in the same soil in the dried-

blood series.

It must be added here that, with the exception of B. mesen-

tericus, the efficient organisms in this part of Series II have also

shown more or less marked efficiency in the preceding series.

The Clay-Loam Soil

Most of the organisms tested in the clay-loam soil seem to

have found the latter a more congenial medium for ammonifica-

tion with tankage than they did when dried blood was present.

In this part of Series II, three of the organisms, namely, B.

mesentericus, B. viUgat^is, and B. tumescens, were not only the

most efficient ammonifiers but also about equal in their ammoni-

fying power. It appears, therefore, that so far as tankage is

concerned B. mesentericus is an equally efficient ammonifier in

the clay-loam and sandy soils. B. tumescens has previously

established its pre-eminent position among the fifteen organisms

as an ammonifier of dried-blood nitrogen in the adobe soil, but

B. vidgatus enters here for the first time as a markedly efficient

ammonifier.

Only slightly behind the three organisms just discussed in

their ammonifying efficiency as regards tankage nitrogen in the

clay-loam soil are, in the order named, B. suhtilis, B. mycoides,

and B. vulgaris. While the latter has manifested its high

efficiency in other series above described, the first two organisms

named for the first time in the work thus far described show

marked ammonifying ability. Only three organisms in this part
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of Series II have shown themselves to be really weak ammonifiers,

and they are B. proteus vulgaris, B. icteroides, and Mic. tetra-

gonis. The first and the third of these, it will be remembered,
have given evidence of marked efficiency under other circum-

stances, but the second has thus far been throughout an organism
of low efficiency. It is striking to note the much greater uni-

formity which exists in this portion of Series II in the ammoni-

fying powers of four-fifths of the organisms tested than that

which obtains in other parts of this series and of other series.

The Clajj-Adohc Soil

Plere again we find the great uniformity in ammonifying

power between the larger number of bacteria tested which is

characteristic of the foregoing section of Series II. On the other

hand, the clay-loam soil seems to have been a more congenial

mediiim than the adobe soil for the ammonification of tankage

nitrogen, for larger amounts of ammonia are produced in it by

the same organisms in the same period of incubation.

Sarcina lutea shows the highest efficiency as an ammonifier

in this part of the series, but is only slightly more efficient than

B. tiimescens. The organism taking third place is B. mycoides

which, indeed, is not far liehind the other two. Next in order of

importance and still very efficient ammonifiers are B. suhtilis and

Streptothrix, sp. The other organisms are considerably weaker

ammonifiers than those just mentioned and B. icicroides again

proves to be distinctly the weakest. Both Sanina luica and

B. tuniescens have, as mentioned above under other circum-

stances, plainly evidenced their high efficiency as ammonifiers

and B. mycoides and B. suhtilis have taken similar positions with

respect to tankage in the clay-loam soil. Streptothrix, sp., it will

be remembered, has also shown a high ammonifying power before

in the case of the clay-loam soil when dried blood was used.

Comparing the three soils in this series with the same ones

in the preceding series, it appears quite clear that taking them

by and large, annnonifying bacteria manifest a much higher

efficiency with high-grade tankage than with dried blood under

similar conditions. Likewise also, in Series II a small number of
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organisms mostly identical with those in Series I seem to mani-

fest a distinctly high efficiency which the much larger number
of the balance do not in most cases even approach. It is worthy
of remark, moreover, that B. mycoides attains or rather ap-

proaches in portions of Series II its position of prime importance
which has thus far so generally been accorded it among ammoni-

fying organisms.

Series III. Cottonseed Meal

The cottonseed meal used in this series showed on analysis a

nitrogen content equal to 5.5 per cent. The experiment in this

series was otherwise conducted like those of Series I and II,

2 per cent of cottonseed meal being used, or 1 gram per 50 grams
of soil. The results are shown in Table III.

Again the efficiency of the organisms tested is much greater

in the sandy soil than in either the clay-loam or adobe soils.

Sandy Soil

In this part of Series III the organism of greatest ammonify-

ing efficiency is B. tuniescens. Those approaching it closely in

efficiency are B. vidgatns, Sarcina lutea, and B. mycoides in the

order named. B. ramosus takes fifth place and the next three

organisms fall more than 33% per cent short of producing the

amount of ammonia yielded by B. tumescens. They are B.

mesentericus, B. megatherium, and B. proteus indgaris. The

balance of the organisms show only about half the efficiency of

B. tumescens and in one case, B. icteroides, which has in all pre-

vious series vshown a very low efficiency, only about 25 per cent

of the maximum efficiency is manifested. Taken as a whole, the

data given in Table III for the Anaheim sandy soil reflects

favorably on cottonseed meal as a source of available nitrogen

under the conditions named. Again, the greatest efficiency is

manifested in this section of Series III by organisms which in all

cases have shown high efficiency in other series above reported.

As in the case of the heavy soil in the preceding series with

tankage, B. mycoides also shows marked efficiency in the light soil

when cottonseed meal is used.
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The Clay-Loam Soil

The most notable thing in this part of Series III is as above

intimated, the very low efficiency of all of the organisms tested.

Indeed only two organisms manifest any notable activity as

ammonifiers of nitrogen in cottonseed meal in the clay-loam soil

as a medium. These two in the order of their importance are

B. ramosus and Streptothrix, sp. To these, in view of the dis-

agreement of the duplicates as above shown, B. vulgaris may
probably be added, and perhaps also B. vulgatus. The other

organisms are all distinctly below the first two mentioned, and

the lowest efficiency thus far noted is that exhibited by Mic.

tetrage^ms in this soil. Considering the high efficiency of the

latter organism in Series I, the results just discussed are puzzling.

The Clay-Adohe Soil

Even a casual glance at the data obtained in the clay-adobe

soil as a medium indicates the distinct superiority of that medium
to the clay loam soil for ammonification of the nitrogen of cotton-

seed meal. Not only relatively but absolutely the data obtained

show the production of much larger amounts of ammonia in this

portion of the work.

As is the ease in the sandy soil with cottonseed meal as the

ammonifiable material, B. tumescens shows its distinct superiority

to the other organisms as an ammonifier in the adobe soil. The

next most efficient organism is B. suhtilis, which, however, is con-

siderably less efficient
;
and the next two organisms, about as far

below B. suhtilis in efficiency as the latter is below B. tumescens,

are B. ramosus and B. mycoides. The other organisms are all

low in efficiency, though in nearly all cases absolutely better than

the same organisms in the clay-loam soil. Thus far we find that

B. suhtilis shows itself markedly efficient, for the fir.st time, in

the clay-adobe soil with cottonseed meal. All the other organisms

above named have manifested marked efficiency in some parts

of the foregoing series.

Looking at Series III as a whole it is interesting to note that

the nitrogen of cottonseed meal seems to be made available

through the activity of pure cultures of ammonifying bacteria,
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with much greater rapidity than has heretofore been believed.

The next striking fact brought out in these results is the clearly

indicated superiority of the clay-adobe soil to the clay-loam soil

as a medium for the ammonification of the nitrogen in cottonseed

meal. The third point worthy of mention in Series III is the fact

that we find again in it, as in the preceding series, only a few

of the fifteen organisms tested which show marked ammonifying

efficiency.

The culture of Ps. fluorescens died in the midst of these

investigations and was not replaced.

Series IV. Fish Guano

Fish guano, in accordance with the teachings of Voorhees and

other agricultural chemists, has always been e.steemed a good

source of available nitrogen; in the words of Voorhees," "rank-

ing in availability well up to blood and tankage." It seemed to

us therefore of importance to compare in these pure culture

studies fish guano with the other organic materials discussed

above. Accordingly a series was started similar to those above

described, except that li/o grams of finely sifted fish guano was

the ammonifiable material used per 50 grams of soil. The fish

guano used contained 8.63 per cent nitrogen. The results

obtained are shown in Table VI.

The data in Table VI not only seem to confirm the opinion of

Voorhees as above stated, if ammonia production by pure cul-

tures may be taken as a criterion for determining the availability

of fish guano, but they indicate in most striking fashion what

was not shown in any of the foregoing series for the fertilizers,

and particularly in the sandy soil, namely, the obliteration of

the marked physiological difl:'erences obtaining in other series

between the different organisms. Of the four nitrogenous fer-

tilizers thus far discussed, fish guano seems to contain the form

of nitrogen most generally ammonified by a large group of

bacteria.
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The Sandy Soil

The good ammonifying power manifested by most of the

organisms tested in this soil with fish giiano finds its maximum
in the case of B. vulgaris, which, it will be remembered, has

already given evidence of notable ammonifying efficiency with

other nitrogenous fertilizers. B. tumescens, likewise an organism
with a record as an ammonifier well established, is a very close

second to B. vulgaris in its efficiency at the ammonification of the

nitrogen in fish guano. Four other organisms distinctly in the

second class, and about alike in ammonifying efficiency in this

part of Series IV, are, in the order of their efficiency, Ps. putida,

B. vidgatus, B. ramosus, and Sarcina liitea. Peculiarly enough,

B. icteroides shows an ammonifying efficiency here which places

it in the second class, a position which it has thus far never even

remotely approached in the series of experiments above discussed,

nor, for that matter, in other series which are described below.

All other organisms in this part of Series IV are distinctly in

the third class, but nevertheles manifest notable ammonifying

efficiency.

In no other series of results have we obtained such sharp

lines of demarcation between the classes of organisms here tested,

and arbitrarily grouped, in accordance with their respective

powers of transforming organic nitrogen into ammonia.

The Clay-Loam Soil

The change in the physical condition of the soil from the sand

to the clay loam shows a marked effect on the ammonifying

power of the same organisms. Nevertheless we find, on the whole,

the best set of results thus far obtained with the clay loam when

the series with fish guano is studied. In a class by itself under

these conditions is B. megatherium, which is markedly superior

to all other organisms in this part of Series IV, except B. mcsen-

fericus, which is a close second. The organism, however, which

takes third place, B. vulgaris, falls about 20 per cent short of

attaining the efficiency of B. megatherium under these conditions.

Distinctly lower in efficiency in this part of Series IV are, in

the order of their importance, but only slightly different from
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one another, B. vulgatus, Ps. putida, B. ramosus, and B. tiinies-

cens. All of these, however, fall more than 30 per cent short of

attaining the ammonifying efficiency of B. megatherium under

the conditions here considered. Two other organisms, B. subtilis

and Sarcina lutea, fall 40 per cent short of the efficiency of B.

megatherium, and the others all fall far below even that figure.

It is singular, here again, that the physical nature of the soil

medium employed should so strikingly and so variously influence

the efficiency of the ammonifying bacteria. The two organisms

which are distinctly superior in ammonifying ability as regards

the nitrogen of fish guano in the clay loam soil were only of

moderate efficiency with the same form of nitrogen in the sandy

soil. And again, the organism which in the latter soil was

paramount in its position retreats in the clay-loam soil to third

place.

The Clay-Adohe Soil

This is the first series of those we have thus far considered,

as the data in Table VI shows, in which the clay-adobe soil proves,

on the whole, to be inferior to the clay-loam soil. Seven organ-

isms out of fourteen here show an extremely low ammonifying

efficiency, and two others are by no means efficient organisms.

That leaves five organisms in this group which may be considered

of importance. Of these, B. vulgaris is the most efficient, but

B. tumescens is not far behind it. B. suhtilis belongs to the

second class in this group and B. proteus vulgaris and B.

mijcoides to the third class. It is rather unfortunate that it was

not possible in this part of Series IV to obtain better agreement

between duplicate determinations. It would not appear to us,

however, that the discrepancies in question militate against the

justice of the conclusions above drawn.

B. megatherium holds a very good place in the sandy and

clay loam soils of Series IV and a fair place in the adobe soil.

The same is even more strikingly true of B. vulgaris, and in a

minor degree this is also true of B. tumescens. The other organ-

isms do not manifest such consistent efficiency under the three

widely varying soil conditions.
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Miscellaneous Series

For tlie purpose of comparing sheep and goat manure as well

as phosphatic guano with the other organic materials above

described and with peptone, it was deemed of interest to obtain

data exemplifying the ammonification in the same soil of all the

different materials above used with the three additional ones just

mentioned. The sandy soil was chosen for this series and when

peptone (Witte) was used, 0.5 gram of it was added to 50 grams
of soil. The peptone contained 14.14 per cent N. The sheep

and goat manure (2.13 per cent N), owing to its low nitrogen

content, was added to the extent of 3 grams per 50 grams of soil,

and the phosphatic guano (3.96 per cent N) was also added at

the rate of 3 grams per 50 grams of soil. The results obtained

are recorded in Table VII.

As was to be expected, the very available form of nitrogen

in the peptone allows of the production of much larger quantities

of ammonia than do the less available forms of the other materials.

The fineness of division and easy solubility of the peptone, as well

as the form of nitrogen which it contains, doubtless have con-

tributed to the results. The more or less uniform decomposition

of it, however, by most of the organisms tested shows peptone to be

unsuited, as has been claimed by other investigators, for ammoni-

fication studies with pure or mixed cultures when the application

of the data obtained, to field conditions, is contemplated. How-

ever that may be, Sarcina lutea shows the highest efficiency at

ammonifying peptone nitrogen and at least six other organisms

approach it rather closely. Relatively speaking, all but two of

the organisms tested are efficient ammonifiers of peptone nitrogen.

But their position with respect to peptone, as can be seen from

Table VII, is no criterion as to their efficiency with respect to

the other materials.

One of the interesting facts about the ammonification of the

sheep and goat manure by pure cultures is that only one organism

showed ammonifying efficiency worthy of the name, and that was

B. megatherium. The other organisms showed a very slight

power only of ammonifying the nitrogen in it. Just why this

large discrepancy should exist with respect to this manure

between B. megatherium and the other organisms still remains
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to be explained. If, therefore, the readiness of the transformation

of its nitrogen into ammonia by pure cultures of ammonifiers is

to be taken as a criterion, sheep and goat manure must be

adjudged to contain a relatively unavailable form of nitrogen.

The most amazing evidence portrayed in Table VII is the

very high availability of the nitrogen of bat guano, which is a

phosphatic guano. While without question the fact of the large

amount of the guano used, as well as its low content of nitrogen,

preclude an accurate and wholly justifiable comparison of it with

the other nitrogenous materials, one cannot help being struck

by the large transformation of its nitrogen into ammonia which

nearly all of the organisms tested can accomplish. In many

ways, the transformation of the nitrogen of bat guano into

ammonia resembles that of the transformation of peptone

nitrogen. The differences between the ammonifying powers of

the different organisms are, however, unquestionably more

marked in the case of the bat guano. In its efficiency as an

ammonifier of bat guano nitrogen, B. mycoides appears for the

firet time in all the series studied to be distinctly superior to all

the other organisms tested. B. vulgaris easily takes second place.

Not far behind, however, and about equal in efficiency, are B.

megatherium, B. vulgatus, B. tumescens, and Mic. tetragemis.

In the third class are B. ramosus, B. suhtilis, and Ps. putida, B.

proteus vulgaris, and B. mesentericus. In the fourth class are

Streptothrix, sp., Sarcina lutea, B. icteroides, and Ps. fluorescens.

A Comparison op the ReLx\.tive Availabilities op the Organic

Materials above Employed based on the Percentage

OF Nitrogen Contained in Them that was

Transformed to Ammonia

Thus far we have been considering only the relative degrees of

efficiency as ammonifiers of the different organisms among them-

selves as respecting a given organic form of nitrogen in a given

soil. There is possible, however, a further very interesting study

of the data above given as a basis. We refer to the percentage

of nitrogen which is transformed in the different materials into

ammonia so as to give them a relative rating as to availability as
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regards the work of pure cultures. The columns on availability

of the various tables show a comparison in different soils of all

the materials as attacked by the same organisms, and give the

percentages of nitrogen in those materials which were trans-

formed to ammonia. In Table VIII all of the columns indicating

percentages of nitrogen of different fertilizers made available

are brought together from the other tables and one is enabled to

compare with much greater ease the different materials on the

basis of availability in the same soil and with the same organism
and in different soils, with different organisms.

The Sandy Soil

So far as this soil is concerned, the data in Table VIII

indicate clearly the superiority, from the point of view of the

availability of its nitrogen, of cottonseed meal to the other organic

nitrogenous fertilizers with which it is compared. Not only are

the absolute amounts of ammonia produced in most cases larger

from cottonseed meal nitrogen than from other forms, but there

are more organisms of the fifteen tested which can vigorously

ammonify this form of nitrogen. So that to illustrate, there are

but five organisms which have shown the power to transform

15 per cent or more of the nitrogen of dried blood into ammonia

in the sandy soil. Under similar conditions there are ten

organisms which hold such a record for cottonseed meal. Tank-

age shows itself to be the next important nitrogenous fertilizer

to cottonseed meal from the point of view of the availability of

its nitrogen. Thus, comparing it with dried blood as above, we

find that there are nine organisms which transform 15 per cent

or more of the nitrogen of tankage into ammonia. No such high

availability is obtained at all in the case of the fish guano.

When we consider these nitrogenous fertilizers from the point

of view of the transformation of 10 per cent or more of their

nitrogen into ammonia, we find that there are thirteen of the

fifteen organisms tested which possess that power as regards

cottonseed meal nitrogen and another comes very close to that

point. In the case of tankage nitrogen there are thirteen organ-

isms with a similar power. In the case of dried-blood nitrogen
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there are but ten organisms which can accomplish that task, and

but seven such in the case of fish-guano nitrogen.

From the point of view of availability by pure cultures

therefore in the sandy soil the four nitrogenous fertilizers are

to be rated as follows: cottonseed meal, tankage, dried blood, and

fish guano. The first two are nearly alike and are far superior

to the last two, which are nearly alike, but much more different

from each other than the first two.

The greatest efficiency at ammonification manifested by any

organism in the sandy soil is that of B. mesentericus with tankage

nitrogen, which transforms 32.52 per cent of the nitrogen present

into ammonia in twelve days. It should be noted in this con-

nection also that absolutely higher amounts of ammonia are

produced from tankage nitrogen than from any other form in

the sandy soil, even if there are fewer organisms which attack

it readily than there are in the ease of the cottonseed meal.

TJie Clay-Loam Soil

Conditions are evidently entirely different for ammonification

in this soil. Not only is the ammonia production very low so

far as all the fertilizers are concerned, but they no longer bear

to one another the relation which obtained between them in the

sandy soil. There are thus but few organisms which possess the

power of transforming 10 per cent or more of the total nitrogen

in any of the four fertilizers into ammonia in twelve days. In

fact, there are none such in the case of the dried blood, only two

such each in the cases of cottonseed meal and fish guano, and

seven such in the case of the tankage. No organism attains to

the production of ammonia equivalent to 13 per cent of the total

amount present in the clay-loam soil regardless of the kind of

fertilizer at its disposal.

The tankage, however, is superior to the cottonseed meal in

the clay loam and distinctly so as above indicated. The cotton-

seed meal takes second place, the fish guano third place, and the

dried blood is by far the poorest. Indeed, no organism was

capable of producing an amount of ammonia in excess of 6.91
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per cent of the total amount of dried-blood nitrogen furnished,
and that occurred in only one case, all the other organisms pro-

ducing much less.

The Clay-Adobe Soil

Some very striking facts become apparent when the avail-

ability of the four fertilizers in clay-adobe soil are considered.

While on the whole dried-blood nitrogen is only slightly more

efficiently transformed into ammonia than in the clay-loam soil,

cottonseed meal and tankage, particularly the former, are more

vigorously acted on in the clay-adobe soil by most of the organ-
isms. Fish guano, while not markedly so, is none the less superior

here again to dried blood.

Again comparing the different fertilizers on the basis of the

amounts of their nitrogen transformed into ammonia by the

organisms tested, we find that four organisms transform 10 per

cent or more of the nitrogen in cottonseed meal into ammonia,
a like number accomplish similar results in the case of tankage,

and none succeeds in that direction in either fish guano or dried

blood. "While thus cottonseed meal and tankage appear alike,

a study of table VIII reveals the superiority of the former in the

larger absolute amounts of nitrogen which are transformed there

than in the case of the' latter.

The first striking fact shown in Table VIII is the marked

superiority of the sandy soil as a medium for ammonification by

pure cultures. Likewise the added fact of its superiority as a

medium for most of the organisms tested must be noted in this

connection. The second point of great interest is the surprising

fact of the superiority of the clay-adobe soil to the clay-loam

soil as a medium for ammonification. From its tenacious nature

one would suppose the former type to be a much poorer medium

for ammonification than the clay loam and yet it is distinctly

superior to the latter as regards tankage and cottonseed meal.

As regards fish guano, it is slightly inferior to the clay loam and

again as regards the dried blood about equal to the clay loam

or possibly slightly superior.

Considering all the data given in Table VIII from all points

of view, tankage must be given first place as regards the avail-
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ability of its nitrogen, cottonseed meal easily takes second place

and, owing to its superiority in the sandy soil, dried blood takes

third place. Considering the superiority of the fish guano to

the dried blood in the other soils, however, it is probably fairer

to adjudge dried blood and fish guano of equal availability from

the point of view of the transformation of their nitrogen into

ammonia by pure cultures of ammonifying bacteria.

General Discussion

Several of the facts which have come to light in the investiga-

tions above described demand a word of comment with respect

to their general significance. First as regards the relative

efficiencies at ammonification of the different organisms tested,

we find that there is marked variation. Indeed it is difficult to

find an organism among the fifteen tested which consistently

stands as the best ammonifier regardless of the soil and the

ammonifiable material employed. There are, however, one or two

organisms which nearly approach such a description. In other

words, it appears that, viewing ammonification of organic

nitrogen from the standpoint of pure cultures, every organism

will do best with a definite combination of soil and organic

matter. To be sure there are some organisms of those tested, even

though they be in the minority, which are consistently weak

ammonifiers. B. icteroides and Ps. fluorescens serve to exemplify

such.

That B. mycoides is by no means always the most efficient of

ammonifjang bacteria as has heretofore been believed is clearly

indicated above. On the other hand, it does possess and manifest

marked superiority in certain cases. Thus, for example, while

showing poor or mediocre ammonifying power in different soils

with dried blood, tankage and fish guano, it manifests great vigor

in the case of cottonseed meal and succeeds in making the record

for the percentage of nitrogen transformed in the case of bat

guano, in which it transforms to ammonia 36.06 per cent of the

nitrogen present.
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Comparing the organisms in any one given soil as a medium
we find some interesting facts. In the sandy soil, for example,

with dried blood B. vidgaHs is the most efficient ammonifier,

making available or transforming into ammonia 24.36 per cent

of the nitrogen present. With tankage, B. mesentericus shows

the highest efficiency, transforming 32.52 per cent of the nitrogen

present into ammonia. With cottonseed meal, B. tumescens is

paramount, yielding an amount of ammonia equivalent to 24.30

per cent of the amount of nitrogen present. With fish guano,

B. vulgaris again manifests its superiority over the other organ-

isms by changing 13.09 per cent of the nitrogen present into

ammonia. When bat guano is used, B. mycoides stands distinctly

superior to all others, as above shown, by transforming 36.06 per

cent of the nitrogen present into ammonia. In the case of sheep

and goat manure there is but one efficient organism and that is

B. megatherium, which transforms 24.97 per cent of the nitrogen

present into ammonia. Lastly when peptone is used Sarcina

lutea stands pre-eminent, and when all materials are compared,

regardless of whether they were used in all soils or not, the last-

named organism makes the record for availability by transform-

ing 41.98 per cent of the nitrogen present into ammonia. There

are thus six organisms out of the fifteen which make records in

one and the same soil but with different forms of organic matter.

One of the six stands superior in the cases of two nitrogenous

materials, namely dried blood and fish guano, and that is

B. vulgaris.

Comparing the same organisms with the same nitrogenous

materials, above used, except the last three named, in the clay-

loam soil, we find that with dried blood B. profeus vulgaris is

most efficient, transforming 6.9 per cent of the nitrogen present

into ammonia. With tankage, B. tumescens is pre-eminent and

transforms 12.74 per cent of the nitrogen present into ammonia.

With cottonseed meal, Streptothrix, sp., is superior, transforming

12.84 per cent of the nitrogen present into ammonia; and lastly

with fish guano. B. megatherium is again pre-eminent, trans-

forming 11.66 per cent of the nitrogen present into ammonia.

^Ve see again, therefore, that in one and the same soil, with four

different materials, four different organisms make records for
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availability. To be sure, two of these organisms have shown

themselves superior to all others in the sandy soil but with

different materials.

In the case of the clay-adobe soil we find that with dried

blood B. tumescens stands at the top of the list and transforms

9.41 per cent of the nitrogen present into ammonia. With tank-

age in the same soil, Sarcina lutea is the most efficient ammonifier

and transforms 12.44 per cent of the nitrogen present into

ammonia. With cottonseed meal, B. tumescens is again superior

to all others and transforms 18.20 per cent of the nitrogen present

into ammonia; and finally with fish guano B. vulgaris again

assumes the ascendency and transforms 8.64 per cent of the

nitrogen present into ammonia. B. tumescens is very nearly as

efficient in this latter case as B. vulgaris. We have thus seen

that organisms which in all cases have shown their superiority

in other soils are also very efficient in the clay-adobe soil.

It is clear, therefore, that only about half of the fifteen

organisms tested show greatest efficiency in some soil or with

some form of organic matter. Scrutinizing more closely the

efficiencies of each of these, we must concede to B. tumescens the

paramount place among them, for it has stood pre-eminent, in

five combinations of soil and fertilizer, out of fifteen, and has in

addition been close to first place in several other instances.

Comparing our findings with those of Marchal, the following

critical statements must be made. First, that results of solution

cultures are no criterion as to results to be obtained in soils.

Secondly, that no two forms of organic nitrogen are attacked and

ammonified with the same vigor by any one organism. Thirdly,

that different soils will modify an organism 's power to ammonify

any one given form of nitrogen very markedly, so that it may be

efficient in one case and feeble in another. Fourthly, that the

ammonifying efficiency of organisms is greater in sandy soil, and

possibly in others, than in solutions, for we have obtained a

transformation of 41.98 per cent of peptone nitrogen and 36.06

per cent of bat guano nitrogen into ammonia by Sarcina lutea

and B. mycoides respectively in twelve days at temperatures

between 27° C and 30° C, while Marchal only obtained similar

transformations in thirty days at 30° C in albumin solutions.
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Owing to the general distribution of the efficient ammonifying

organisms above described in most soils, it is extremely improb-

able, to judge from our results, that we may look forward

to a protitable form of inoculation of soils with ammonifying
bacteria. The choice, however, of the form of nitrogenous fer-

tilizer for a soil, which will be most readily made available, when

available nitrogen is needed, may indeed be something of much

greater practical significance, a.s our data would appear to

indicate. Particularly emphatic are our results in illustrating

that, at least so far as pure cultures are concerned, and as also

partly shown by J. G. Lipman-^ and others, with mixed cultures,

prevalent ideas with respect to the relative availability of common

nitrogenous fertilizers are incorrect. Both tankage and cotton-

seed meal, and, in some cases, fish guano, show higher avail-

abilities than dried blood, which we have always been in the

habit of regarding as the most available of organic nitrogenous

fertilizers (based only on vegetation tests).

Nor do we argue too far afield from our subject when we

make the remarks just preceding. We recognize fully that

availability as measured by ammonification does not necessarily

denote availability as measured by nitrification nor by assimila-

tion of nitrogen by plants. We cannot, however, help noting,

also, that a persistent preference exists among practical orchard-

ists in this state for tankage as against dried bood and we

therefore feel that, judged by other critera, similar conclusions,

must be drawn to those adduced from our experiments with pure

cultures of ammonifying bacteria.

We have decided, however, to go much further in these experi-

ments and are now prosecuting more elaborate investigations on

nitrogen transformation not only to ammonia but also to nitrates.

In these studies we shall deal with the soil flora as existing in a

large variety of soil types freshly collected from the field for our

purposes. Moreover, we shall employ the raw, unsifted fertilizer

material just as it is used by the farmer. From these investiga-

tions we hope to glean much more evidence which will be of

great practical significance, and, like the results above described,

also of marked scientific interest.



iyi4] Lipman-Burgess : Ammonification in Soils by Pure Cultures 171

Summary

Results are above given which deal with :

1. The marked differences in ammonifying efficiency of fifteen

organisms in pure culture.

2. The soil was used as a medium and three types employed,

sand}^, clay loam and clay adobe.

3. Four common fertilizers as sources of nitrogen were used,

in all soils, and peptone, bat guano, and sheep and goat manure

employed only in the sandy soil, besides. The four fertilizers

were dried blood, tankage, cottonseed meal and fish guano.

4. The nature of the soil, as well as the nature of the nitro-

genous material, markedly modify an organism's ammonifying

power.

5. There is no regularity in these variations and they cannot

be foretold.

6. While it is difficult to make an exact decision, B. fiimescens

appears, on the whole, to have been the most efficient organism

above tested.

7. The highest efficiency in a single culture with a fertilizer

was shown by B. mycoides, which transformed in twelve days at

27° to 30° C, 36.06 per cent of the nitrogen in bat guano into

ammonia.

8. The highest efficiency in a single culture with peptone was

shown by Sarcina lutea, which transformed 41.98 per cent of the

nitrogen present into ammonia under similar conditions.

9. A comparison of availability of nitrogenous fertilizers with

ammonifiability as a criterion, according to our experiments,

markedly changes the positions of tankage, fish guano, and

cottonseed meal with respect to dried blood, showing them in

most or in many cases to be superior to the latter.

10. One half of the number of organisms tested is far superior

to the other half in ammonifying ability.

11. Interesting comparisons with ^Marchal's work are made.

12. B. icteroides has shown itself throughout to possess but

little ammonifying efficiency.



3 72 rniversify of California Puhlication.'i in Agricultural Sciences [Vol. 1

1.3. Experiments are following those above described to make

the latter more complete. Elaborate tests are being made with

many soil types using the original soil 's mixed flora from freshly

collected samples in the field. Not only ammonifying powers of

these mixed flora in the different soil types will be studied, but

also the corresponding nitrifying powers. A large variety of

nitrogenous fertilizers as employed in practice will be tested here.

EEFERENCES OF MORE OR LESS DIRECT PERTINENCE
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INTRODUCTION

Humus, as distinct from the unhumified organic matter, is

now regarded as one of the most valuable ingredients of fertile

soils because of its physical effect and because of its content of

nitrogen, potash, and phosphoric acid, which while not soluble in

water, are rendered available to plant use by the action of soil

bacteria. It has no definite chemical composition, for it is pro-

duced by the decay of vegetable and animal matters of all kinds

in the soil and under certain conditions of warmth and moisture,

and is naturally made up of the elements found in those sub-

stances; during the process of humification, however, there is a

gain in the percentage of carbon and nitrogen because of corre-

sponding losses of oxygen and hydrogen. The proportion of these

and of mineral matters in the humus varies then with the nature

of the substances from which they are derived, and probably

with the degree of intensity of the action of each factor in the

humification process, in which oxidation because of too great heat,

or other changes because of excess of water may be brought about.

The amount of humus produced from organic matter depends

upon the nature and condition of the materials used, and upon
its complete humification by the maintenance of proper condi-

tions in the soil. Professor Hilgard^ thinks that "in the humid

region one part of normal soil humus might be formed from five

or six parts of dry plant debris
;
while in the extreme regime

of the arid regions from eighteen to twenty parts of the same

1 Soils (Macmillan & Co., 1906), p. 128.
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would be required." The experiments of Professor Harry

Snyder of Minnesota- on the humification of different materials

gave interesting results. Humification under favorable condi-

tions was allowed to proceed a year in each case, at the end of

which time the amount of humus obtained from each substance

and its composition was ascertained. Oat straw and sawdust

seemed unchanged even when humification was allowed to con-

tinue longer than a year. The following table illustrates some

of Snyder 's findings :

Table 1.—Humus Obtained fkom Different Materials

Fresh cow manure 33 parts for 1 part of humus 6.16% nitrogen in humus

Green clover 25 parts for 1 part of humus 8.24% nitrogen in humus

Meat scraps 11 parts for 1 part of humus 10.96% nitrogen in humus

Sawdust 10 parts for 1 part of humus 0.30% nitrogen in humus

Oat straw 6 parts for 1 part of humus 2.50% nitrogen in humus

With ordinary green-manure crops and under field conditions it

will probably require a much larger amount of green material

to produce one part of humus, for there are losses from the

incomplete turning-under of the material and the drying-out of

the soil.

It would naturally be supposed that as humus is formed by

the decay of roots, leaves, etc., it would be found only where

formed, whereas on the contrary, we find it quite evenly diffused

through the surface soil; this even distribution is not easily

accounted for without some outside agencies. Professor Hilgard,

in discussing the subject,^ attributes it chiefly to the action of

fungi, insects, and earthworms.

The vegetative fibrils (mycelia) of several kinds of molds are constantly

present in the soil, and while consuming dead tissue of the higher plants,

spread their own substance throughout the soil mass. . . . All these being

dependent upon the presence of air for their life functions, remain within

such distance from the surface as will afford adequate aeration
;
the depth

reached depending upon the perviousness of the soil and subsoil. In the

humid region this will usually be within a foot of the surface, but in the

arid may reach to several feet. . . . The earthworm nourishes itself by

swallowing, successively, portions of the surrounding earth, digesting a

part of its organic matter, and ejecting the undigested earth in the form

of "casts" such as may be seen by thousands on the surface of the

2 Bulletin 53 Minn. Agr. Exp. Station.

3 Soils (Macmillan & Co., 1906), p. 157.
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ground during and after a rain. ... In humid climates and in a ground

fairly stocked with these worms the soil thus brought up may amount to

from one-tenth to two-tenths of an inch annually over the entire surface;

so that in half a century the entire surface foot might have been thus

worked over. Aside from the mechanical effect thus achieved in loosen-

ing the soil, and the access of air and water permitted by their burrows,

the chemical effects resulting from their digestive processes, and the final

return of their own substance to the soil mass; also their habit of draw-

ing after themselves into their burrows, leafstalks, blades of grass, and

other vegetable remains, renders their work of no mean importance both

from the physical and chemical point of view. . . . The work of earth-

worms is especially effective in loamy soils and in the humid regions.

In the arid region and in sandy soils generally the life conditions are

unfavorable to the worm, and the perviousness elsewhere brought about

by its labors already exists naturally in most cases.

The amount and nature of humus depends much upon climatic

factors as is especially noted in arid and humid regions. In the

humid region with its frequent rainfall and a comparatively

shallow soil, the vegetable material (roots, leaves, etc.) is held

near the surface and to this depth the humus is limited
;
while

in the very deep and warm soils of the arid region the penetration

of plant roots is to depths of fifteen to thirty feet, and as a

consequence of their decay humus is found to depths of twelve

or fifteen feet and in some cases much deeper.

It is this deep distribution of humus throughout the agricul-

tural regions of California that is treated of in detail in this

bulletin, showing a fundamental difference between the soils of

humid and arid regions.

HUMUS IN CALIFORNIA SOILS

The study of the soils of California was begun by Professor

Hilgard immediately after entering upon his duties in 1874 as

Professor of Agriculture in the LTniversity of California, and

his first report, made in 1877, contains physical and chemical

analyses together with descriptions of a number of soils, as well

as the results of alkali investigations. The analysis of a soil for

its humus content is first given in the report of the Experiment

Station for 1879, and since then nearly every annual report to

and inclusive of 1904 contains soil descriptions and analyses, the

percentage of humus being given for the first foot or sometimes
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for the upper two feet, as it was not then known that the humus
reached to a greater depth than three feet. In the rej)ort for

1904 the first analysis is given of a soil with humus to a depth

of twelve feet.

During these years the call from farmers for information

regarding the needs of their soils was very great, and thousands

of soils were sent in for examination. These did not require an

accurate and full analysis in every case, and were subjected to

cursory tests* by which approximate determinations could be

reached very quickly for phosphoric acid, lime, and humus. The

results were graded into "poor" for less than 0.7 per cent;

"fair" for 0.7 to 1.0 per cent; and "good" when the percentage

was above 1.0, and only the surface soils were examined. From

1893 to 1908 there were made humus tests on nearly fifteen

hundred soils distributed among the following agricultural

regions ;
in this table are given the percentages of soils whose

humus belonged to the several grades.

Table 2.—Humus in Soils of the Agricultural Regions; Quick Method

No. of soils Percentage of soils having
examined Good Fair Poor

Regions for humus humus humus humus

Sacramento Valley 211 55 18 27

San Joaquin Valley 434 24 24 52

Foothills of Sierra Nevada 66 59 12 29

Coast Range valleys 398 64 19 17

Southern California 347 43 23 34

Average 1,456 46 21 33

It will be seen from the above that more than one-half of the

soils of the Sacramento, Foothill, and Coast Range regions that

were sent for examination by farmers of those regions had as

much as 1 per cent of humus, though for the state at large only

46 per cent of the 1456 soils had that amount.

4 The method of this cursory examination for humus is as follows:

Take two grams of air-dried, well-mixed soil of twelve inches depth, place
in a test-tube of one-half inch diameter and add about ten cubic centi-

meters of 10 per cent solution of potassic hydrate. Boil for a few minutes
and allow the soil to settle. The potash dissolves the humus and produces
a dark color of greater or less intensity according to the amount of humus
present. By taking soils in which the humus percentages have already
been ascertained correctly, and treating them by this short method, a

scale of color intensities may be adopted by which approximate percent-

age of humus may be reached in most of the soils.
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The results of these soil examinations have brought out the

fact that, while the supply of potash is as a rule very large and

should not need replenishment by fertilizers for decades of years

and that phosphoric acid is generally fair in amount, except in

lands that have been in wheat culture for many years, the per-

centage of humus in all surface soils except tule swamps is quite

low and has required a system of green manuring to bring the

land back into the best condition.

Regular Analyses.—Since the establishment of the station,

nearly six hundred complete analyses have been made of soils

chosen to represent the different agricultural regions and con-

ditions in the state, and among the determinations was that of

the exact amount of humus in 331 surface soils. The method of

analysis used was what is known as the Grandeau Method as

modified by Professor Hilgard. The results, therefore, more

nearly represent actual average conditions in the soils of the

state. The following table shows the average percentages of

humus in the soils of the several regions :

Table 3.—Percentages of Humus in Surface Soils; Regular Method

No. of soils

examined for

Regions humus

Tules and meadows 14

Coast Range valleys 91

Sierra Foothills 46

Sacramento A'alley 29

Southern California 61

San Joaquin Valley 67

Desert plains and lava bed valleys 23

General average for state 331 1.2.5 40

The general average of humus in the 331 surface soils taken

from different parts of California and supposed to represent

fairly all of the agricultural regions is 1.25 per cent. If, how-

ever, the tule marshes and the meadow lands are omitted from

the calculation, then we find that the general humus percentage

is 1.15.

Average
percentage
of humus

3.62
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DISTEIBUTION OF HUMUS DOWNWARD IN

CALIFORNIA SOILS

A very marked characteristic of the soils of California is their

great depth, as exemplified in the uniformity of color through

a depth of several feet, their good texture, affording easy pene-

tration of plant roots often to depths of twenty and even sixty

feet below the surface, abundant food available for plant use

throughout these depths, an absence of any well-defined subsoil

except at a depth of several feet below the surface, the absence

of any compact clay substratum differing from the surface foot,

and the presence of humus to a depth of as much as ten or more

feet. In each of these particulars the soils of California differ

from those of the humid states east of the Rocky Mountains, and

because of this the methods of culture are different, and in the

applications of phosphate fertilizers to the soil it is only with

great difficulty that they can be made to reach the feeding roots

of plants.

There are several striking facts regarding the humus itself

in the soils of California which deserve mention and which

distinguish them from the soils of the humid region of the

eastern states, one of which has but recently been brought out

in the examinations that are being made of the one hundred and

more typical twelve-foot columns from the chief agricultural

divisions of the state. These facts are : first, the small percentage

of humus in the first foot of all California soils as compared
with the much higher percentages found in eastern soils

; second,

the distribution of the humus downward to depths of twelve and

more feet in upland soils, the total amount being usually greater

than that of the eastern soils; and tlurd, the rather higher

percentage of humus-nitrogen in the upper three feet, and the

distribution of the humus-nitrogen throughout the twelve feet,

thus giving the soil in the arid region a higher total of humus-

nitrogen than is found in the humid soils.

Bacterial Activity in the Soil.—Another highly important

advantage possessed by California in her soils is the fact recently

brought out by Professor C. B. Lipman of this station in his

paper, "The Distribution and Activities of Bacteria in Soils of

the Arid Region
' '

:^

5 Univ. Calif. Publ. Agr. Sci., vol. 1, no. 1, pp. 17, 20.
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. . . that soils of the arid region at all depths studied show ammonifying
powers, which are, however, generally most vigorous in the first six or

eight feet. In one case ammonificatiou was noted in soil from a depth
of fifteen feet, or adjoining the water-table. ... As for nitrification my
data present again features of striking interest. They go to prove that

nitrate formation, like ammonification, goes on at much greater depths
in soils of the arid than in soils of the humid region. . . . That nitrifica-

tion is found commonly down to a depth of five or six feet in soils of the

arid region. In one case soil from an eight-foot depth showed a vigorous

nitrifying power.

Professor Lipman's observations greatly emphasize the im-

portance of having the roots of the various crops utilize the

food-supplies at their command at depths of many feet
;
for not

only is there a nitrogen supply, but our investigations on the

soil columns show that the amount of available phosphoric acid

and of potash is large at depths of twelve and more feet.

DISTRIBUTION OF HUMUS AND HUMUS-NITROGEN IN

SOIL COLUMNS FROM EACH AGRICULTURAL
REGION

The agricultural regions of the state comprise the Sacramento

and San Joaquin valleys, forming together the central Great

Valley, the foothills lying on the western slope of the Sierra

Nevada, the many Coast Range valleys and low hills among the

mountain ranges along the western side of the state, the South-

ern California valleys and the low hills, the desert plain, which

is being brought under cultivation by the development and use

of irrigation water, and the northeastern lava-bed valleys.

As the object of this investigation was chiefly to ascertain the

extent to which humus was found in the lower depths of the

soils, the soil columns were taken only from those regions whose

soils are many feet in depth. The number of columns obtained

was 110 from thirty-seven counties, each column intended to

represent a characteristic type of land in its particular region.

There are, of course, very many small valleys and minor soil

regions that have not been included in this investigation. The

columns have been placed in vertical frames against the walls

of the lecture room of Budd Hall at the University of California,

arranged and labelled according to the respective agricultural

regions. Each soil occupies an eight-ounce bottle and the
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columns are nearly eight feet in height, thus forming a very-

conspicuous and interesting exhibit, probably the first and only

one of its kind anywhere.

The percentage of humus and of humus-nitrogen has been

ascertained in all of these soils as shown in the following pages
of this bulletin. The chemical analysis of the first, sixth, and

lowest foot of each column and the physical analysis of the first

or upper foot have been nearly completed and the results, with

proper discussion, will be given in future bulletins. The humus

and nitrogen determinations in the bulletin were made chiefly by
Messrs. M. E. Holter and F. H. Wilson, and the late F. E.

Johnson, assistants in the soil laboratory.

SOIL COLUMNS OF THE SACEAMENTO VALLEY

The valley of the Sacramento River, lying between the two

great mountain ranges—the Sierra Nevada on the east and the

Coast Range on the west—which unite on the north, covers an

area of 6200 square miles. The valley is widest on the south,

where it unites with the San Joaquin Valley. Within its area

are four or five general and highly distinct soil regions, or types,

each of which is represented by one or more soil columns in

our collection, or eighteen in all.

Alluvial Lands.—These border the Sacramento River and are

timbered with sycamore, white oak, and ash. The soil is a dark

loam with little or no change to the depth of twelve feet, as shown

in the soil columns, and even deeper. Three columns were taken

from the following localities: Near Cottonwood, Shasta County,

by W. S. Guilford
;
Glenn Post Office, in Glenn County, east of

Willows; and near Perkins, Sacramento County, by Professor

George Roberts, now of the Kentucky Agricultural College. To

these is added a column of the alluvial of Chico Creek taken

from the Bidwell place, at Chico, Butte County.

The alluvial lands, with the exception of the sample from the

hop fields at Perkins, may be regarded as rich in humus in the

upper three feet, while all show fair amounts below that depth.

The soil texture is good and it is to the advantage of plant roots

that the humus with its nitrogen should be thus distributed, the

sum in each of the four columns being from 5.60 to 8.80 per cent.
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There is but little doubt that the humus in both the Cotton-

wood and Chico soils reaches much deeper than the twelve feet

in which the percentage is quite large, for the soil texture is

especially favorable for deep development of tree and plant roots,

from the decay of which the humus was doubtless derived. In

the Chico column there is a sudden increase of humus in the

twelfth foot (0.52 per cent), which would indicate former strong

development of roots at that point, probably just above a water

stratum.

The humus of the Cottonwood column is richest in nitrogen

in the upper three feet and shows remarkable and a sudden

increased percentage in the tenth foot.

The Chico humus is interesting because of its richness in

nitrogen in the lower half of the column.

The Cottonwood and Chico columns alone of the four have

humus in sufficient amount and richness to give general averages

of more than 0.05 per cent of nitrogen in the entire soil column,

and are the only ones having as much as 0.10 per cent of nitrogen

in the upper three feet of soil.

Clay Loams of the Valley.
—These reach south from near Red

Bluff and occupy the central part of the Sacramento Valley. As

typical of this class of soils, seven columns were obtained from

the following localities: three miles west of Tehama, Tehama

County; Willows, Glenn County; J. W. Walton's place a few

miles south of Yuba City, Sutter County ; Woodland, Yolo

County ;
the University Farm, Davis, Yolo County ;

Live Oak,

Sutter County, and from near Elmira, Solano County. In each

case a depth of twelve feet was reached, except at Live Oak,

where at nine feet the presence of water prevented a deeper

sampling.

The clay loams of the Sacramento Valley are generally

deficient in humus, as shown by the first foot in each of these

seven typical columns and by the results of previous examination

of soils from many localities, the average being below 1 per cent.

The cause is chiefly continuous grain-growing with shallow

cultivation on these lands for thirty or forty years, which has

depleted them. This is prominently shown in the soil from the

University Farm at Davis which, before purchase by the Univer-
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sity, had been in grain culture for thirty or more years. The

humus in its subsoil is nearly double that of the soil and even in

the fourth foot is equal to that of the soil itself. A sample of

virgin soil taken near this spot was found ti^ have 1.25 per cent

of humus, which was probably the original amount in the field,

thus showing a loss of nearly 30 per cent. The nitrogen in the

virgin soils was 0.07 per cent, but in the cultivated was but 0.04

per cent, which is a loss of more than 40 per cent of nitrogen.

It will be noted that the percentage of humus in the Davis soil

below the upper foot is greater throughout its twelve feet than

in any other of the columns. This may be accounted for by the

greater development of the root systems each year and their

subseciuent humification. Investigation made by ^Ir. Farrer.

formerly of the University Farm, showed that the roots of

wheat, barley, and the California poppy, coincident with those

of orchard trees, reached water at a depth of twelve or thirteen

feet. If. as is probable, this had been the case for many years,

the amount of root material for humification has been large

enough for these results. The humus nitrogen of the surface

foot is greatest in the Woodland and Yuba City soils. 0.07 per

cent and 0.06 per cent respectively : but those columns were taken

from an uncultivated lot near Woodland and from the AYalton

orchard south of Yuba City.

Previous analyses of other clay-loam soils gave the following

percentages of humus in the surface foot: Dixon. 1.71: Kell's

place near Yuba City. 1.28. and north of Willows. 3.61.

The humus in these columns from the seven localities is not

especially rich in nitrogen with the exception of the lower por-

tion of that from AYalton 's place s^uth of Yuba City: but the

amount of humus is so small that the nitrogen given to the soil

is very little in amount. The soils from Walton's. AYoodland.

and Davis are the only ones of the group whose upper three feet

have the normal of 0.05 per cent of humus-nitrogen, that of

Davis being 0.08 per cent, or approximately 9000 pounds per

acre.

Black Adobe Clay Soils.—There are several regions of these

black clays within the eastern, western, and southern parts of

the Sacramento Vallev. One of these reaches from southwest
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of Yuba City northward, passing west of Gridley and beyond

Biggs. A column was taken from this belt, a few miles south-

west of Yuba City, the surface soil of which contained 39 per
cent of clay. Below this upper foot the color changed from black

to gray. Another column was taken by ]\Ir. F. E. Johnson from

near Biggs. This contained 50 per cent of clay in its upper
foot and the black color changed to gray below the third foot.

A region of black clay lies three miles east of Willows, Glenn

County, whose surface foot contains 47.46 per cent of clay, and

the black color extends through five feet. A column of this was

taken to the depth of twelve feet.

A few miles south of Dixon. Solano County, there is a large

body of very black adobe clay having 61.75 per cent of clay,

and the black color passes through three feet, changing to gray

below. This soil contains the highest percentage of clay thus

far found in any black adobe in the state.

The black adobe clays, with the exception of that from east of

AYillows. are a disappointment with respect to their humus

content, for we had anticipated finding fully 1.5 per cent in

each of the upper three or four feet, or hoped that they would

at least come up to the average of the other 109 colunms of the

collection, whose summation for three feet is 2.81 per cent. It

is evident from the results that a black color does not always

mean a high percentage of humus, for the densely black adobe

of Biggs and that south of Dixon each had less than the much

lighter colored soils elsewhere, and less than one-half that of

the reddish alluvial soil of Chico Creek. The samples from Biggs

and Yuba City are from the same belt of black adobe, though

many miles apart, and each shows very small percentages below

the first foot. Clearly, these clays would be greatly benefited in

texture and richness by a good system of green-manuring.

The humus in the adobe soils from the several localities and

even in the respective depths of each column is not uniformly

rich in nitrogen, as will be seen by reference to the table. It is

sometimes richest at a depth of several feet, and frequently

there is a sudden and great diminution in an adjoining level,

the cause of which is not apparent.
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The humus of the adobe soils contains on an average about

5.5 per cent of nitrogen in the first foot and 4.9 per cent in

the entire column. The amount in the top soil is greatest in the

Willows adobe (0.09 per cent), and least in the Biggs soil (0.08

per cent), or an average of 0.06 for four soils. This is equivalent

to 2400 pounds of organic nitrogen per acre in the surface foot

which, under the proper ammonifying and nitrifying conditions,

is gradually converted into an available supply for plant use.

The humus of the soil near Dixon is richest in nitrogen both

in the surface foot and in the upper three feet, though the amount

of humus is not so great as in that from Willows.

The amount of humus must be at least 1 per cent, and its

nitrogen content must be fair to give to a soil the 0.05 per cent

which is regarded as sufficient for present fertility, and we find

that of these four localities the soil from Biggs falls short in the

first foot and that from Yuba City in the second and third foot

respectively.

The percentage in the soils is naturally less and less down-

ward as the humus diminishes, and there are but traces of

nitrogen in the lower half of each column. The natural nitrogen

supply for the roots of crops must clearly come from the upper
three feet in each locality, that from Willows being equivalent

to about 8000 pounds per acre in three feet depth.

Red Mesa and "bedrock" Lands.—These form a wide border

along the eastern and northern sides of the valley, reaching

south into San Joaquin County, and are characterized by usually

shallow soils underlaid by either heavy, compact red clays or by
cemented beds of gravel and grit, forming a hardpan or bedrock

at depths of from two to five feet below the surface. Because

of the shallowness of these lands, this region is represented by
but three columns; one from the bluff of Oat Creek southwest

from Red Bluft', and one-half mile west of the Corning road;

another from near Sheridan, Placer County, representing the

lands on the eastern side of the valley; and the third from near

Acampo in San Joaquin County, taken by Mr. F. E. Johnson.

The red soils from Sheridan and from the mesa southwest

from Red Bluff show very low percentages of humus, not only
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Table 8.—Averages op Humus ix Soil Types, Sacramento Valley

Black adobe Stream alluvial Clay loam Red mesa and
Composite columns clay loam of plains bedrock

4 columns 4 columns 7 columns 3 columns

Humus in first foot 1.16 1.47 .99 .47

Sum of, in upper 3 feet 2.41 3.54 2.40 .90

Sum of, in entire column 3.88 7.50 4.91 1.25

Nitrogen in humus—
In first foot 5.56 5.51 4.68 8.58

Average in upper 3 feet.... 5.45 5.78 5.53 7.32

Average in entire column 4.96 6.46 5.03 6.29

Nitrogen in soil—
In first foot 06 .06 .05 .04

Average in upjier 3 feet.... .04 .07 .05 .02

Average in entire column .02 .04 .02 .01

The figures speak for themselves, and show that the alluvial lands

of the streams are richest in humus throughout and that the clay

loams of the plains are next, while the black clay, in spite of its

color, contains le.ss humus in the upper three feet and in the

entire column than the lighter colored plains soil. As a rule, the

alluvial lands do not need green-manuring crops, but the others,

and especially the red lands, would be greatly benefited thereby.

Nitrogen in Humus and Soil.—There is but little difference

in the percentage of nitrogen in the humus of the upper three

feet of each group, except that in the red soils the figures are

highest ; but for the entire column the alluvial lands stand at

the head, with an average of 6.46 per cent.

For the soil itself the nitrogen is greatest in the stream

alluvial, the average in the upper three feet being 0.07 per cent,

or approximately 2800 pounds per acre-foot : this is but little

more than the minimum amount (0.05 per cent) that is regarded

as essential to fertility. Other groups contain less than the

alluvial throughout.

SOIL COLUMNS OF THE SAN JOAQUIN VALLEY

San Joaquin Valley, with an area of eleven thousand square

miles. po.ssesses seven or more large and distinct soil types or

regions, each of which is represented in our soil collection.

Twenty-four localities in eight counties were selected from

which to secure columns of soil as nearly typical as possible of

each region, and fifteen of the columns were taken to depths of
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ten or twelve feet, the others being limited in depth either by

hardpan, coarse gravel, or other obstruction which prevented tlie

penetration of the soil auger ;
sometimes the water-table at depths

of less than ten feet produced such a mushy condition in the

soil as to prevent its being removed by the auger.

Gray Sandy Loams and Sandy Soils.—The greater part of

the San Joaquin Valley is covered with a grayish sandy, and

sandy loam, soil, u.sually deep and highly productive under irri-

gation or adequate rainfall. Some of them are highly charged

with alkali salts in small areas, but these salts can be removed

by proper means of irrigation and subdrainage. Calcareous and

black alkali hardpans are also found occasionally, whose injurious

effects can be corrected by proper treatment.

From these lands we selected seven localities in five counties

from which to secure representative soil columns; three of these

contained large amounts of alkali salts and are given a separate

discussion. Each of the other columns was taken to a depth of

eleven or twelve feet, from the following localities : two miles

north of Exeter
;
three miles west of Tulare

;
one mile west of

Modesto
;
and near Livingston ;

taken by ^Ir. F. J. Kandolph.

The soil from west of Tulare has a little more than 1 per cent

in the surface, and 2 per cent in the upper three feet, but the

others in the table fall far below that percentage, the ]\Iodesto

and Livingston soils being especially poor. Humus is found

throughout the entire column from three of the localities, and

contains fair percentages of nitrogen ;
but the actual amount in

the soil itself is very small, except in the upper three feet of

the Tulare column. The Livingston soil is little else than sand

and is very poor in both humus and nitrogen.

Gray Clay-Loam Lands.—The lands of the west side of the

San Joaquin Valley, derived from the rocks of the Coast Eange
and deposited from streams apparently more sluggish than came

from the Sierras on the east, contain more clay and are of the

clay-loam type of soil. They are more compact than are the

sandy soils, and should, therefore, contain more humus than the

latter. Three localities where the columns were obtained are on

the west side of the valley, one mile south of Tracy, five miles

southwest of Los Banos, and one mile west of ]\Iendota.
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Table 10.—Humus in Columns of Gray Clay Loams,

SAN JOAQUIN COUNTY
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Gray Alkali Land.—The three columns of gray sandy and

sandy loam valley soils, and the dark loam of Tulare Lake were

found to contain high percentages of the several alkali salts, and,

therefore, may be put in a class by themselves for consideration.

The "white ash" soil, so called because of its fine, light ashy
and silty nature, was taken from near a vineyard in Central

Colony, several miles southwest of Fresno, and is the representa-

tive of a large region lying on the north side of Kings River and

reaching to within two miles of Fresno and eastward toward

the foothills of the Sierras. The soils are rich and have been

largely devoted to grape-growing. The water-table was reached

at a depth of four feet, the soil assuming a white color and,

below the sixth foot, losing all traces of humus.

The Tulare column was obtained from the old experiment

station tract in a spot where all vegetation had been killed by
the alkali salts.

The Tulare Lake column was taken a number of years ago

from the bed of the lake, which had long been dried-out to many
feet in depth.

The column from Miramonte, fifteen miles west of Wasco,

represents what seems to be a belt of low lands or what was once

a slough connecting the Tulare Lake with Buena Vista and Kern

lakes; in this belt southward the alkali of the lakes had accumu-

lated to great depths. The alkali consists chiefly of the sulfates

and chlorids (glaubers and common salt), and in this column was

distributed at the rate of one-half of one per cent per foot, giving

a total approximating 233,000 pounds for the twelve feet per

acre. No vegetation other than scattering alkali weeds was seen.

Analysis of the upper four feet of each of these columns gives

the following percentages of alkali salts calculated also to pounds

per acre.

Table 12.—Alkali Salts in the Upper Four Feet of the Columns

Percentage in Soil Pounds per acre ; approximate
I \ ' >

Car- Car-
Sulfates bonates Chlorids Total Sulfates bonates Chlorids Total

Tulare 03 .04 .02 .09 4,800 6,400 .3,200 14,400

Central Colony 25 .09 .01 .3-5 40,000 14,400 ],600 .56,000

Miramonte 55 .02 .09 .66 88,000 3,200 14,400 105,600

Tulare Lake bed .13 .07 .07 .27 20,800 11,200 11,200 43,200
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The Fresno and Tulare soils have been under cultivation for

the past few years and the alkali has been kept below the surface
;

as a consequence, root growth was greater and its decay and

humification produced more humus than in the Miramonte and

Tulare Lake soils. There was also less of alkali salts.

The percentage of humus in the first foot of each of the

columns, except that of the lake, is not very much lower than

in other gray soils of the Tulare plains. It is distributed through

the entire column, except in the water-soaked lower part of the

white-ash lands, and the total amount is greater than in some

of the alkali-free columns of the valley.

The results, then, apparently show that neither carbonate,

sulfate, or chlorid of soda have any injurious effect on humus

itself, but that they do so retard or even kill the growth of

surface plants and root systems as to cut off the supply of

humus-forming material. The humus in the Tulare Lake bed

column is exceptionally low in nitrogen from some cause not

now apparent, and in all of the soils the nitrogen percentage

falls below the minimum required for fertility.

The conclusion is plain, then, that where a green-manure crop

can be grown by keeping the injurious alkali salts below a

depth of three or more feet by irrigation its conversion to humus

under favorable condition is not interfered with.

Black Adobe Clay and Loam Lands.—A large area of black

adobe land occupies a region in San Joaquin County extending

from two miles north of Calaveras River south to French Camp

slough and from the tules or marshes of San Joaquin River east-

ward toward the hills, and is timbered with oaks. The character

of the soil is shown in a column twelve feet in depth taken two

and one-half miles southeast of Stockton.

The region continues southward in a narrow belt along the

base of the hills into Kern County, being known in Tulare

County as "dry bog" because of its tendency to break up into

small fragments when dry. It is here underlaid by a reddish

clay loam, from which it is sometimes separated by a whitish

calcareous and silicious lime and magnesia bed of varying thick-

ness. Two columns of this black clay adobe were secured from

near Porterville
;
one is from the Williams orchard with a depth
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of seven feet; the other which appears in the table of analyses

is from the Henderson orchard and twelve feet in depth.

On the west side of the valley another narrow black adobe

belt reaches along the base of the hills from west of Tracy into

jMerced County on the south. It is represented by a column of

ten feet taken three miles west of Tracy.

Still another belt of black land, not so clayey as the others,

though containing from 12 to 14 per cent of clay, lies three miles

west of Tulare
;
a column was taken from it.

It is a matter of much surprise that these clay soils with their

very black color should have so small a percentage of humus,
the maximum of which is but 1.2 per cent, found in the soil

from Porterville. We would naturally anticipate finding fully

10 per cent, and yet in the Tracy soil there is less than 1 per

cent. It is evident that the necessary conditions of moisture

and warmth for the humification of the vegetable material are

not present in these very close, compact clays. The Porterville

soil is subjected to irrigation several times annually, while that

from Tracy is not, and this may account for the larger amount

of humus in the former. In the Stockton column the humus is

found to the full depth of twelve feet, while in the others it was

found only in the upper six feet.

The nitrogen content of the Stockton soil is good in the upper
foot and fair for the three feet, the humus itself being rich in

nitrogen, but in the other columns it is quite low and suggests

the need of an additional nitrogen supply, either through green-

manuring or artificial fertilization.

Reddish Clay Lands.—A prominent and wide region of lands

of this character occupies a large part of the eastern side of the

valley : it is narrow on the north in San Joaquin, Stanislaus,

]\Ierced, and IMadera counties, and on the south in Tulare and

Kern, but quite wide in Fresno County. It is the southern exten-

sion of the belt of "bedrock" lands of Sacramento Valley. It

is largely characterized by a rocky hardpan of cemented gravel

and grit, with thicknesses of an inch to as much as twelve inches

and even more, occurring at depths of from two to six or eight

feet below the surface. When it occurs near the surface the

hardpan gives rise to a rolling or hogwallow feature. An excel-
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lent soil underlies the hardpan, however, and when the latter is

broken up by dynamite good results in tree growth are usually

obtained.

Columns of this land were obtained from the Butler vineyard

a few miles east of Fresno; from the Kearney Park west of

Fresno
;
from Lindsay in Tulare County ;

and from the place of

H. Mueller two miles southwest of Farmington, San Joaquin

County. The latter perhaps more properly belongs to the adobe

group, though lighter in color.

These lands differ somewhat in their content of clay, that

from Farmington being of a clay nature and the other sandy

loams. The soil from Farmington contains good humus per-

centages in the three upper feet and throughout the entire

column of ten feet, but each of the other localities shows a

deficiency in the surface foot, and throughout the entire depths.

In the soil from east of Fresno a hardpan layer was struck in

the sixth foot, but was broken up and the soil below it was

obtained
;
no humus was found below the hardpan.

The high humus of the upper three feet of the Farmington

column and its high nitrogen content gives to the soil an excellent

nitrogen percentage of 0.12 per cent, or approximately 14,000

pounds of organic nitrogen per acre within the range of most

plant roots. Bacterial activity in this soil will do much to pro-

mote an abundant nitrogen supply for plants and consequent

high fertility. The humus of the Kearney Park soil is rich in

nitrogen throughout, but the small amount of humus in each foot

from the surface down gives but a small amount to the soil, the

average for each foot being 0.03 per cent, or about 1200 pounds

per acre. The other soil columns are also low in their nitrogen

content.

Delta Plains of Kings and Kern Rivers.—There are two tracts

of this class of lowlands which are made of fine sediment brought

down from the Sierra Nevada, the Coast Range on the west con-

tributing little or nothing to these deltas as its streams mainly

discharge their sediments w^estward to the Pacific.

The ]\Iussel Slough region bordering the Tulare Lake receives

its sediment from the Kings, Kaweah, and Tule rivers, and

covers a very large area. It is timbered with oaks, and the nature
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of its soils are shown in columns twelve feet deep taken respec-

tively from near Corcoran and Armona by Mr. P. E. Johnson.

The Kern River delta farther south, with an area of about

290 square miles, is also timbered with oaks. It is represented

in the soil collection by a column taken three miles southwest of

Bakersfield. Water was reached in the seventh foot.

Table 15.—Humus in Columns of Delta Lands, San Joaquin Valley

Kings River Delta Kern River Delta
^
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nitrogen, but in the three upper feet of each of the columns both

humus and nitrogen are below the minimum for fertility.

River Alluvial Lands and Tule Marshes.—The rivers of the

San Joaquin Valley are usually bordered by narrow bottom

lands, the JMerced and Kings rivers being exceptions where they

enter the valley plains. A column of eight feet depth was taken

by Mr. F. E. Johnson from the land of Kings River near Kings
River Post Office, and is the only representative of such lands

from this valley. The surface soils of other streams have, how-

ever, been examined from time to time and their humus content

ascertained.

The tule marshes cover a very large region at the junction

of the San Joaquin and Sacramento rivers and are divided up into

"islands" by many sloughs. The soils of these islands is shallow

and peaty though rich, and water appears at but a few feet below

the surface. There are localities, however, where a deep soil may

Table 16.—Humus in Columns of

River Alluvial

FRESNO COUNTY

Kings River P. 0.

Humus-
Soil Nitrogen in

Clay 4.58 ,
-^

^

Ft. Humus Humus Soil

1 Sandy 1.29 4.25 .06

2 Sandy 77 4.38 .03

3 Sandy 44 4.47 .02

4 Sandy 33 3.83 .01

5 Sandy 31 3.62 .01

6 Sandy 17 4.97 .01

7 Sandy 17 4.13 .01

8 Sandy 19 3.72 .01

9

10

11

12

Sum of per cents 3.67

Average per foot .30 4.16 0.2

Upper 3 feet :
*

Sum of per cents 2.50

Average per foot .83 4.40 .04

* Range of most annual plant roots.

Lowland Soils, San Joaquin Valley

Tule Marsh

SAN JOAQUIN COUNTY

Stockton

Humus-
Soil Nitrogen in

Humus Humus Soil

Black loam 14.10 5.85 .83

Black loam 19.45 4.82 .94

Very black loam 16.50 5.20 .85

Very black loam 13.00 4.41 .57

Lighter loam .... 6.92 4.94 .34

Lighter loam .... 2.96 4.35 .13

Lighter loam .... 2.12 5.80 .12

Lighter loam .... 4.28 5.09 .22

Clay 1.44 10.14 .15

Clay 36 2.33 .01

Clay 34 2.06 .01

Clay ...; 28 6.07 .01

81.75

6.81 5.10 .35

50.05

16.68 5.30 .88
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be found, and from one of these a column of twelve feet was

obtained for us by Mr. W. W. jMackie, then of the United States

Bureau of Soils. It was taken from a few miles northwe.st of

Stockton and is an excellent representative of these lands.

The river alluvial is not especially rich in either humus or

organic nitrogen, though one would suppose from its alluvial

character that the amount of vegetable material in it would be

great.

The tule or swamp lands near Stockton have to a large extent

been reclaimed by dykes, by pumping out the water, and by

protection from overflow. They contain a very large percentage

of decayed vegetable matter consisting of tule roots, etc., and

this has been quite largely humified, as shown by the tables,

especially in the upper four feet. Below this depth the amount

suddenly drops from 13 per cent in the fourth to 6.9 per cent

in the fifth foot, and from 1.4 per cent in the ninth to 0.36 per

cent in the tenth foot. No other tule soil in the state that has

been examined contains so high a percentage of humus and

organic nitrogen, probably because of extra favorable conditions

of warmth and moisture and excess of vegetable matter in the

Stockton colunni. This large amount of humus produces acid

soils, and liming is necessary to render them neutral and pro-

ductive. The 0.83 per cent of humus nitrogen in the surface

soil is very great, being equivalent to an average of 25,000 pounds

per acre. There is a still greater percentage in the second foot

as well as in the third; but below the latter it falls off rapidly

to the minimum of 0.01 per cent in the tenth foot.

Comparison of San Joaquin Valley Soils of Different Types

The table below gives in a concise form the relative percent-

ages of humus and nitrogen in the eight soil types of the San

Joaquin Valley, and from it we can make comparisons more

easily than from a .study of the soil columns themselves. The

types are placed in the order of highest to lowest composite

averages of humus in the first foot, and there is almost the same

succession in the combined upper three feet and the entire column

respectively.
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Table 17.—Percentages op Humus and Nitrogen According to Soil Types,

San Joaquin Valley

Tule stream Black Red Delta Valley Alkali Lake
marsh alluvial clays lands lands loams lands bed

1 col. 1 col. 4 col. 4 col. 3 col. 7 col. 3 col. 1 col.

Humus—
Per cent in first foot 14.10 1.29 1.09 .95 .81 .75 .34 .18

Sum of, in upper 3 feet 50.05 2.50 2.32 2.15 1.49 1.68 .91 .42

Sum of, in entire column 81.75 3.67 2.93 3.51 2.63 3.13 1.58 1.20

Average per foot in upper
3 feet 16.68 .83 .82 .72 .49 .56 .30 .14

Average per foot in entire

column 6.81 .30 .25 .32 .22 .27 .12 .10

Nitrogen in Humus—
Average in first foot 5.85 4.25 5.46 5.52 6.38 6.56 7.09 3.33

Average in upper 3 feet 5.30 4.40 6.09 6.72 6.93 6.09 5.30 1.68

Average in entire column 5.10 4.16 7.10 7.06 6.85 6.10 5.33 1.46

Nitrogen in Soil—
Average in first foot 83 .06 .06 .06 .04 .05 .03 .01

Average in upper 3 feet .88 .04 .04 .05 .03 .04 ,02 .01

Average in entire column .35 .02 .03 .03 .02 .02 .01 .01

There are large differences in the amount of humus in the

several groups, as is to be expected from soils of such extremely

different characters, the highest percentage being in the Stockton

tule marshes and the lowest in the strong alkali lands and in the

Tulare Lake bed.

The surface soils of the valley are not rich in humus as a rule,

and this is well shown in these tables. Even the black clays and

loams, which because of their color would be supposed to contain

high percentages, were found to have but little more than 1 per

cent, and in some instances less than that. Similarly the alluvial

and delta soils of Kings and Kern counties are very low in

humus. The tule marshes in the region of Stockton are naturally

rich, because of the great amount of vegetable matter such as

roots and leaves that have accumulated in them, and we find as

much as 14 per cent of humus in the first foot and 19 per cent

in the second.

Humus and Nitrogen in the First Foot.—The general average

of humus in the surface soils of the state is 1.25 per cent, and it

thus appears that the soils of the San Joaquin Valley fall much

below that. In but eight of the columns (omitting the Stockton

tule) is there as much as 1 per cent in the surface foot, the
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highest being found in the brownish lands of Farmington, and the

lowest of 0.18 per cent in the soil of Tulare Lake bed. The

general average of all is 0.80 per cent, which is much below the

requirements for good texture and productiveness.

The humus of the surface foot contains for the most part a

fair percentage of nitrogen, the general average being 5.98 per

cent, but there are several soils in which the humus is very poor,

and a high amount of such humus is necessary to give to the soil

an amount adequate for fertility. It is thought that a fertile

soil should not have less than 0.05 per cent of organic or humus

nitrogen in the surface foot, and from the tables it is seen that

because of the small amount of humus, many of the soils have

much less than 0.05 per cent.

The soil richest in nitrogen in the above group is that from

Farmington which, because of the abundance and richness of its

humus, has 0.14 per cent of nitrogen, equivalent to more than

5000 pounds per acre-foot. The sandy soils of the sandy and

black loam plains west of Tulare and the black clay southeast

of Stockton each contains from 3000 to 3500 pounds of humus

nitrogen per acre-foot.

The humus of the Stockton tule soil contains a fair amount

of nitrogen, and the very high percentage of the former gives

to the soil the enormous amount of 0.83 per cent of nitrogen,

or approximately 32,000 pounds of humus nitrogen per acre-foot.

The second foot is even richer.

Humus in the Upper Three Feet.—The range of annual plant

roots in California soils is in the upper three feet, and this

may be considered as the true soil. This combination of three

feet more than doubles the amount of humus and its nitrogen

that is to be regarded as directly influencing fertility, though

the average per foot is lessened. The distribution through the

three feet is of greater advantage than if concentrated in the

upper foot, for the roots thus secure their nitrogen in a moister

soil and away from the heated surface. The general average

summation of humus in this depth of three feet for all of the

columns, omitting the Stockton tule, is 1.78, or 0.66 per cent per

foot, and this is about one-third less than for the state at large.

The humus is however fairly rich in nitrogen (6.22 per cent)
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and had the former been more abundant the percentage given to

the soil would have been sufficient for needs of crops.

Humus and Nitrogen in the Entire Column.—Humus was

found to occur to depths of ten or twelve feet in but thirteen of

the columns. In the brown land of Farmington and the alluvial

soil of Kings River it would clearly have been found at that depth

had the columns been taken to twelve feet. On the other hand,

in five of the ten-foot or twelve-foot columns humus was not

found in the lower four or five feet. The percentages diminished

downward from the first foot in all cases, in some instances very

sharply, and usually added but little to the combined percentage

of the upper three feet. The Farmington column with its 7.76

per cent of humus is the richest group (excepting the Stockton

marshes), followed by the Tracy loam and Tulare plains soils.

Twelve of the columns have higher total amounts of humus than

the average of several hundred soils of the humid region, and

doubtless the total amount of organic nitrogen in these soils is

also greater than that in the humid.

The humus not only varies in its percentage of nitrogen in

each of the twenty-five localities from which the soils were taken,

but also in the several depths below the surface in each column.

It is poorest in the Tulare Lake bed and richest throughout the

column from Kearney Park, where each foot except the first

contains more than 10 per cent. It is only occasionally that

among other columns is there found a humus having as much as

10 per cent. The general average of all is but 6.22 per cent, a

figure too low to benefit the soil greatly except where the humus

content is above 1 per cent.

The sandy loams of the plains which comprise the greater

part of the San Joaquin Valley and the red lands of the eastern

side of the valley are but slightly different in their general

averages of humus, the latter, because of the high percentages

in the Farmington clay, having slightly more throughout its

column. The surface soils are clearly in need of green-manure

crops that will supplement that humus already present. The

soils are liable to form surface crusts where there is so little

humus present, and require special care and treatment to prevent

injury.
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The humus of both plains and the red lauds is fairly

rich in nitrogen; but the amount for the soil itself is below the

normal of 0.05 per cent minimum, except in the first foot. These

lands therefore need not only more humus but a humus that is

very rich in nitrogen. A leguminous crop, such as the spring

vetch, should alone be used for humification, for by it the land

secures a greater amount of green stuff, a far greater amount

of nitrogen than if grass, rye, or alfileria were used, and such

nitrogen is derived chiefly from the atmosphere.

SOIL COLUMNS OF THE LOWER FOOTHILLS OF SIERRA NEVADA

The lower foothills of the Sierra Nevada rising from the

valley plains to an elevation of 2500 feet above sea-level forms

an important fruit-bearing region. The soils derived from slate

and granite are often shallow on the hillsides but deep in the

valleys.

Table 18.—Humus in Soil Columns of Foothills

BUTTE
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Columns of the red slate soil were taken from Palermo, Butte

County, and from the former experiment station tract near

Jackson, Amador County; also from a bluff near Newcastle,

Placer County, taken by Mr. Paul H. Steude of Newcastle.

The red clay soils of Jackson and Palermo are quite similar

in the amount of humus in the first foot, but the former is the

richer below that. The clay is quite close and compact, and this

has prevented the development of roots to the extent permitted

by the looser gravelly granitic soil of Newcastle, in which there

is more humus. The general average of humus in the first foot

is 1.12 per cent
;
that of thirty-one soils of the foothills previously

examined is 1.05 per cent, although it is found to be higher in

the valleys farther up in the mountains, in the regions of

Auburn, Grass Valley, Nevada City, and Placerville, than near

the Sacramento Valley. In percentage summation the general

average of the upper three feet of the columns is .80 per cent.

The humus in each of the Palermo and Jackson soils is very

poor in nitrogen, not only in the upper three feet but in the

entire column
;
and the nitrogen of the respective soils is also

below the normal. On the other hand, the humus in the soil

from Newcastle is far richer in nitrogen, there being as much

as 8.8 per cent in the humus of each foot of the twelve-foot

column. The soil itself contains 0.10 per cent in the upper three

feet, which is much above the normal, and is equivalent to about

4000 pounds for each foot in depth per acre.

SOIL COLUMNS OF THE COAST EANGE VALLEYS

The Coast Range of mountains, reaching from the Oregon

state line south to the Mexican border, has but few agricultural

possibilities except in the many valleys enclosed between the

mountain ridges. The country north of I\Iendocino County is

especially rugged and the valleys are few, but southward there

are many valleys that present splendid agricultural attractions,

and we have endeavored to have the soils of the largest and most

important ones represented in the columns of this series. Of

course, it must be understood that in each valley there are a

number of soil variations and gradations from the hills to the

lower valley center, and that the column has been selected to
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represent the best and most extensive of these, the object being

to ascertain to what depth and in what percentage the humus

reaches under favorable conditions.

Fifteen valleys in nine counties north of the Santa Ynez

Mountains have their soils represented in the series of columns,

and in the accompanying tables are arranged in order of occur-

rence from north to south.

AYe may conveniently follow the usual subdivision of the

Coast Range counties and arrange the table into the counties

north of San Francisco Bay, embracing seven soil columns
;
the

hay region itself, embracing the country east and west of the bay

as far south as San Jose, represented by eight soil columns
;
and

the counties south of the bay as far as Santa Barbara, represented

by nine soil columns.

North of the Bay Region

The valleys represented in this section of the Coast Range

are Russian River, Santa Rosa, Los Guillocos, Sonoma, Napa,

and Vaca : there are other important though much smaller ones

east and west of these and in the counties further north, from

which we were unable to secure columns.

Russian River Valley.—The soil columns from this valley

were taken from the alluvial lands of the hop fields belonging

to Mr. T. Boone j\Iiller, six miles south of Healdsburg, and

from the red hills three miles southwest of Healdsburg, Sonoma

County.

Sa)ita Rosa Valley.
—The western part of the valley has a

heavy adobe soil, which is not so largely in cultivation as the

more loamy land of the eastern and middle part. A column of

twelve feet depth was taken from the creek alluvial on the

Vrooman orchard east of Santa Rosa.

Los Guillocos Valley.
—This valley is not very wide nor long,

and it opens northward into Santa Rosa Valley. Its soil is a

reddish loam and is represented by a column taken a short dis-

tance southeast of Kenwood, Sonoma County.

Sonoma Valley.—The valley opens southward to San Fran-

cisco Bay and is largely covered by marsh lands, but the northern
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part is higher and comprises better lands. A black adobe clay

seems to be the prevailing soil and a column of this was taken

near the village of El Verano.

Napa Valley.
—The soil is chiefly loamy in nature, interspersed

with some adobe belts on either side. A column of the former

was obtained near Yountville, Napa County, to a depth of twelve

feet.

Vaca Valley.
—This valley is situated among the foothills on

the west side of the Sacramento Valley, into which it opens, and

is noted for its early fruits. The soil is chiefly a reddish loam,

as shown in the column obtained southeast of Vacaville.

These valleys are characterized by having a high humus per-

centage in the upper foot and also in the four feet which is the

usual range of plant roots. The soil from Yountville, Napa

Valley, is the richest of the group, and contains nearly 6 per cent

of humus in the upper three feet. The Kenwood and El Verano

soils are the next in humus content, each containing more than

2 per cent in the first foot and more than 5 per cent in the upper
three feet, the range of most plant roots. A notable feature in

four of the columns—Russian River, Santa Rosa, El Verano, and

Yountville—is that there is more than 1 per cent in each of the

upper four feet
;
in the Santa Rosa column that percentage is

found in six feet and almost in the seventh foot. The distribution

of humus downward through the entire column of twelve feet is

good, the average for the Russian River alluvial being more than

1 per cent for each foot, while the Santa Rosa and Yountville

averages very nearly equal it. This is a splendid record and

places these soils among the best in the state.

The humus of the Kenwood soil is richer in nitrogen than

that of any other column, the average being 10.61 per cent for

the seven feet. That of the Santa Rosa has an average of 5.87

in its twelve feet. The richness of the Kenwood soil is chiefly

in its lower fourth, fifth, and sixth feet. The humus of the

El Verano adobe is for some reason or other weaker in nitrogen

than any other (except in its first foot), the general average

being but 2.67 per cent in each foot.

The most important consideration, however, is the amount of

humus nitrogen occurring in the soil, and we find it to be highest
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(0.13 per cent) in the surface soil of Vacaville and Kenwood,
with the equivalent of about 5000 pounds per acre-foot

;
the

general average of all surface soils being 0.10 per cent, or 4000

pounds per acre-foot. This is a very good amount. In a depth

of three upper feet, comprising the range of chief feeding roots

of the plant, we again find the highest percentage 'to be in the

Kenwood soil, with an average of 0.10 per cent for each foot,

or about 12,000 pounds of humus-nitrogen per acre in the three

feet. The Santa Rosa, Yountville, and Vacaville soils are nearly

equal in their amounts of 0.08 per cent. In the entire column

of twelve feet, the percentage of humus-nitrogen is greatest in

the Santa Rosa alluvial (0.05 per cent), while in the Russian

River alluvial and the Vaca Valley soils the percentage is 0.04

per cent. This high amount of humus-nitrogen in these soils

becomes gradually available to plants only through the action of

bacteria.

The soils of the valleys north of the bay region may then be

considered as being well supplied in humus and humus-nitrogen,

which is well distributed throughout a depth of ten or twelve

feet, thus affording special inducements for deep rooting and

deep feeding of plants.

The Bay Region

Alameda Plains.—The bay shore rises gently eastward to the

foot of the Contra Costa Hills, a distance of about two miles.

On this slope the soil is largely of an adobe clay nature. The

city of Berkeley is situated on this slope, the University of

California being at the foot of the hills. A column of the clay

adobe was taken from the economic garden on the University

grounds. Southward from Berkeley and Oakland the slope

widens into a plain traversed by streams from the Coast Range

bordered by wide bands of a more loamy soil, and upon it are

found extensive farms. A column of the loam was taken from

the land of ]\Irs. Sanborn, south of Niles, and another from the

Meek place near Hayward.
These are excellent soils, with fair humus and humus-nitrogen.

The Berkeley adobe is rich in nitrogen throughout.
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Table 20.—Humus in Soil Columns of Alameda Plains, Alameda County

Berkeley Haywaed Niles

Humus- Humus- Humus-
Soil Nitrogen in Soil Nitrogen in Soil Nitrogen in

Clav 31.93 ,

'^
, Clay 9.21 ,

^
, Clay 10.76 ,

-^
,

Ft. Humus Humus Soil Humus Humus Soil Humus Humus Soil

1 Black clay .... 2.13 6.67 .14 Loam 1.81 4.65 .08 Dark loam .... 1.10 5.36 .06

2 Black clay .... 2.07 5.97 .12 Loam 1.04 5.67 .06 Dark loam .... 1.00 4.20 .06

3 Black clay .... 1.84 7.33 .14 Loam 74 6.26 .05 Dark loam 78 5.04 .04

4 Black clay .... 1.90 4.68 .09 Loam 80 4.73 .04 Dark loam 56 5.01 .03

5 Yellow clay.. .95 7.05 .07 Loam 92 4.58 .04 Dark loam 44 5.74 .03

6 Yellow clay.. 1.06 5.37 .06 Loam 78 6.48 .05 Dark loam 38 5.17 .02

7 Yellow clay.. .48 16.45 .08 Loam 68 6.18 .04 Dark loam 40 5.27 .02

8 Yellow clay.. .37 24.10 .09 Loam 57 5.26 .03 Dark loam 62 8.15 .05

9 Yellow clay.. .36 12.50 .05 Loam 38 7.90 .03 Dark loam 70 4.01 .03

10 Yellow clay.. .36 14.70 .05 Sandy 32 6.58 .02 Dark loam 68 4.54 .03

11 Yellow clay.. .45 9.35 .04 Dark loam 41 6.85 .03 Dark loam 56 4.51 .03

12 Yellow clay.. .49 8.16 .04 Dark clay 80 1.28 .01 Dark loam 46 6.10 .03

Sumof per cents 12.46 9.25 7.68

Average per foot 1.04 10.20 .08 .77 5.53 .04 .64 5.25 .03

Upper 3 feet :
*

Sum of per cents 6.04 3.59 2.88

Average per foot 2.01 6.70 .13 1.19 5.60 .06 .96 4.90 .05

* Range of most annual plant roots.

East of Contra Costa Hills.—Eastward across the Contra

Costa hills several narrow valleys connect the large and fertile

Livermore Valley with the bay shore on the north, and repre-

sentative columns of soils were taken from three of these.

Ignacio Valley.
—Along Walnut Creek there is a narrow belt

of black clay-loam soil bordered by land more adobe-like in

nature which extends to the low mesa and hills. The higher land

on the mesa and bordering it in the valley has a stiff and black

adobe clay soil about three feet in depth and underlaid by a

whitish material. The column of the former was obtained from

the place of Professor F. T. Bioletti, one mile north of Walnut

Creek, Contra Costa County.

San Ramon Valley.—This valley is a continuation southward

of Walnut Creek Valley, but wider and with more extensive

black adobe soils, a column of which was obtained in the vicinity

of San Ramon post office, Contra Costa County.
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Livermore Valley.—The soil of the valley is a loam while that

of the low hills of the west and south is reddish and gravelly.

A column was taken to a depth of ten feet from the plain in the

Santa Rita region, Alameda County.

Table 21.—Humus in Soil

Ignacio Valley

CONTRA COSTA COUNTY

Columns of Valleys East

San Raaion Valley

CONTRA COSTA COUNTY
Walnut Ceeek
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The humus in the Berkeley clay is surprisingly rich in

nitrogen—that of the eighth foot reaching 24 per cent—but

otherwise the general average of the entire column is 10.20 per

cent, which is higher than has been thus far observed in any of

the columns except the tule marsh of Stockton. The percentage

of nitrogen in the humus of the other five columns is not especi-

ally high. For the upper three feet of the Berkeley column the

average of humus-nitrogen in the soil is 0.13 per cent, or approxi-

mately 5200 pounds for each foot. This is a high amount and

is probably largely due to the excellent cultivation the soil has

had for years past.

The percentage of humus in the sandy loam soil taken near

Santa Rita in the central part of Livermore Valley is surprisingly

low in the upper part of the column, and, as a result, the sur-

face was found dry and crusted over to such an extent that

it had to be broken up before the auger could be used. Green-

manure crops should be grown and turned under for several

successive years in this soil, for by this the texture of the soil

would be improved, more nitrogen introduced, and better crops

obtained. A comparison of the soils of the two sections shows

that those of the bay shore are richer in humus and in nitrogen,

both in the surface foot, in the surface three feet, and in the

entire column, than those east of the Contra Costa hills.

South of the Bay Region

Santa Clara Valley.
—This valley, reaching from the Bay of

San Francisco southward for seventy miles into San Benito

County has a variety of soils. Around the bay, back from the

salt marshes, there is a black clay adobe. A column of this was

taken from the Morse Seed Farm near Santa Clara.

South of San Jose the lands are more loamy in character and

are represented by a column taken from near Gilroy, by ]\Ir. F.

E. Johnson.

The valley west of San Jose has a soil more sandy in nature

and more or less gravelly, on which is located extensive orchards.

A column of this soil, seemingly representative of this land, was

taken from the El Quito ranch south of Saratoga.
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Table 22-
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Pajaro Valley.
—The soil of the valley proper is a dark loam,

while along the river are adobe clays and clay loams, the latter

being largely devoted to sugar-beet culture. The valley loam is

alone represented in the soil column series. It was taken from

the apple-growing section on the Watsonville side of the valley.

Another column of soil was taken from Watsonville Heights,

one mile northwest of the town. At a depth of eight feet a mass

of decomposed granite was reached. Both columns were taken

by Mr. F. E. Johnson.

Table 23.—Humus in Soil Columns from near Watsonville,

Santa Cruz County

Pajaro Valley
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plants in their search for food and moisture. The general

average of nitrogen in the soil is good in the upper three feet

where it is most needed.

Salinas Valley.—The lower or northern part of the valley for

about fifty miles is from eight to twelve miles wide, but to the

southward the valley is very narrow. Two classes of soil are

represented in this series: a column of fifteen feet from the

sandy loam lands of the west side of the Salinas River at Fort

Romie near Soledad; a column of the black adobe lands around

King City, ^Monterey County, was kindly sent by Mr. R. L.

Adams, formerly of the Spreckels Beet Sugar Company.

Table 24.—Humus in Soil Columns op Salinas Valley,

Monterey County

Ft. Romie

Humus-
Soil Nitrogen in

Clay 6.83 ,
'^^

n

Ft. Humus Humus Soil

1 Sandy 1.08 6.76 .07

2 Sandy 73 8.46 .06

3 Sandy 50 7.30 .04

4 Sand 33 12.77 .04

5 Loam 78 5.76 .05

6 Loam 1.02 4.96 .05

7 Loam 62 4.53 .03

8 Loam 70 5.43 .04

9 Loam 77 5.32 .04

10 Loam 77 5.45 .04

11 Loam 44 5.00 .02

12 Loam 46 4.79 .02

13 Loam 36 6.94 .03

14 Loam 34 7.35 .03

15 Loam 41 6.83 .03

Sum of per cents

in 15 feet 9.31

Average per foot .62 6.51 .04

Upper 3 feet :*

Sum of per cents 2.31

Average per foot .77 7.50 .06

* Range of most annual plant roots.

King City
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These soils are very different in texture, that of Fort Romie

being of a sandy nature throughout eighteen feet or more, while

that from King City is a stiff clay for a depth of three feet,

changing to sand and then a clay loam. The effect of the

presence of the sand is shown in the sudden diminution of

humus in the fourth foot, and the same change is noted in the

tenth foot.

The deep rooting of plants is more marked in the Fort Romie

soil by the higher percentages of humus in the lower half of

the column. The humus and the soil are each also richer in

nitrogen than that of the King City clay, which clearly would

be greatly benefited in texture and richness by systematic green-

manuring with legumes.

The column of soil from Fort Romie was continued to water

at fifteen feet and humus found in fair amount in the last foot.

Arroyo Grande Valley.
—The soil of this narrow but important

valley is of a dark and heavy clay loam nature to the depth of

Table 25.—Humus in Soil Columns of Abroyo Grande Valley,

San Luis Obispo County

Arroyo Grande



222 University of California Publications in Agricultural Sciences [Vol. 1

twelve feet and more. Two columns were obtained by INIr. F.

E. Johnson, one near the town of Arroyo Grande, the other from

the farm of the Routzahn Seed Company, a few miles to the

westward, the only apparent difference being a darker color in

the surface foot of the seed-farm soil.

The soil from the Routzahn seed-farm in the Arroyo Grande

Valley is certainly remarkably rich in humus for an arid soil
;

for not only does each foot of the upper five feet and also the

seventh contain more than 1 per cent, but the twelfth foot has

1.20 per cent and the tenth nearly 1 per cent. The soil from

near the town of Arroyo Grande is even richer than that of the

seed-farm, for it contains not only more than 1.50 per cent of

humus in each of the upper seven feet, but each of the lower

five feet lacks but little of having 1 per cent.

The percentages of humus-nitrogen in these soils are also very

high, especially in the upper few feet of each column, that of

Table 26.—Humus in Soil Columns op Santa Maria and Lompoc Valleys,

Santa Barbara County

Santa Maria Valley
SANTA BARBARA COUNTY

West of Santa Maria

Soil

Clay 10.25
Ft.

1 Dark loam ...

2 Dark loam ...

3 Dark loam ..

4 Light loam ..

5 Light loam ..

6 Light loam ..

7 Light loam ..

8 Gray loam....

Humus-
Nitrogen in

r \

Humus Humus Soil

1.44 9.57 .11

1.11 4.81 .05

.84 5.52 .05

.26 9.72 .03

.46 7.76 .04

.32 8.97 .03

.24 9.36 .02

.21 11.36 .02

9 Gray loam 21 12.03 .03

10 Gray loam 23 9.77 .02

11 Gray loam 09 18.72 .02

12 Gray loam 16 17.15 .03

Lompoc Valley
santa barbara county

Burpee Seed-Farm

Soil

Clay 33.40

Humus-
Nitrogen in

'
-^

N

Humus Humus Soil

Dark clay 2.50 5.28 .13

Dark clay 1.56 4.62 .07

Dark clay 1.51 4.90 .07

Dark clay 1.93 6.12 .12

Dark clay 1.07 5.32 .06

Dark clay 1.18 7.28 .09

Dark clay 1.33 5.94 .08

Dark clay 80 6.13 .05

Dark clay 43 6.27 .03

Dark clay 21 8.58 .02

Dark clay 24 8.75 .02

Dark clay 27 8.53 .02

Sum of per cents 5.57

Average per foot .46 10.40 .04

Upper 3 feet :*

Sum of per cents 3.39

Average per foot 1.13 6.67 .07

* Range of most annual plant roots.

13.03

1.09

5.57

1.86

6.50 .05

4.93 .09
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the surface foot being 0.16 per cent, or approximately 6-100

pounds per acre. This extreme richness in humus and nitrogen,

as well as in potash and phosphoric acid, is responsible for the

high productiveness and the national reputation the valley

enjoys as a vegetable-seed producing region.

Santa Maria Valley.
—The soil is chiefly a sandy loam of a

brownish color and very deep. A column was taken by Mr. F.

E. Johnson near the sugar-beet fields five miles west of the town

of Santa Maria.

Lompoc Valley.
—Three chief classes of soils occupy the

valley
—adobe near the hills, sandy alluvium near Santa Inez

River, and an intermediate type of clay loam between them.

The Burpee seed-farm is situated on the clay loam lands, and a

column of soil was taken there to a depth of twelve feet, at

which point water was reached.

Santa Maria Valley soil has a fair amount of humus in the

upper three feet and low percentages through the rest of the

column, and this humus has high percentages of nitrogen. The

smaller amounts in the second and third foot may be due to

withdrawal by plant roots. The general average of organic

nitrogen in the upper three feet of soil is good, but for the entire

column the percentage is low, because of the low amount of

humus.

In strong contrast to the sandy loam soil of Santa Maria

Valley is the heavier clay of the Lompoc Valley through which

flows Santa Inez River. The upper seven feet of the Burpee
soil each contains more than 1 per cent of humus, and this,

though not especially rich in nitrogen, gives to the soil itself

fairly high percentages, the average in the upper three feet

being 0.09 per cent, or about 10,000 pounds per acre.

Summary of Results in Coast Range Region

The soils of the valleys of the Coast Range are remarkably

high in their humus content when compared with the other soils

of the arid region. The general average of the state is 1.25 per

cent in the surface soil, while that for these coast valleys is 1.94

per cent. But especially does this difference appear when we note

the many soils in which more than 1 per cent of humus is found
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columns there is a decrease downward, indicating that the

humification was of plant roots rather than of vegetable matter

deposited from overflow as the land was being built up.

A comparison of the results of the examination of the first

foot gives an average of 2.08 per cent of humus north of the

bay, 1.82 per cent for the bay region, and 1.93 for the region

south, while for the three upper feet the averages are 1.55, 1.59,

and 1.45 per cent respectively. This shows quite a close agree-

ment in the soils of the valleys of the three divisions.

A glance over the tables brings out the fact that the Santa

Clara soil has a higher amount of humus (4.-43 per cent) in the

tirst foot than any soil of the state, except the marsh soils, and

that nine of the twenty-five columns of the Coast Range have

more than 2 per cent in the surface foot, while in all others but

two there is more than 1 per cent.

The portion of the soil column lying below the first foot is

richer in humus than that of other agricultural regions. There

is more than 1 per cent in each of the four upper feet of ten

of the twenty-four columns of the Coast Range; in the columns

from Santa Rosa, Russian River, AValnut Creek, and Berkeley

this percentage extends through five feet, while in the soil from

Lompoc and Arroyo Grande it reaches through seven feet.

The humus of the Santa ]\Iaria soil is richest in nitrogen, 9.57

per cent, that of Livermore Valley being next with 8.78. The

surface soils whose humus is poorest in nitrogen according to

the analyses are King City and Santa Clara adobes. The general

average for the twenty-four columns is 5.36 per cent.

The percentage of nitrogen in the surface soil is highest in

the soils from Arroyo Grande, viz., 0.16 per cent, or approxi-

mately 6400 pounds per acre. Gilroy has 0.15 per cent, Berkeley

0.14 per cent, Lompoc, Vacaville, and Kenwood 0.13 per cent

each, and Santa Clara, El Verano, Santa Maria, and Yountville

each has more than 0.10 per cent.

Humus in ihe Upper Three Feet.—The percentage of humus

in the upper three feet has a summation of 10.89 for the Santa

Clara, a little more than 6 per cent for Gilroy, Berkeley, and the

two Arroyo Grande columns, and 5.57 per cent for Lompoc, but

all others are below this.
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The humus of the upper three feet of the Fort Romie soil

is richest in nitrogen, 7.50 per cent, while that of the Santa Clara

adobe has only an average of 1.74 per cent. The general average

of all of this portion of the columns is 5.00 per cent, although

fourteen of the twenty-four have a higher percentage.

The humus-nitrogen in this portion of the column varies from

0.13 per cent in the Berkeley adobe, 0.11 per cent in the soils

from Gilroy and Arroyo Grande, to more than 0.05 per cent in

all others except four.

Humus in the Entire Column.—Nine of the twenty-four

columns have greater amounts of humus in their depths of ten

or twelve feet than has been found in any of the columns

representing other parts of the state. The two columns from the

Arroyo Grande, with sums of 16.74 per cent and 15.56 per cent,

have the highest amounts and are followed in the order of highest

by Gilroy, Santa Clara, and Lompoc, each with more than 13.00

per cent, and Berkeley, Russian River Valley, Yountville, Santa

Rosa, and El Verano, each with more than 11.00 per cent.

The humus of the entire soil columns of the Coast Range

valleys is about as rich in organic nitrogen as that of other soils

of the state, the highest average percentage being in the Santa

Maria soil and the Berkeley adobe, 10.40 and 10.21 per cent

respectively; the Kenwood and Lompos soils are the next in

amount, with 7.79 and 6.50 per cent respectively. The Walnut

Creek column has an average of 6.04 per cent, but all other

averages are below 6 per cent for the entire column. The

organic nitrogen of the soil itself varies from 0.08 per cent in

the Arroyo Grande, Berkeley, and Kenwood columns, 0.07 per

cent in the Arroyo Grande seed-farm to 0.05 per cent in Santa

Rosa, Walnut Creek, San Ramon, and Lompoc; but all others

have less.

SOIL COLUMNS OF SOUTHERN CALIFORNIA

The region known as Southern California embraces that part

of the state lying south of the Sierra Madre and Santa Ynez

mountains and includes a number of large and fertile valleys

and jslains.
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Saticoy Plain.—The long and broad slope in Ventura County,

reaching from the mountains southward to the sea-shore and

noted for its lima bean culture, is represented by two soil

columns, one taken by ]\Ir. J. B. Neff from near ]\Iound School-

house, a few miles east of Ventura, and the other from the orange

grove of Mr. N. B. Blanchard, at Santa Paula.

Table 27.—Humus in Soil Columns of Saticoy Plains, Ventura County

Mound Schoolhouse Santa Paula

Humus- Humus-
Soil Nitrogen in Soil Nitrogen in

CLay 14.18 ,

''

, Clav 15.02 ,

*
,

Ft. Humus Humus Soil Humus Humus Soil

1 Loam 1.23 5.14 .06 Dark loam.... 1.23 5.61 .07

2 Loam 1.36 4.96 .07 Dark loam 84 6.90 .06

3 Loam 52 5.67 .03 Dark loam 53 6.60 .04

4 Loam 57 6.84 .04 Light loam 45 6.00 .03

5 Loam 54 5.46 .03 Light loam 23 11.30 .03

6 Loam 48 5.27 .03 Light loam 21 20.47 .04

7 Loam 54 4.68 .03 Dark loam 56 9.81 .06

8 Loam 45 4.99 .02 Dark loam 59 1.69 .01

9 Loam 36 4.68 .02 Dark loam 52 10.00 .05

10 Loam 51 4.13 .02 Dark loam 38 9.74 .04

11 Loam 60 3.98 .02 Dark loam 33 7.27 .02

12 Loam 52 4.32 .02 Fine gravel .. .24

Sum of per cents 7.68 6.11

Average per foot .64 5.01 .03 .51 8.67 .04

Upper 3 feet :*

Sum of per cents 3.11 2.60

Average per foot 1.04 5.26 .05 .87 6.37 .06

* Range of most annual plant roots.

The soil from Mound is the better of these two from Saticoy

Plain, because of the higher percentage of humus in the column

below the first foot; its second foot is richer than the first, and

the entire amount is greater than in the Santa Paula. But its

humus is poorer in nitrogen (5.01 per cent) than that of Santa

Paula (8.67 per cent), and the soil itself is not so well supplied.

The upper three feet of each column has a fair amount of soil

nitrogen.

It would naturally be supposed that the growing of beans for

so many years and leaving the roots and stubble in the ground



1914] Loughridge: Rumus and Nitrogen in California Soil Columns 227

would have greatly enriched the Mound soil with nitrogen from

the leguminous crop, but it seems to have produced but little if

any advantage over the orange orchard land
;
in fact, the humus

of the latter is far richer in nitrogen, perhaps because of the use

of fertilizers.

Santa Clara River Delta.—This comprises a broad region of

dark alluvial land and contains more or less alkali salts in places.

Water is usually found at a depth of eight or ten feet below the

surface. The delta is noted for its sugar-beet culture. A column

was taken near Springville by Mr. J. B. Neff to a depth of eight

feet, at which water was reached.

Pleasant Valley Hill Slope.-
—^This column was taken from the

sandy slope of the hills north of the Southern Pacific Railroad

station of Camarillo.

Table 28.—Humus in Soil Columns of Hillside and Delta of Santa

Clara Eiveb, Ventura County

Pleasant Valley
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The soil from Springville in the delta of Santa Clara River

is not so rich in humus as its dark color would lead one to

suppose, and the entire column of eight feet is quite light though

the land is highly productive. A soil from near Oxnard pre-

viously examined was found to contain as much as 1.60 per cent

of humus, and it would seem that the great body of land farther

out in the valley is richer than that near the hills. An inter-

esting example of the penetration of plant roots and their

humification in a sandy soil is seen in the column from the hill-

side slope north of Camarillo station in Pleasant Valley. It is

interesting to note that this soil in the three upper feet has the

same percentage as that of the Springville column, although so

different in color and texture.

San Fernando Valley.
—The valley of San Fernando lies north

of Los Angeles and includes about two hundred square miles.

]Much of the valley on the east is covered by debris of cobble-

stones, gravel, and sand washed from the caiions on the northeast,

Table 29.—Humus in Soil Columns of San Fernando Valley,

Los Angeles County

Sax Ferxaxdo
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but the rest of the valley has sandy and sandy loam soils, with

some heavier clays on the south.

Two columns were obtained by ]\Ir. F. E. Johnson—one from

the sandy lands about one-half mile north of Fernando and

representing the "granitic wash land" at the foot of the hills;

the other from lowland near the old Mission two miles west of

Fernando.

The two soils from the San Fernando Valley are quite differ-

ent in their percentages of clay as well as in amounts of humus

in the first foot, in the upper three feet, and in the entire column,

the advantage being with the soil from near San Fernando. The

Mission soil is more sandy because of the wash from the hills.

While the humus of the ^Mission column is the richer in nitrogen,

the two are equal so far as the soil is concerned and are much

below the requirements for fertility.

The soil from San Fernando probably is similar in character

to that of the large olive orchard at Sylmar, a few miles north

near the foot of the hills.

Table 30.—Humus



230 University of California Publications in Agricultural Sciences [Vol. 1

San Gabriel Valley.—This valley lies east of Los Angeles and

reaches from the mountains southward to the alluvial plains. It

is watered by the San Gabriel River and bordered on the east by
the Puente Hills, and the San Antonio debris cone. Its soil is a

sandy loam. A column of soil was taken by Mr. F. E. Johnson

from the neighborhood of Covina and "represents an average of

all of the different soil types." Another column was taken by
]\Ir. Johnson from near Monrovia and represents the heavier type
of soil, the greater part of which is sandy and gravelly wash

from the hills.

These soils are quite deficient in the necessary amount of

humus to keep them in good physical condition and to furnish

adequate nitrogen for the plants.

Attention of orchard growers should especially be given to

the yearly growing and turning under of the best leguminous

crop available—a crop giving large yields of succulent, easily

decomposed stems and leaves and containing high percentages

of nitrogen. Until a fair supply of humus in the three upper
feet are secured by this method, it seems necessary to apply

nitrogen fertilizers to the trees with sufficient irrigation water

to carry them down to the feeding roots at a depth of several

feet below the surface.

San Bernardino Valley.
—The eastern portion of the valley of

Southern California known as the San Bernardino Valley is

separated from the western by a range of low hills and by the

debris cone of the San Antonio Creek, which issues from its

valley just above Pomona and supplies most of the water to

Chino Creek which empties into the Santa Ana River. In the

past from time to time, a portion of the San Antonio flow has

been diverted into the San Gabriel.

The valley covers a large area and comprises a large variety

of soil types, a few of which are represented by soil columns.

The valley slopes toward the south to the Rineon Basin and

Santa Ana River, and is bordered by a rim of mesa land on the

north, east, and south.

The Valley Plains.—The soils in the central part of the valley

are chiefly of a sandy nature, of excellent depth and good fer-

tility. The lowlands are usually highly charged with alkali that
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has been brought in by drainage from the higher valley. Several

types of soil from the plains are represented in the columns.

Sandy loam soils of the central part of the valley are shown

in a column taken by jNIr. J. W. jMills from the former University

of California Experiment Station tract three miles southwest of

Ontario.

Highly sandy soils, apparently accumulated by wind storms

blowing in from the mountain passes on the north, lie in the

central part of the valley and are extensively planted in grape

vines, the roots of which penetrate downward for very many
feet. A column of this type of soil was secured at Guasti from

the land of the Italian Vineyard Company.
Alluvial plains of the Santa Ana River, known as the Victoria

Tract, a few miles east of San Bernardino.

The soils of the valley plain are all quite sandy and contain

but small amounts of humus and of nitrogen. The tendency to

crust over and to form a sandy hardpan or plowsole near the

surface is quite usual with these soils. A succession of good

Table 31.—Humus ix Soil

Southwest of Ontaeio

Columns of Valley Lands,

Victoria Tract

San Bernardino County

Guasti

Soil

Clay 7.60
Ft. Humus
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green-maniire crops grown, turned under deeply, and allowed to

humify properly would add much to the value and fertility of

these lands.

Low Lands.—Near the border of Chino Creek there are low-

lying lands forming a wide border of "moist lands" which do

not need irrigation. Ten acres of this near Chino formerly

formed a part of the Experiment Station. A column from this

was taken by ilr. F. E. Johnson. Another column was taken

near Pomona from a marsh spot laiown as a "cienega." This

is a "limited area showing growth of water-loving plants, appear-

ing sporadically in otherwise arid surroundings—usually hill-

sides or valley margins—and occasionally giving rise to flowing

springs."— (Kept. Calif. Expt. Sta., 1892-4, p. 185.)

Table 32.—Humus in Soil Columns of Lowlands, San Bernardino

Valley

SAN BERNARDINO COUNTY
Chino

LOS ANGELES COUNTY
PoMoxA Cienega

Soil

Clay 13.44
Ft. Humus
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and gives to the soil an adequate amount, especially in the upper
few feet.

The Chino soil was found on previous examination to hold

quite high amounts of alkali salts, among which was nitrates of

soda and magnesia (Rept. Calif. Expt. Sta., 1894-5, p. 75).

Mesa Lands.—The mesa lands that border the valley are

largely of a reddish loam type, interspersed on the north side

by deposits of sand and gravel from the hillsides.

The red mesa extends eastward up the San Gorgonio Pass to

its summit at Banning, where it forms quite a high plateau above

Timoteo Caiion.

A column of the sandy mesa of the north side was taken in

the western part of Highlands to a depth of twelve feet, in which

the sandy soil continued to the bottom.

A column representing the red clay mesa was taken near

Redlands by Mr. F. E. Johnson. The upper five feet was of a

reddish sandy loam nature, below which it changes to a sandy

clay and finally to a gritty material.

Table
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The percentage of humus in each of the above soils is very

low, especially in that of the red loam of the Redlands mesa.

The percentages decrease steadily into the lower portions of each

colunui.

The Highlands sandy soil is the richer of the two, both in

humus and nitrogen, and in the entire column except the upper

three feet is fairly supplied with each of these.

The Redlands soil, because of its heavier clay nature, would

be more benefited by green-manuring than would that of High-

lands.

South-side Mesa.—On the south side of the valle,y the mesa

rises from near the border of Santa Ana River and extends to

the hills at elevations much above the plains. The soil is very

generally a reddish clay loam, more or less gravelly, and overlies

granitic debris at depths of many feet.

Table 34.—Humus in Soil Columns of South-side Mesa of

San Bernardino Valley

Corona
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A column from Riverside was taken from. Arlington Heights
orchard lands on the south, with the assistance of Mr. J. H.

Reed, and we were able to reach a depth of eighteen feet with

comparative ease.

Another mesa soil column was taken by Mr. F. E. Johnson

from nearly one mile south of the town of Corona, and is a good

representative of the orchard land of that vicinity. A depth of

twelve feet was reached with difficulty because of the presence

of much gravel.

The red mesa land on the south side of the valley also con-

tains very low percentages of humus and of nitrogen. This is

especially true of the Riverside soil, more than one-half of whose

supply is in the upper two feet. Its nitrogen is also very low.

The Corona soil is somewhat richer in nitrogen, but in both soils

and doubtless on the rest of the mesa, the need of good green-

manure crops for the production of humus is very apparent.

Los Angeles Alluvial Plain.—The three rivers, Los Angeles,

San Gabriel, and Santa Ana, have each brought down from the

San Bernardino Mountains large quantities of silt, sand and

clay and formed a large body or region of alluvial lands known

as the Los Angeles alluvial plains. Each river preserves its

own course through these plains and has built up its own alluvial

plain with its own material independently of the others. We
thus find that the soils of the San Gabriel are of a more sandy
nature than those of the Santa Ana, probably because of the

more rapid velocity of the river current over a shorter distance
;

the Santa Ana leaves the mountains east of San Bernardino and

flows by a circuitous route along the southern side of the valley

and thus seems to have left much of its coarse material behind

and deposited chiefly clays and silts in the alluvial plain.

The San Gabriel Plain is represented by three columns. One

was taken from the place of Dr. S. S. Twombly, south of Fuller-

ton, to a depth of ten feet; another from the place of Mr. J. B.

Neff, near Anaheim; while the third column was taken a mile

south of Compton.
The land of that plain belonging to the San Gabriel and

especially between this and the Santa Ana River is greatly varied

in character, as is indicated by these three columns. In some
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Table 35.—Humus in Soil Columns op San Oabriel

Orange County

FcLLERTOx Anaheim

EivER Alluvial Plain,

Ft.

1

2

3

4

8

9

10

11

12

Soil

Clay 7.94

Humus-
Xitrogen in

Humus Humus Soil

Loam 51

Loam 64

Loam 25

Loam 22

Loam 22

Loam 26

Loam 33

Loam 29

Loam 29

Loam 29

Sum of per cents 3.30

Average per foot .33

Upper 3 feet :*

Sum of per cents 1.40

Average per foot .47

10.89

7.82

18.40

15.45

20.45

10.77

15.15

19.31

12.41

19.31

.06

.05

.05

.03

.05

.03

.05

.06

.04

.06

15.00 .05

12.40 .05

Soil

Clay 5.78
Humus

Sandy 88

Sandy 83

Sandy 68

Sandy 49

Sandy 41

Sandy 33

Sandy 33

Sandy .25

Sandy 22

Sandy 24

Humus-
Xitrogen in

f
-^

N

Humus Soil

8.00 .07

6.46

6.91

8.00

6.09

6.06

4.58

4.40

.38

.28

.05

.05

.04

.03

.02

.02

.01

.01

.01

4.66

.46 5.12 .03

2.39

.79 7.12 .06

COMPTON

Soil

Clay 7.45
Humus

Dark loam.... 1.50

Dark loam 91

Dark loam 51

Light loam 60

Dark loam 49

Light loam 53

Light loam 64

Light loam 52

Fine sand 38

Fine sand 42

Dark loam 49

Dark loam 32

7.31

.61

2.92

.97

Humus-
Xitrogen in

>
'^

^

Humus Soil

6.77 .08

9.16

6.50

7.47

5.18

7.25

5.17

7.00

12.30

5.80

4.15

3.18

.05

.04

.03

.09

.04

.02

.02

.02

.02

.03

.01

6.66 .04

7.50 .06

Range of most annual plant roots.

localities, as around Comptou. the soil is of a dark sandy loam

nature, quite micaceous and contains more humus than elsewhere.

The Compton column is fairly well supplied with humus and

nitrogen throughout the depth of twelve feet, and conditions

seem to be especially favorable for deep rooting of plants. In

other localities there are heavy sandy deposits from old river

overflows, the soil of which while quite fertile needs humus to

give it a stronger texture.

The Anaheim column was taken from a walnut orchard whose

owner had practiced a system of green-manuring for a number

of years with good results. While the percentage of humus is

still rather low, yet it contains much nitrogen in the upper por-

tion of the column. The sandy loam soils along the border of

this allu^^al plain near Fullerton. represented by a column a

short distance south of town, are surprisingly low in their humus

content, but the humus is remarkablv rich in nitrosren. not in
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isolated levels as often occurs in other soils, but throughout the

entire column, the general average being 0.15 per cent, or

approximately 6000 pounds of nitrogen per acre-foot through the

entire depth. No other column from the entire collection has

a similar record. Bacterial activity to render this humus-nitrogen

available to plants should make unnecessary the use of nitrogen

fertilizers.

The Santa Ana Alluvial Plain is represented by two columns

taken by Mr. F. E. Johnson. One of these from two miles south

of Santa Ana, represents a considerable area of heavy black

adobe
;
the other, from Irvine Station six miles southeast of

Santa Ana, represents a lighter clay loam soil. Both of these

columns are from the south side of Santa Ana River.

Table 36.—Humus in Soil Columns

Plain, Orange

Santa Ana

Humus-
Soil Nitrogen in

Clay 25.01 ,
-^^-

^

Ft. Humus Humus Soil

1 Black clay .... 2.42 3.71 .09

2 Black clay .... 1.44 3.51 .05

3 Black clay .... 1.02 4.80 .05

4 Light clay 83 5.90 .05

5 Light clay 76 2.22 .02

6 Light clay 46 2.75 .01

7 Light clay 31 2.72 .01

8 Light clay 22 2.55 .01

9 Sandy 12 2.34 tr.

10 Sandy 14 3.01 ....

11 Sandy 14 3.01 ....

12 Sandy 20 4.18 ....

Sum of per cents 8.06

Average per foot .67 3.40 .03

Upper 3 feet :*

Sum of per cents 4.88

Average per foot 1.63 4.00 .06

* Range of most annual plant roots.

OF Santa Ana Eiver Alluvial

County

Ievine

Humus-
Soil Nitrogen in

Clay 18.31 ,
-^-

^

Humus Humus Soil

Clay loam 70 5.86 .04

Clay loam 50 8.40 .04

Clay loam 44 4.09 .02

Clay loam 38 3.42 .01

Clay loam 34 1.76 .01

Sand 22 1.82 .01

Sand 19 .63 .01

Sand 20 1.50 .01

2.97
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eentage of nitrogen in the soil is fair, especially in the first foot.

The loam soil from Irvine is not so well supplied with humus

and nitrogen as could be desired.

Interior Valleys

The immediate coast line is bordered by a wide mesa which

extends south to the state line, interrupted by the characteristic

deep and narrow valleys or occasional streams. The valley of

the San Diego River is wide and affords much land for culture

purposes. The mesa reaches eastward in width to the foot of the

higher rolling hills, which rise still higher into the San Jacinto

IMountains. Among these hills lie numerous valleys, small and

large, whose soils are rich and productive.

Fallbrook Mesa.—The hills are for the most part somewhat

rolling and capable of cultivation whenever the soil is of sufficient

depth and extent. Fallbrook affords an example of these cultiv-

able hills and a column of the soil was taken from the hillside

vineyard of Loma Ranch south of the town. The red clay loam

soil was of varying thickness and imderlaid by a mass of dis-

integrated granite.

Ferris Valley lies southeast of Riverside at the western foot

of the San Jacinto Mountains. It is about ten miles long and

six wide, and has a variety of soils, as described by Professor

Hilgard in the Annual Report of the Agricultural Experiment

Station for 1894-95. The heavier soil from the center of the

valley, about a mile east of the town of Ferris, was selected and

a column taken by Mr. F. E. Johnson.

The Valley of Escondddo is a large and productive valley

lying near the mountains. Its soil is a loam. A column was

taken to a depth of twelve feet by ^Ir. F. E. Johnson in the

vineyard of C. C. Katzenburger on the north side of the valley.

El Cajon Valley lies among the high mountains twenty-nine

miles east of San Diego and has an area of six by four miles.

The land is a reddish sandy loam and is very productive. A
column twelve feet in depth was taken from near the cross-

roads by Mr. F. E. Johnson.
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The surface soil of the eohimii taken near Perris is badly

deficient in hiimus, but in each of the three feet below there is

a fair percentage. Green-manuring crops are called for. The

hill lands of Fallbrook also are low in their percentages of

humus and nitrogen and need nitrogen fertilizers (either through

nitrates, stable manure, tankage, or dried blood) as well as good

green-manure crops.

The column representing the Escondido Valley is very poor

in humus and nitrogen, while that of El Cajon is better supplied,

though still much below what is needed for good texture and

fertility. Crops should respond to nitrate fertilization on both

of these soils.

The humus in all of these soils is surprisingly low for valley

lands that are as productive as these.

Summary for Southern California Soil Columns

The following are the averages obtained by combinations of

the twenty-six columns, omitting the marsh of the Pomona

cienega :

Per cent

Average humus in surface foot 0.88

Average sum of per cents of humus in upper three feet 1.98

Average humus in each of upper three feet 0.66

Average nitrogen in humus of surface foot 5.53

Average nitrogen in humus of upper three feet 5.22

Average nitrogen in surface foot of soil 0.05

Average nitrogen in upper three feet of soil 0.04

Average nitrogen in each of twelve feet of soil 0.02

These percentages are all too low and indicate the great need

of good green-manuring treatment for a number of years to

build up the upper three feet of soil into a high fertility. This

is needed more than phosphate fertilization.

There are but six of the twenty-five soils whose surface foot

contains more than 1 per cent of humus
;
there are but five others

that have more than 0.75 per cent, and there are five whose

humus falls even below 0.50 per cent.

The lands represented by these columns from Southern

California are under such continuous cultivation that the surface

foot is hardly a proper unit of comparison ;
a depth of three feet
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would be more nearly correct, for in that is usually found the

mass of feeding roots, and no disturbing irregular conditions

exist. The general average of the total amount in the three upper
feet (sum of per cents) of the columns (omitting that of the

Pomona cienega) is 1.98, or an average of 0.66 per foot. This

is too small.

The Santa Ana adobe and Chino moist land have each above

4.50 and JMound Schoolhouse has 3.11 per cent, but all others

fall below the latter. Six of the columns have more than 2 per

cent each, while on the other hand three have each a sum of

less than 1 per cent in the three feet, or an average of but

0.25 per cent per foot.

The humus in these soils is with a few exceptions not especi-

ally rich in nitrogen, and, as a consequence, the soil is but

meagerly supplied.

SOIL COLUMNS OF THE NORTHEASTERN LAVA-BED REGION

The lava-bed region, comprising a large portion of the north-

eastern part of the state, reaches north from the Sierra Nevada

mountains into Oregon and is a region of lava-bed plateaus and

hills interspersed with occasional valleys that are capable of

cultivation to a large extent in grain, some fruits, and alfalfa.

Honey Lake Valley.^—This valley with its large lake lies

between the foot of the Sierras and the lava hills on the north,

and has an elevation of about 4000 feet above sea-level. It is

divided into the Honey Lake Valley proper and the East Side

Valley, which extends from the lake eastward into the desert

region.

Honey Lake occupies the greater part of the valley and is

bordered on all sides by lands which are being brought under

cultivation in grain and alfalfa, except on the east, where the

soil is of a more sandy and alkali nature. A column of soil

was taken to a depth of ten feet from near Standish on the north

side of the valley; a large and luxuriant growth of alfalfa

covered the adjoining fields.

6 Described by Professor Hilgard in Beport of Agricultural Experiment

Station, 1891-92, p. 24.
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Another column of soil, taken by Professor G. W. Shaw from

a strong alkali tract bordering the lake on the east side near

Amedee, contained but 0.25 per cent of humus in the first and

0.15 per cent in the second foot but none below that depth.

East Honey Lake Valley.—This desert-like region comprises

that portion of Honey Lake Valley in Lassen County that reaches

eastward from the lake into Nevada at an elevation of about

one hundred feet more than the lands around the lake, and lies

between hills of lava debris. The width is about fifteen miles, but

increases much more toward the state line. The soil of the plain

seems to be, for the most part, quite free from alkali salts, which

appear only here and there on the surface
;
but toward the state

line at lower levels the alkali is more abundant. On the north

side of this plain the soil is quite level and sandy, with a reddish

sandy subsoil.

A wide belt of alluvial land borders Skedaddle Creek in a

depth of three or four feet near the creek. Beneath this there

is, as shown in a well on the place of A. L. Spoon at Stacy

Station, two feet of sand and twenty feet of a calcareous clay

underlaid in turn by blue sand and clay. A column of soil was

taken for examination from this land to a depth of twelve feet.

It is interesting to note here that a well on the place of Mr.

Caudle, north of Stacy, exposed three feet of a reddish soil, three

feet of sand, seven feet of boulders, and fifteen feet of white

calcareous clay ;
below this appeared blue clay to a depth of

320 feet from the surface, water being reached at that depth.

In the center of the valley the surface of the land is in low

ridges, the sandy soil being blown into hillocks, the soil being

underlaid by a very compact gray silty soil to ten feet
;
then

beneath that is ten feet of a fine sand, followed by ten feet of a

coarse sand in which water is struck in wells. Beneath this lies a

blue clay of fifty feet or more in thickness. A column of soil

was taken in this land to twelve feet depth, four miles north of

Calneva. On the .south of the Western Pacific Railroad from

Calneva to the mountains the .soil is coarsely sandy.

The soil of Stacy is somewhat remarkable in having so high

a percentage of humus in its second foot, and especially in having

so much throughout the entire column. It compares well with
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Table 38.—Humus in Soil Columns of Honey Lake Valley, Lassen County

East Honey Lake Valley

Stacy North of Calneva

Soil

Clay 11.29
Ft.

1 Dark loam....

2 Dark loam....

3 Sandy

4 Sandy

5 Gritty.....

6 Sandy

7 Loam

8 Loam

9 Loam

10 Loam

11 Loam

12 Loam

Humus-
Nitrogen in

I \

Humus Humus Soil

.64

1.26

.45

.47

.44

.39

.34

.27

.24

.24

.22

.20

7.35

4.68

6.22

6.60

7.05

6.40

5.90

7.40

8.32

7.08

.05

.06

.03

.03

.03

.03

.02

.02

.02

.02

Soil

Clay 19.50

Humus-
>Mtrogen in

A
r \

Humus Humus Soil

Clay loam ....

Clay loam ....

Clay loam ....

Clay loam ....

Clay loam .,..

Clay loam ...-

Clay...-

Clay

Clay

Clay

Sand

Sand

Sum of per cents 5.16

Average per foot .43 6.70 .03

Upper 3 feet :*

Sum of per cents 2.35

Average per foot .78 6.08 .05

* Range of most annual plant roots.

.25

.10

.14

.17

.13

.13

.12

.10

.16

.15

.08

.07

1.60

.13

.49

.16

3.85

tr.

.01

tr.

Honey Lake Valley

Standish

Soil

Clay 14.58

Humus-
Nitroeen in

f ^

Humus Humus Soil

Loam

Loam

Loam

Whitish loam

Whitish loam

Whitish loam

Whitish loam

Whitish loam

Whitish loam

Whitish loam

Wliitish loam

Whitish loam

.72

.33

.17

.21

tr.

1.43

.13

1.22

.41

3.45

tr.

.03

tr

many soils of the more favored portions of the state. The humus

is fairly rich in nitrogen, but the amount given to the soil is

small.

The soil from the region north of Calneva contains very

little humus even in the surface foot, but it is found throughout

the entire column and is very poor in nitrogen. The humus is

apparently derived from the debris and roots of the sagebrush

and alkali weeds that grow on the plain.

With an abundant water supply and the turning under and

humification of some good legume crop there is no reason why
the lands of East Honey Lake Valley at their elevation of 4000

feet above sea-level should not produce crops suitable to that

altitude as well as the lands of Imperial Valley which are below

sea-level, though climatic conditions naturally would control the

kind of crops grown.

The column taken from an alfalfa field near Standish on the

north side of the lake is surprisingly low in humus below the
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surface foot. The underlying whitish limy loam seems to have

restricted the development of plant roots to the upper four feet.

The humus is also poor in nitrogen and was probably derived

from the meager roots of sage and alkali weeds.

A soil previously taken from the Susanville ]\Ieadows had

only 0.33 per cent of humus, and another from two miles west of

Amedee had but 0.29 per cent.

Madaline Plains.—Passing north from Honey Lake Valley

across hills covered with beds of lava, we come to the Madaline

Plains, which occupy an immense and almost level basin (prob-

abl.y once an inland lake) at an elevation of 5200 feet above sea-

level. Its area is approximately 150 square miles, very irregular

in outline, and bordered on all sides by lava hills. Its soil is

a dark and very compact clay, underlaid at three or more feet

by a light-colored marl of a hardpan nature and upwards of

seventy-five feet in thickness, as shown in well-borings. A column

of this soil four feet in depth was obtained from the plain to

the westward of the place of W. C. Brockman. Previous analyses

of other samples show fair amounts of phosphoric acid. Grass

and grain are said to do w^ell on this plain. The surface foot was

found to contain 0.52 per cent of humus, and the second foot

0.60 per cent, but below this the clay was almost free from it.

The soil contains about 0.04 per cent of humus-nitrogen.

Pitt Eivcr Valley.—Pitt River, with its source at the western

foot of the Warner range of mountains, passes through a number

of valleys as it tiows westward into the Sacramento Eiver. The

to-v^Ti of Alturas is located in one of these valleys at the junction

of the two forks of the river. The soil of the valley is chiefly

meadowland with water at a depth of a few feet and partly

grown in tules, but affording large alfalfa tracts. A column of

six feet was taken from an alfalfa field near the town. The

valley is bordered by lava-beds and hills. Goose Lake Valley to

northward and reaching into Oregon has a similar meadowland

soil reaching from the lake eastward to the foot of the mountains,

where the disintegrated debris affords some higher land on which

orchards are planted.

Klamath Lake Marshes.—A column from the tule marshes of

Klamath Lake, Butte Valley, was obtained for us by ]\Ir. L. S.

Robinson for examination.
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Table 39.—Humus in Soil Columns of Pitt River and Butte Valleys

Pitt River Valley Butte Valley
MODOC COUNTY SISKIY'OU COUNTY

Altueas Klamath

Humus- Humus-
Soil Nitrogen in Soil Nitrogen in

Clay 29.60 ,
-^

, Clay 11.00 ,

^
^

Ft. Humus Humus Soil Humus Humus Soil

1 Clay 3.05 1.93 .06 Marsh loam.. 3.75 9.15 .34

2 Clay 1.45 3.39 .05 Marsh loam.. 3.20 7.10 .23

3 Clay 1.01 5.85 .06 Marsh loam.. 3.02 9.07 .27

4 Clay 87 3.22 .03 Marsh loam.. 2.84 8.88 .25

5 Clay 51 1.09 .01 Ashy loamt - .91 7.70 .07

6 Clay 34 1.65 .01 Ashy loamf - .74 7.58 .06

7 Water Dark clay 06

8 Dark clay .... tr.

Sum of per cents 7.23 14.52

Average per foot 1.20 2.85 .03 1.81 8.25 .20

Upper 3 feet :
*

Sum of per cents 5.51 9.97

Average per foot 1.84 3.72 .06 3.32 8.44 .28

* Range of most annual plant roots,

t Infusorial earth.

Both of the above soils are rich in humus, though differing

greatly in other respects. The Alturas is a clay soil under culti-

vation in alfalfa, and while its humus is poor in nitrogen the

amount given to the soil is fair. On the other hand, the Klamath

column is from tule-marsh lands, containing a larger proportion

of decaying vegetable matter, and consequently is quite rich in

humus. The latter is especially rich in nitrogen and as a con-

sequence the soil is also well supplied in nitrogen through its

upper four feet. The fifth and sixth foot are largely made up of

diatomaceous earth in which the humus has suddenly diminished

to less than 1 per cent.

Surprise Valley.
—Eastward from Alturas, the Warner range

of mountains separates the Pitt Riv'Cr Valley from Surprise

Valley with its three large lakes. The land of the eastern side

of this valley is strongly charged with alkali salts, but on the

west the broad slope from the mountains to the lake presents

excellent agricultural capabilities, the production of alfalfa seed

being quite a prominent industry. A column of soil ten feet deep
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(to water) was obtained two miles south of Cedarville with the

assistance of Mr. "W. L. Turner, and another cohimn of four feet

from the meadowland that forms a broad border to the hike, and

in wliieh water was struck at four feet.

Table 40.—Humus in Soil Columns of Surprise Valley, Modoc County

CedabviliiB Cedarville

Humus- Humus-
Soil Nitrogen in Soil Nitrogen in

Clay 10.97 ,
-^-

, ,
^

,

Ft. Humus Humus Soil Ft. Humus Humus Soil

1 Loam 4.27 1.14 .05 Meadow loam 2.71 3.46 .09

2 Loam 1.25 3.36 .04 Meadow loam 2.10 4.62 .10

3 Loam 1.21 2.81 .03 Meadow loam .86 8.02 .07

4 Loam 93 2.26 .02 Meadow loam .79 7.59 .06

5 Loam 64 2.66 .02 Water

6 Loam 63 2.67 .02

7 Loam 56 3.93 .02

8 Loam 60 2.33 .01

9 Loam 51 2.55 .01

10 Loam 36 4.72 .02

Sum of per cents 10.96 6.46

Average per foot 1.10 2.84 .03 1.62 5.92 .08

Upper 3 feet :*

Sum of per cents 6.73
'

5.67

Average per foot 2.25 2.44 .04 1.89 5.37 .09

* Range of most annual plant roots.

The surface soil of the Cedarville loam is surpassed in its

percentage x)f humus only by the black clay of Santa Clara and

the marsh lands among all of the soils of the state thus far

examined, and it ranks fifth with regard to the amount in the

three upper feet. The percentage throughout the entire column

of ten feet is quite high. This high humus content may be due

to the alfalfa crops that have been produced for seed on this

soil for a number of years past, as a soil from another locality

near Cedarville examined ten years ago contained but 1.56 per

cent in the surface foot. The humus is. however, remarkably

weak in nitrogen, if such was its origin.

The meadow soil lying at a lower level is very similar to that

of Alturas in its humus content.
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SOIL COLUMNS OF THE "DESERT" PLAINS

The term "desert" is here applied to the extent of country

with scant rainfall and having a vegetation of sagebrush and

largely devoid of grasses; a country whose soils are usually rich

in the mineral elements of plant food and which are remarkable

for their fertility when properly cultivated and abundantly

irrigated. The reason for this fertility lies partly in the fact

that the humus, though small in amount, is with its nitrogen well

distributed throughout a depth of twelve feet and more, in a soil

whose sandy or silty texture permits deep rooting of plants.

The desert lands are interspersed with mountain ranges

separated by valleys of greater or leaser extent. Some of these

valleys have with irrigation been brought under cultivation and

settlement and from these a few soil columns were secured.

Imperial Valley.
—This newly settled part of the state, once

the bed of Salton basin which on drying-up became a desert

until reclaimed by irrigation, largely lies below the level of the

sea. Its soils, derived from the sediment of the Colorado River,

Table 41.—Humus in Soil Columns of Imperial Valley,

Imperial County

Imperial
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have a peculiar light pinkish tint and are made up of alternating

strata of silt and a very plastic and impervious clay of varying

thicknesses. When this clay forms the surface soil, the difficulties

of cultivation and irrigation are very great ;
but if the clay lies

at a depth of several feet below the surface of a silty soil then

the reverse i.s true. This peculiar type of land is represented in

the series by two columns of soil, one from the vicinity of

Imperial and the other from near El Centro
;
these and that from

Coachella were taken by Mr. F. E. Johnson.

Mojave River Mesa.—The mesa or plain is formed by accumu-

lation of granitic debris from the Sierra Madre Mountains on

the south and reaches far out toward Barstow, San Bernardino

County. This debris is coarse and quite compact, and in the

neighborhood of Victorville is said to have a thickness of thirty-

five feet or more. It is here overlaid by about three feet of a

gray sandy soil, also quite compact and supporting a sparse

vegetation of weeds. A column of eleven feet was obtained three

miles west of Victorville. The soil was found to contain but

0.13 per cent of humus in the surface foot, 0.14 per cent in the

second, 0.10 per cent in the third, and 0.08 per cent in the coarse

sand of the fourth foot. There were but traces of nitrogen in

the humus. The soil has 11.05 per cent of clay.

Coachella Valleii.—A column was obtained from the vicinity

of Coachella and represents the higher and more sandy lands

that bordered the old Salton Lake of the Imperial country.

Owens River Valley.
—The agricultural lands of this valley

lie chiefly on the west side of Owens River and are formed of

the debris of the adjoining Sierra Nevada. A column of soil was

secured through the kindness of ]Mr. W. K. Winterhalter of San

Francisco.

It was to be anticipated that the soils of what are known as

the desert plains of the eastern and southeastern part of the

state would be very poor in humus because of their very sandy

nature, together with small rainfall, extreme summer heat and

scant vegetation, but it was a surprise to find that humus occurred

at depths of twelve or more feet below the surface. The soil

poorest in humus is that from the mesa plain just west of

Victorville, in which plant roots were found in a depth of three

feet only, the underlying material being too compact for root
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Table 42.—Humus in Soil Columns of Other Valleys

COACHELLA VALLEY
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GENERAL SUMMARY

INDIVIDUAL SOIL COLUMNS HAVING THE HIGHEST

HUMUS CONTENT

In looking over the 109 columns of soil taken from the various

agricultural regions of the state, we find that eighteen have each

more than 2 per cent of humus in the surface foot, and thirty-

two others have more than 1 per cent, the remaining fifty-nine

having less than that.

The following twenty-five localities are worthy of special

mention, for in their respective columns more than 1 per cent

of humus is found in each individual soil layer to depths of

three to seven and even nine feet below the surface; they are

ranged according to depth.

Table 43.—Columns with 1 per cent of Humus in Three or More

Individual Feet

Soil Locality County Depth

Tule Stockton San Joaquin 9 ft.

Loam Arroyo Grande A'alley San Luis Obispo 7 ft.

Loam Arroyo Grande Seed-farm ....San Luis Obispo 7 ft.

Clay loam Lompoe Seed-farm Santa Barbara 7 ft.

Loam ^Santa Eosa Sonoma 6 ft.

Adobe Berkeley Alameda 6 ft.

Loam Russian Eiver Sonoma 5 ft.

Clay loam Walnut Creek Contra Costa 5 ft.

Adobe El Verano Sonoma 4 ft.

Loam *Yountville Napa 4 ft.

Clay Gilroy Santa Clara 4 ft.

Loam Chino San Bernardino 4 ft.

Loam Klamath (tule) Siskiyou 4 ft.

Loam Glenn Glenn 3 ft.

Sandy Chico Butte 3 ft.

Clay loam Davis Yolo 3 ft.

Clay Farmington San Joaquin 3 ft.

Loam Newcastle Placer 3 ft.

Loam Kenwood Sonoma 3 ft.

Adobe San Ramon Contra Costa 3 ft.

Clay Santa Clara Seed-farm Santa Clara 3 ft.

Loam Pomona Cienega Los Angeles 3 ft.

Clay Santa Ana Orange 3 ft.

Clay Alturas meadow Modoc 3 ft.

Loam Cedarville Modoc 3 ft.
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A number of other localities very nearly come into the list

as their upper two feet have more than 1 per cent and the third

falls a little below. It will be noted that these results are not

confined to any particular soil type but that all types from sandy
to heavy clay adobe are represented in the list.

If the humus of the upper three feet be equally distributed

through that depth we will find that nine of the columns

have each an average of more than 2 per cent of humus in

Table 44.—Soil Columns Having the Highest Humus Percentages

In First Foot

Per cent

Stockton tule 14.10

Pomona Cienega 6.26

Santa Clara adobe 4.43

Cedarville 4.29

Arroyo Grande seed-

farm 3.78

Klamath marsh 3.75

Alturas meadows 3.05

Gilroy 2.76

Cedarville meadows.... 2.71

Yountville 2.64

Lompoc seed-farm 2.50

Arroyo Grande 2.50

Santa Ana adobe 2.42

Chino moist land 2.31

Kenwood 2.25

El Verano adobe 2.14

Berkeley adobe 2.13

Farmington 2.04

Vacaville 1.97

Santa Eosa 1.95

AVEEAGE OF UpPEB ThREE
Feet

Per cent

Stockton tule 16.68

Pomona Cienega 3.67

Santa Clara adobe 3.63

Klamath marsh 3.32

Cedarville

Gilroy

Arroyo Grande

Arroyo Grande seed-

farm

Berkeley adobe

Yountville

Cedarville meadows..

Lompoc seed-farm ....

Alturas meadow
Kenwood
El Verano adobe

Farmington
Santa Ana adobe

Eussian Eiver

Chino

Glenn ,

2.25

2.23

2.16

2.15

2.01

1.98

1.89

1.86

1.84

1.74

1.71

1.65

1.63

1.58

1.52

1.51

Average of Entire Column
OF 10 OR 12 Feet

Per cent

Stockton tule 6.81

Arroyo Grande 1.39

Santa Clara (10 feet) 1.33

Pomona Cienega 1.28

Arroyo Grande seed-

farm 1.27

Gilroy 1.14

Cedarville (10 feet).... 1.10

Lompoc seed-farm

Berkeley
Eussian Eiver

Yountville

Santa Eosa

El Verano (10 feet)....

Walnut Creek

Hayward
Davis Univ. Farm
Watsonville

Chico

Vacaville

Glenn

1.09

1.04

1.01

.95

.92

1.00

.80

.77

.75

.74

.73

.71

.69

the upper three feet, and twenty-five others have an average
of more than 1 per cent, all others falling below the 1 per cent.

In the distribution of the humus through the entire twelve feet

of the columns there are ten which thus give an average of more

than 1 per cent for each foot, and twenty-five others whose

average is about one-half of 1 per cent.
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In the following table we have placed the names of the twenty
localities which have as much as 1.95 per cent in the surface

foot, and the twenty which rank highest in averages of the upper
three feet and in the entire column of ten or twelve feet.

Composite Columns op Agricultural Regions

In the following table are given the averages of each of the

agricultural regions embracing all of the 109 columns represent-

ing the state at large, taken from thirty-seven counties. The tule

marshes of Stockton, Pomona, and Klamath are placed in a

column by themselves. In some of the individual columns that

form the composite for each region either a depth of twelve feet

was not secured or the humus itself was not found to that depth.

The marsh lands are naturally richest in humus because of

the large amount of decaying vegetable matter they hold. But

next to these we find that the Coast Range valleys have the

highest amount in the surface foot, the upper three feet, and in

the entire column respectively. The lava-bed valley and meadow
lands are but little above the Sacramento Valley in amount of

humus, while the San Joaquin Valley falls behind Southern

California. The "desert" plains naturally are lowest of the

eight groups, but it is interesting to note that in the quite even

distribution throughout the column there is a larger amount in.

the lower six feet than is found in the lower six feet of either

the San Joaquin Valley or the lava-bed valleys.

In the foothill and lava-bed valleys the upper two feet hold

one-half of the total humus; in the desert lands one-half of the

humus is distributed through the upper five feet of soil, while in

each of the other columns the upper three feet holds one-half of

the humus.

The first foot of the desert lands contains but about one-eighth

of the total amount of humus of the column; that of the Coast

Range valleys and the marshes, a little more than one-fifth
;
while

in the other regions the upper foot holds from one-third to one-

fourth of the total amount found in the respective columns.

On glancing at the table the attention is first called to the

depth of twelve feet to which humus reaches in all of the com-
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Table 45.—Composite Averages of Agricultural Eegions (in percentages)
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the examination been made. In fact, the column of Fort Romie
was carried through fifteen feet, and 0.41 per cent of humus
with 6.83 per cent of nitrogen was found in the lowest foot.

The next point of interest is the small amount of humus in

the first foot of each of the columns excepting those of the

meadowlands and the tule marshes. This is especially noticeable

in the composite of the San Joaquin Valley and in that of the

"desert" plains. The general average of the surface foot for all

of the columns, excluding the marshes, is 1.16 per cent.

Another point of special interest is the gradual diminution

of humus percentage downward in each of the composite columns

with an occasional slight increase, as is seen in the eleventh foot

of the Sacramento Valley and in the twelfth foot of the Coast

Range valleys. This decrease indicates smaller amounts of

humus-forming vegetable material, presumably the roots of

plants, in each successive foot downwards, the main mass of the

root systems being in the upper three or four feet.

Averages of Three Upper Feet.—A depth of one foot in Cali-

fornia does not in reality represent the soil which is at least three

feet deep, and it would not be correct or fair to the cultural

possibilities of the land to draw conclusions from the humus of

the first foot alone. It is very true that its presence to the

extent of several per cent near the surface is of special import-

ance in maintaining proper physical textural conditions for

aeration, avoidance of crusts and easy penetration of water, but

it is of as great importance that there should be several per cent

of humus in each of the upper several feet
;
for in arid regions

it is below the first foot and away from hot and dry soil that

the feeding roots of plants prefer to carry on their activities,

and it is in the upper three feet that the main mass of fine

feeding roots are usually located, and where they must secure

the needed plant food supplied by the humus. This not only

protects the roots but gives to them a far greater feeding area

which is enlarged with the extension of the humus downward.

The summations for three feet are given at the foot of the table.

Sacramento Valley.
—This valley, represented in the above

table by a composite column of eighteen individual columns, is

not only richer than the San Joaquin Valley in the first foot in
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humus, but in every foot of the entire column to a depth of

twelve feet. One half of the total amount is held in the upper
three feet. Its first foot contains a little less than that of the

Southern California column, but in the upper three feet and in

the entire column there is more. The percentage in the first foot

is too small and clearly shows the need of being increased by a

system of growing and turning under of green crops. With this

to encourage the growth of the young grain and trees, the

lower portion of the column will afford humus-nitrogen and other

plant food for the roots that find their way downward to twelve

or more feet as was the case with wheat and barley roots on the

University Farm at Davis. In the latter soil the humus of the

first foot was only 0.85 per cent and that of the second foot

1.49 per cent, and the ordinary yield had been but from twelve

to fourteen bushels of wheat per acre before the University

bought the property. By proper methods of treatment and

without irrigation or fertilization the agronomist in charge.

Professor G. W. Shaw, secured a yield of 40.4 bushels of wheat

per acre as an average of three years, during which time the

average for the state was but 14.5 bushels."

The humus-nitrogen content of the upper three feet of the

Sacramento composite column is 5.79 per cent of the humus which

thus gives 0.04 per cent to the soil. This is approximately 1600

pounds of nitrogen per acre for each foot in depth.

San Joaquin Valley.
—The composite of twenty-three columns

from the San Joaquin Valley shows humus percentages much

below those of other regions, both in the surface foot (0.80 per

cent) and in each foot of the entire column. The sum of 3.11

per cent, if contained in the upper foot of the three feet, would

be a fair amount, though much below that of other regions. The

low percentages may be due in part to the presence of alkali

salts in some of the soils examined, also to a more arid climate

of far less rainfall than in other regions, and to a less luxuriant

vegetation upon the decay of whose roots the amount of humus

is dependent.

Although this humus percentage is so low in the upper part

of the soil, yet a proper system of deep plowing to break up any

7 Bull. no. 211, Cal. Agr. Expt. Sta.
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tendency to form a plowsole and to make the soil loose and of

good texture for a downward development of the grain roots,

which may thus secure the benefits of the humus, would tend

greatly to increase the grain yields of the valley. This was shown

in the experiments of Professor G. W. Shaw at Ceres and Tulare,^

where during a period of three years by this method the average

yield of wheat was thirty-five and thirty-three bushels respec-

tiveh', during which period the average wheat for the state was

14.5 bushes per acre. No irrigation or fertilization was used in

his experiments.

The humus-nitrogen of the upper three feet of the composite

column is 6.27 per cent of the humus, which is higher than in

any of the other composite columns in the table. In the soil

itself, however, there is but an average of 0.04 per cent, or 1600

pounds per acre-foot.

Sierra Nevada Foothills.—The composite of three columns

from the Sierra Nevada foothills shows more humus in the first

foot than in that of the Sacramento Valley or Southern Cali-

fornia. That of the second foot is, however, somewhat less, and

there is a greater decrease in the lower part of the column, the

sum being but 3.39 per cent in the eight feet. ]\Iore than one-

half of the humus is held in the upper three feet.

The humus-nitrogen in the upper three feet of the composite

column is 5.4 per cent of the humus, or 0.05 per cent in the soil,

and is equivalent to 2000 pounds for each acre-foot in the three

feet.

Coast Range Valleys.—The composite column of the twenty-

four soils of the valleys of the Coast Range shows a general

average of nearly 2 per cent of humus in the surface foot and thus

is far above each of the other columns, except the marshes and

meadowlands. Not only that, but it is the only composite column

of the uplands which ha.s more than 1 per cent in the subsoils

immediately below the first foot. The percentage of humus in

each of the succeeding feet throughout the twelve feet is also

higher than in any other of the composite columns; the twelfth

foot has nearly one-half of 1 per cent and the sum of the entire

column is 9.38 per cent. The humus is not a.s rich in nitrogen

8 Bull. No. 211, Calif. Agr. Exp. Sta.
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as that of the San Joaquin or Southern California, and the

amount of organic nitrogen in the soil is below the 0.05 per cent

regarded as necessary for fertility.

Southern California.
—The soils of the valleys of Southern

California represented by the composite of twenty-five columns

have about the same humus content in the first foot and in the

upper three feet as was found in similar parts of the columns

from the Sacramento Valley and the foothills, but are far behind

those of the Coast Range valleys. The humus is well distributed

downward to twelve feet, and as with the Sacramento soils

affords an excellent and large feeding area for plant roots; every

encouragement should be given crops to take advantage of this

by sending their roots deep into this fertile soil mass. The upper
three feet contains a little less than one-half of the total humus.

The humus of the first foot is too low for the maintenance of

good physical condition and careful attention should, as a rule,

be given to the turning under of green crops and the humification

of the same.

The humus in the upper three feet contains 5.74 per cent of

nitrogen, but this gives only the small amount of 0.03 per cent to

the soil : this is equivalent to about 1200 pounds per acre-foot,

which under the influence of bacteria gradually becomes available

for plants.

"^Desert" Plains.—The desert lands represented by a com-

posite of five columns from the valleys of Imperial, Coachella,

Owens River, and Mojave River are very low in humus in their

upper several feet, as is to be expected from the meagerness of

the natural humus-forming vegetation. One-half of the humus is

held in the upper five feet instead of in three, as is the case with

other regions. The presence of so much humus in the twelfth

foot is a matter of some surprise, for the lands seem usually

quite deficient in natural moisture other than hygroscopic for

hundreds of feet in depth. The amount of humus in the twelfth

foot is one-half that of the first foot. The humus of the upper

three feet contains but 4.97 per cent of nitrogen, which gives but

0.01 per cent of organic nitrogen in the soil : this is equivalent

to about four hundred pounds per acre-foot, which is very little.

Lava-hed Region.—The valley lands of the Lava-bed region
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of the northeastern part of the state have in the composite of

eight columns a high percentage of hnmns. not only in the first

foot but in the second. This is natural as the soils are moist

from underlying water and there is a strong vegetation whose

roots penetrate deeply. The total sum of humus percentages in

the twelve feet is 4.25 per cent, the upper three feet holding more

than one-half of it. The humus is poorer in nitrogen than in any

of the regions except the desert, the average in the upper three

feet being 3.79 per cent, or 0.05 per cent in the soil.

Tule Marshes.—The tule marshes near Stockton and Klamath

and the Pomona cienega have extremely high humus percentages

in each of the four upper feet, and the humus is also quite high

through the column of seven feet, all derived from the large

amount of decaying tule roots. The humus-nitrogen of the

upper three feet is, however, only 5.75 per cent in the humus or

0.44 per cent in the soil; the latter is much higher than found

in any of the colunuis.

Nitrogen in the Humus and in the Soil

Nitrogen exists in the soil partly in the free .state in the air

that permeates the soil
; partly in the vegetable and animal

material that has not undergone humification ; partly in the

humified vegetable and animal matter
;
and partly as nitrates

soluble in water, and hence very variable in amount from day

to day and liable to be lost by drainage. That the unlmmified

material in the soil does not yield its nitrogen to the plants until

after complete humification has been shown by the experiments

of Professor Hilgard, whose conclusions are as follows :

"It thus appears that although the nitrogen of the un-

humified organic matter constituted about 40 per cent of the

total in the original soil, it would during the entire year have

contributed only to an insignificant extent to the available

nitrate supply ;
while the fully humified

'

matiere noire
'

con-

tributed fourteen times as much. During the growing-season of

four or five months the unhumified organic matter would have

yielded practically nothing to the crop."®

9 Soils (Macmillan & Co., 1906), p. 360.
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The humus itself then is the most reliable source of nitrogen,

keeping it in reserve to be given to the roots of plants by degrees

by ammonifying and nitrifying bacteria and at the time when

most needed, namely, in the growing season. The fertilizing

value of humus depends, as has already been remarked, upon
the amount of nitrogen that it contains and which may be

changed to ammonia and nitrates through the agency of bacteria

and given to the soil and plant. The nitrogen content naturally

varies according to the nature of the materials from which the

humus was formed and to any diminution that may have occurred

from bacterial action or other causes, and we therefore find

great differences in one and the same column of soil. Sometimes

the difference is very great between one foot and the next, for

which it is difficult to account.

Nitrogen in Humus.—]\Iore than one thousand of these

nitrogen determinations in the humus of the soil columns have

been made and the results were found to vary from 1 per cent

to 24 per cent, but the greater number were from 4 per cent to

6 per cent.

The highest percentage of nitrogen in humus was 24.10 per

cent, found in the eighth foot of the Berkeley adobe column, and

in this were three other levels with more than 10 per cent, all

of which were below the sixth foot. The column from Kenwood,
Sonoma County, had in its sixth foot 23.2 per cent, while two

others of its series had above 10 per cent. The sixth foot of

the Santa Paula soil had 20.5 per cent and in the fifth and

ninth foot there was more than 10 per cent. The humus of the

entire soil column from Fullerton, from the place of Dr. S. S.

Twombly, has the credit of being richer in nitrogen than any
soil thus far examined, the fifth foot having 20.5 per cent, the

eighth and tenth having more than 19 per cent each, the third

18.4, and the others above 10 per cent, excepting the second

foot which has 7.8 per cent
;
the general average of the column

is 15 per cent. The amount of humus is, however, quite small

throughout the column, and hence the amount of humus-nitrogen

given to the soil is but 0.05 per cent. The humus of the

Kearney Park soil is another notable example of rather high

percentages of nitrogen, as in each of the seven feet below the
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upper foot there is more than 10 per cent; but here again the

amount of humus is small. The Chico column should also be

mentioned, as from the fifth to the twelfth the humus of each

foot contains from 10 to 14 per cent of nitrogen, except the ninth

which has 9.5 per cent.

In the one thousand determinations of nitrogen there were

but sixty-four instances, or about 6.4 per cent, where the humus

contained more than 10 per cent of nitrogen : fourteen of these

have from 15 to 20 per cent and six have above 20 per cent. The

general average of all, including the marshes, is 5.92 per cent

for the first foot, 5.60 per cent for the upper three feet and

5.57 per cent for the entire depth of twelve feet.

The humus of the surface foot of the composite of Southern

California soils is richer in nitrogen than that of any of the

other regions, though nearly equalled by that of the tule marshes.

That of the lava-bed valleys is poorer in nitrogen than any.

When we consider the upper three feet of the composite

columns we find that the humus of the San Joaquin Valley is

much the richest and that of the lava beds again the poorest.

Four of the eight columns fall below the general average for the

state. The same is true for the averages of the twelve foot

columns.

The differences in the percentages of nitrogen in the humus

of the upper three feet and of the total column are not very

great, especially in the valleys of the Coast Range, where the two

are very nearly the same; in the Sacramento Valley, Southern

California lava beds and the desert plains the average in the

column is considerably less.

Organic Nitrogen in the Soils.—It is well to remark here that

0.10 per cent of humus-nitrogen in the upper foot of a humid

soil is regarded as an ample supply for fertility, while in the

arid region with its deeper soil, deeper humus and deeper root

penetration, one-half of that amount, or 0.05 per cent in each

of the three upper feet is considered sufficient for many years,

because the roots are in a deeper feeding area than in the humid

region, and bacterial activity is greater and deeper. This per-

centage would mean 2000 pounds of nitrogen per acre in each

foot.
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The marsh or tiile soils of the state have very high amounts

of nitrogen, as shown in the Stockton tule (0.83 per cent),

Klamath tule (0.34 per cent), and the Pomona cienega (0.25 per

cent). The nitrogen is, however, less available than that of

the dry uplands, and a comparison cannot be made. The two

soils from the Arroyo Grande Valley, including the Routzahn

seed-farm, are highest among the other soil columns with their

0.16 per cent of nitrogen each
;
the next highest are Gilroy with

0.15 per cent
; Berkeley and Farmington each with 0.14 per cent

;

Burpee seed-farm of Lompoc, Vaca Valley, and Kenwood each

with 0.13 per cent; and El Verano, Santa Maria. Chico, Yount-

ville, and Chino each with 0.11 per cent. Newcastle soil has

0.10 per cent, while all others have less than that. The results

show most certainly that the lands represented by these fourteen

soils should not need fertilization with nitrate fertilizers for

many years.

Nine of the soils have but 0.01 per cent of humus-nitrogen in

the first foot, seven have but 0.02
; forty-six or nearly half of

the columns have less than 0.05 per cent, and hence are much

below the desirable percentage of nitrogen. The average of the

first foot of all of the columns, except the marshes, is about

0.05 per cent.

Some of the upland soils are quite rich in organic nitrogen in

the upper three feet, the true soil of the arid region. The adobe

of Berkeley is the richest with its 0.13 per cent or approximately

15,000 pounds per acre in a depth of three feet. Eight columns

have averages of 0.10 and upward, viz., the two Arroyo Grande

soils, Gilroy, Chico, Farmington, Kenwood, Newcastle, and

Cottonwood. Thirty-one columns have averages of from 0.06

to 0.10 per cent, all others being below this amount. In other

w^ords we find that more than half of the columns have less than

the 0.05 per cent of organic nitrogen in their upper three feet

which is considered necessary for fertility. Many have but little

more than traces of nitrogen.

In the entire column of twelve feet we find that there are

eleven upland localities that have averages of as much as 0.05 per

cent, and among these Berkeley and Arroyo Grande columns

stand highest with averages of 0.08 per cent or approximately
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38,000 pounds of organic nitrogen distributed through the depth

of twelve feet.

HUMUS IN SOILS OF DIFFERENT TEXTURE

We have grouped together in tlie following table the humus

percentages of soil columns having similar texture and similar

characters in order to ascertain whether these have any influence

upon the amounts of humus. For the textural classification of

the soils we have used that of Professor Hilgard.^" the basis of

which is the percentage of clay in the soil. Thus soils with

3 per cent and less are cla.ssed as very sandy, those with from

3 to 10 per cent of clay as sandy, with from 10 to 15 per cent

as sandy loams, with from 15 to 25 per cent as clay loams, with

25 to 35 per cent of clay as clay soils, and those with more than

35 per cent of clay are classed as heavy clays, among which are

the adobes of California and other states of the arid west.

Table 46.—Average of Humus in Lands op Different Texture at

Various Depths

Very sandy Sandy Sandy loam Clay loam Clay Heavy adobe

1-3% clay 3-10% clay 10-15% clay 15-257c clay SS-SoVf clay -35% clay

9 columns 15 columns 21 columns 23 columns 8 columns 10 columns

Per cent Per cent Per cent Per cent Per cent Per cent

1 ft 62 .81 .97 1.33 2.03 1.56

2 ft 50 .62 .77 .98 1.25 1.23

3 ft 37 .43 .55 .73 1.11 .95

4 ft 31 .35 .43 .63 .89 .61

oft 29 .35 .37 .48 .68 .43

6 ft 21 .35 .31 .41 .52 .37

7 ft 20 .31 .30 .34 .53 .28

8 ft 14 .26 .24 .28 .40 .21

Oft 12 .20 .19 .24 .37 .17

10 ft 07 .19 .20 .22 .29 .17

11 ft 04 .15 .14 .20 .19 .14

12 ft 03 .16. .12 .19 .25 .13

Sum of per cents:

Upper 3 feet.... 1.49 1.86 2.29 3.04 4.39 3.74

Upper 6 feet.... 2.30 2.91 3.40 4.56 6.48 5.15

Lower 6 feet 60 1.27 1.19 1.47 2.03 1.10

Entire column.. 2.90 4.18 4.59 6.03 8.51 6.25

10 Soils (Macmillan & Co.), p. 84.
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It is interesting to note in each of these composite columns

of soils the quite regular decrease in the amount of humus from

the surface to the twelfth foot, thus indicating that in each the

humus has been derived from the decay of plant roots rather

than from vegetable material deposited during the building-up

of the soil strata. It also gives testimony to the deep rooting of

plants of all kinds, notably grasses and weeds during the ages

that have passed.

Another interesting point is the regular increase in the humus

percentages from a minimum in the very sandy to the maximum

in the clay and then a decrease in the adobe clays, not only in

the surface foot of these composite soil columns but also in each

succeeding foot down to the twelfth, the only exceptions being

slight ones in the sandy loam series which are a little less than

in the sandy.

It is clearly evident, then, that as a rule the clay soils, except-

ing the adobe clays, of the state have a higher percentage of

humus than any other class
;
and that the humus content in

the series increases with the increase in clay up to a certain

point when there is a decrease.

The tables show that the lower half of the heavy adobe clays

has a smaller percentage of humus than any other class except

the very sandy ;
the inference being that the close, compact, heavy

clay strata have prevented the extension of plant root systems

to the lighter soils.

It will also be noted that one-half of the total humus in each

of the composite columns is held in the upper three feet, with

the exception of the sandy, in which it is held in four feet.

Comparison of Individual Heavy Black Adobe Clay Soils

The heavy clay soils loiown as adobe clay and containing from

35 per cent of clay upward to as high as 62 per cent are found

in isolated areas throughout the state, the largest being in the

region of Stockton. They form a distinct class possessing

peculiar physical properties. The surface soil is usually black

to a depth of three or more feet, changing to a lighter color

below and generally resistant to the easy movement of water,

plant roots, and tillage implements, though the roots of ordinary
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weeds have been followed to the depth of eleven feet below the

surface, and alfalfa roots have been observed at a depth of

twenty-six feet in the adobe of Berkeley. It is extremely plastic

when wet, but when dry it absorbs water with extreme slowness.

Because of the black color it was supposed that the humus content

would be found to be quite high in all localities, but the dis-

appointment following the examination of many columns has

induced us to present them in a table for comparison ;
the figures

for humus and for amount of clay are taken from the report on

the several agricultural regions already given. The "adobe"

soils in which there is less than 35 per cent of clay are omitted

from the table.
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Tracy, Biggs, and south of Dixon, which have less than 1 per

cent. A very striking example of this was found in a sample
of adobe soil sent for examination some time ago from near the

hills in the Santa Clara Valley, which although almost jet black

had but a trace of humus.

It is further interesting to note that in the Berkeley and

Walnut Creek columns there is more than 1 per cent of humus

in each of the upper six and five feet below the surface respec-

tively; in each of the upper three feet of the Santa Clara and

San Ramon columns and in the upper two feet of the Willows

column. In the Dixon, Tracy, and Biggs columns there is less

than 1 per cent in the first foot.

In the fourth foot of the Santa Clara, seventh foot of the

Berkeley, and third foot of the Yuba City there are very sharp

drops in the percentages, and this is seen also in the lighter color

of the respective columns at those depths. These indicate that

the main root systems of the plants were confined to the upper

part of these soils, while in other columns there was less of root

mass and a greater downward development. In all except where

ground water was found above the twelfth foot, the humus

clearly could be found at greater depth, especially in the Berkeley

column, which had 0.49 per cent in the twelfth foot.

The Santa Clara soil has in its first foot the highest per-

centage of humus of any soil of the state thus far examined,

excepting the tule marshes; the same is true if we compare the

average of the three upper feet and also that of the upper six

feet, which are respectively 3.62 and 1.99 per cent. The general

average of humus in the first foot of the eleven columns is 1.61,

for the second 1.20, and for the third foot only 0.92 per cent.

Relation of Humus Percentage to Color and other

Soil Characters

There are types of land having other than textural charac-

teristics concerning whose relation to humus content some ques-

tion may arise, and we have segregated some of the more

important of these in the following table. They refer to the

uplands and lowlands, the several color characters and to strong
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allcali lands. We have omitted the tule marsh lands from the

composite of lowlands, and the strong alkali lands and the desert

lands from tlie composite of uplands.

Table 48.—Average Humus ix Soils of Different Character and Color
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humus iu both classes is in the decay and humifieation of plants

whose roots had penetrated to depths of many feet.

The small differences throughout the composite columns would

also show that the alluvial lands and the deltas possess no material

advantage, except perhaps in moisture conditions, over the higher

lands which are of good depth and free from hardpan.

Relation of Humus to Soil Color.—It has already been pointed

out that a black color does not necessarily mean the presence of

a high percentage of humus, and this is again emphasized in the

composite columns of many soils of three colors taken from the

main agricultural regions of the state. In these the surface foot

of the black has but little more humus than that of the gray

soil (1.19 and 0.94 per cent respectively). But still more sur-

prising is the fact that, although the upper three feet of the

black lands are almost invariably very dark and even black,

they contain less humus than the upper three feet of the gray

sandy lands; and that throughout the entire composite columns

the percentage of humus is greater in the gray than in the black

soils with the exception of the first foot. There are, of course,

black clay lands of Santa Clara, Arroyo Grande, and other

localities which have high percentages, but these are offset by

those with very small amounts.

The composite of eleven red lands embracing mesa and hill

lands and the more level lands on the eastern side of the great

valley contains less humus than either the black or the gray,

except in the lower six feet.

The gray lands of the state seem therefore to have greatly the

advantage over both the black and red classes in larger humus

content and in its better distribution throughout the depth of

twelve feet.

Humus in Strong Alkali Soils.—This column is a composite

of four alkali soils from the San Joaquin Valley, including the

Tulare Lake bed, and shows a deficiency in humus throughout.

Alkali salts are usually held in the upper four feet of these

valley soils and it is there where they would prevent the growth

of vegetation with accompanying root systems whose decay would

result in the production of humus. Hence w^e find but little more

than mere traces of humus below the fifth foot.
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HUMIC PHOSPHORIC ACID IN SOILS

While one of the chief values of humus lies in its content of

nitrogen which is made available to plants by bacterial action,

the mineral elements potash and phosphoric acid held by it are

also of value to plants as fertilizers and are probably immedi-

ately available. The amount of phosphoric acid is especially

quite large, as is shown by an analysis of the ash from humus

of a productive prairie soil of IMinnesota made by Professor

Snyder.
^^

Table 49.—Analysis of the Ash of Humus

Per cent

Ash (precijiitated humus) 12.24

Composition of the Ash
Silica 61.97

Potash 7.20

Soda 8.13

Lime 0.09

Magnesia 0.36

Ferric oxid 3.12

Alumina 3.48

Phosphoric acid 12.37

Sulfuric acid 0.98

Carbonic acid 1.64

Early in the investigation of the humus in these soil columns,

we made examinations of the ash of the humus of a few of the

soil columns to their full depth to ascertain how much, if any,

phosphoric acid was present in an organic form combined with

the humus below the upper few feet. The difficulty of securing

a humus solution free from suspended clay makes the results

given in the following table only approximately correct, though

sufficiently so to be of special interest in showing that phosphoric

acid does accompany the humus in all soils to depths of many
feet, and being thus distributed downward throughout the soil

mass is at the command of roots as they reach to water.

11 Chemistry of Soils and Fertilizers.
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Table 50.,—Percentage of Humus and Humic Phosphoric Acid in Several

OF THE Soil Columns
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Surface foot Upper 3 feet Entire column
Yuba City, Sutter County 2,000 lbs. 4,800 lbs. 11,200 lbs.

Chico, Butte County 2,000 lbs. 4,800 lbs. 10,800 lbs.

Stockton, San Joaquin County 2,000 lbs. 3,600 lbs. 11,600 lbs.

Russian River, Sonoma County 2,800 lbs. 9,600 lbs. 26,400 lbs.

Santa Paula, Ventura County 2,800 lbs. 7,200 lbs. 15,600 lbs.

Santa Clara, Santa Clara County.... 2,800 lbs. 4,800 lbs. 20,400 lbs.

Modesto, Stanislaus County 400 lbs. 1,200 lbs. 3,200 lbs.

Even in the upper foot of each of the above there is from

2000 to 2800 pounds, with the exception of tnat of ^Modesto, which

has only 400 pounds of phosphoric acid per acre.

When we consider the fact that 0.05 per cent or 2000 pounds

per acre of available phosphoric acid is regarded as a sufficient

amount for soil fertility for present needs, we can readily see

that these particular soils, except that from Modesto, are abund-

antly supplied with phosphoric acid for many years.

Analyses of the first, sixth, and twelfth foot respectively of

the columns also show the presence of large percentages of

available potash.

Comparison of Arid and Humid Soils

A comparison between the soils of the arid and humid regions

brings out the very great advantage possessed by the former and

especially by those of California over the humid, as shown in the

first part of this bulletin. But it is especially marked in the

amount and distribution of humus in the soils of the respective

region.^- The general average in 280 soils of the humid portion

of the United States is 2.63 per cent, and if we add to this the

5.26 per cent in eleven tropical soils of Hawaii the average is

brought to 2.73 per cent, or approximately 109,200 pounds per

acre in a depth of twelve inches.

The average of the 331 California soils and forty-four from

Idaho, Arizona, and Oregon is 1.28 per cent for the surface foot,

or less than one-half that of the humid region. For the first

1- It has been a rather difficult matter to secure data on humus in the
soils east of the Mississijjpi River for the reason that in their analysis
some of the chemists have failed to separate it from the percentage of

aggregate "organic matter."
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foot of the 109 soil columns including the marsh lands the

average is 1.35 per cent.

But the depth of soil in which most of the plant roots are

held in the arid region, and in which the humus color is most

pronounced is three feet, and taking this as the true soil of

California we find that there is a sum of 3.17 per cent, or an

average of 1.06 for each foot
;
this is equivalent to about 127,000

pounds per acre. To this should be added the percentages of

humus found at lower levels of the soil, as shown in the averages

of the 109 columns gi/en in the accompanying table, which would

bring the total humus to 233,000 pounds in twelve feet.
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Arid California with her deep soils of well diffused humus
and richness in plant food thus possesses very great advantages

over the more humid east where a depth of six to nine inches

is very generally accepted as that of a true upland surface soil,

containing practically all of the humus and marked by a very

sharp change of the black humus color to the gray and yellow

subsoil with its inappreciable amount of humus. ^^ In the sedi-

ment lands of the streams and some of the black prairies the

humus is of course found at a greater depth.

CONCLUSIONS

1. The depth of the soils of California is indefinite because of

the presence of humus and available plant food to and beyond
twelve feet below the surface. It may be several times twelve

feet, being limited only by ground water, country rock or heavy

beds of gravel ; layers of hardpan at a depth of several feet

would limit the depth for small cultures, but may be broken up
with dynamite and the depth greatly increased for the extension

of tree roots. There are in reality none of those difficultly

permeable clay subsoils that characterize humid soils and limit

their depth to but a few feet. The sharply defined change of the

black humus color to gray at six or nine inches that marks the

depth of humid soils is present in some of the heavy clay soils

in California at the depth of three feet, but for the most part

the change in tint is very gradual downward through many feet.

The upper three feet may, however, properly be called the soil,

for in that depth the greater part of the feeding roots of plants

are found.

2. The soils of California are richer in humus than has

generally been supposed; in their depth of three feet (the soil

proper) they contain more than in the humid soils, and in the

entire columns of twelve feet or more they have double that of

the humid soils.

13 See Hilgard's Soils, p. 164, and Agricultural Science, 1892, p. 263;

King's The Soil, p. 29; Hall's Soils, p. 45; Minn. Agr. Expt. Sta. Bull.

30, 41, and 65 contain analyses of 121 subsoils, in only sixteen of which
is humus reported lyhough found in all of the corresponding surface soils

which were taken to depths of nine inches. (Bull. 30, p. 164.)
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3. The humus in California soils is usually distributed

through depths of twelve or more feet, the highest percentage

being in the upper three feet and diminishing downward as

shown in each of the 109 soil columns taken from the seven

agricultural regions; as much as 41 per cent was found in the

fifteenth foot of the Ft. Romie column, and 0.74 per cent in the

thirteenth foot of that of Davis and Hayward ;
water was reached

in each case.

4. The surface soils of California have an average of 1.28 per

cent of humus as shown in the analysis of several hundred

samples taken from the many agricultural regions of the state.

This is not sufficient to maintain good tilth in the soil
;
but as

supplemented by that of many feet below often affords a fair

supply of nitrogen. The upper three feet of soil proper has an

average of 1.06 per cent per foot, or a sum of 3.17 per cent.

5. The tule swamps have the highest percentage of humus

because of the mass of decaying roots and other vegetable matter,

while the desert plains have the least.

6. Humification is retarded in close compact adobe clays and

the amount of humus is less than in lighter loam and sandy soils.

7. The valleys of the Coast Range in the western part of the

state have higher percentages of humus in their soils than have

any of the other agricultural regions of California, probably

because of the greater humidity of the climate of that region

and a denser vegetation.

8. The humus of the soils of this state is very generally

derived from plant roots instead of from accumulations of

vegetable material at various depths as the soil was being built

up, thus showing that the native vegetation has for ages been

deep-rooted.
• 9. The black color of a soil is not always due to a high

humus content; many black soils have a smaller percentage of

humus than soils of a gray color. In one instance a very black

clay soil from the Santa Clara Valley contained no humus, its

color being due to the presence of a black rock powder.

10. Humus contains nitrogen in combination, the amount

depending largely on the source of the humus. The average

percentage in the humus of the first foot of the soil columns is
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5.92 per cent; that of each of the upper three feet is 5.60, and

a little less for the entire twelve feet. It varies from 1 to 20

per cent in individual soil layers.

11. The organic nitrogen in the soil derived from the humus

and dependent on the amount of the latter, varies from almost

nothing in the lower depths of the soil to as much as 0.13 per

cent in the upper three feet. The average of the first foot of the

soil columns is 0.07 per cent; for each of the three upper feet,

the range of most annual plant roots, it is 0.05 per cent. The

investigations of Professor Lipman of this station show that

nitrifjdng bacteria are present and active in California soils to

depths of six feet and ammonifying bacteria are present through

a depth of twelve feet, thus making available to plants the

nitrogen content of the humus to these depths.

12. Humus contains soluble mineral plant food in combina-

tion, the phosphoric acid being present in the humus of Cali-

fornia soils to the extent of from 0.01 per cent to 0.08 per cent

throughout the entire depth to which humus reaches, though

usually greatest in the upper few feet.

13. Humus is sometimes less in the first foot than in the

second because it is gradually destroyed by cultivation and

summer fallowing of the soil, but may be replaced and increased

by proper methods of green-manuring, or the turning-under and

humification of legumes.

14. Arid soils have an immense advantage over those of the

humid region of the United States because of this distribution

of humus and its nitrogen, as well as of mineral plant food,

through a depth of many feet, as it gives a greater depth of soil

and induces a deeper root penetration for plants and trees into

a greater feeding area and where there is more moisture. The

wonderful endurance of drought on the part of California soils

is due to this.

15. The practical value and hence the commercial valuation

of land in California cannot be based alone upon the nature of

the surface soil and subsoil as in the humid region, but chiefly

upon its texture and depth, and upon the freedom with which

plant roots are able to penetrate to many feet and secure moisture

and the abundant food supply that exists at those depths in all

of California soils.







UNIVEESITY OF CALIFORNIA PUBLICATIONS—(Continued)

13. On a Small Collection of Mosses from Alaska, by J. Cardot and T.
Tli6rlot. Pp. 297-308; plates 27-28. December, 1906 _ 10

14. Some Unreported Alaska Sphagna, together with a Summary of the
Cryptogamic Work of the University of California Botanical Ex-
pedition to Alaska in 1899, by William Albert Setchell. Pp. 309-
315. September, 1907 05

15. On Nutrient and Balanced Solutions, by W. J. V. Osterhout. Pp. 317-
318. October, 1907 , .05

16. A Sjmopsis of the North American Godetias, by Willis Linn Jepson.
Pp. 319-354; plate 29. December, 1907 40

Index, pp. 355-360.

Vol. 3. 1. Compositae of Southern California, by Harvey Monroe Hall. Pp. 1-

302; plates 1-3, with a map. December, 1907 3.00
2. The Origin, Structure, and Function of the Polar Caps in Smilaeina

amplexicaulis Nutt., by H. D. Densmore. Pp. 303-330; plates 4-8.

December, 1908 „ 35
3, 4. (In one cover.) The Value of Sodium to Plants by Reason of Its

Protective Action. On the Effects of Certain Poisonous Gases on
Plants. By W. J. V. Osterhout. Pp. 331-340. June, 1908 .10

5. Contributions to the Knowledge of the California Species of Crusta-
ceous Corallines, I, by Maurice Barstow Nichols. Pp. 341-348;
plate 9. December, 1908 10

6. Contributions to the Knowledge of the California Species of Crusta-
ceous Corallines. II, by Maurice Barstow Nichols. Pp. 349-370;
plates 10-13. April, 1909 „ 15

7. New Chlorophyceae from California, by Nathaniel Lyon Gardner. Pp.
371-375; plate 14. A^l, 1909 „ 10

8. Plantae Mexicanae Purpusianae, by T. S. Brandegee. Pp. 377-396.

May, 1909 .15

Index, pp. 397-400.

Vol. 4. 1. Studies in Ornamental Trees and Shrubs, by Harvey Monroe Hall. Pp.
1-74; plates 1-11; 15 text-figures. March, 1910 76

2. Gracilariophila, a New Parasite on Gracilaria confervoides, by Harriet
L. Wilson. Pp. 75-84; plates 12-13. May, 1910 10

3. Plantae Mexicanae Purpusianae, n, by T. S. Brandegee. Pp. 85-95.

May, 1910 _.. 10
4. Leuvenia, a New Genus of Flagellates, by N. L. Gardner. Pp. 97-106;

plate 14. May, 1910 10
6. The Genus Sphaerosoma, by William Albert Setchell. Pp. 107-120;

plate 15. May, 1910 16
6. Variations in Nuclear Extrusion Among the Fucaceae, by Nathaniel

Lyon Gardner. Pp. 121-136; plates 16-17. August, 1910 15
7. The Nature of the Carpostomes in the Cystocarp of AJinfeldtia gigarti-

noides, by Ada Sara McFadden. Pp. 137-142; plate 18. February,
1911 05

8. On a Colacodasya from Southern California, by Mabel Effie McFadden.
Pp. 143-150; plate 19. February, 1911 „ _ .05

9. Fructification of Macrocystis, by Edna Juanita Hoffman. Pp. 151-158;

plate 20. February, 1911 .05

10. Erythrophyllum delesserioides J. Ag., by Wilfred Charles Twiss. Pp.
159-176; plates 21-24. March, 1911 15

11. Plantae Mexicanae Purpusianae, III, by T. S. Brandegee. Pp. 177-194.

July, 1911 - „ .- 15
12. New and Noteworthy California Plants, I, by Harvey Monroe Hall.

Pp. 195-208. March, 1912 ...» 16
13. Die Hydrophyllaceen der Sierra Nevada, by August Brand. Pp. 209-

227. March, 1912 .20

14. Algae Novae et Minus Cognitae, I, by William Albert Setchell. Pp.
229-268; plates 25-31. May, 1912 40

15. Plantae Mexicanae Purpusianae, IV, by Townshend Stith Brandegee.
Pp. 269-281. June 26, 1912 .- 18

16. Comparative Development of the Cystocarps of Antithamnion and
Prionitis, by Lyman L. Daines. Pp. 283-302; plates 32-34. March,
1912 ., 20

17. Fungus Galls of Cystoseira and Ealidrys, by Lulu M. Estee. Pp. 305-316;
plate 35. March, 1913 10

18. New Fucaceae, by Nathaniel L. Gardner. Pp. 317-374; plates 36-53.

April, 1913 _ „ „ „ .75

19. Plantae Mexicanae Purpusianae, V, by Townshend Stith Brandegee.
Pp. 375-388. June, 1913 15

Index, pp. 389-397.



UNIVEESITY OF CALIFOENIA PUBLICATIONS—(Continued)

Vol. 5. 1. Studies in Nicotiana I, by William A. Setchell. Pp. 1-86; plates 1-28.

December, 1912 „ _ 1.25

2. Quantitative Studies of Inheritance in Nicotiana Hybrids, by Tbomas
H. Goodspeed. Pp. 87-168; plates 29-34. December, 1912 1.00

3. Quantitative Studies of Inheritance in Nicotiana Hybrids II, by Thomas
H. Goodspeed, Pp. 169-188. January, 1913 „ 20

4. On the Partial Sterility of Nicotiana Hybrids made with N. Sylvestris
as a Parent, by Thomas H. Goodspeed. Pp. 189-198. March, 1913 10

5. Notes on the Germination of Tobacco Seed, by Thomas Harper Good-

speed. Pp. 199-222. May, 1913 25

Vol. 6, 1. Parasitic Florideae, I, by William Albert Setchell. Pp. 1-34, plates 1-6.

April, 1914 - 35

2. Phytomorula regularis, a Symmetrical Protophjrte related to Coelastrum,

by Charles Atwood Kofoid Pp. 35-40, plate 7 April, 1914 05

AMERICAN ARCHAEOLOGY AND ETHNOLOGY.—A. L. Kroeber, Editor. Price per

volume, $3.50 (Volume I, $4.25). Volumes I-IX completed. Volumes X and XI in

progress.

GEOLOGY.—Bulletin of the Department of Geology. Andrew 0. Lawson and John C.

Merriam, Editors. Price per volume, $3.50. Volumes I (pp. 428), II (pp. 450), m
(pp. 475), IV (pp. 462). V (pp. 458), VI (pp. 454), and VH (pp. 495, index in press)

completed. Volume VIII in progress.

ZOOLOGY.—W. E. Ritter and C. A. Kofoid, Editors. Price per volume $3.50; volume XI and

following, $5.00. Volumes 1 (pp. 317), II (pp. 382), HI (pp. 383), IV (pp. 400), V
(pp. 440), VI (pp. 478), VII (pp. 446), VIII (pp. 357), IX (pp. 365), X (pp. 417),
and XI (pp. 528, index in press) completed. Volumes XII and Xni in progress.

MEMOIRS OF THE UNIVERSITY OF CALIFORNIA (Quarto).

Vol. 1. 1. Triassic Ichthyosauria, with special reference to the American Forms,
by John C. Merriam. September, 1908 „ $3.00

2. The Faima of Rancho La Brea. Part I. Occurrence, by John C. Mer-
riam. November, 1911 — .30

The Fauna of Rancho La Brea. Part II. Canidae, by John C. Merriam.

October, 1912 — - 80

Vol. 2. The Silva of California, by Willis Linn Jepson. 480 pages, 85 plates, 3

maps. December, 1910. Cloth $7.50, paper „. 5.00

Vol. 3. Business Cycles, by Wesley C. IMitchell. xviii -f- 610 pages. September,
1913. Cloth $7.50, paper 5.00

Other series in Classical PhUology, Economics, Education, Egyptian Archaeology, Engi-
neering, Entomology, Geography, Graeco-Roman Archaeology, History, Mathematics, Modem
Philology, Pathology, Philosophy, Psychology, Physiology, Semitic Philology.

UNIVERSITY OF CALIFORNIA CHRONICLE.—An official record of University life,

issued quarterly, edited by a committee of the faculty. Price $1.00 per year. Current
volume No. XVI.

ADMINISTRATIVE BULLETINS OF THE UNIVERSITY OF CALIFORNIA.—Edited by
the Recorder of the Faculties. Includes the Register, the President's Report, the

Secretary's Report, and other official announcements.



UNIVERSITY OF CALIFORNIA PUBLICATIONS
IN

AGRICULTURAL SCIENCES
Vol. 1, No. 9, pp. 275-290, pis. 1-4 June 9, 1915

NEW EXPERIMENTS ON ALKALI SOIL

TREATMENT

fPreliminary Report)

BY

CHARLES B. LIPMAN and LESLIE T. SHARP

UNIVERSITY OF CALIFORNIA PRESS

BERKELEY



ITNIVEESITY OP CAXJFOBNIA PUBLICATIONS
Note.—The University of California Publications are offered in exchange for the publi-

cations of learned societies and institutions, universities and libraries. Complete lists of
aU the publications of the University will be sent upon request. For sample copies, lists of

publications and other information, address the Manager of the University Press, Berkeley,
California, U. S. A. All matter sent in exchange should be addressed to The Exchange
Department, University Library, Berkeley, California, U. S. A.

OTTO HAEEASSOWITZ E. FEIEDLAENDEE & SOHN
LEIPZIG BEELIN

Agent for the series in American Arch- Agent for the series in American Arch-

aeology and Ethnology, Classical Philology, aeology and Ethnology, Agricultural Scl-

Educatlon, Modem Philology, Philosophy, ences, Botany, Geology, Mathematics, Path-

Psychology, ology, Physiology, Zoology, and Memoirs.

AGEICULTUEAL SCIENCES.—Charles B. Lipman, Ernest B. Babcock, and John W.
Gilmore, Editors. Price per volume, $3.50.

VoL 1. 1. The Distribution and Activities of Bacteria in Soils of the Arid
Eegion, by Charles B, Lipman. Pp. 1-21. October, 1912 $0.20

2. Studies on the Phenoldisulphonic Acid Method for Determining Nitrates
in Soils, by C. B. Lipman and L. T. Sharp. Pp. 23-37. October, 1912. .15

S. The Effects of Calcium and Magnesium Carbonates on Some Biological
Transformations of Nitrogen in Soils, by W. P. Kelley. Pp. 39-49.

December, 1912 10
4. The Aluminum Eeduction Method as Applied to the Determination of

Nitrates in "Alkali" Soils, by Paul S. Burgess. Pp. 51-62. May,
1913 15

5. Studies Upon Influences Affecting the Protein Content of Wheat, by G.
W. Shaw. Pp. 63-126. October, 1913 75

6. The Effect of Copper, Zinc, Iron and Lead Salts on Ammonification and
Nitrification in Soils, by C. B. Lipman and P. S. Burgess. Pp. 127-
139. Marcli, 1914 15

7. Studies on Ammonification in Soils by Pure Cultures, by C. B. Lipman
and P. S. Burgess. Pp. 141-172. April, 1914 25

8. Humus and Humus-Nitrogen in California Soil Columns, by E. H.
Loughridge. Pp. 173-274. August, 1914 1.00

9. New Experiments on Alkali Soil Treatment (Preliminary Eeport), by
Charles B, Lipman and Leslie T. Sharp. Pp. 275-290, plates 1-4.

June, 1915 .15

Vol. 2. 1. Studies in Juglans I. Study of a New Form of Juglans Californica
Watson, by Ernest B. Babcock. Pp. 1-46, plates 1-12. December,
1913 60

2. Studies in Juglans IT. Further Observations on a New Variety of

Juglans Californica Watson and on Certain Supposed Walnut-Oak
Hybrids, by Ernest B. Babcock. Pp. 47-70, plates 13-19. October,
1914 „ 35

AGEICULTUEE.—The Publications of the Agricultural Experiment Station consist of Bul-^
letins and Biennial Eeports, edited by Professor Thomas Forsyth Hunt,
Director of the Station. These are sent gratis to citizens of the State of
California. For detailed information regarding them address The Agri-
cultural Experiment Station, Berkeley, California.

BOTANY.—W. A. Setchell, Editor. Price per volume, $3.50. Volumes I (pp. 418), II (pp.

860), ni (pp. 400), completed. Volumes IV and V in progress.
VoL 1. 1. £. Botanical Survey of San Jacinto Mountains, by Harvey Monroe

Hall. Pp. 1-140; plates 1-14. June, 1902 $1.00
2. Two new Ascomycetous Fungi Parasitic on Marine Algae, by Minnie

Eeed. Pp. 141-164; plates 15-16. November, 1902 ..„ _ 25
8. Algae of Northwestern America, by William Albert Setchell and Na-

thaniel Lyon Gardner. Pp. 165-418; plates 17-27. March, 1903. 2.25

Vol. 2. 1. A Eeview of Califomian Polemoniaceae, by Jessie Milliken. Pp. 1-

71; plates 1-11. May, 1904 _ „ 75
2. Contributions to Cytological Technique, by W. J. V. Osterhout. Pp.

73-90; 5 text-figures. June, 1904 25
5. Limu, by William Albert Setchell. Pp. 91-113. April, 1905. _ r.. 25
4. Post-Embryonal Stages of the Laminariaceae, by William Albert

Setchell. Pp. 115-138; plates 13-14. April, 1905 25
B. Eegeneration among Kelps, by William Albert Setchell. Pp. 139-168;

plates 15-17. July, 1905 „ .80

6. A New Genus of Ascomycetous Fungi, by Nathaniel Lyon Gardner.

Pp. 169-180; plate 18. July, 1905 „ 15



UNIVERSITY OF CALIFORNIA PUBLICATIONS
IN

AGRICULTURAL SCIENCES
Vol. I, No. 9, pp. 275-290, pis. 1-4 June 9, 1915

NEW EXPERIMENTS ON ALKALI SOIL 'J'

TREATMENT *

(Preliminary Report )

BY

CHAELES B. LIPMAN and LESLIE T. SHAEP

UNIVERSITY OF CALIFORNIA PUBLICATIONS

IN

AGRICULTURAL SCIENCES

Volume 1, Number 9

ERRATUM

The plates have been misplaced. Plate 1 has been printed as Plate 3,

Plate 2 as Plate 1, and Plate 3 as Plate 2. Plate 4 is correctly placed.

The pots have not been numbered. They are arranged in order from

left to right; thus, on Plate 1 (jirinted as Plate 3) are pots 1 to 5; on

Plate 2 (printed as Plate 1) are pots 6 to 10, etc.

of two classes. The first class is that concerned with the removal

of alkali salts from the affected soils by floodingr, accompanied

by underdrainage by natural or tile drain methods. The second

=3



tTNIVEESITY OF CAUTOENIA PUBLICATIONS

Note.—The University of California Publications are offered in exchange for the publl-

cationa of learned societies and institutions, universities and libraries. Complete lists of

all the publications of the University will be sent upon request. For sample copies, lists off

publications and other Information, address the Manager of the University Press, Berkeley,

California, U. S. A. All matter sent in exchange should be addressed to The Bzchange
Department, University Library, Berkeley, California, U. S. A.

OTTO HAEEASSOWITZ E. FEIEDLAENDEE & SOHN
LEIPZIG BEELIN

Agent for the series in American Arch- Agent for the series in American Arch-

aeology and Ethnology, Classical Philology, aeology and Ethnology, Agricultural Scl-

Education, Modem Philology, Philosophy, ences, Botany, Geology, Mathematics, Path-

Psychology, ology, Physiology, Zoology, and Memoirs.

AGEICULTUEAL SCIENCES.—Charles B. Lipman, Ernest B. Babcock, and John W.
Gilmore, Editors. Price per volume, $3.50.

VoL 1. 1. The Distribution and Activities of Bacteria in Soils of the Arid

Region, by Charles B. Lipman. Pp. 1-21. October, 1912 $0.20

2. Studies on the Phenoldisulphonic Acid Method for Determining Nitrates

in Soils, by C. B. Lipman and L. T. Sharp. Pp. 23-37. October, 1912. .15

3. The Effects of Calcium and Magnesium Carbonates on Some Biological
Transformations of Nitrogen in Soils, by W. P. Kelley. Pp. 39-49.

December, 1912 10

4. The Aluminum Reduction Method as Applied to the Determination of

Nitrates in "Alkali" Soils, by Paul S. Burgess. Pp. 51-62. May,
1913 15

J.T. - Tt— -J ;—_riL—J.-— ^ -;g .«Cri.<knk .lv>'

2. Contributions to cytoiogicai Tecimic[ue, Dy w.' j. v. osternout. trp.

73-90; 5 text-figures. June, 1904 25

S. Limu, by WiUiam Albert Setchell. Pp. 91-113. April, 1905 _ 25

4. Post-Embryonal Stages of the Laminariaceae, by William Albert
Setchell. Pp. 115-138; plates 13-14. April, 1905 25

5. Regeneration among Kelps, by William Albert Setchell. Pp. 139-168;

plates 15-17. July, 1905 80

6. A New Genus of Ascomycetous Fungi, by Nathaniel Lyon Gardner.

Pp. 169-180; plate 18. July, 1905 - 15



UNIVERSITY OF CALIFORNIA PUBLICATIONS
IN

AGRICULTURAL SCIENCES
Vol. 1, No. 9, pp. 275-290, pis. 1-4 June 9, 1915

NEW EXPERIMENTS ON ALKALI SOIL
Hii

TREATMENT «AkJ>ei^.

(Preliminary Report)

BY

CHAELES B. LIPMAN and LESLIE T. SHARP

The presence of "alkali," denoting water-soluble salts in con-

siderable quantities in soils, has long been one of the problems

of soil management in arid regions from the point of view of

the practical as well as that of the scientific man. While soluble

.salts like magnesium and calcium sulphates, and chlorides as well

as, in some cases, nitrates of the alkalies and alkali earths and

other soluble compounds frequently occur with them, the salts

which usually are found to cause injury in alkali soils are sodium

chloride, sodium sulphate, and sodium carbonate. It is unneces-

sary to go into detail here on the specific effects of every one

<if these salts. Suffice it to say, that in general the damage
is caused by these salts through corrosion of living plant sub-

stance, through plasmolysis of plant cells owing to injurious

o.smotic influences, and through effects on the physical, chemical,

and bacteriological constitution of the soil which result in poor

aeration, poor moisture supply, improperly balanced chemical

composition of the soil solution, and in impairment of those

bacteriological activities necessary to insure an available supply

of plant food substances, particularly of the nitrogen variety.

Alleviative measures in vogue to date in dealing with the

alkali problem as it affects crop production have been, in general,

of two classes. The first class is that concerned with the removal

of alkali salts from the affected soils by flooding, accompanied

by underdrainage by natural or tile drain methods. The second
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class has been that of rendering innocuous, in part or in

whole, the alkali salts without their removal from the soil. In

the latter a division may again be made into methods of chemical

treatment, such as that against sodium carbonate, or "black

alkali," with gypsum and its transformation into the less harm-

ful Glauber salt or sodiiun sulphate, and methods of heavy irri-

gation and deep tillage for the purpose of disseminating the

salts through a larger internal soil surface, thus rendering less

concentrated the soil solution of alkali salts. It may be added

in this e(mnection that empirical methods of alkali soil treat-

ment, such as those of Symmonds^ and Darnell-Smith- in ap-

plying nitric and sulphuric acids respectively, and those of

others employing barnyard manure, have in a few instances

been rewarded with good results. Fuller details with reference

to these experiments need not be given here, since they will be

discussed in the more complete report which will appear when

our experiments have matured.

Basis op the Present Experiments

It will l)e noted above that ameliorative measures in alkali

land treatment have been, with the exception of that of the

drainage treatment and that of the Hilgard proposal of gypsum
treatment against black alkali, of an empirical nature and not

based on established scientific principles. Some measures have

indeed been employed without any good reason. It occurred

to the writers, therefore, to attack the problem of alkali treatment

in soils on the scientific basis of principles established on theore-

tical or experimental grounds. The latter included, broadly

speaking, the principle of antagonism between ions," and those

of the behavior of soil colloids and chemical soil constituents in

the presence of soluble salts, or on the removal of soluble salts.*

1 Journ. Agr. Gov. New South Wales, vol. 21 (1910), p. 257.

2 Eept. Govt. Bur. Microbiol. New South Wales, vol. 2, p. 209.
' See papers of Osterhout in University of California Publications in

Botany and those of G. B. Lipman in Centralblatt fiir Bakteriologie, 2""

Abt.; also paper soon to appear by C. B. Lipman and W. F. Gericke, in

Journal of Agricultural Eesearch.

* In detailed studies carried out by L. T. Sharp, which are soon to be

published, many data of a fundamental nature have been obtained, on the

im])ortance of the relationship existing between soil colloids and soluble

salts, particularly when the latter are leached from a soil.
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Since the first-named principle is supported by numerous experi-

ments demonstrating the efficacy of some salts in preventing the

toxicity of others to plants and to soil bacteria, we have at-

tempted to approach the production of a more balanced soil

solution by treating the affected soil with certain salts. Since

likewise the experiments of one of us above cited have demon-

strated the harmful effects on the soil colloids of the washing

out of salts as well as on the removal of necessary elements in

the soil, we have attempted to prevent such harmful effects or

to neutralize them by the methods of acid and manure treatment

which we have employed. The details of our experiments follow

below.

The Method of the Experiments

A large quantity of alkali soil was shipped to the greenhouse

from a field south of Kerman in the San Joaquin Valley. This

soil, which had been previously analyzed for alkali, was found

to contain 0.64 per cent of water-soluble salts which was composed

as follows: 0.459 per cent Nad. 0.098 per cent Na.SO,, 0.083

per cent NaXO,,. It is understood, of course, that the determina-

tions just given are according to conventional analytical methods

made referable to sodium as the base, whereas of course other

bases must usually occur as above intimated along with the acids

determined. In this case, however, only traces of calcium and

magnesium were found. The soil just described has never been

cropped and has borne only a sparse vegetation of plants resistant

to alkali and drouth. It was distributed in eight-inch earthen-

ware pots in portions of six kilograms each and the pots received

the following treatments :

Nos. 1, 2 and 3— Untreated.

Nos. 4 and o— 30.42 gr. each of actual H2S04 c.p.

Nos. 6 and 7— 41.76 gr. of actual H^^SOi c.p.

Nos. 8 and 9— 11.02 gr. each of actual H2SO4 c.p.

Nos. 10 and 11— 62.08 gr. each of actual CaSo, 2H„0 c.p.

Nos. 12 and 13^- 6.00 gr. each of actual CuSO, c.p. calculated as

anhydrous salt.

Nos. 14 and 1.5— 30.00 gr. each of actual FeS04 c.p. calculated as

anhydrous salt.

Nos. 16 and 17— 12.00 gr. each of actual Na.SOi c.p. (anhydrous).
Nos. 18 and 19—300.00 gr. each of actual air-dry barnyard manure.
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The marked effects produced by some of the treatments of the

alkali soils are clearly indicated in the data submitted in the fore-

going table. Of the three control pots, only Nos. 2 and 3 are

probably representative of the true conditions in the soil. But,

even taking these larger values for the yields of barley obtained

from the untreated soil, it is very striking to note the beneficial

effects of several of the treatments. This is especially note-

worthy in the case of the sulphuric acid treatments and par-

ticularly at the smallest application of that acid. The yields in

pots 4 and 5 and pots 8 and 9 are more than three times as large

as those of the average yield of the two control pots, 2 and 3.

The discrepancy between the duplicate pots (6 and 7) of the

largest sulphuric acid application cannot definitely be accounted

for, but it is obvious that several explanations might be offered

therefor. Even the gypsum, ferrous sulphate, and barnyard

manure treatments were instrumental in improving very mater-

ially the producing power of the soil for barley. Evidence is

now in hand which will be published later indicating that

ameliorative results may be obtained with ferrous sulphate far

superior to those indicated in Table 1 by using less of the salt

and by obviating the deleterious effects of the ferrous salt by

allowing it to become partially oxidized in the soil before the

seed is planted. It will be noted further that CuSO^ and Na^SO^
were without effect in a positive direction and appeared even to

render the soil a much poorer medium for the growth of barley

than it was before treatment.

When we pass from the total yields of dry matter to those

of the grain produced, the smallest of the three sulphuric acid

applications employed seems to be far and away the best treat-

ment of all tested. In respect to the grain yield again, gypsum,
and not the intermediate sulphuric acid treatment, stands second,

and the latter and the manure treatment are about even.

So far as the root yields are concerned, the data are too

irregular to allow of our arrival at any definite conclusions.

They do not appear to follow in a general way the yield of tops,

are more consistent and regular in the sulphuric acid treatments,

and best developed in the manure treatments. In general the

favorable treatments were productive of more fibrous root-
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development and the unfavorable treatments, or the untreated

soils, of short, thick roots having very few fibrous roots. The

two exceptionally large root yields in pot 4 and pot 15 are not

capable of satisfactory explanation at this time.

It is not our purpose to explain at this time in detail the

causes underlying the positive or negative effects of the various

treatments, since such explanations will appear in the more com-

plete reports of the work which are to follow. It may be said

here briefly, however, that the H.SO^ exerted its influence, both

in the direction of neutralizing the NaoCO.. and that of improv-

ing the soil's physical condition through its shrinkage of colloids.

In smaller measure, likewise, gypsum exerted similar effects and

in addition thereto exerted the characteristically strong antag-

onistic effect to the sodium and acid ions which calcium is known

to exert in the plant world. The effects of FeS04 are to be

explained in general as are those of CaS04. The effect of the

barnyard manure is probably exerted through the organic colloids

produced in its decomposition, which through the enormous sur-

face they possess hold much of the salts or components of the

latter in a condition which prevents their ready solution in the

soil water. Moreover, the organic colloids render the soil more

retentive of moisture, therefore diluting the soil solution, and

besides exert the most marked effects of any of the materials

used in the improvement of physical conditions in the soil. ]\lany

other effects are probably also involved in the manure treatment

which, like those above mentioned, cannot be discussed here.

Detailed studies are now being made of a chemical, physical

and biological nature to determine, so far as may be. the intimate

effects concerned in treatments of the soil which are above out-

lined. ]\Iuch material has already been accumulated from these

supplementary studies which is of great practical as well as

theoretical significance.

No less interesting and striking than the data given in Table 1

is the series of photographs accompanying this paper. These

confirm in the appearance of the plant growth what is so clearly

shown in the record of yields as above discussed, and the reader's

attention is particularly directed to them.
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Other Experiments

In addition to the experiment above discussed, we have now iu

progress another pot experiment similar to the first, and several

field experiments. In the new pot experiment a different soil,

coming from Kearney Park near Fresno, is being employed. This

soil contains only about 0.44 per cent total salts based on the dry

weight of the soil. The total alkali is differently distributed

than in the soil of the foregoing experiment, consisting of 0.18

per cent NaXOg, 0.16 per cent NaCl and 0.10 per cent NaoS04.
It may be stated, briefly, with respect to this experiment that

even more striking results are already manifest than in the fore-

going series. Nevertheless, it must be added that the barley

plants are only six or seven inches high as yet and any predictions

as to the final outcome of the experiment would be premature.

It is interesting to note, however, that to date none of the control

pots shows any growth worth mentioning and that in the treated

pots there is better agreement than in the preceding series so far

as duplicate pots are concerned.

Of the field experiments above referred to we have five

different locations in the San Joaquin Valley, all in the vicinity

of Fresno. These consist of small treated and untreated plots

in the open alkali fields. Four of the plot experiments concern

the growth of barley, while the fifth concerns alfalfa. It is far

too early to predict anything as to the outcome of these field

experiments, since the period of growth is just beginning, but

we have already made observations on one set of plots which

gives hopes for success.

General Remarks^

The brief statement above made is here submitted to call

attention to some striking results already obtained and to the

promise of new ones to which present experiments are pointing.

5 Since writing the preliminary statement above given the writers have
found that owing to too slight a covering of paraffine on the inner walls

of the pots some of the salts were absorbed by the porous clay. This can
be of little signiticance only in connection with our statement however,
since the largest amounts of salts remain in the pots which gave the

heaviest yields. We only advert to the circumstances here for more

completeness of record and for future reference.
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Oliviously the prtR'tic-al signiticanee of any such experiments in

the event of their proving successful would be very great. The

vast areas of alkali land in this state which at present are worth-

less could be made to increase California's wealth enormously

if they can be treated so as to make them produce, and par-

ticularly if they can be treated cheaply. If our experiments

should turn out to l)e entirely successful, as we now have good

reason to think they will, treatment of alkali land as outlined

above to make it profitable, should prove, relatively, to all other

methods, by far the cheapest method of reclamation.

Transmitted April 16, 1915.





EXPLANATION OP PLATES

PLATE 1

Treatment of Pots reading from left to right

Pots 1, 2 and 3. No treatment.

Pots 4 and 5. 30.42 grams each of actual ILSO4.
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PLATE 2

Treatment of Pots reading from left to right

Pots 6 and 7. 41.76 grams each of actual 112804.

Pots 8 and 9. 11.02 grams each of actual H^SOi.

Pot 10. 62.08 grams of CaS04.2H20.
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PLATE 3

Treatment of Pots reading from left to right

Pot 11. 62.08 grams of CaS0,.2H,0.

Pots 12 and 13. 6.00 grams eacli of CuSOi as anhydrous salt.

Pots 14 and 15. 30.00 grams each of FeSOi as anhydrous salt.

[288]
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PLATE 4

Treatment of Pots reading from left to right

Pots 16 and 17. 12.00 grams each of Na.SO^ anhydrous.

Pots ]S and 19. 300.00 grams each of air-diy Ijarnyard manure.

[290]
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INTRODUCTION

While engaged in an extensive investigation of the physio-

logical effects of NaCl, Na2S04 and NaoCOg on crop plants as

grown in the Davis clay loam, in cylinders, under field condi-

tions, the writer observed that the soil to which the salts had

been previously applied became so impervious during the course

of the experiment as to retard markedly the rate of percolation.

So pronounced was this effect that during the winter and early

spring months all of the salt-treated soils were continuously

covered with standing water. The appearance of this striking

modification in the permeability of the soil to water in the salt-

treated soils, together with the inferior cultivating qualities

exhibited by them, impres.sed us as evidence of the fact that the

salt treatments under the field conditions of the experiment had

effected a fundamental change in the physical constitution of the

soil. The occurrence and nature of this change and its relation

to soil colloids, interior surface, and other properties of soils,

form the considerations with which this paper is chiefly con-

cerned.

Just such an effect on the physical condition of the soil as

described above had been anticipated as the normal result of

adding NaoCOg to the soil, for this salt has generally been con-

ceded, by soil experts, to be an active deflocculating agent. But
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to find, on the other hand, that a similar state of dififusion existed

in the soils to which NaCl or Na2S04 had been added appeared

wholly inexplicable in the light of the prevailing conception of

these salts as agents capable of producing flocculation in the

soil colloids. However, this apparent contradiction of well-

established facts brought out by the field observations becomes

more intelligible as the accumulating data define more clearly the

conditions necessary to produce the remarkable effects observed.

Thus it has been demonstrated, not only in the field but also in

the laboratory, that ihe removal from the soil by water of NaCl

or NaoS04, together with the water-soluble products of their

chemical reaction with the soil constituents, either wholly or in

part, is the initial step in creating a condition favorable for the

diffusion of the soil colloids and possibly for the formation of

new colloidal matter. Therefore the net result of salt application

to and subsequent washing of a soil is to render the soil com-

paratively impervious and to injure seriously its physical con-

dition. The leaching out of added NaoCOg from the soil also

presents some interesting phenomena, which are discussed below.

Although the alteration in the physical condition of the soil

was first observed by the writer as purely incidental to an investi-

gation primarily designed to ascertain the toxicity limits of the

common alkali salts for crop plants, yet it has proved, at least

in the case at hand, a most perplexing factor in the production

of crops. Our experience would lead us to believe that these

after-effects of salt treatments, which appear during the course

of leaching the salts from the soil, would have some application

to the management of alkali lands, and perhaps some significance

with respect to fertilizer treatments. However, the literature

on these subjects, with a few exceptions, seems quite devoid of

any pertinent reference to the possible importance in these

problems of the factor discussed above.

A survey of the literature concerning soils reveals the chief

exceptions just mentioned in the following important contribu-

tions to this subject. Thus, a brief but significant chapter,

"Veranderung der Durchlassigkeit durch Auswaschen der

Salze,
' '

by Adolph I\Iayer.^ records a somewhat .sudden reduction

1 Forschungen auf dem Gebiete der Agrikultur-Phvsik, vol. 2, 1879, p. 251.
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in the permeability of a soil when NaOH is washed from it. A
similar experiment performed by Mayer with sodium phosphate

was not accompanied with the sudden reduction in permeability

of the soil as was noted when NaOH was washed from the soil.

Likewise the washing out of lime-water produced no marked

effect on the rate of percolation, but the leaching out of added

NaCl, either with pure water or with lime-water, reduced percola-

tion to a minimum. Mayer ascribes the poor physical condition

of drained sea-shore lands to the washing out of the salt, and

significantly remarks that this effect, which frequently appears

in the second year, is probably more injurious to crop plants

than the toxicity of the salt itself.

Van Bemmelen- in his cla.ssical researches on colloids has also

observed a similar decrease in the rate of percolation when loosely

bound salts are washed from clays or from the hydrated oxides

of tin, silica, and manganese. Moreover, he noted that these

colloids, when subjected to salt treatments followed by leaching

with water, invariably exhibited a high degree of diffusion upon

suspension in water for a second time. He further asserts that

this process can be indefinitely repeated by alternately adding

to and washing salt from the colloids. The colloidal particles,

as remarked by Van Bemmelen, become so exceedingly small,

during the process of washing salts from them, as to pass through

the filter paper.

Warington^ also refers in a general way to the appearance

of somewhat similar phenomena when soils, previously treated

with acids, are washed with water.

It would appear, with the above exceptions, that those who

have studied absorption, adsorption, or other physico-chemical

effects of salts on soils, have failed to recognize the existence of

any relation between the washing out of salts and the subsequent

condition of the soil. In fact. Hall and Morison* assert that the

flocculating effect of salt solutions on kaolin are reversible, that

is to say, upon the removal of the added salt the kaolin resumes

the original condition of diffusion.

2 Journ. prakt. Chem., 2nd ser., vol. 23, p. 388, 1881.

3 Physical Properties of Soil (Cambridge Univ. Press, 1900), p. 30.

4 Journ. Agri. Sci., vol. 2, p. 244, 1907.
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That these earlier findings have a greater significance in

agricultural practice than was formerly attributed to them be-

comes very evident when the practical phase is attempted of

cropping the diffused, salt-treated, water-washed soils in our

cylinders. Heretofore, the residual effects left upon clays and

clay soils after salts have been washed from them have been

chiefly considered in connection with their application to the

ceramic industry, and have been largely omitted from considera-

tion by those dealing with soils.

Since the striking soil behavior under discussion was first

observed by us, as above explained, in crop cylinder experiments,

it appears desirable to introduce here a brief description of thesii

experiments.

The Cylinder Experiment on the Physiological Effects of

NaCl, NaoSOi and NaoCOg on Crop Plants

The cylinders used in this experiment are of galvanized iron,

open at both ends, coated inside and out with asphaltum, and

are fourteen inches in diameter and five feet long. They were

placed, during September, 1913, in a clay loam soil at Davis.

California, by digging holes to the depth of five feet. During

the progress of digging the holes the soil from each foot was

carefully removed and set aside separately, thus permitting the

cylinders to be refilled with the soil layers in the same order as

they exist naturally.

The soils within the cylinders were then supplied with vary-

ing percentages of the three sodium salts, NaCl, NaoSOj. and

NaoCOg. It seemed a difficult task to secure a satisfactory mixture

of the salts with the soil already in the cylinders, and it was

therefore deemed wise to apply the salts to the surface of the

soils b}^ means of a solution containing the weighed quantity

of salt in 8800 cc. of distilled water. Accordingly, each cylinder

received the same quantity of water, but of a different salt con-

centration. In addition to the salts some of the soils also re-

ceived other treatments which, together with the salt treatments,

are detailed in the following chart. The quantities of salts were
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calculated and applied on the basis of percentage of weight of

the five-foot column of soil in every cylinder.

As mentioned above, all of the salt-treated soils developed

every indication of a thoroughly diffused condition. As a result,

percolation through the treated cylinders practically ceased, so

that the rain-water collected in the two-inch cylinder rim and

remained so persistently as to prove seriously detrimental to the
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Fig. 1. The Salt and Manure Applications to the Soil in the

Cylinders at Davis.

The upper figures refer to the percentages of salts in the 5-foot

column of soil. The lower figures refer to the grams of barnyard manure

added. In row 1, no. 1 contains Na^SO^ instead of NaCl. In row 10, no.

2 likewise contains NaaSOi instead of NaoCOs.

growth of crops. As a final measure, holes were opened down

through the soil columns to provide drainage. In sharp contrast

with the treated soils, even immediately after heavy rain-storms,

no standing water was ever observed on the control soils, and

the splendid growth of the crops planted on them showed a con-

genial condition for crop development. Both the winters of
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1913-1-i aud l'Jl-i-15 were accompanied with similar manifesta-

tions of the extreme retentiveness and imperviousness of the salt-

treated soils.

As previously remarked, all of the check soils responded

readily to cultivation and excellent seed beds were easily pre-

pared, while the soils to which XaCl and NaoSO^ had been added

were in an unworkable condition. A crust, an inch or so in

thickness, formed as soon as the surface dried, and was so hard

that even heavy tools made Imt little impression on it. Just

below the crust the soil was far too wet for plant roots aud re-

sembled putty in consistency. Contrary to expectations, the

soils treated with Na^COg exhibited better cultivating qualities

than the soils receiving the other salts, but inferior to those

of the control soils.

"With a view to obtaining further information concerning the

great dissimilarity between the control soils and the salt-treated

soils, it seemed wnse to examine some of the surface water stand-

ing in the cylinders as well as the soil in contact therewith. These

proved to contain but mere traces of any salts. Of next im-

portance a study of the vertical distribution of the salts in the

cylinders disclosed the fact that the first few inches of soil

contained relatively small quantities of the salts, the first foot

more, the second still more, and the third foot most salt. From

these results it was concluded that the addition of XaCl or NaoSO^
to a soil and subsequently washing the added salt, or at least

part of it. from the soil with water, produces a high degree of

diffusion in the soil colloids. Moreover, this alteration in diffusion

Avas accompanied with proportional changes in the other physical

characteristics of the soil. These conclusions based on our field

experience were soon verified by laboratory experiments.

Laboratory Experiments Reproducing Field Observations

It has been found that the field conditions can be readily

reproduced in the laboratory. Thus a simple procedure, illustrat-

ing qualitatively the lessened percolation, is to place 10 grams or

more of soil in a filter paper in a funnel, adding thereto either

NaCl or NaoSO^ as a solid or iii a water solution, and then wash-
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ing the soil practically free of salt, meanwhile washing with

pure water a similar portion of soil from v/hich the salt has

been omitted to serve as a control. The difference in the rate of

percolation of the two soils has proved to be sufficiently great to

be easily discernible even in the case of sandy soils. Frequently

qO 5 6 7£ 106 144 ISO 216 252 288 324 360 396 452 468 504 540 576

End of Soil Column

Fig. 2. Curves Representing the Downward Movement of Water Through
the Davis Soil to which Salts Have Been Added.

The penetration of the water downward in the soil column is expressed
in inches by the ordinates, while the abscissas represent the time of

observations in hours.

the fine material mentioned by Van Bemmelen and Warington

appears in the percolate.

It has also been found possible to simulate fairly the condi-

tions existing in the field cylinders by means of glass tubes care-
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fully filled with the Davis clay loam to which chemically equiva-

lent salt solutions were added, much in the same manner as the

salt applications wei'e made to the cylinder soils. A constant

head of water was then carefully maintained in the tubes. The

downward movement of the water was observed from time to

time and is graphically portrayed in Figure 2.

From the curves in it it is verj^ apparent that the influence of

these salt additions, accompanied by subsequent surface applica-

tions of water to the soil, has been to retard, markedly, the down-

ward movement of the water through the soil. In less than 33

hours the water had penetrated the entire 141/2 inches of soil in

the control tube, while at the end of 552 hours, under a constant

head of three inches, the maximum distance reached in any of

the salt-treated soils was 13% inches in the case of the soil

receiving NaCl, followed by 13^4 inches in the Na^COg soil, and

but 11 inches in the soil to which Na2S04 had been added. At

the expiration of 56 days no percolation had occurred, though

the entire soil columns were moist. The total absence of percola-

tion in the salt-treated soils was attributed to the growth of algae

in the tubes.

To test further the points under consideration, a second series

w^as prepared to study the rates of percolation through Davis

clay loam to which salts had been added in various ways. The

results of this experiment are embodied in Table I.

In the above experiment the chemically equivalent quantities

of salts were mixed uniformly with the dry soil before placing

the mixture in the paraffine-coated brass percolation tubes, except

in the case of Nos. 12, 13, and 14, through which salt solutions

were passed of a strength (calculated on the basis of a previously

determined water-holding power of the soil) to give compara-

tively equal quantities of salts with those soils receiving the dry

salts. A head of one to two inches was carefully maintained on

the soil in all the tubes throughout the experiment.

The results recorded in the foregoing table fully corroborate

the field experience. Thus, the average rate of percolation of

the check soil was 1.59 cc. per hour, while that of the soil to

which NaCl has been added was reduced to .19 cc. per hour. The

percolation through the other two soils which received solid
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Na2S04 and NaoCOg was also decidedly reduced, as shown by

the respective percolation rates of .31 cc. and .37 cc. per hour. In

significant contrast thereto, the maintenance of a comparatively

uniform salt content in the soil column, 'produced by substituting

solutions of the salts for the distilled water as in the case of

Nos. 12, 13, and 14, r^reates a favorable condition for percolation,

except in No. 14, which received NaoCOa- In this case percola-

tion averaged a rate of 1.07 cc. per hour, which was less than the

control, but three times that of the soil receiving NaoCOg and

distilled water. It is of interest to note the immediate depression

in the rate of percolation when distilled water is used instead of

the salt solutions of Nos. 12. 13, and 14. Eventually the rate of

percolation from these soils under applications of distilled water

approached that of the soils originally treated with salts and

which in addition had received only distilled water throughout

the experiment.

Another percolation experiment, arranged somewhat similarly

to the preceding, demonstrated that the relative position of the

salt in the soil column, or the manner of adding it, had little or

no influence on the depressing effect noted on percolation. It was

further observed that a soil, the percolation rate of which had

been diminished through the agency of NaCl and 11,0 applica-

tions, failed to recover its original rate of percolation even when

a solution of that salt was applied for the second time.

The general trend of the results thus far secured is in accord

with Beeson's observations,^ in which he recorded a delayed

absorption of water by soils containing sodium salts as well as

a pronounced retarding of percolation through soils to which

various salts had been added. Like many other uavestigators

who have observed similar effects resulting from salt treatments,

Beeson failed to recognize any connection between the physical

condition of the soil and the removal of the salt, but attributed

the peculiar changes observed in the soil to surface-tension

phenomena, or other alterations in the physical properties of the

liquid phase, or, as some investigators are inclined to believe,

to a shifting of the soil particles to new positions through the

influence of the added salt. Undoubtedly a movement of soil

s Journ. Am. Chem. Soc, vol. 29, p. 620, 1897.
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particles does occur when salts are added to soils, but under the

conditions obtaining in many of the experiments described in the

literature it would seem highly improbable that enough of the

added salt remains in contact with the soil to bring about such

a movement of the particles. In our experience, the removal of

the salt creates among the soil particles a new adjustment which

seems of greater importance than that effected by the addition

of the salt. Furthermore, if our laboratory experience is properly

applicable to. field conditions, it would seem of greater advantage

to apply CaCOg rather than CaSO^ w^hen draining soils contain-

ing NaCl and NaoSO^, the reverse being apparently true in case

of soils impregnated with NaoCOg.

Laboratory Investigations of the Causes of Salt

Effects on Soils

The laboratory studies herein reported have been purposely

designed to throw some light on the possible causes contributing

to the above-noted effects of salts on soils, or at least to ascertain

if a relationship exists between the formation of these peculiar

physical conditions and the simultaneous occurrence of certain

other events. Certain well-known theoretical considerations, re-

inforced by concrete laboratory experience, have directed the

attempts to locate these fundamental causes into three well-

defined channels. The first of these is based on an assumption

that the salt-and-water treatments have actually increased the

quantity of the colloidal matter of the soil. It involves neces-

sarily a study of the soil itself and of the amount and degree of

diffusion of the colloidal matter therein contained. The second

line of reasoning connects the increase of calcium and magnesium

in the percolate from the salt-treated soils, and the absorption of

sodium, with the appearance of conditions suitable for the

formation of new colloidal matter, as well as with favoring the

extreme diffusion of that already present. The third considera-

tion ascribes the diffused condition of the soil colloids to the

presence of a small quantity of OH-ions in the soil solution. It

requires the theoretical assumption that these ions are associated

in some manner with the absorption of sodium. Although these
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three lines of argument, as outlined, may be closely allied or even

parallel, yet in view of our work they seem sufficiently well de-

fined to warrant a separate discussion of each.

At the outset it may be said that it has been extremely diffi-

cult to find appropriate and reliable methods of attacking this

problem. Certainly opportunity is not lacking for future in-

vestigations to perfect accurate methods for definitely measuring

certain soil properties or soil constants, which are discussed

below. The Davis clay-loam soil was used throughout the fol-

lowing experiments, except as otherwise noted. The designation

NaCl -|- HoO used before the word soil signifies that the soil

was treated with from 0.2 to 0.5 per cent of NaCl, most or all

of which, together with the soluble salts formed, has been subse-

quently leached from the soil witli water. It must be added that

a quantity of Davis clay-loam soil was given the same amount

of washing with water to serve as a control soil, and hereafter

will be referred to as H^O soil. A comparison of the HoO soil

with unwashed Davis soil disclosed no important differences.

Some Phtsico-Chemical Observations on the Salt-Treated,

Water-Washed Soil

It seemed reasonable to expect that a stvidy of the NaCl + H._,0

soil itself would reflect, in some degree, the causes contributing

to the pronounced imperviousne.ss of such soils. Therefore, as

an introduction to this subject, determinations were made of the

suspended matter derived from soils which have been subjected

to various treatments, and they appear in Table II. The soils

and suspending media were placed together in tall hydrometer

jars, and were thoroughly shaken for 45 minutes. After standing

undisturbed for eighteen hours, aliquot portions of the sus-

pensions were removed by means of a pipette, evaporated to

dryness in platinum dishes, dried at 110° C, and weighed.

The data reported in Table II confirm by an entirely different

procedure the original belief with respect to the intensity of the

diffusion of the colloids of the salt-treated, water-washed soils.

Under the conditions of the experiment 40 grams of normal soil

yielded 0.310 grams of suspended matter, while 40 grams of
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TABLE II

Suspended Matter in Soils Which Have Received Various Treatments

Per cent of

Weight of Suspended
Previous Suspending Suspended Matter

No. Davis Soil Soil Treatment Medium Matter-grs. in soil

1 40 grs. Washed with dis-

tilled water HjO .3100 .77

2 40 grs. Boiled in HoO HjO 2.5075 6.27

3 40 grs. .290 grs. of NaCl
washed out H,0 2.9555 7.39

4 40 grs N/SONa.CO,, .2665 .66

5 40 grs N/50NaOH 2.7975 6.99

NaCl -)- HoO soil yielded 2.9555 grams, or nearly ten times the

amount of suspended matter found in the untreated soil. It is

an interesting coincidence that the rate of percolation previously

shown for the untreated soil is almost ten times that for soil

to which NaCl has been added and subsequently leached out. It

may be properly inferred from this that percolation varies in-

versely as the degree of diffusion, though our present knowledge

does not indicate a relation capable of expression in simple

mathematical terms. Furthermore, the inadequacies of the

method employed to secure the data in Table II make it impos-

sible to express a positive view with reference to the quantity of

colloids in the soils tested, but it is evident that the colloidal

matter present is in a much higher state of diffusion in certain

of the soils than in the control HoO soil. The three treatments,

boiling the soil in water, suspending it in NaOH of certain con-

centrations, and leaching added NaCl from it, produce approxi-

mately the same degree of diffusion in the soil colloids, as indi-

cated by the similarity in the results of the quantitative esti-

mations of the suspended matter derived from soils so treated.

This agreement in the behavior of the soils receiving the different

treatments suggests a similarity or possible relationship between

the processes by which these treatments affect the soil or soil

colloids. Boiling the soil in water has been assumed by soil

physicists to disintegrate the colloidal aggregates. If this be the

case and no new colloidal substances are formed by this pro-

cedure, then the similarity in colloidal content of the boiled soil

and the salt-treated, water-washed soil militates against the sup-
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positit)!! that the hitter treatment has increased the colloidal

matter of the soil. On the other hand, boiling the soil in water

may bring about a more profound change in the physical condi-

tion of the soil than was formerly attributed to it by soil

physicists. Some data withheld from publication at this time

indicate that the effect of the boiling treatment is of a different

nature from that of the salt-and-water treatment, though the

soils receiving the two different treatments yield about the same

quantity of colloidal matter. On the other hand, the similarity

of the colloidal contents of the boiled soil and the soil suspended

in NaOH admits of a more plausible explanation on the basis

of NaOH as a deflocculating agent.

It was thought that the quantitative data reported above

might show sutBeient dissimilarity to indicate an actual increase

in the soil colloids, but a second series of determinations, reported

in a later paragraph, are somewhat contradictory to the above, in

that the boiled soil yields a suspension slightly richer in colloidal

matter than that derived from a XaCl -|- HoO soil. This point,

however, deserves more investigation before a final conclusion is

reached.

In the light of certain theories more properly discussed in

connection with the third hypothesis, it is of great interest to

note the general similarity between the NaCl -|- H._,0 soil when

suspended in HoO and the normal soil when suspended in NaOH.

One might infer that this peculiar agreement in the behavior of

the soils in response to two widely different treatments is not

accidental. It is also to be observed further that the data under

consideration indicates that XaOH and NaoCO, are not pro-

ductive of like results on soil suspensions.

The failure of the suspension method to secure trustworthy

results on the quantity of colloidal matter present prompted the

adoption of other means for this purpose. But thus far the

determination of the hygroscopic coefficient and the dye-

adsorption capacity have given negative results, in that they have

not indicated any increase in the total interior surface of the

soils which have been subjected to the salt treatments. From a

theoretical consideration, a soil rich in colloids, or containing

colloids in a high state of diffusion, should expose more interior



1916] Sharp : Soluble Salts and Soil Colloids 305

surface for the deposition of hygroscopic moisture and for dye

adsorption, and since these phenomena are presumably direct

functions of surface the soils under observation should therefore

register increased hygroscopicity and dye adsorption. The find-

ings to the contrary cast some doubt on the validity of these

measurements as a reflection of the quantity of colloidal matter

present or its degree of diffusion. A third method suggests

itself, that developed by Mitscherlich,'' to study the interior sur-

face through energy exchanges when the soil is moistened with

water, but this has not as yet been tried.

The use of the centrifugal machine as employed by Briggs

and McLane' to ascertain the moisture equivalent of soils in the

study of the salt-treated, water-washed soils, has yielded some

highly satisfactory results which will be reported in a future

paper. The method proposed by Lynde and Dupre^ for esti-

mating the capillary powers of soils has not proven entirely

satisfactory in our hands, when employed for investigating the

properties of the salt-treated soils.

It was further questioned whether the physical condition of

the soil had been permanently changed or whether the injured soil

would completely recover its original condition in response to a

second addition of NaCl. Such a supposition naturally implies

that some of the reactions involved in producing the increased

diffusion partake of the nature of reversible reactions. In order

to test this point from a chemical standpoint, it would be neces-

sary to treat the injured soil with its own percolate. Work of

this character is reported under the second series of experiments.

In this connection, however, the effects of the added salts were

considered chiefly in their physical aspects, and accordingly the

following experiment was performed : Three grams of NaCl +
HoO soil were suspended in 10 cc. of NaCl solutions of various

concentrations in test-tubes. The time required to clear the

supernatant liquid denoted the effect of the NaCl. A similar

comparative series with HoO soil was also prepared. The results

are given in Table III.

•J Bodenkunde fiir Land- und Forstwirte, p. 51.

7 U. S. Dept. Agr., Bur. of Soils, Bull. 45.

8 Journ. Amer. See. Agron., vol. 5, no. 2, p. 107, 1913.
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TABLE III

Effect of Second Addition of NaCl ox TniE Required to Clear

Suspensions of NaCl+ H^O Soil and H2O Soil

No.
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TABLE IV

Effect of Second Addition of NaCl on the Amounts of Suspended Matter

From NaCl + HoO Soil and H^O Soil

Per cent

of

Suspended
Matter

on Dry
SoilNo.

1

2

3

4

5

9

11

12

13

Soil

25 grs.

25 grs.

25 grs.

25 grs.

25 grs.

25 grs.

25 grs.

25 grs.

25 grs.

10 25 grs.

25 grs.

25 grs.

:o grs.

Previous

Treatment

NaCl washed out

NaCl washed out

NaCl washed out

NaCl washed out

NaCl washed out

NaCl washed out

HoO washed

HoO washed

HoO washed

HoO washed

HoO washed

HoO washed

Boiled

Concentration

of NaCl Cc. of

Suspending Suspending
Solution Medium

250

N/1000 250

N/500 250

N/250 250

N/100 250

N/50 250

250

N/1000 250

N/500 250

N/250 250

N/100 250

N/50

Weight of

Suspended
Matter

.8345 grs.

.6375

.5615

.4570

.2305

.0170

.0695

.0740

.0660

.0615

Lost, but al-

most clear

3.33

2.55

2.36

1.82

.92

.07

.27

.29

.26

.24

250

250 .9060 3.62

The evidence presented in the last two tables supports the

view that the NaCl -j- H2O soil has suffered some physical altera-

tion which is not readily reversed by the second addition of

NaCl. The NaCl added to the soil already diffused by previous

treatment with that salt and water is here considered as a

physical agent, possessing the power to flocculate clay colloids.

To test the reversibility of the chemical reactions occurring when

salt solutions are allowed to act upon soils requires a soil treat-

ment involving the application of solutions containing, in appro-

priate form and quantity, the elements removed by the salt ap-

plications. Thus, to restore normal conditions in a soil which has

been diffused by a salt-and-water treatment would require the

replacement of the absorbed sodium by such metals as were

originally present in the soil. The larger amounts of NaCl re-

quired to flocculate the colloids of the diffused soil may be due

to the increased quantity of colloids present, or to the degree of
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diflPiision of the colloids, or to a change in the nature of the

colloid. However, the fact is patent that more NaCl, or a

greater length of time for equal quantities of NaCl, is required

to produce effects on the NaCl + IIoO soil commensurate with

those on the check HoO soil. Table III shows clearly the relative

effectiveness of varying concentrations of NaCl in flocculating

the colloidal matter as measured by the time required for clearing

the suspension. Thus N/100 NaCl flocculates the colloidal matter

of the washed soil in one hour, while 360 hours were required to

accomplish the same result with the NaCl + H^O soil. Never-

theless, the colloidal matter of the NaCl + IT.,0 soil seems to be

more readily flocculated per unit of NaCl than does that of the

H.O soil, as is shown in Table IV. Thus the NaCl + U,0 soil,

when suspended in distilled water, yields a suspension containing

0.8345 grs. of solid matter, while the .same soil suspended in N/250

NaCl yields but 0.4570 grs. of solid matter. The deposition of

0.3775 grs. of solid matter, in this case, was brought about by

0.058 grs. of NaCl, or at the rate of 6.5 mgs. of solid matter to

1 mg. of NaCl. Similar calculations for the same suspensions

of HoO soil showed that but 0.14 mgs. of suspended matter was

flocculated per mg. of NaCl. Although the NaCl is relatively

more effective on the suspended matter of the NaCl -4- H^O soil

than on that of the control soil, yet, in but one instance, that of

the comparatively strong solution of N/50 NaCl, is the influence

of the added salt sufficient to flocculate completely the colloidal

matter of the NaCl + HoO soil.

Furthermore, it .seemed possible that the transformations

manifestly occurring in the physical condition of the soil might

also be reflected in some measure in the chemical composition of

the variously treated soils and of their colloidal substances. Ac-

cordingly these materials were subjected to analysis by the strong

hydrochloric-acid digestion method, as recommended by Hilgard

for chemical soil studies. However, the results secured up to

the present time have not confirmed the above presumption. But

to what extent future analytical work will enable us to decipher

the relationship of the various factors involved in producing the

condition under consideration, is still an open question.
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Chemical Studies of the Calcium and Magnesium Content of the

Percolate and the Absorption op Sodium

Onr attention was first directed to the possibility of the ex-

istence of a relationship between the two factors mentioned in

the heading above, by the following experiment, the outline and

results of which appear in Table V, page 309.

A review of these data discloses the fact that the application

of NaCl to a soil increases the calcium and magnesium found in

the percolate as compared with the quantities found in the

percolate of the normal soil when leached with distilled water.

This is in accord with the results of Kullenberg,^ Van Bem-

melen" and the work of others, a good list of which is given by

Sullivan." To exemplify the above remarks concerning calcium,

let us examine the table with respect to that element. The addi-

tion of NaCl to the Anaheim sandy loam and Oakley sandy soil

has practically tripled and doubled, respectively, the amount of

calcium found in the percolates over that of the percolate from

the salt-free soil. In the Berkeley adobe and Davis clay-loam soils

the NaCl brings about a much more marked increase of calcium

in the leachings. It may be remarked also that the results secured

with magnesium are quite parallel to those concerning calcium.

In addition to altering the calcium and magnesium contents

of the percolate, the salt treatments materially affected the physi-

cal condition of the soil, as shown by a marked retardation of the

rate of percolation. All of the soils responded alike to the NaCl

treatments, in that they became more impervious and their col-

loidal matter exhibited a higher degree of diffusion when sus-

pended in water, as shown in the second part of Table V. The

degree of imperviousness and diff'usion varied, however, with

the different soils, and also appeared to be roughly proportional

to the increase of calcium and magnesium in the leachings from

the soils receiving NaCl. Thus the salt-treated Berkeley and

Davis soils, showing notably greater increases in calcium and

magnesium in the percolates, were also more highly diffused than

9 Jahrb. Fortsch. Agri. Chem., vol. 8, p. 15, 1865.

loLandw. Vers. Stat., vol. 21, p. 135, 1878.

11 U. S. Geol. Surv., Bull. 312, 1907.
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the other two soils, which were much less affected in both these

particulars. Evidently the extent of decomposition of the salt

by the soil is a factor in determining the final physical condition

thereof, and would certainly seem to indicate that the changes of

the physical condition of the soil resulting from salt treatments

are considerably more than a mere shifting of the soil particles

to new positions, as some investigators would lead us to believe.

Moreover, it appears proper to infer that these after-effects of salt

treatments can be more properly referred to the salt as a chemical

agent than as a physical agent.

If it be true that the chemical reaction between soils and salt

solutions results in a chemically equivalent exchange of bases, as

Sullivan^" states, then it seems proper to assume that the calcium

and magnesium in the leachings from soils treated as described

above represent approximately the amount of absorbed sodium.

At least it would appear that the calcium and magnesium in the

solutions, less the quantity normally present in distilled-water

extractions, is an index of the absorbed sodium. This statement

has received further justification in some solubility studies, the

data of which have not been published. Undoubtedly consider-

able quantities of sodium have been removed from the salt solu-

tions by the soil, which in return has given up calcium and mag-

nesium. The absorbed sodium has become so firmly fixed in the

soil that no amount of washing can dissolve it
;
otherwise the

wash Mater after passing through the soil would be slightly alka-

line. On the contrary, the first portions of the wash water com-

ing through appear to be slightly acid, which is in accord with

the work of Sullivan,
^^

Parker," and others, but if the washing

is continued the leachings eventually become neutral or just per-

ceptibly alkaline, as is the case when distilled water is in contact

with the normal Davis soil. These remarks, supported with

stronger evidence from the rapidly accumulating literature on

chemical exchanges between salt solutions and soils or silicates,

point to the formation, under the conditions herein reported, of

a sodium alumino-silicate compound, or possibly a series of such

12 Loc. cit., p. 27.

13 Loc. cit., p. 8.

1* Journ. Agric. Research, vol. 1, no. 3, p. 1, 1913.
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compounds, which resemble most natural silicates in possessing a

comparatively inert chemical nature, and which suffer but slight

decomposition when in contact with water or are scarcely more

than appreciably soluble in water. This hypothesis receives

further confirmation in the contention of R. Gans^^ that artificial

aluminum silicates behave like natural zeolitic silicates. More-

over, Way^** clearly recognized the formation of .such compounds,
and Van Bemmelen^' is inclined to consider the absorbed salts as

fixed in loosely bound chemical combination.

It was originally considered that the substitution of sodium for

calcium and magnesium in the soil was a potent factor in bring-

ing about the diffusion of the salt-treated, water-washed soils.

However, this first conception attributed the possible effect of

the chemical exchange to the double decomposition of the organic

salts of calcium and magnesium by the NaCl, which would result

in the formation of CaCla and MgCL and organic compounds of

sodium. Since these end-products are all soluble in water, a

continuous leaching of the soil with that solvent would be likely

to deprive the soil of a portion of its organic matter and of a

certain amount of calcium and magnesium. If the organic matter

herein referred to can be properly catalogued under those elastic

and indefinite terms, humus or humates, then it appears reason-

able in the light of Schloesing's work^^" to expect that the physical

condition of the soil, depleted of such organic matter, would be

seriously affected in the direction already suggested. The loss

of such well-known flocculating agents as calcium and magnesium

might also be reflected in the changed physical aspect of the

soil.

But the cogency of the argument just presented is consider-

ably lessened by the results of the experiment to be described

next. Twenty-five gram portions of the Davis soil were subjected

to the treatments outlined in Table VI. The soils were then

allowed to dry, after which 10 grams of each soil were sus-

pended in 100 cc. of distilled water for 48 hours before the sus-

15 Cited from Exp. Sta. Eec, vol. 31, no. 1, p. 22, 1914.

i« Journ. R. Agric. Soc, vol. 13, p. 123, 1852.

17 Loc. cit.; also in Landw. Vers. Stat., vol. 35, p. 121, 1888.

18 Cited from Ililgard, Soils (1911), p. 111.
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TABLE VI

The Effect of Eemoving Humus from the Soil in its Eelation to the

Diffusion Appearing in the Soil After Salt and

Water Treatments

Treatment
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as shown in the case of No. 6. Evidently the loss of humus and

its organic colloids increases, rather than decreases, the amount

of material finally found in suspension, for No. 5, receiving HCl

and NaCl treatment, yields a suspension containing less colloidal

material than does No. 6. In all probability the increase of

colloidal material in No. 6 over No. 5 is in no way connected with

the loss of organic matter of No. 6, but is more likely to be due

to the conditions and treatments involved in extracting the

humus. Furthermore, the organic colloids of soils seem to have

but little direct relation to the phenomena which appear when

certain salts are washed from soils.

That the deflocculated condition of the salt-treated soils might

be due in some measure to the loss of calcium and magnesium
from the soil, in a manner somewhat analogous to that outlined

by Foerster.-" appeared as a secondary consideration. The actual

loss of calcium and magnesium, however, cannot be considered

the sole factor in producing the striking conditions observed.

For, if that were the case, the application of acids followed with

washing should bring about similar results. On this point War-

ington has already noted that normal diffusion of the colloids

will reappear in a soil which has once been flocculated by acids

when the acids and such salts as they have formed are removed

by washing. Our experience with soils treated in the manner

just described fails to show any marked increase in colloids, as

is the case when the soil is treated with NaCl. The treatment

with HCl followed by leaching with water seems to retard to a

notable extent the rate of percolation through the Davis soil.

However, if any new colloids are formed by this treatment, or if

the original colloidal content of the soil is thoroughly diffused

thereby, as the case may be, then these effects are entirely oblit-

erated by the subsequent drying of the soil, for a suspension of

the dry soil so treated yields no additional colloidal matter. This

fact tends to confirm the view that the loss of calcium and mag-

nesium is not alone responsible for the diffusion of the soils.

Furthermore, the w^riter has shown clearly by a rather simple

procedure that a considerable exchange or a direct addition of

bases is essential for the production of the dift'used condition.

20 Chem. Ind., vol. 28, no. 24, p. 733, 1905.
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A solution of N/10 NaCl was allowed to act upon successive

portions of Davis soil until practically no more calcium or mag-
nesium was taken up by the solution, so that a solution of

chlorides was formed which was quite inert toward this soil. A
solution secured in this manner appears to approach the satura-

tion point with respect to calcium and magnesium compounds
of the soil. This solution remained practically N/10 with respect

to chlorine throughout its successive periods of contact with the

soil, and at no time was the solution entirely depleted of its

sodium content hy the interchange with calcium and magnesium.

The application to the Davis soil of a solution secured in the

fashion described above and followed by washing with water did

not result in such pronounced diffusion as was observed upon
the application of N/10 NaCl solution followed by washing with

water. It may therefore be inferred that the chemical exchange

of bases plays a significant role in the mechanism by which dif-

fusion is produced in soils which have been washed after an

addition of NaCl.

By the various lines of reasoning outlined above, the majority

of the more obvious possible causes for the extreme diffusion of

the soils under discussion have been completely eliminated or at

least reduced to factors of little significance. For this reason,

more mature thought on the subject has directed our attention

to the absorption of sodium, which has been previously men-

tioned, as the keynote to the deteriorated physical condition of

the salt-treated, water-washed soils. The substitution of sodium

for the calcium, magnesium, or other bases in the silicate complex,

or the direct addition of sodium to such a complex, results, ac-

cording to our proposed hypothesis, in the formation of new

jelly-like colloids, capable of becoming highly diffused when in

contact with water. The fact that leaching NaoCOg, NaOH,

NaHCOg, NaCl, Na^SOi, and NaNOg from the soil brings about

the same appearance of the soil and the same physical manifesta-

tions of deflocculation, becomes more comprehensible if the view

is accepted that the absorption of sodium and the new compounds
formed thereby are, in the main, the factors responsible for the

deflocculated condition of the soils so treated. Moreover, these

various treatments are accompanied by the appearance of widely
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different quantities of calcium and magnesium in the percolate,

thus affording additional evidence that the increased solubility

and the consequent loss of these elements from the treated soils

is not the prime factor in causing the ultimate diffusion of the

soil colloids. The facts herein presented concerning the absorp-

tion of sodium and the formation of new colloidal substances cor-

responds in the main with the idea of unsaturated silicates and

absorption phenomena, as developed by Cameron,-^ Harris,-- and

Loew,-^ and others, in their work dealing with acid soils.

The conception of the causes of the apparent deflocculation,

as discussed above, receives tangible substantiation in the results

of the following experiment. Twenty grams of Davis soil were

subjected to the treatments outlined in Table VII. After wash-

ing with water, the soils were dried at room temperature and

then 10 grams of each were suspended in 100 cc. of water to

secure the figures in the last column. Meanwhile the calcium

and magnesium in the total percolates were determined in the

usual fa.shion.

No.
1

2

3

4

5

10

TABLE VII

Effects of Washing Various Sodium Salts from the Davis Soil

Soil

(Davis)
20 grs.
20 grs.

20 grs.

20 grs.

20 grs.

20 grs.

Treatments
H.O only
100 cc N/10 NaOH fol-

lowed with water
100 cc N/10 Na, CO, fol-

lowed with water
100 cc. N/10 NaCl fol-

lowed with water
100 cc. (approx.) N/10
NaHCO, followed with
water

100 cc. N/10 NaNOj fol-

lowed with water

Calcium
in Total
Percolate

grs.

.0017
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amount of material finally found in suspension. All of the

salt-and-water treatments yielded suspensions containing more

than ten times the suspended matter found in the water-washed

soil. From the evidence reported in the above table it seems

proper to infer that neither the nature of the added sodium salt,

nor the loss of calcium and magnesium from the soil, have much

part in the production of the defiocculated condition noted in the

salt-treated, water-washed soils. The data of Table VII are also

discussed later in their relation to the possible effects of NaOH
and the OH-ion on the physical condition of soils.

The interchange of ions between the soil silicates and neutral

salt solutions like NaCl or NaoSO^, which seems to result in the

formation of new colloidal substances, also necessitates the simul-

taneous presence of free acid or of new salts of the free acid as

the calcium or magnesium salts, in the solution bathing the soil

particles. As previously discussed, both of these conditions have

been encountered in the supernatant liquid of a neutral salt

solution in contact with soil and also in the first portion of the

percolate coming through a soil to which a neutral salt has been

added. The constant presence of the free acid and its soluble

salts, together with more or less of the salt originally added, oc-

casions the maintenance of a flocculated condition of the soil

colloids, so that any additional colloidal matter which may have

been produced is not sufficiently effective on the physical char-

acter of the soil to be easily recognized.

If it be assumed that new and additional colloidal material

is formed in the soil by virtue of the salt-and-water treatments,

then it is most likely in existence prior to the washing process, but

its effects on the physical condition of the soil are not manifested

until the surrounding medium has become sufficiently dilute, with

respect to salts, to allow of a more or less complete diffusion of the

soil colloids. The addition of the neutral salts either produces

new colloidal matter simultaneously with the chemical inter-

change of bases, which occurs independently of the washing with

water, or in some manner disintegrates the existing colloidal

aggregates. The former seems the more plausible, especially in

view of certain phases of the work herein presented. In addition

we also have evidence that the washing with water alone does not
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measiireably increase the colloidal content of the soil, nor does

it materially affect its physical condition.

At least one interpretation of these facts seems plansible,

namely, that the nentral salts or their ions function as the creative

agent whereby diffusible colloidal matter is formed, while the

washing with water serves in the entirely separate capacity of

removing from the sphere of activity any flocculating agents in

the shape of soluble salts which may have been present.

Certain modifications of the hypothesis just presented must be

considered in order to account for the action on soils of the salts

which give an alkaline reaction. First of all, the chemical pro-

ducts that can possibly be formed when the latter class of salts

is allowed to act upon soils are on the whole comparatively in-

soluble and hence possess relatively small flocculating powers.

Owing to this fact the washing process, which seems to be essen-

tial for the appearance of the diffusion in soils treated with

neutral salts, is. not such an important factor in case of soils

treated with salts giving rise to an alkaline reaction.

Instead of attributing the detlocculation of soils which have

received NaOH or alkaline carbonates, wholly to the OH-ion

content of the solution or to the alkaline reaction so produced,

our present theory, supported by the facts already presented,

proposes to account for the diffusion of the soils so treated by the

formation of colloidal sodium alumino-silicate complexes under

conditions which permit of an immediate defiocculation. Therein

lies the difference in the behavior of neutral salts on soils, as

compared with that of salts of an alkaline reaction. In all prob-

ability somewhat similar compounds are formed in the two cases,

but in the first case, with the exception of certain circumstances,

the conditions are such as to prevent defiocculation, while in the

second case defiocculation is at least permitted and perhaps

accentuated.

A Possible Relation Between the Composition of the Soil

Solution and the Diffusion Phenomena in Certain

Salt-Treated, Water-Washed Soils

The first two hypotheses formulated to explain the diffused

condition of the salt-treated soils dealt largely with the soil itself

and with the absorption of sodium by the soil. A third hypothesis
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proposes to attribute the diffusion of tlie soil colloids to changes

in the composition of the medium, namely the soil solution. Such

a diffused condition of the soil colloids might be brought about

by an increase in the OH-ion content of the solution bathing the

soil particles. This concept is based on the fact that clay is a

negatively charged colloid, and according to the views now held

the further addition of negative ions to such a colloidal suspension

causes these particles to assume greater charges of like sign, so

that they repel each other and thus remain distributed through-

out the medium in a stabilized condition. On the other hand, it

is held that the introduction of ions bearing an opposite charge

to that of the colloidal particles neutralizes the charge associated

with the particles, so that they no longer repel each other but

gather together in aggregates or floccules. For a more complete

discussion and bibliography dealing with these phenomena, the

reader is referred to the work of Whitney and Ober.-* In a more

recent review Tolman-^ has advanced a clear conception of colloids

and their behavior, which affords us a satisfactory working basis

for studies on these substances. According to this author, the

surface tension existing between the particles and the surround-

ing liquid is the factor which determines the degree of dispersion

of the particles in the liquid. Thus systems of zero surface tension

are at equilibrium. Those possessing a negative surface tension

increase, automatically, their degree of dispersion until the zero

value is reached, while those of positive surface tension tend to

become less dispersed. Since the surface tension referred to is

the resultant of many forces, it may be readily affected in numer-

ous ways, as by the mechanical process of grinding, by heating, by

the addition of electrolytes, or by the passage of an electric cur-

rent. Through the application of these considerations we may be

able to decipher more clearly and definitely the problems involved

in the effects of salts on the physical condition of soils.

It is po.ssible that deflocculants other than tlie OH-ion may
have been introduced into the soil solution by means of the salt-

and-water treatments, but the latter factor obviously appears as

the most significant defiocculating agent likely to be present

24 Journ. Amer. Chem. Soc, vol. 23, p. 842, 1901.

Sojourn. Amer. Chem. Soc, vol. 35, no. 4, 1913.
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under the conditions of the experiments and lience merits first

attention. Probably the most striking evidence of the possibility

that the OH-ions in the soil solution may be justly deemed the

cause of the diffusion of the soils with which this paper is chiefly

concerned, lies in the well-known defloeculating effect of dilute

solutions of NaOri on the soil colloids. Thus the poor tilth and

cultivating qualitit^s of lands impregnated with black alkali

(NaoCO.,) has been rather vaguely attributed to the OH-ions

derived from the hydrolysis of the NaoCO,. This expression fails

to offer any explanation of the mechanism whereby the OIT-ion

induces the observed effects, neither does it allow of any possible

effect of the Na-ion on the physical properties of the soil. How-

ever, if our interpretations be not too far amiss, there are several

reasons, not based on theoretical considerations alone, but sub-

stantiated by facts, for suspecting that the OH-ion is of much

smaller significance than the accompanying Na or other basic ion

in the final eff'ect of the chemical compound on the physical condi-

tion of the soil.

The common conception that substances which yield an alka-

line reaction on hydrolysis occasion the deflocculation of the soil

colloids is frequently accepted without qualification, even by
those working with alkali soils, notwithstanding some facts now

extant which deny its validity. Thus, as early as 1874 Durham-"

pointed out that clay suspensions cleared more rapidly in strong

NagCOg solutions than in distilled water. Whitney and Straw'-'

have also .shown that NaOH in dilute solutions tends to stabilize

suspensions of colloidal silver, china clay, and lampblack, and

that emulsions of turpentine, carvene, and carvol are also acted

upon in a similar manner. The behavior of these substances also

gave evidence that the maximum .stability occurred at certain

concentrations of NaOH, above which flocculation was produced
and below which the effect of the NaOH was not so pronounced.

The investigations of Hall and Morison already referred to sub-

stantiate, in the main, the previous citations on the point under

discussion. Quite recently Maschhaupt-^ has found that even

2(i Chem. News, vol. 30, do. 676, i>. 57, 1874.

27 Journ. Amer. Chem. Soc, vol. 29, p. 325, 1907.

28 Landw. Vers. Stat., vol. 83, p. 467, 1914.
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0.015 N NaOH has a flocculating effect on the colloidal matter

of a sandy loam soil, while more dilute solutions of NaOTI stabil-

ized the difPusible colloidal matter. He further asserts that alkali

carbonates act much in the same manner. Despite the preceding

evidence, Rohland-" still contends that the flocculation of clay

soils by lime is due to the OH-ion.

"While working along similar lines, the author has noted that

a suspension of the Davis clay loam settles out more rapidly in

a 0.05 N solution of NaOII than in distilled water, but that solu-

tions of greater dilution were stabilizing in their effects. On the

other hand, no solution of NaoCOj^*' proved effective as a stabiliz-

ing agent as compared with distilled water, while solutions of

NasCOy stronger than 0.022 N had a decided flocculating effect.

This difference in the behavior of NaOH and Na.COg has not come

to the writer's attention before in the literature of the subject,

and fails to support the widespread teaching that NaoCOg and

salts which hydrolize similarly deflocculate the soil colloids

through the agency of the OH-ion. But the most striking fea-

ture of the action of NaOH on the soil suspension was the marked

resemblance of the soils suspended in that medium to the

NaCl -f- H„0 soil suspended in distilled water. The yield of

suspended matter from these two suspensions proved to be of

about the same magnitude, as shown in Table II. A cursory con-

sideration of this fact obviously supports the contention that the

OH-ion content, or the alkalinity of the suspending solution, may
be responsible for the diffusion of the soil colloids in the cases

under consideration. However, an interesting point to the con-

trary lies in the fact that suspensions of the Davis soil in very

dilute solutions of NaOH can not be distinguished from sus-

pensions of the same soil in distilled water. That is to say, NaOH
solutions of a concentration of N/1500 to N/2000 exercised no

recognizable effect on the soil colloids. The concentrations here

referred to approach the same order of alkalinity as that found

in the solution bathing the particles of the highly diffused

NaCl -|- H.O soil. Evidently some other factor than the OH-ion

29 Landw. Jahrb., vol. 44, no. 3, p. 437, 1913; and Landw. Vers. Stat.,
vol. 85, nos. 1-2, p. 123, 1914.

30 Baker's analyzed NaoCOg was used in these experiments except where
otherwise noted.
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content of the solution is either responsible for the diffused con-

dition of the soil colloids, or at least is of material assistance in

producing this effect.

Moreover, it has been demonstrated that the washing out of

the excess NaOH does not materially benefit the injured physical

condition of the soil, although the alkalinity of the soil solution

was thereby reduced to a concentration comparable with that of

the dilute solutions to which reference has just been made.

Actual determinations of the alkalinity of the final portions of

the percolate from soils to which XaOH has been added show

only such alkalinity as the percolate from the normal soil. If

we accept the ^aew brought forth by Cameron,
'^^ which seems

justifiable, then the percolates from these soils approach, as a

limit, the chemical composition of the soil solution and hence

we may conclude that the alkalinity of the soil solution is of the

same order of magnitude as that of the percolate. The fact that

washing the NaOH from the soil is not accompanied by an im-

provement in the physical condition of the soil may be fairly

interpreted as substantially affirming the view that the OH-ion

is of little moment in the diffusion of the NaCl -|- II-.O soil, and

pos.sibly has but little connection with the deflocculation of soils

to which NaOH has been added. Furthermore, the facts just

discu.ssed, taken in conjunction with those considered under the

heading of sodium absorption, lend an appearance of reality to

the assumption that the sodium, even in the case of direct addi-

tion of NaOH to soils, is the principal agent in creating the

diffused condition in soils so treated.

Moreover, the writer has found that NaHCOg, Na._,CO,. and

NaOH have distinctive effects on the soil colloids. In higher

concentrations all three salts prove to be fiocculants
;
in very weak

concentrations, as of the order of N/2000 or less, they seem to

resemble distilled water in their behavior toward the soil col-

loids. In medium concentrations, that is, those less than 0.05

N, NaOH is a deflocculating agent, NagCOg acts much like dis-

tilled water, while NaHCO, seems to be a pronounced flocculant.

At lea.st the NaOH and NaoCOg yield a certain amount of

OH-ions, and in the wide range of concentrations employed some

31 Eighth Intern. Cong. Appl. Chem., vol. 15-16, p. 49, 1912.
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point must have been encountered at which the OH-ion concen-

tration of these two was the same or approximately so. Yet the

two salts exercised a different influence on the soil colloids at all

the concentrations used, with the exception of the highest and

lowest concentrations. This fact indicates that some other factor

than the OH-ion is effective in determining the degree of dis-

persion of the soil colloids. What application this may have to

black alkali lands is a question, for under natural conditions it is

most likely that all three compounds, NaOH, NallCO,, and

NaoCOg, and their respective ions occur.

But the most striking feature of this phase of the problem
lies in the fact that the washing out of the soluble matter from

separate portions of the Davis soil receiving NaOH, NaoCOg, and

NaHCOo results in the same way. The soil becomes very im-

pervious and diffuses when shaken wuth distilled water. Thus

the cylinder soils receiving NaoCOg have been exposed to condi-

tions permitting the leaching out of the soluble salts, at least

from the surface soil, so that they now exhibit the same peeulari-

ties as the soils treated analogously in the laboratory.

The systems so far considered have been largely made up of

soils to which various quantities of NaOH, NaaCOg or NaHCOg
have been added. To ascertain to what extent the facts so gained

are applicable to the conditions existing in the laboratory sam-

ples of NaCl -|- HgO soil or to those of the field cylinder soils

receiving NaCl and Na2S04, necessitates the measurement of the

all\:alinity obtaining in these soils. AVe have attempted to secure

some information with regard to the quantity of OH-ions or the

alkalinity in the solution containing a suspension of the

NaCl + H„0 soil, but the persistent color of this solution has

made it impracticable to employ it directly with the various indi-

cators. It would seem, however, from actual titrations made in

the usual manner using methyl orange as the indicator, that the

alkalinity of the soils in the cylinders receiving NaCl and Na2S04
had been somewhat increased over that of the control soils. But

solutions secured from soils treated in the laboratory in a manner

similar to the treatment of the field soils failed to verify con-

sistently the above observations. At the present time we are en-

gaged in a study of the reaction of the soil suspensions by the use



324 University of Califcn-nia Publications in Agricultural Sciences [Vol. 1

of the hydrogen electrode. The results thus far secured indicate

that there is not a sufificient quantity of OH-ions in the NaCl +
H2O soil to produce the degree of deflocculation observed therein.

If the Oll-ion content of the medium is assumed to be the

causal agent for the diffusion of the soil colloids, it would appear
an equally plausible assumption that the transference of the sus-

pending medium from a diffused soil to the original untreated

soil would carry with it the deflocculating agent, so that the

second soil would register to some degree the physical manifesta-

tions of deflocculation. To test the correctness of this hypothesis

the following experiment was undertaken. Twenty-tive grams of

NaCl -)- HoO soil were suspended in 250 cc. of water. The col-

loidal matter of such a suspension normally remains in a stabil-

ized condition for at least three or more weeks, when exposed to

laboratory conditions. This suspension was cleared, however, at

the expiration of 48 hours by passing it through the Pasteur

Chamberland filtering candle imder pressure. This was accom-

plished with considerable care so as to conform to the conditions

found by Briggs^- to yield the most satisfactory results. The

solution secured in the manner described from the NaCl + H^O
soil was then used as a suspending medium for 10 grams of un-

treated Davis soil. A comparison of the suspension thus formed

Avith a suspension of the same soil in distilled water disclosed no

recognizable difference. Thus it would appear that a transference

of the suspending medium of a diffused NaCl -j- H^O soil to a

second untreated soil does not carry with it the agent causing the

deflocculation of the first soil. Hence, any liypothesis ascribing

the altered physical condition of the NaCl + HoO soil to changes

in the soil solution seems untenable.

The value of the results secured by the procedure outlined

above may be open to question. To avoid such criticism, the

writer made the following experiment, which distinctly shows

that the transference of a soluble soil defiocculant from one soil

to another by the method employed is susceptible of proof. A
N/50 NaOH solution in contact with the Davis soil tends to

maintain the soil colloids in a stabilized condition. Such a dif-

fused suspension was subjected to the filtering treatment out-

32 U. S. Dept. Agr., Bur. of Soils, Bull. 19, p. 31, 1902.
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lined above and on passing through the Pasteur filter yielded a

clarified solution which had not lost its power to deflocculate the

Davis soil. The writer is fully aware that conditions might arise

wherein such treatments would considerably modify the defloc-

culating power of the solute—for example, in case of very dilute

solutions where absorption by the soil and filter would be rela-

tively large and possibly of sufficient magnitude to markedly

diminish the quantity of deflocculant in the filtrate, which would

result undoubtedly in a decrease in the deflocculating power of

the solution. A similar reduction in deflocculating power of a

solution would also be likely to appear if a solution were sub-

jected to repetitions of the procedure described above.

Despite the evidence above some doubt may still be enter-

tained as to the absence of significant quantities of OH-ions in

the films of water on the immediate surfaces of the colloidal

particles, especially in view of the probability that the colloidal

matter in the diffused soils consists largely of compounds of the

chemical nature of sodium silicate, which hydrolizes to some

extent in water and eventually gives rise to OH-ions, thereby

lowering the surface tension as described by Tolman'^ and like-

wise producing the conditions obtaining in the "natant" col-

loids of Hall and Morison.^'* Moreover, the results secured by

Briggs^^ on the absorption of alkali hydrates by silica tends to

confirm the proposed conception of "natant" colloids. If this

be the case, the rate of diffusion of these ions from the films into

the more dilute medium would be the factor determining whether

it would be possible to transfer a sufficient quantity of these

ions, by means of the solution, to be effective on the physical

condition of a second, otherwise untreated, soil. Under the condi-

tions of the experiment just cited, a contact period of two days

was allowed for such diffusion, which would appear to allow

ample time therefor.

Furthermore, as observed by Whitney and Straw^** and others,

the fact that NaOH in certain concentrations tends to stabilize

33 Loc. cit.

34 Loc. cit.

35 Journ. Phys. Chem., vol. 9, p. 617, 1905.

36 Loc. cit.
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colloidal matter of a comparatively inert chemical nature forms

the basis of an argument which opposes the conceptions herein

presented, and which favors the view that the OH-ion may, after

all, play an important role in the diffusion of colloids. Thus,

systems composed of colloidal silver, lampblack, or relatively

pure organic substances in contact with NaOH probably do not

offer opportunity for the direct addition of the sodium or the

exchange of ions whereby sodium is taken up. a factor which

forms an essential link in the scheme proposed by the writer to

explain the effects of the alkali salts on soils. Also the experi-

ments of Bliss, cited by Whitney and Straw,"' give an indica-

tion that NaOH may be an effective agent, through the medium

of the OH-ion. No attempt is made, however, to deny the com-

plete ineffectiveness of the OH-ion, for it undoubtedly has an

important influence on the physical condition of colloids, as is

the case with many ions. But with regard to the physical condi-

tion of the salt-treated Davis soil, it is very evident that the

OH-ion is a factor of much less significance than the other ions

associated with it.

The Precipitating Effect of Various Acids and Salts

ON THE Soil Colloids

There seemed some possibility that the presence of some ion

or ions, other than the OH-ion, in the soil solution might be held

accountable for the extreme diffusion of the NaCl + H^O soil

and soils similarly affected by other salt treatments. Conse-

quently an extensive series of test-tube experiments dealing with

the effects of various acids and salts on the soil suspension were

undertaken. The results of these tests are briefly referred to at

this time in their relation to the condition existing in the salt-

treated, water-washed soils.

It was found that N/2000 ITCl and H,SO, perceptibly floccu-

lated the soil colloids, as compared with distilled water sus-

pensions of the same soil. To attribute this action wholly to the

H-ion of the acid would, in the writer's opinion, be erroneous,

for no doubt salts are immediately formed when the acid comes

3' Loc. cit.
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into contact with the soil. Nevertheless, it is significant that

acids of the low concentration here employed are more efficient

flocculants than their salt solutions of similar concentrations.

Hence the unneutralized acid in very dilute concentrations un-

doubtedly exercises a pronounced flocculating power, so that this

factor is eliminated as the possible deflocculant in the case of

NaCl + H,0 soil.

Solutions of the chlorides, sulphates, and bicarbonates of

calcium, sodium, ammonium, and potassium, were also studied

with regard to their effects on the colloidal matter of soils. These

salts in solutions ranging in concentration from N/1500 to N/500

possessed distinct flocculating powers. Solutions of higher con-

centrations were likewise flocculating in their effect, while more

dilute solutions behaved similarly to distilled water. Hence the

diffused condition of the NaCl -f H^O soil cannot be attributed

to the mere dilution of the neutral sodium salts or of the simple

salts formed by reactions between the added salts and the soil

silicates. As previously indicated, this statement must not be

construed to include the systems soil -j- NaOH, or soil -1- Na2C03,
but must be considerably modified to express the facts existing

in those cases.

The Effects of Washing Various Salts from the

Soil with Water

The washing out of KCl and NH^Cl from the Davis soil with

water gave essentially the same results as accompanied the re-

moval of the sodium salts by the same means. On the other

hand, the leaching out of calcium salts seemed to leave the soil

colloids in a more flocculated condition than in the normal, un-

treated soil, though this eff'ect was by no means so pronounced
as when the calcium salts were allowed to remain in contact with

the soil particles. According to the ideas herein presented, the

effect of a salt solution, either while in contact with the solid

particles or after its removal from the soil by washing with dis-

tilled water, upon the physical condition of soils or complex
silicates of such a character as to admit of chemical exchange of

ions, is. in a measure, dependent upon the nature of the chemical
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bodies formed by virtue of this interchange of ions. The soluble

products, including the salts of calcium, magnesium or other

bases, which are formed when salt solutions are allowed to act

upon soils, must be considered, if a true conception of the physi-

cal effects of the added salts is to be secured. In addition, the

individual properties of the new silicate complex, which is

formed simultaneously with the exchange of ions, must be recog-

nized as bearing significantly on the final effects of the added

salt on the physical condition of the soil. Undoubtedly, these

factors have a bearing on the effects of salts on the capillary

movement of water in soils, and make impossible the direct appli-

cation of physical laws concerning surface tension and densities

to the phenomena of capillary rise, as Briggs and Lapham^* have

attempted. Instead, the factors discussed above may help to

harmonize the observations made by these investigators with the

more recent findings of Kossovich.^''

The addition to soils of KCl, NH.Cl, NaNO., Na.SO, or NaCl,

and in fact most neutral salts, has been shown by Way,'*° Eich-

horn,*^ Henneberg and Stohman,*- Peters,*^ Van Beramelen,**

Bradley,^^ Curry and Smith,*" and others, to result in increasing

the quantity of calcium, magnesium and other metallic ions in the

solution secured from soils so treated, as compared with the same

soils receiving distilled water. Furthermore it has been shown

by Hall and Morison,*' Davis,'** Patten and Gallagher,*^ IMasoni,^'*^

and others that calcium and magnesium salts possess more pro-

nounced flocculating powers than the corresponding salts of the

alkali metals. This fact mav account for the diff'erent rates at

1912.

38 U. S. Dept. Agric, Bur. of Soils, Bull. 19, 1902.

39 Cited from Exp. Sta. Rec, vol. 2.5, no. 9, p. 824.

*o Loc. cit.

41 Cited from Sullivan, loc. cit., p. 12.

42 Cited from Sullivan, loc. cit., p. 13.

43Landw. Vers. Stat., vol. 2, p. 113, 1860.

44 Loc. cit.

45 Oregon Agric. Exper. Sta., Bull. 112, 1912.

4fi New Hampshire -Vgrie. Exper. Sta., Bull. 170, 1914.

47 Loc. cit.

48 IT. S. Dept. Agric, Bur. of Soils, Bull. 82.

49 U. S. Dept. Agric., Bur. of Soils, Bull. 52, 1908.

•''O Abstract in Journ. Chem. Soc. London, vol. 102, no. 597, p. 677,
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which the same strength of different salt solutions operates to

clarify suspensions from different soils. Moreover, the addition of

these salts seems to bring about a decided increase in the colloidal

content of the soil, which is obviously manifested when the

soluble salts are removed by distilled water. On the other hand,

the introduction of calcium salts to a soil does not apparently

bring about the production of a colloidal complex, although some

interchange of ions occurs. In fact, the addition of CaCl, fol-

lowed with washing seems to have the opposite effect on the Davis

clay-loam soil. For these reasons it seems evident that the in-

soluble as well as the soluble products formed by the interaction

of salts on soils must be considered as important factors in such

practices as prescribe the use of soluble salts on soils.

It is apparent that at least the Na, K and NH^ ions form a

colloidal substance upon their introduction into the silicate com-

plexes of the Davis soil. The Ca-ion, and probably others, form,

on the contrary, non-colloidal substances when introduced into

the complex silicates of the Davis soil. It is also made clear

that the acid ion is of little importance in the phenomena follow-

ing the washing out of salts from the soil, by the fact that NaNOg,
NaCl and NaoSO^ all operate to produce approximately the same

results.

Some General Observations on Other Peculiar Appearances

Accompanying the Washing Out of Certain

Salts from Soils

Stewart^^ in a recent paper attributes the color of the nitre

spots to the action of sodium or potassium nitrates on the organic

matter of the soil. Bearing somewhat upon this subject, we have

noted that the addition of NaCl or Na.S04 to a soil materially

increases the organic matter in the supernatant solution if the

depth of color of such a solution can be relied upon as an index

of the quantity of organic matter contained therein. But the

most striking results in this connection appear when these neutral

salts are removed from the soil by washing. The soil itself as-

sumes the typical gray color of alkali soils in the field, and the

51 Journ. Amer. Soc. Agron., vol. 6, no. 6, p. 247, 1914.
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filtrate takes on a rich, dark brown color, not unlike the usual

NH4OH humus extract. Frequently the soil when dry is covered

with a thin layer of hard, black, organic matter. Indeed the re-

semblance between the NaCl + H.O soil, the water in contact

Avith it, or its percolate, and the natural alkali soils and the water

bathing their particles, is so striking as to deceive even those

experienced in the handling of
' '

black alkali
' '

soils.

The increased solubility of the organic matter in the salt-

treated, water-washed soils, as indicated by the increased depth

of the brown color, cannot be due to the presence of the NaCl

as a chemical entity, for the color does not appear until after

some of the salt has been removed from the soil by washing. There

can be no doubt that the NaNOg by means of an interchange of

ions with the organic salts of calcium or magnesium does affect a

greater solubility of organic matter, but this solubility may be

greatly increased if the added salt is washed from the soil. This

fact may be of assistance in accounting for the color of the nitre

spots.

In agreement with Van Bemmelen°- and Warington,'^^ we have

also noted the appearance of tluff.y, flocculent colloids passing

through the filter paper, when the added salt is practically

washed from the soil. These colloids coagulate when in contact

with the filtrate containing the soluble salts from the soil.

One other point which has not received prior attention. Init

which seems of sufficient importance to be mentioned at this

time, is the fact that all of the salt need not be washed from the

soil to produce the effects noted. In another series of experiments,

which will be reported in detail later, 3200 cc. of a 1.5 per cent

solution of NaCl (which was intended to represent the strength

of the soil solution when 0.3 per cent of NaCl is added to the soil

under optimum water conditions) was passed through 1 (iOO grams

of Davis soil. The soil was affected to a greater extent than a

soil receiving a similar quantity of NaCl, namely 4.8 grams, or

than a third soil receiving a similar quantity of NaCl, which in

addition was leached with 3200 cc. of water. The injury to the

first soil was greater than to the other soils despite the fact that

52 Lac. cit.

53 Loc. cit.
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a small quantity of salt remained in contact with the soil. These

observations lend further confirmation to the fact previously ob-

served, that a second addition of NaCl to a NaCl -f- HoO soil

does not cause the reversion of the soil to its original condition.

General Discussion of the Effects Noted and Their

Application to Soil Studies and the

Management of Soils

In the discussion on the possible relation of the calcium and

magnesium content of the percolate to the diffused conciition of

salt-treated, water-washed soils, attention has already been

called to the fact that the phenomena, first observed in case of

the cylinders containing Davis soil, also appeared in three other

soils of widely different types. Evidently the effects observed

when added salts are washed from soils by distilled water, are

not peculiar to any particular type of soil, but are more or less

general in their application. Some soils, as those which do not

offer replaceable calcium or magnesium to exchange for sodium

or other ions of salt solutions, would probably react to a much

less extent than those soils which do react with salt solutions.

The degree to which the soil is affected by the salt-and-water

treatments is apparently dependent upon the amount of exchange

of bases, or the direct addition of bases which occurs. This, of

course, varies markedly wnth different soil types and is probably

closely associated with complex silicates of which mention has

already been made. This conception conforms, in the main, with

the ideas brought out by Knop,"^* Van Bemmelen," and Waring-

ton,^*' with respect to the absorption of salts by soils. Moreover,

Kossovich" has noted that NaCl exercises a more pronounced

effect on capillary rise in clay soils than in sandy soils.

There can be but little doubt that the effects of salts on the

physical and chemical properties of soils has a wide range of

application to alkali soils and their management. Moreover, the

54 Cited from U. S. Dept. Agric, Bur. of Soils, Bull. 52, p. 19.

55 Loc. cit.

56 Loc. cit.

5" Loc. cit.
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peculiar phase of these effects under consideration would seem to

have particular significance in that connection. First of all,

these soils contain, as a general rule, sufficiently large quantities

of salts to be commensurate with those used in the experiments

reported above. Secondly, the natural rainfall, irrigation prac-

tices, and drainage operations often wash the salts out of the

top layers of soil, so that this soil would be exposed to the con-

ditions likely to produce the inferior physical qualities attendant

upon deflocculation.

During the late winter and early spring months the writer

had occasion to observe the standing water in the depressions of

the alkali lands near Fresno, California. To all appearances the

underdrainage of these low areas would be practically impossible,

owing to the imperviousness of the soil, which upon examination

reveals all the characteristics of the diffused salt-treated, water-

washed soils. Besides, the gray appearance of the soil when dry,

and the striking resemblance of the supernatant liquid to that

above the soils in the cylinders, would certainly lead one to be-

lieve that even under natural conditions the washing out from

and the dilution of the salts in alkali soils has much m common

with the artificial production of similar conditions. Heretofore,

the depressions and the remarkable imperviousness of their soils

have been attributed to the presence of NaoCO^j.

It would seem that the deflocculation effects exhibited by soils

when added salts are washed from them would have particular

bearing upon the reclamation of alkali soils by underdrainage.

Yet the possible application of this feature to alkali reclamation

seems to have been omitted from the literature dealing with this

subject.^® Cameron and Patten^" observed somewhat similar

lowering of the rate of percolation, followed, however, by an

increase later as the washing out of the salts progressed, Hare,''°

in a recent paper describing tank experiments dealing with the

effects of alkali salts on soils and crops, does not note any pos-

sible effect of the added salts on percolation through the soils

receiving them, but does comment on the observation that NaoSO^

58 Hilgard, Soils, 1911, chap. 22, and U. S. Dept. Agric, Bur. of Soils,

Bull. 35, 1906.

59 Journ. Amer. Chem. Soc, vol. 28, p. 1639, 1906.

60 New Mexico Agric. Exper. Sta., Bull. 88, 1913.
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was more difficult to leach from the soil than NaoCOg or NaCl.

Specific information on the physical condition of the drained

alkali soils of the various drainage experiments is lacking. Even

the recorded observations of a general nature are indefinite and

discordant. Thus at Salt Lake,"^ Tempe/'^ and North Yakima,*'^

the effect of drainage has not appeared to have benefitted the

physical condition of the soil, while at Fresno,*'*, Billings,*'^ and

elsewhere, the drained soil appeared to be superior with respect

to physical condition than the undrained soil. Owing to the in-

adequacy of these reports in that no definite measurements of

alteration in the physical condition of the soil are given, they

cannot be accepted as a final expression of the effects of drainage

of alkali soils.

The behavior of the Davis soil in the cylinders and the general

trend of the laboratory experiments seem to the writer convincing

arguments that the drainage of these cylinder soils in their

present condition would be practically, perhaps absolutely, im-

possible. Underdrainage, supplemented with powerful flocculat-

ing agents, might serve ac a feasible plan whereby the excess salt

could be removed from such soils.

That natural alkali soils are not strictly comparable with the

cylinder soils to which single salts have been added is patent,

and this may account, in a measure, for the general discrepancy

between the behavior of certain natural alkali soils and that of

alkali soils made artificially by the addition of salts. The wash-

ing out of salt mixtures, as in the case of natural alkali soils, may
have an entirely different effect than the washing out of a single

salt. It has, however, been shown in this laboratory that the

washing out of certain mixtures of salts from the Davis soil has

resulted in the same way as washing out single sodium salts. On

the other hand, the time for the reaction of the salt in the soil

eiDorsey, C. W., U. S. Dept. Agric. Bur. of Soils, Bull. 43, p. 16,

1907, and Bull. 35, p. 181, 1907.

62Dorsey, C. W., U. S. Dept. Agric, Bur. of Soils, Bull. 35, p. 190,
1907.

63 Loc. cit., p. 189.

64Mackie, W. W., U. S. Dept. Agric, Bur. of Soils, Bull. 42, p. 43,
1907.

65Dorsey, C. W., U. S. Dept. Agric, Bur. of Soils, Bull. 44, p. 18,

1902.
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being comparatively unlimited in case of the natural soils, it may
considerably alter the end-points and end-products and thus

introduce a new factor. The constant up-and-down movement

of the soluble salts in the soil, the alternate drying and wetting

of the soil, and the effects of thermal changes on the soil, may
partially obliterate the true effects of washing certain salts from

soils. In addition, the relation of calcium, magnesium and other

bases to the sodium may be modified by the conditions just men-

tioned, so that different equilibria are established. Furthermore,

the nature of the soil, especially with respect to the original con-

tent of colloidal substances and hydrated silicate complexes, must

be taken into account. Thus the effect of draining salts from

sandy soils free of colloids may be so small as to pass unrecog-

nized, while similar drainage from heavier types of soils would

produce marked effects. The colloidal content, too, and the state

of diffusion thereof, in our drained alkali lands, may be a direct

result of the first natural introduction of the salts into and their

subsequent removal from the original soil, the exact physical

condition of which may be only surmised. Hence we have no

means for securing evidence as to the exact salt effects under

natural conditions.

As suggested by Mayer,*"'' the physical effects resulting from

washing sea salts from the soil may be as injurious to the growth
of plants as the direct toxicity of the salt itself. Our experience

with the cylinders serves to confirm this idea, for despite the

fact that the top foot of soil is almost free from salts, it seems

impossible to secure a satisfactory growth of plants. A pot

experiment, to be reported upon later, also gives substantial

proof that the deflocculated soil, comparatively free from salt,

offers a far less congenial home for barley plants, at least during

the early stages of growth, than the same soil containing as high

as 0.3 per cent of NaCl.

The inability' of the plants to make a satisfactory growth in

the highly deflocculated soils appears, from a cursory considera-

tion of the conditions, to be due to the lack of available moisture.

Although the deflocculated soils may seem to be moist, yet the

quantity of water which the plants have at their disposal is

66 Loc. cit.
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probably insufficient to promote normal growth. At least this

condition is suggested by the moisture equivalents of the defloe-

culated NaCl 4- HoO soil as determined with the centrifugal

machine developed by Briggs. In addition to the low availability

of the moisture in such soils as an inhibiting factor, the rate of

movement of water through such soils must also be considered

in its relation to the growth of plants. From all appearances, it

seems justifiable to predict that the movement of water through

the highly diffused soils is so slow as to fail to resupply the area

occupied by the roots from the more moist soil layers lying

adjacent to the root area.

The observed effects of washing salts from soils may also have

some bearing upon fertilizer practices and the results on crop

plants secured therefrom. The salts used as fertilizers undoubt-

edly effect certain modifications of the physical condition of

soils. It is also true that the washing out from the soil of at

least some of these salts brings a far greater change in the

physical properties of the soil than that accompanying the ap-

plication of the salts. Probably no instance with respect to this

feature, as a phase of soil management, is so patent as that con-

cerning the use of NaNOg. HalP" comments upon the inadvis-

ability of applying this material under certain conditions be-

cause of the deflocculating effect of the alkalinity due to residual

sodium carbonate. Warington"^ also notes the deflocculating

effect of NaNOg and refers to it as being particularly noticeable

after heavy rains. More recently McGeorge"'' has observed a

marked retardation of percolation through Hawaiian soils receiv-

ing applications of NaNOg, but attributes this effect to some

reaction between the added salt and the organic matter of the

soil. Undoubtedly the application of NaNOg to soils under cer-

tain circumstances has resulted in a deterioration of the physical

condition of the soil, although the NaNOg, as a salt, is in itself

a flocculating agent.

The writer has produced marked deflocculation in the Davis

soil b}^ applying NaNOg and subsequently washing the soluble

67 The Soil, p. 252, 1910.

68 Loc. cit.

69 Hawaiian Agric. Exper. Sta, Bull. 35, 1914.



336 University of California Publications in Agricultural Sciences [Vol. 1

salts from the soil with water. The use of the NO3 radical by

plants or bacteria, thereby leaving the sodium, could not have

occurred to any extent in this case, for the whole process re-

quired no longer than two hours, and was carried out in a filter.

The filtrate at no period in the washing process showed sufficient

alkalinity to account for the deflocculation. Hence the former

conception that residual NaoCOg causes the deflocculation seems

untenable, and some such hypothesis as has been advanced in

this paper must be adopted to explain the unfavorable physical

condition frequently existing in soils receiving applications of

NaNO..

With respect to fertilizer salts in general, Plall'" calls attention

to the deflocculation folloAving the use of neutral salts on soils,

but believes the effect is due to alkalinity arising from the ab-

sorbed base. Hessler'^^ has noted the increase in coherence of the

soil particles when NaCl, NaNO, and kainite have been applied

to soils. Hoffman,'- however, could not detect any difference in

the interior surface of soils due to fertilizer applications of the

usual magnitude. It is of interest to note that no attempt is

made to correlate the inferior physical condition of salt-treated

soils with the process of leaching the salts from them.

How^ever, potassium and ammonium salts are effective in the

same direction as sodium salts when washed from the soil, al-

though they are generally considered flocculating agents when

in contact with certain colloidal particles. Hence, to be fully

comprehensive and expressive of the whole truth, studies on fer-

tilizer effects should involve not only the conditions under which

the salt or salts are present, but also those conditions which not

infrequently arise in nature, whereby the soluble salts are re-

moved from the soil by processes analogous to washing the soil

wdth water.

The nature of the clay colloids and the cause of the relatively

high degree of deflocculation which they assume w^hen suspended

in water have long been subjects of much conjecture and much

"0 Loc. cit.

'1 Cited from Exper. Sta. Eec, vol. 31, bo. 2, p. 123, 1914.

:2 Landw. Vers. Stat., vol. 85, nos. 1-2, p. 123, 1914.
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debate. Hilgard" has consistently maintained that the power
of such colloids to remain in a stabilized condition is not to be

attributed solely to the fineness of division of such particles, but

that other factors may be responsible for that condition. In

agreement therewith, our experience, which has been presented

in this communication, has led us to believe that the chemical

nature of the body itself and that of the medium, determine in a

large measure the condition in which the colloid may exist.

The extent to which the factor considered in this paper may
be applicable to agricultural practice can be better surmised than

asserted at the present writing, but it seem.s highly possible that

the modifications of the phj^sical condition of the soil, due to

washing out the soluble salts, under circumstances involving

fertilizer applications or natural alkali soils, will be reflected in

the inferior tilling qualities of the soil, in the increased resistance

offered by such soils to root penetration, in the lack of air space

and air movements, in the defiocculated soil, and in the moisture

and temperature relations of such diffused soils. The movement

of moisture in soils by surface tension and osmotic pressure or

under gravitational attraction, appears to be particularly de-

pendent upon the degree of deflocculation of the soil colloids.

Besides affecting the physical condition of the soil, the leach-

ing out of soluble neutral salts from soils is, as has been previously

shown, frequently accompanied by notable quantities of calcium

and magnesium in the percolate. Thereby the soil sustains a con-

siderable loss of calcium and magnesium, which may in the course

of time be of sufficient magnitude actually to deplete the available

supply of these plant-food elements in the soil. The bacterial

flora and bacterial activity of soils subjected to the treatments

outlined above are liable to be considerably modified and to all

appearances in a harmful direction. Thus all the factors of soil

fertility are likely to be measureably affected through the pro-

cess of washing salts from soils
; consequently the crop-producing

power of the salt-treated, water-washed soil is apt to be con-

siderablv modified.

73
Soils, chap. VI.
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Summary

1. The Davis elay-loam soil to which surface applications of

solutions of NaCl, Na.SO^ and Na^CO.. had been made became

very impervious to water, difficult to cultivate, and manifested

the characteristics of a high degree of diffusion, although these

salts have been shown to exercise flocculating powers on sus-

pensions of this soil.

2. The salt-treated soils referred to were in cylinders exposed

to natural conditions.

3. Examination of the soils showed that the salts had moved

downward into the lower layers of soil and that only the surface

soil had been affected in the direction described.

4. The deflocculated condition resulting from adding certain

salts to and subsequently washing them from soils can be repro-

duced in the laboratory.

5. The defloccnlation of soils treated in the manner described

above is intimately associated with the leaching of the NaCl and

Na2S04 down into the lower layers of soil by water. In the case

of NaoCO.^ the leaching process is not so essential for the diffusion

of the soil colloids.

6. The addition of NaCl, Na^SO^ and NaXOg to the Davis

soil when followed with applications of water was particularly

effective in diminishing the rate of percolation through the soil

so treated.

7. NaCl and NaoSO^ in con.stant contact with the Davis soil

increased the rate of percolation, except when a comparatively

dilute solution of NaCl was slowly passed through the soil for a

considerable period of time.

8. The Davis soil treated with NaCl, NaOH, NaoCO.^ and other

salts, followed by leaching with water, yields a suspension in

water containing approximately ten times as much solid matter

as the same soil washed with water only. A real diffusion in such

salt-treated soils seems evident.

9. The soil once diffused by washing out added NaCl requires

considerably more salt to completely flocculate it, than does the

water-washed soil. I^ikewise the injured physical condition of

such soils is not readily repaired by a second addition of NaCl.
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10. The portion of the organic matter of the soil known as

humus has little or no connection with the appearance of dif-

fusion in salt-treated, water-washed soils.

11. The diffusion in soils treated as described above seems to

be closely associated with the direct addition of sodium to, or

with the absorption of sodium by the soil, thereby producing a

new silicate complex of a colloidal character in the soil.

12. This silicate complex is formed simultaneously with the

interchange of ions occurring between the salt and the soil.

13. The washing process serves, in the case of neutral salts,

to remove flocculating agents.

14. The loss of calcium and magnesium from the soil bears

little or no relation to the flocculation appearing in salt-treated,

water-washed soils except in so far as it may be a measure of the

absorbed sodium.

15. The presence of the OH-ion does not seem to be an essen-

tial factor in the diffusion of salt-treated, water-washed soils.

16. NaoCOg and NaOH produce markedly different effects on

suspensions of the Davis soil.

17. The acid ion of the salt is not an important factor in the

defloeculation phenomena following the washing out of salts

from soils.

18. Sodium, potassium, and ammonium seem to produce the

colloidal silicate complex when salts of these metals are applied to

soils, while calcium does not.

19. Dilute solutions of acids and salts possess flocculating

powers on .suspensions of the Davis soil.

20. It is not essential in every case to wash all of the salt

out in order to bring about diffusion.

21. The facts presented are discussed in their relation to the

reclamation and management of alkali lands, and in their appli-

cation to the use of soluble salts as fertilizers.

The writer desires to express his thanks to Professor Charles

B. Lipman for many valuable suggestions and for his critical

reading of the manuscript, and to L. E. Bailey for his timely

assistance in the analvtical work.

Transmitted November 16, 1915.
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INTRODUCTION

Since the recognition of the fact that the mineral content of

the plant body is derived from the mineral constituents of the soil,

the part which the soil solution takes in the nutrition of the plant

has been the subject of numerous investigations by chemists, plant

physiologists, and soil scientists, who have made large contri-

butions to our knowledge in this important field. The early

investigations of Knop and other plant physiologists showed

conclusively that the elements which are essential to plant growth

are carbon, hydrogen, oxygen, nitrogen, sulphur, phosphorus,

potassium, magnesium, calcium, and iron. As most of this work

was done before the development of the new chemical and physi-

cal theories, in regard to solutions in particular, the problems

dealing with the absorption of these elements remain for expla-

nation in the light of this new knowledge. The modern period

of research in this field has thus been characterized bj'^ an in-

tensive study of the absorption of nutrient elements by the plant.

The earlier conceptions, which had a marked tendency to link

each element with some specific physiological process or with the

development of some morphological part of the plant, have been

• Vv
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largely discarded in view of the recent investigations, which

have shown that plant growth is not a simple function of any

any particular element, but is to a very large extent influenced

by the combinations of elements in the solution from which

the plant derives its nourishment. Thus while calcium may
in certain cases act as a neutralizer of oxalic acid,' it exhibits

a more general function of antagonism for salts of potassium,

sodium, magnesium, and other salts which would be toxic if

calcium were not present.- While this antagonistic function

may be characteristic, it would seem from the experiments of

Tottingham^ that either this antagonistic action of calcium or

the toxic effects of magnesium are influenced by the total con-

centration of the solution. Tottingham, therefore, concludes that

the injurious effects of magnesium depend not onlj^ on the amount

of calcium present but also upon the complex balance between

all the salts in the solution. It follows tliat while the later in-

vestigations have undoubtedly given a wider conception of the

role of the various nutrient elements, the exact relation which

exists between the recognized nutrient function of these elements

and the balancing function in the solution is not definitely known.

Tlie part which the total concentration of the solution takes

in the complicated problem of plant nutrition is by no means

clear. On the one hand, the experimental evidence of Cameron*

and his co-workers shows that the plant growing in water culture

is not influenced to any extent by wide variations in the total

concentration of the solution, a view which is further supported

by the researches of Tottingham,^' who concludes that nutrient

solutions ranging from 0.01 per cent to 0.14 per cent do not affect

the dry weight in the case of wheat grown in these solutions.

A similar view is taken by Stiles,'"' who thinks that the individual

variation of plants gi'own in water cultures is as large or larger

than that which is often accredited to a variation in the compo-

1 Sobimper, Flora, vol. 73, pp. 207-261, 1890.

2Loew, Flora, vol. 75, pp. 368-.394, 1892; and U. S. Dept. Agrie. Bur.
riant Ind. Bull. 45, 1903; Osterhout, Bet. Gaz., vol. 42, pp. 127-134, 1906,
and vol. 44, pp. 259-272, 1907.

3 Tottingham, Physiol. Ties., vol. 1, pp. 133-245, 1914.

4 Cameron, Jour. Phys. Chein., vol. 14, p. 320, 1910.

5 Loc. cit.

fi

Stiles, Ann. Bot., vol. 29, pp. 89-96, 1915.
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sitioii of the solution. In decided contrast to the evidence cited

above, we have the investigations of Hall, Brenchley, and Under-

wood," who conclude, on the basis of their results with barley

plants grown in a standard solution of four different concen-

trations, that "the growth made by plants in the soil solution is

in the main determined by the amount of plant food they con-

tain," and that "the concentration of the nutrient solution

within certain wide limits, irrespective of the total amount of

the plant food available, is a factor in the rate of plant growth

which varies directly though not proportionally with the strength

of the solution in the particular nutrient or nutrients limiting

the growth." The experiments of Shive* are of considerable

interest in this connection. Wheat was grown in solutions of

three different total concentrations, 0.1, 1.75, and 4.00 atmos-

pheres, in terms of possible osmotic pressure. The solution used

was tlie three-salt solution first used by Birner and Lucanus"

containing Ca(N0.,)2, MgSO^, and KH.PO,. All possible sets

of proportion of these salts were included for increments of

change equal to one-tenth of the total possible osmotic pressure.

As judged from the extensive quantitative data collected, Shive

concludes that the growth of wheat plants in solutions of any

given salt proportion is determined by the concentration of the

medium.

In the course of some experimental work concerning the drop-

ping of flowers by Fj species-hybrids of Nicotiana}'^ it seemed

desirable to grow a considerable number of plants in sand cul-

tures which would vary widely both as to the principal nutrient

elements, nitrogen, phosphorus, and potassium, and as to the

total concentration of all of the nutrient salts. The marked

influence of the nutrient factors upon the growth of the plant

has afforded an excellent opportunity for a somewhat detailed

study of the influence of the composition and concentration of

the nutrient solution upon the growth of one of the higher seed-

plants of herbaceous character.

7 Hall, Brenchley, Underwood, Jour. Agric. Sei., vol. 6, pp. 278-301,
1914.

8 Shive, Physiol. Ees., vol. 1, pp. 327-396, 1915.

9 Birner and Lueanus, Landw. Versuehsstat., vol. 8, pp. 128-177, 1886.

loGoodspeed and Ayres, Univ. Calif. Publ. Bot., vol. 5, no. 9, 1916.
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The Use of Sand as a Culture Medium

The ease with which solutions can be prepared and subse-

quently analyzed has made the water-culture method especially

desirable in investigations of the role of nutrient substances in

plant growth. A solution has generally been recognized, how-

ever, to be otherwise undesirable as a medium for the growth of

the higlier plants, since tlie root system is kept, during the course

of the experiment, in an unnatural enviionment. Thus, while

this method serves admirably for analytical purposes, it seems

probable that the plant thus subjected to an unnatural environ-

ment will suffer certain more or less serious physiological dis-

turbances. In this connection, it is a well-established fact that

the development of root hairs is much greater in sand than in

water," the resistance of the substratum favoring root-hair pro-

duction.^- Roots in general grow longer and thinner in water

than in sand or moist soil. Hall. Breuchley, and Underwood^^

think that the more vigorous growth of barley in sand, as com-

pared with water cultures, is due to more efficient aeration of the

former. It would seem, therefore, that sand is preferable to

water as a culture medium, since in sand cultures the physical

conditions present about the root system more nearly simulate

those found in the soil. It is still a question just what part these

physical conditions may have in j^lant nutrition. Undoubtedly

such physical reactions as capillarity" and adsorption^^ must be

important factors, since both the absorption and availability of

nutrient salts would be affected by tliese physical phenomena.

Breazeale^'' has shown that the effect of concentration in sand

cultures is very different from that in water cultures, the best

concentration for wheat in water being three hundred parts per

million, while in sand it is in the vicinity of two thousand five

hundred parts per million, an effect which is no doubt largely due

to the adsorption of certain salts or ions by the sand particles.

11 Schwarz, Bot. Inst. Tubingen, vol. 1, pp. 1.55-188, 1883.

12 Snow, Bot. Gaz., vol. 40, pp. 12-43, 1905.

13 Loc. cit.

1* Bell and Cameron, Jour. Phys. Cheni., vol. 10, p. 659, 1906.

15 Schreiner and Failyer, U. S. Dept. Agric. Bull. 32, 1906.

i« Breazeale, Science, n. s., vol. 22, pp. 146-149, 1905.
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The physical effects of sand as a medium for plant growth have

been shown recently in a striking manner by McCall,^^ who added

to sand the solutions whicli Shive^" used as water cultures, with

the result tliat much larger quantities of the nutrient salts were

required than when the same species of plant was grown in water

culture. The sand-culture method was selected for the present

work with the above evidence in mind, and also because the

growing period of the tobacco plant is long and this method

precluded the tedious changing of solutions necessary when the

water-culture method was used.

Experimental Material

The plant which was used in the present series of investiga-

tions was a tobacco of hybrid origin derived from a cross between

NicoUana sylvestris (U. C. B. G. 69/09) and Nicotiana tabacuni

var. macropJiylla (U. C. B. G. 22/07) and known in the Uni-

versity of California Botanical Garden as U. C. B. G. H38.^"

The plants to be used were raised from seed and were transferred

as seedlings to the sand from the flats in which they were grown
after carefully washing the roots free from adhering soil par-

ticles. In picking out seedlings from the flats care was taken to

choose from the large number of plants available only those

which were most nearly uniform with reference to size and

general appearance. The plants were kept during the experiment

in a well-ventilated greenhouse.

The sand used was a light-colored beach sand which on

analysis by means of the acid-digestion method of Hilgard showed

the following composition :

re,o.
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a eoliiiiin of the sand for a period of twenty-four hours. The

excess of taj) water retained by the sand was in turn washed out

with distilk'd water. While this sand is inferior to the best

grade of pure quartz sand in freedom from inorganic material,

it is unable to supply available nutrient elements in sufficient

quantity to cause any perceptible increase in growth (pi. 14).

Two thousand gram portions of the sand treated as above were

weighed into six-inch flower-pots which had been previously

prepared by dipping them into melted paraffin. The paraffining

effectually closed the pores and prevented the absorption of the

culture solution by the pot.

Distribution of Nutrient Salts

The pots were divided into three different groups designated

as series I, II, and III, each series consisting of twenty pots

divided into groups of five pots each, and a duplicate in each

case, making forty pots in all in each series. In series I, nitrogen,

as NaNOa, was the varying factor within each group, the weight

of each of the other salts being held constant. Thus, in series I,

the pots 1 to 5 in each of the four groups contained NaNO^ as

follows: 0.02, 0.2, 1.0, 2.0, 3.0 grams. In a similar manner phos-

phorus and calcium, as Ca(H.P04)., were varying factors in

series II, while in series III potassium, as K^SO^, was varied. As

noted above, the twenty plants of each series were divided into

four groups designated respectively as A, B, C, and D, each group

consisting of five plants and a control for each. The weight of

one varying factor remained the same in pots of like number

through all four groups. Thus plants lAl, IBl, I CI, and

I D 1 each contained 0.02 grams of NaNO,, and I A 2, I B 2, I C 2,

and I D 2 contained 0.2 grams of NaNO;,. But from group A
to D the weight of the other nutrient factors decreases, so that

group D contains two-thirds, C one-half, and D one-fourth the

weight of each of these nutrient factors as present in the A group.

The effect of this distribution of salts is to give at least three

important variables. First, the single nurient salt in increasing

proportions from plant 1 to plant 5 in each group, and second,

the factor of total concentration which decreases from group A
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to group D in each series. The third important variant, the

balance of salts in the solution, follows as a matter of necessity,

since the single nutrient salt added in increasing quantities from

plant 1 to plant 5 is added with uniform variation and in the same

quantity in each group, while the quantities of the other salts,

although constant within a group, are not constant within all

TABLE 1

Weight in Grams of Salts Addkd to Each Pot Containing 2000 Grams
OF Sand

(In the following table the roinan numerals indicate the series numbers,
and the letters are those of the corresponding groups.)

d
IS

o
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the groups of a series. Thus I A 5, I B 5. I C 5, and IDS each

contained 3 grams NaNO.j, but the content of each pot in KjSOi
was 2.4, 1.6, 1.2, and 0.6 grams, respectively; hence the balance

between NaNO^ and K.SO4 is very different in each of the four

pots. Table 1 shows the distribution of the salts in the three

series and the total concentration in grams of the salts in each

pot. The total quantity of nutrient salts was added to the sand

at the beginning of the experiment.

The plants were placed in the sand June 15 and were har-

vested about November 1, the tops and roots being kept for the

determination of dry weight.
-°

It will lie seen that the plant

was allowed sufficient time to complete its natural period of

growth, thus permitting certain observations of a quantitative

nature as recorded in table 2.

PHYSIOLOGICAL EFFECT OF XITROGEX

DiSTRmuTiox OF Salts in Series I

In series I nitrogen as NaNO.. was the salt which was used

in the same weights in all of the four groups A. B. C, and D,

being present in pots 1 to 5 as follows: 0.01 g. (.001 per cent),

0.2 g. (.01 per cent), 1.0 g. (.05 per cent), 2.0 g. (.1 per cent),

3.9 g. (.15 per centl. The maximum weights of other salts Avere

Ca(H3POj2, 1.2 g.; K,SO„ 2.4 g. ; MgSO,, 0.96 g., in group A,

while the minimum quantity of these salts as added in group D
was 0.3 g., 0.6 g., and 0.24 g., respectively. The total concen-

tration in this series ranged from 1.16 g. in I D 1 to 7.56 g. in

I A 5.

Height ix Series I

The height of each plant was measured at two different

periods. The first measurement was made when the majority

of the plants Avere just beginning to shoAv the first signs of flower-

bud formation. The second measurement was taken five or six

weeks later, when most of the plants Avere in full bloom. The

final height of the five plants in each group is shoAA^n graphically

20 An accident to the roots while drying prevented the collection of,

further data on their dry weight.
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TABLE 2

Summary of Qualitative and Quantitative Data for Each Plant

(In the following table the ronian numerals indicate the series numbers,
and the letters are those of the corresponding groups.)
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TABLE 2— (Continued)
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The effect of increasing the quantity of nitrogen from plant

1 to plant 4 is marked in all groups. In every group plant 5

is not so tall as plant 4 (pi. 5), hence it would seem that the

optimum nitrogen supply for tobacco growing in sand cultures,

with height as an index, is somewhere near 0.1 per cent of

NaNO^, calculated on the basis of the dry weight of the sand.

Cm.

60 70

Dg. totiil concentration

Fig. 2.—Graph showing the influence of total concentration upon height
in series I.

There is slight variation in the first three plants of groups A,

B, and C, showing that change in the total concentration of the

solution within these limits does not affect the characters of

the plants to any great extent. This, however, does not apply

to group D, in which the total concentration is low (1.16 to

4.14 g.), for plants 2 and 3 are far superior to the corresponding

plants of the other groups, although the nitrogen content is

exactly the same. When the nitrogen content is at or near the
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o])tininm tlic iiiHueuce of eoneentration on height is exhibited

ill a more uniform manner, as shown in plants 4 and 5 of all

groups (pi. 6). Plants growing in the solution of lower concen-

tration, in general, are taller than those growing in the solutions

of higher concentration.

The influence of total concentration upon height of plant

when taken in connection with optimum and deficient nitrogen

supply is indicat(Hi in figure 2, which shows a curve for each of

the two measurements made on each plant, the upper curve being

plotted from the last measurements taken. This curve is espe-

cially interesting since it shows the influence of nitrogen as a

prime factor in growth in solutions which are of approximately

the same concentration. Thus in I D 4 and I B 1, where the

total concentrations are 3.14 g. and 3.06 g., the heights of the

two plants are 91.5 cm. and 5.5 cm. Such a large difference can

be due in this case only to the lack of nitrogen in I B 1, since

there is present a considerable excess of the other nutrients

required (pi. 7).

A study of the early and late height curves shows that the

plant responded very early to the amount of salts available, as

is indicated by the similarity of the early curve to that based

upon the later measurements. The greatest final height is at-

tained, as was to be expected, through the continuous growth

of those plants which had sufficient nitrogen, while the growth

of tlie under-nourished plant was decidedly retarded. Thus at

the end of the growing season the differences in height between

the two groups became more marked as the time of complete

maturity drew near. Attention is called to this fact since it is

not an uncommon practice in growing plantss in water cultures

to harvest them before maturity. While these plants might give

an index of the influence of the culture solution on growth, they

would not give a true value for the nutritive function of the

solution, since increase might persist for a considerable time in

solutions of optimum nutritive value while plants growing in an

unfavorable medium would be practically at a standstill.
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Dry "Weight in Series I

A comparison of the curves for height (fig. 1) and for dry

weight (fig. 3) shows that in a general way height is an index to

the dry weight. This fact is more marked in this series than

in either series II or III since the plants were more uniform

throughout the series, being uniformly stocky where the height

was above 40 cm. In the other groups some of the plants were

Decigrams.
Dry wt. of tops
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the diy weight for plant I C 4 this weight would ])robal)ly have

been slightly greater than that of I U 4 (see table 2), making
the curves correspond to those for height.

THE INFLUENCE OF THE CULTURE SOLUTION ON FLOWER
PRODUCTION

Our information concerning factors which may influence

flower formation is very incomplete. Vochting-^ has demon-

strated tliat light intensity is a factor in flower development in

Mimulus, and numerous other plant physiologists have found

that a more or less marked influence on flower formation could

be correlated with some external factor. The relation to the

formation of flowers of nutrient salts in the medium in which

growth takes place seems never to have been studied in any

thoroughgoing manner. Mobius"- found that certain Gramineae

flowered better on dry soil and on soil low in nutrient elements

than on soil rich in nutrients and where water supply was

abundant. Jost-'^ thinks that the fact that root pruning increases

flower production may be thus explained, since there is a lower-

ing of the absorptive capacity of the tree for inorganic salts.

There has been also a general opinion, which is not fully justified,

that any condition which will cause marked vegetative develop-

ment will retard flower production. The experiment herein re-

ported has presented an opportunity for a study of the influence

of the composition and concentration of the solution upon flower

production.

In the plant used in this experiment the flowers fall soon

after opening, leaving a scar upon the inflorescence stock. -^ At

the end of the growing season the number of flowers produced

by each plant was determined by counting these scars (see table

2). The total number of flowers produced by each plant is shown

diagrammatically in figure 4.

^1 Vochting, Jahrb. f. wiss. Bot., vol. 25, p. 149, 1893.

22 Mobius, Beitr. z. Lehre v. d. Fortpfianzung d. Gewachse, Jena, 1897.

23
Jost, Lectures on plant physiology, p. 364, 1907.

21 Goodspeed and Ayres, Univ. Calif. Fubl. Bot., vol. 5, no. 9, 1916.
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Fig. 4.—Diagraniinatic representation of the number of flowers produced
by each plant in series I, II, and III.

Flower Production in Series I

The nitrogen supply is seen to have a very definite influence

upon flower production. In series I no flowers were produced

by plants 1 and 2 of any group and in only two groups were

any flowers produced by plant 3, showing definitely that unless

nitrogen is present in excess of 0.05 per cent as NaNO., the under-

nourished tobacco plant will not flower. Flower production in
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general eorrespoiuleil to vegetative vigor, the plant exhibiting

maximum vegetative growth producing the largest number of

flowers. Here again the influence of the total concentration of

the solution was apparent in the flower yield in the various

groups, which increased as the concentration decreased.

Cm.

1(1(1

90

80 -

70 -

4

?,0

20

10 -

^^-^,^



1917] Ayres: Nutrient Solution on Plants Grown in Sand Cultures 357

respectively. The maximum weights of the other salts were

NaNOg, 3 g. ; K.SO^, 2.4 g. ; MgSO,, 0.96 g., in group A, while the

minimum quantities of these salts as added in group D were

0.75 g., 0.6 g., and 0.24 g., respectively. The total concentration

in this series ranged from 1.61 g. to 6.38 g.
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Fig. 6.—Graph showing the influence of total concentration upon height
in series II.

Height in Series II

Figure 5 shows the height curves for the five plants of each

of the four groups in this series. There is clear indication that

the optimum phosphorus supply lies somewhere between .05 per

cent and .01 per cent of Qai{H.;^0^).2, the height of plant 4 being

greatest when all groups are considered. The difference in height

between plants 4 and 5 is not great in any group. The effect of

increasing the quantity of Ca(HoP04)„ is clearly seen in plants

1, 2, 3, and 4 of groups A, B, and D (pi. 8). The effect of total



358 University of California Publications in Agricultural Sciences [Vol. 1

concentration in this series is not so marked as in series I, but

is slightly evidenced in the somewhat better growth of some of

the plants in groups C and D as compared with plants in groups

A and D (pi. 9). The height of the plants at two different

periods in llicir growth was taken in this series at the same time

that the measurements were taken in series I and plotted against

total concentration (fig. 6). The total concentration of salts in

the solution is here, as in series I, of secondary importance when

one element is present in insufficient amount, as will be seen

(pi. 6) when plant II C 1 (3.20 g.) is compared with II C 3

Decigrams.
Dry wt. of tops

100

Ca(HoP0,)2

Fig. 7.—Graph showing the influence on dry weight of tops of equal

quantities of CaCH.PO^), in the different groups of series II.

(3.38 g.). While the total concentration is practically the same

and the total quantity of each of the other salts is the same the

Ca(HoPOJ., in II C 3 is ten times the quantity of the same salt

in II C 1.

Dry Weight in Series II

A comparison of height (tig. 5) and dry weight curves (fig. 7)

for tops in this series shows that height here is not an accurate

index to dry weight. Thus group A gave the greatest total dry

weight, while the greatest total height of plants occurred in

group D, a fact which is explicable since very serious injury

resulting in a spindly habit was shown by many plants in the

D group, as will be pointed out later in the discussion of injury

due to the improper balance of salts in the solution.
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Flower Production in Series II

The total number of flowers produced in this series was larger

than in series I, due largely to the fact that there was less stunted

growth in plants 1, 2, and 3 of each group, for which an ample

supply of nitrogen was available. Plants II A 1, II B 1, and

II C 1 did not produce any flowers. The greatest number of

flowers was formed in group C and the greatest yield of any one

plant was given by II B 5. The flower yield in each group is

definitely related to the general character of the plant as men-

tioned above in connection with series I.

PHYSIOLOGICAL EFFECT OF POTASSIUM

Distribution op Salts in Series III

The plants in series III were grown to study the physiological

influence of various quantities of potassium added as K.SO4 in

the presence of a sufficient supply of other nutrient salts, fol-

lowing the same plan as outlined above for the variation of

nitrogen and phosphorus in series I and II. K^SO^ was present

in the same weight in each of the four groups A, B, C, and D,

the quantities added to each of the pots 1 to 5 being 0.02 g.

(.001 per cent), 0.1 g. (.005 per cent), 0.2 g. (.01 per cent), 1.0 g.

(.05 per cent), and 2.0 g. (.1 per cent). The maximum weights

of the other salts were NaNO,, 3 g. ; Ca(H,POJ,, 1.2 g. ; MgSO,,

0.96 g., in group A. In group D the minimum quantities of

these salts were 0.75 g., 0.3 g., and 0.24 g., respectively. The

total concentration in this series varied from 1.31 g. to 7.16 g.

Height in Series III

No plants in this series were less than 50 cm. high, due to

the fact that the two nutrient elements, nitrogen and phosphorus,

which in the order named are of first importance as growth

factors, were present in sufficient quantitj^ to insure considerable

growth (pi. 7). Only a small quantity of K,SO, (.005 to .01

per cent) was required in this series to give plants of maximum

height, hence the curves show a downward trend in all plants

after either plant 2 or plant 3 in each group (fig. 8, also pi. 12).

Thus it is evident that there is a toxic effect of an excess of

potassium, irrespective of the total concentration of the solution.
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The influence of total concentration is again plainly seen in

this series. Plate 13 shows plant 1 of each of the groups A, B,

C, and D. As the total concentration decreases from A to C
there is a steady increase in the vigor of the plant as judged by

height. Curves in figure 9 indicate this general tendency to an

increase of height with a decrease in the total concentration of

the solution.

Dry Weight in Series III

As in series I and II, the dry-weight curves (fig. 10) do not

correspond w^ith the height curves (fig. 8). The greatest dry

weight of any plant was that of III A 4, which was not so tall as

the other plants of like number. The low dry weight of III B 4

is especially noticeable. A comparison of the two dry-weight

curves for the A and B groups shows a very peculiar effect of

KoSO^ in solutions of different balance. In each case where the

group A curve is high, the group B curve is low, a fact which

also applies to plants 3, 4, and 5 in the A and C groups. That

this should occur with such regularity is rather remarkable and

no satisfactory explanation can as yet be found to account for

this situation. It is evident that the physiological balance of

salts in the solution is dependent upon the concentration, as has

been shown by McCool,-^ Gile,-" Tottingham,-' and Shive.-^

Flower Production in Series III

The more vigorous growth of plants in this series gave a

greater total yield of flowers than either of the other two series.

This was to be expected from the result of series I and II, where

the flower yield was shown to be definitel.y related to the general

vigor of the plants. The production of flowers in this series

differs, however, from that in the other series. An increase of

K2SO4, wiiile in general depressing the total height of the plant,

when added in excess of .01 per cent gave a higher flower yield.

Thus in group C there is steady increase in the number of flowers

produced which corresponds to the increase of K0SO4. The

25 MeCool, Cornell Agric. Exp. Sta. Mem., vol. 2, pp. 121-170, 1913.

26
Gile, Porto Eico Agric. Exp. Sta. Bull. 12.

27 Loc. cit.

2S Loc. cit.
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Fig. 8.—Graph showing the influence upon height of equal quantities
of K2SO4 in the different groujis of series III.
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Fig. 9.—Graph showing the influence upon height of total concentration

in series III.
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greatest flower production occurred in group B, and plant 5 of

this group produced a larger number of flowers than any other

plant in any series.

INJURY DUE TO EXCESS OR DEFICIENCY OF NUTRIENT SALTS

The deficiency or excess of certain elements will cause injury

which is very characteristic. Gris as early as 1843 showed that

chlorosis was caused by a lack of iron in the nutrient solution.

Nitrogen starvation likewise has long been known to cause chlo-

rosis, a condition which may also result from an excess of soluble

Decigrams.
Dry wt. of tops

Cm.

'^; K0SO4

Fig. 10.—Graph showing the influence upon dry weiglit of tops of equal

quantities of K^SO^ in the different groups of series III.

phosphate."'' Magnesium starvation results in injury to the

chlorophyll bodies, and in excess is harmful unless antagonized

by calcium.^'- Other physiological disturbances not so well estab-

lished as these mentioned have been considered to be associated

with a deficiency or excess of nutrient elements.

The most marked indication of the fact that certain cultures

in this experiment did not furnish a normal medium for growth

was seen in the chlorosis which is so characteristic of plants

grown in solutions which are deficient in nitrogen. This type

of injury was uniformly present in all cultures containing 1 .0 g.

or less of NaNO.;, but was especially marked in series I, plants

1, 2, and 3, of all groups. It is not possible to draw a sharp

2n Crone, Sitzungsber Neiderrhein. Ges. Nat.- und Heilk, Bonn, 1902,

pp. 167-173.

3oLoew and May, U. S. Dept. Agric. Bur. Plant Tnd. Bull. 1, 1901.
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line which will clearly segregate the injury to the various plants

of a large series of this kind into well-defined groups since there

is always more or less overlapping. An attempt was made, how-

ever, to divide the plants into groups which would show in each

case a characteristic type of injury.

(a) This group was made up of plants which were very much

stunted, being less than 8 cm. in height and in every case showed

a marked chlorosis which was clearly attributed to a low supply

of nitrogen. The plants in this group were I A 1, I A 2, I A 3,

I B 1, I B 2, I B 3, I C 1, I C 2, I C 3, I D 1.

(&) This group was somewhat taller, from 13 to 21 cm. high,

but clearly stunted in growth. These plants showed less chlo-

rosis, since nitrogen was present in sufficient quantity to provide

close to the optimum supply in all cultures with the exception

of II D I and I D 2, where there was a distinct chlorosis due to

the low nitrogen supply. Plants showing this type of injury were

II A 1, II B 1, II C 1, II D 1, I D 2.

( c ) Plants in this group showed a more serious type of injury

than any of the other plants. They were more than 40 cm. in

height, but were very spindly (pi. 15). The whole plant showed

marked chlorosis, which affected the lower leaves most severely

and soon resulted in their death. This type of plant was found

in cultures I D 3, II B 2, II B 3, II C 2, II D 2. II D 3, II D 4,

III D 1, III D 2, III D 3, III D 4, and III D 5.

(d) The plants of this group were decidedly more vigorous

than those of the preceding groups, as indicated by their in-

creased height and better color. Indeed, they seemed to be per-

fectly normal. The following cultures were classed in this group :

I C 4, I D 4, II C 3, II C 4, II D 5, III A 1, III A 2, III A 3,

III B ], III B 2, III B 3, III C 1, III C 2, III C 3, III C 4, III C 5.

The following plants were even better in appearance than those

just named : I A 4, I A 5, I B 4, I B 5, I C 5, I D 5, II A 2, II A 3,

II A 4, II A 5, II B 4, II B 5, II C 5, III A 4, III A 5, III B 4,

III B 5.

A study of the above grouping indicates that chlorosis was

present wherever the nitrogen content was low, as was to be ex-

pected. The spindly growth characteristic of groups II D and

III D may also be due to the low supply of nitrogen. It seems
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that the injury which was so marked in series II must be in some

way associated with the calcium-magnesium content in solutions

which were not properly balanced. No definite calcium-magne-

sium ratios can be found which are responsible for the injury

which occurred in this series. Twenty different calcium-magne-

sium ratios ranging from 0.03^ to 3.54 occur in the series, and

both plants which were normal and plants which were seriously

injured were found in cultures in which tlie calcium-magnesium

ratio was low as well as in cultures where this ratio was high.

No definite conclusions can be drawn in this connection, however,

since the other variables present complicate the situation so that

the injury cannot be said with certainty to be associated with an

improper balance between the calcium and magnesium.

TABLE 3

Summary of Complete Experiments

Grouped in such a manner that comparison can be made with special
reference to the influence of concentration and balance of the solution

upon crop and flower production. The calculation of the per cent total

concentration is based on the assumption that the salts are all dissolved

in the quantity of water held by 2000 grams of sand when saturated. To

get this value in parts per million, multiply the total concentration in

grams by 227.2. The real concentration would be much greater than these

values would indicate, since the sand was not kept saturated.



1917] Ay res: Nutrient Solution on Plants Grown in Sa7id Cultures 365



3{j() Univer.sitjj of California PubJicatioHs in AfiriruUural Sciences [Vol. 1

THE ABSORPTION OF SALTS FROM THE CULTURE MEDIUM

The absorption by plants of salts from a solution is no doubt

intimately related to the composition of the solution, since the

intake of inorganic salts occurs only when the concentration of

the solute outside the permeable protoplast is greater than that

within. Hence the total osmotic concentration of a solution may
affect the intake and storage of the salts from the solution. ^^

The quantity of salts which are absorbed by the plant may also

vary with the qualitative composition of the solution. Thus True

and Bartlett^- have shown that absorption from a solution of two

or of three salts is more rapid than from a solution containing

a single salt. It is evident that the factors wdiich regulate ab-

sorption are very complex, and that this complexity increases

with an increase in the number of different anions and cations

in the solution. It is further evident that two methods may be

followed with a view to ascertaining the quantities of salts ab-

sorbed. The ash of the plants may be analyzed or the residue

of salts remaining in the culture may be determined. It has

seemed desirable to attempt a study of absorption in the present

case by means of the latter method.

Method of Analysis

The small quantities of salts added to each pot made the

acid-extraction method undesirable, since the large quantities of

sand required to give weighable precipitates would have been

extremely hard to dehydrate, thus introducing a considerable

source of error. For this reason the colorimetric method of

analysis'^^ was used in this work. An exception was made in the

determination of calcium, which was made by the usual volu-

metric method. The sulphur was determined gravimetrically as

BaSO^. A water extract was prepared from 250 g. of sand by

leaching \\\\\\ successive small portions of distilled water until

31 Livingston, The role of diffusion and osmotic pressure in plants,

Chicago, 190.3.

32 True and Bartlett, U. S. Dept. Agric. Bur. Plant Ind. Bull. 231, 1912,
and Am. Jour. Bot., vol. 2, pp. 255-278, 311-323, 1915, vol. 3, pp. 47-58,
1916.

33 Schreiner and Failyer, U. S. Dept. Agric. Bur. Soils, Bull. 31, 1906.
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500 c.c. had been used. The filter containing the sand was then

allowed to stand for about fifteen hours, and the sand was leached

with another 500 c.c. portion of water. The filtrate was evapor-

ated to dryness, the residue dehydrated at 100° C, and strongly

ignited in a platinum dish to destroy organic matter. The resi-

due was then dissolved in hot water and made up to definite

volume from which aliquot portions were taken for analysis. A
2000 g. sample of the washed sand used in the experiment gave

by this method the following analysis:

N K P Mg Ca S

00. 33.6 5.2 66.4 2.4 1.5.6 milligrams

In this analysis, as well as in all the following analyses, the

statement made is for the total weight in milligrams of the

element contained in 2000 g. of sand, which was the quantity

contained in each pot. Table 4 gives a summary of the analysis

of each of the sixty samples of sand used. The total quantity

of each element present, calculated from the quantities of salts

added plus the quantity in the original sand, is given, as well as

the number of milligrams of the element missing from the pot at

the end of the growing season. This latter value is the difference

between the total weight of the elements present and the residue

as shown by the analysis of the water extract. The difference

thus obtained represents the quantity of the element absorbed

by the plant and adsorbed by the sand particles. It must be

admitted that it is not known just how great a factor adsorption

may be in the case of this sand.

Discussion of Results

In series I no nitrogen as nitrate remained in pots 1, 2, 3, and

4 of groups A, B, and C. In group D there is a small residue of

nitrogen in spite of the fact that the total crop production was

greatest in this gi"0up. The concentration of the solution clearly

affects the economical use of nitrogen, a fact which in general

is also indicated in series II and in series III. It is especially

noticeable that there is a much larger quantity of nitrogen left

in series III D than in either series I D or II D. The total crop

production for group III D was better than that of the D group
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in either of tlie other sericvS, a result which is explicable since

nitrogen is a more important limiting factor than phosphorus,

and phosphorus is in turn more important as a limiting factor in

growth than potassium. Hence in a solution where nitrogen is

deficient, and potassium and phosphorus present in optimum

amounts, a smaller crop production results than is the case where

phosphoi'us is the deficient factor. A deficiency of potassium

does not so seriously affect the intake of other salts, with the

result that a better crop is produced than is the case where

phosphorus is the deficient factor.

The method of analysis which it was necessary to use makes

the analytical values for phosphorus and magnesium rather un-

reliable. In series II, where phosphate was added in increasing

quantities from pot 1 to pot 5 in each group, the analysis of the

water extract shows the effect of this increment. It will be

noticed tliat the analytical values are all of about the same order

of magnitude, which may point strongly to adsorption by the

sand. No general conclusion as to the adsorption of phos-

phorus and of magnesium can be drawn for the reasons above

enumerated.

In the case of potassium the method of analysis was much
more accurate. There is evidence in series I, groups A, B, C,

and D, of an increase in the amount of potassium absorbed which

in general seems to be related to the more vigorous growth re-

sulting from the increasing quantities of nitrogen as added in

these groups. A similar relation holds in the other two series,

as will be seen from the ratios between potassium added aud

potassium remaining, which are higher where the nitrogen is

added in large quantities than is the case where this element was

present in small quantities. The high ratios of potassium added

to potassium remaining after growth, therefore, usually oecui-

where the dry weight is highest.

Not much can be said on the absorption of calcium. In

series I it is noticeable that the quantity of calcium remaining,

as compared in the four groups of this series, bears an inverse

relation to the calcium added. Less calcium is absorbed from

the solutions of low total concentration than from those which

luive a high concentration. Since the crop production was



1917] Ayres : Nutrient Solutiiui on Plants Grown in Sand Cultures 371

greater in group D, the calcium must have been used with greater

economy in this group where the total concentration was low.

The large number of variables which are present in each of

the solutions make accurate deductions concerning the exact re-

lation between any element and the growth of the plant almost

impossible. In fact, growth has been shown to be influenced not

by one factor alone but by combinations of factors.

GENERAL DISCUSSION

It is evident, as noted above, that the large number of vari-

ables present in an experiment of this character so complicates

the situation that definite conclusions are drawn only with con-

siderable difficulty. Inorganic salts can be used by the plant

only from solution. The complexity of this solution increases

with the number of ions, which must be rather large since the

plant cannot make normal growth unless certain ions are present.

To further complicate the situation, all the salts may be avail-

able which are required for growth, but the unbalanced condition

of the solution may cause injury to the growing plant.^* This

condition of balance, in turn, seems to be related to the total

concentration of the solution as well as to its qualitative compo-

sition.^^ In this connection it is important to note that if it

were possible to keep the balance in the solution constant by

renewal of salts, growth differences would be less marked than

when the plant grows in a solution in which the balance is con-

stantly changing due to absorption of ions by the plant.-''' All

of the above points must be taken into consideration in any ex-

perimental work which is done in this field of investigation. The

exact influence which the concentration of the solution has upon

the complicated physiological processes concerned in plant nutri-

tion is a problem which can be solved only by the gradual ac-

cumulation of a mass of evidence bearing upon the subject. The

complexity of the whole problem is such as to require more than

34 Loeb, Archiv. ges. Physiol., vol. 88, pp. 68-78, 1902, and Amer. Jour.

Physiol., vol. .3, pp. 327-338, 1900; Osterhout, Science, n. s.. vol. 35, pp.

112-115, 1912, and Jour. Biol. Chem., vol. 1, p. 3fi3, 1906.

35 Gile, loc. cit.

36 Brenchley, Ann. Bot., vol. 30, pp. 77-90, 1916.
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the evidence of a single set of experiments for proof. The evi-

dence presented by the work herein reported is an addition to

that already reported by other investigators, who have shown

that the absorption is influenced to a more or less marked degree

by the concentration of the solution. Conclusions which have

been reached in regard to the effect of certain variables in this

study must be understood to apply only in the case of the specific

combinations of salts studied, and in connection with the growth

of the tobacco plant in sand cultures.

The experiments herein reported have in part been made

possible by that portion of the Adams fund allotment of the

Department of Agriculture of the University of California placed

at the disposal of Professor W. A. Setchell of the Department of

Botany. It is a pleasure to acknowledge indebtedness to Pro-

fessor Charles B. Lipman and to Dr. T. H. Goodspeed, who have

by helpful advice and criticism directed the work.

SUMMARY
Results are above given which deal with the influence of tht^

composition and concentration of the nutrient solution on sixty

dift'erent plants of an F^ species-hybrid of Nicotiana.

1. 2000 g. of washed sand of known composition was used as

a culture medium for each plant.

2. The salts used were NaNOa, CaCH.POJo, K.SO^, and

MgSO,.
3. The salts were so distributed as to give at least three im-

portant variables : first, as to a single nutrient salt
; second, as

to total concentration of salts ; and third, as to the balance of

salts in the solution.

4. The influence of the solution on the growth of the plant

was judged by the following criteria : height, leaf length, leaf

width, flower production, dry weight of tops.

5. Nitrogen is a more important growth-limiting factor than

phosphorus, and phosphorus is, in turn, more important in this

capacity than potassium.

6. The total concentration of the solution has a marked in-

fluence upon growth. Plants growing in solutions of low concen-
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tration were in general superior to those grown in solutions of

higher concentration.

7. Flower yield as well as vegetative vigor is influenced by the

composition and concentration of the nutrient solution.

8. The physiological balance of salts in the solution is an im-

portant factor which must be taken into consideration in con-

nection with the composition and concentration of the solution.

Growth is influenced by a combination of all of these factors.

9. A quantitative analysis of the sand used in each pot was

made after the plants were harvested.

10. Evidence of adsorption is seen in the results of the quan-

titative analysis of the water extract from the sand.

11. The concentration of the nutrient solution clearly afl^ects

the economical use of nitrogen.

12. High ratios of potassium added to potassium remaining

after growth usually occur where the dry weight production is

greatest.

13. Less calcium is absorbed from solutions of low total con-

centration than from those which have a high total concentration.

14. Calcium seems to be used with greater economy in solu-

tions where the total concentration is low than in solutions in

which the total concentration is high.
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PLATE 12

Treatment

NaXO;, Ca(HoPO,),. K.SOj MgSO, Total
Gi'ams Grams Grams Grams Grams

Pot IIIDl .75 .3 .02 .24 1.31

Pot 11ID2 .75 .3 .1 .24 1.39

Pot IIID3 .75 .3 .2 .24 1.49

Pot II1D4 .75 .3 1.0 .24 2.29

Pot IIID5 .75 .3 2.0 .24 3.29

[388]
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PLATE 14

Treatment

Plant growing in washeil sand

Plant growing in soil

XaXO:s Ca(HoPO,)-> K0SO4 MgSOi Total
Grams Grams Grams Grams Grams

Pot 111B2 2.25 .8 .1 .64 3.79

[392]
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Part I.- EXPERIMENTAL WORK
INTRODUCTION

The region to which the studies described in this publication

more particular!}^ relate lies in southeastern Arizona in Greenlee

and Graham counties and consists, first, of the Clifton-]\Iorenci

mining district and second, of the irrigated lands along the Gila

River from twenty-five to sixty miles below. The Clifton-IMorenci

mining district is drained by Chase Creek into the San Francisco

River, which in turn empties into the Gila. From the Gila, be-

ginning at a point about twenty-five miles by channel below

Clifton, irrigating waters are withdrawn for the use of the rich

lands extending somewhat discontinuously from above San Jose

to Fort Thomas, a distance of thirty miles. For about forty

years, this up-stream mining district and the irrigated lands

below have developed together from small beginnings into large

industries.

Beginning with the initiation of smelting operations on the
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San Francisco River in 1882, comparatively small amounts of

mining detritus must have found their way into the irrigating

water-supply. Following the discovery, in 1893, of immense

deposits of low-grade sulphide ores in the district and the erec-

tion of concentrating plants to handle them, rapidly increasing

quantities of fine slimes were discharged into the stream-flow,

becoming noticeable in the irrigating waters of Graham County

about the year 1900. Following the observation of their pres-

ence, various crop failures were attributed from time to time to

the tailings, resulting finally in a request by the farmers of the

district to the writer, for an examination of the facts relating

to damage done by mining detritus to their irrigated crops.

Solid Wastes

Following this request, the writer began a study of the prob-

lem in May, 1904, which resulted in the publication of Bulletin

53 of the Arizona Agricultural Experiment Station, September

20, 1906. This publication established the fact that irrigating

sediments, in general, may be beneficial or harmful according to

their composition and physical character and to the manner of

their disposition in or upon the soil. If allowed to accumulate

upon the surface of the soil in the form of more or less im-

pervious silt-blankets, their influence, by limiting the supply of

water and air to the soil, is notably harmful. In the case of

the mining wastes from the Clifton-Morenci district, w^hich are

particularly plastic and "tight" in character, the damage done

was found to be greater than that resulting from sediments aris-

ing from ordinary erosion. It w^as determined that the damage

from these wastes, particularly to alfalfa and other crops which

cannot receive constant and thorough cultivation, was of an in-

creasingly serious character.

The farmers of Graham Coimty, represented by one of their

number, finally brought suit against the Arizona Copper Com-

pany, Limited, for discharging tailings into their irrigating

water-supply. The case was decided in the District Court of

Graham County in favor of the farmers, and an order w^as issued

in November, 1907, effective May 1, 1908, restraining the mining

companies from discharging "slimes, slickens or tailings" into
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Chase Creek, the San Francisco River, or the Gila River. The

ease was appealed to the territorial Supreme Court where, how-

ever, the decision was confirmed in March, 1909. The case was

again appealed by the Arizona Copper Company to the Supreme

Fig. 1.—General map of the Clifton-Morenci and Gila Eiver mining and

irrigation district, Arizona

Court of the United States, where it was again and finally de-

cided in favor of the farmers on June 16, 1913.

During and since the occurrences above mentioned, large

quantities of solid wastes have been impounded by the copper

companies in settling basins constructed for their storage in the
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district. Recent investigations by the companies indicate a pos-

sibility that with copper at 15 cents a pound these stored tailings,

which average about 0.85 per cent copper, may be profitably

reworked.

In the long run, therefore, it may be found that an adjust-

ment based upon a complete and impartial statement of facts

relating to the tailings situation is beneficial both to the agri-

cultural and to the mining interests concerned.

Soluble Copper Compounds

Following the disposition of mining detritus, there remained

the problem of soluble copper compounds which, in small but

continuously appreciable quantities, find their way with waste

waters into the stream-flow of the region. These compounds

originate in the ores of the district and are, as in the case of the

carbonates, directly soluble to a slight extent in drainage waters,

especially in the presence of carbon dioxide. In other cases, the

original ores are changed through the action of air into soluble

substances which then escape downstream. Sulphide ores are

thus oxidized in the presence of air into soluble copper sulphate.

Inasmuch as it is well known that minute amounts of copper in

solution are extremely toxic to plant roots directly exposed to

them, some apprehension naturally existed as to the effects of

these small amounts of copper salts escaping into the water-

supply of an irrigated district.

In some respects, conditions were especially favorable here

to the successful prosecution of a study of the foregoing ques-

tion. The irrigated lands are at a distance of twenty miles or

more from the smelters, so that injurious gases could not com-

plicate effects upon irrigated crops. There are, also, only traces

of other toxic metals to be found within the district—more par-

ticularly, arsenic, antimony, and zinc. Injurious effects due to

the possible toxic action of compounds originating in the mines

are therefore limited to copper.

Scientific study relating to toxic effects of copper upon plants

under varying conditions has thoroughly established not only

the fact that copper compounds are extremely toxic to plants

when they obtain entry to their tissues, but also that various
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agencies standing between these poisonous salts and the living

plant tend to prevent injury/ Soluble copper compounds, for

instance, react with carbonate of lime, commonly abundant in

soils of the arid region, to form the solid carbonates of copper.

The partly decomposed silicates of these soils also precipitate

soluble compounds of copper and mask their toxic character.

Organic matter in the soil likewise holds large quantities of

copper in comparatively harmless combinations. Through physi-

cal attraction or adsorption, soluble copper compounds enter into

weak combination with fine soil particles and toxic effects are

thereby greatly lessened. In the presence, also, of other soluble

salts, such as the various forms of "alkali" commonly found in

the soils of the region, the toxicity of copper compounds is enor-

mously lessened.

The investigations recorded in this publication include: (1)

Observations upon the distribution of copper in mining wastes,

in irrigating waters, in soils and soil waters, in the plants, and

in the animal life of the region. (2) The development of accu-

rate methods for the determination of minute amounts of copper

in all situations where they may occur. (3) Plant cultural

work with waters and in soils in the presence of varying propor-

tions of copper and under varying conditions. (4) A careful

analytical study of the results of such cultures in order to deter-

mine the s^Tuptoms of poisoning and the distribution of copper

throughout poisoned plants: and to identify, if possible, the

particular parts of plants and tissues injured by copper. (5)

A physiological study of plant reactions with copper. (6) Field

studies for the purpose of relating the results of laboratory inves-

tigations to the question of economic injury done liy copper salts

to irrigated crops.

By reason of interruptions due to other duties, it has required

a long time to mature this investigation to the point where it

seems suificiently complete for publication. This delay, however,

has given perspective to the work and. especially, opportunity to

verify earlier conclusions as applied to field conditions.

The writer is indebted for painstaking analytical work to

Messrs. R. G. :\Iead. Edward E. Free. Dr. W. H. Ross and

1 See Bibliography, pp. 487-488, references 1, 8, 14, 1.1, 16, 19, 34, .31.
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C. N. Catlin, associated with the Arizona Agricultural Experi-
ment Station from time to time; and to the helpful advice of

Dr. Howard S. Eeed. of the University of California Graduate

School of Tropical Agriculture, in connection with the physio-

logical part of the work herein described. The publication, also,

has been criticized to its advantage by Dr. C. B. Lipman of the

Universitv of California.

DISTRIBUTION OF COPPER COMPOUNDS THROUGH-
OUT THE CLIFTON-MORENCI AND GILA RIVER

MINING AND IRRIGATION DISTRICTS

Sources of Copper

The original source of the copper found in this district,

according to Lindgren.' is a Cretaceous or early Tertiary in-

trusion of acidic porphyries to which, in the Clifton-IMorenci

district, all ore deposits may be finally referred. The original

porphyries contain as little as 0.02 per cent of copper ore in

the form of chalcopyrite. Under the influence of superheated

waters emanating from the porphyry, this chalcopyrite. together

with other metallic compounds, was carried out from the molten

intrusive ma.ss into adjoining strata and there deposited, espe-

ciall}' along fissures, in the form of concentrated masses or veins

of chalcopyrite and other minerals. Through erosion these de-

posits were afterward subjected to atmospheric oxidation, fol-

lowed by downward percolation and a period of secondary enrich-

ment due to numerous reactions mainly between the oxidized

compounds of copper and other minerals present.

In limestones and shales, these processes resulted in the

formation of oxidized ores containing azurite, malachite, chryso-

colla, and cuprite. In porphyry, the main final result was

chalcoeite or copperglance, the principal constituent of the sul-

phide ores of the Clifton-Morenci district.

In general, therefore, the metasomatic changes associated,

first, with superheated waters arising from the original intrusion

of molten porphyry and. second, with meteoric waters percolating

- U. S. Geological Survey, Professional Paper No. 43, 1905.
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downward with oxidizing effects through copper-bearing rocks,

have brought copper from a concentration of possibly less than

0.02 per cent in the original porphyry through every degree of

richness to the condition in some cases of pure copper.

Processes by which Copper is Added to the Water-Sitpply

To a slight extent, drainage waters from the ore deposits and

from the mines, containing considerable amounts of copper in

solution, find their way downstream. But by far the larger part

of the copper which gets into the irrigating supply is derived

from the ores and tailings which, in the concentrators, on the

dumps, and finally in the river itself, are subjected to the action

of atmospheric oxygen, and water containing carbon dioxide and

various salts in solution. The residual chalcocite in tailings from

sulphide ores thus reacts with oxygen from the air and yields

copper sulphate in solution. This, in turn, reacts with the excess

of bicarbonate of lime ordinarily contained in the waters of the

San Francisco and Gila rivers. The resulting basic carbonate of

copper is notably soluble in water containing carbon dioxide and

certain of the various salts commonly found in river waters. The

residues of carbonates of copper in oxidized ores are directly

dissolved in waters containing carbon dioxide and certain soluble

salts.

Along with minute quantities of copper thus dissolved and

carried forward, pass the solid residues discharged from the

concentrators—solid wastes which find their way, unchanged,

downstream and finally upon the soils of irrigated fields. At this

point begins another and very important series of reactions be-

tween dissolved copper compounds and the soil, tending in

general to withdraw copper from its solutions and precipitate

it in tlie form of less harmful solid compounds. These are briefly

referred to above and will be discussed more in detail further

on in this paper. Opposing these precipitations of copper

are those solvents which tend to maintain this metal in soluble

form in small quantities in the soil. Chief of these is carbon

dioxide, which is always present in agricultural soils in

significant quantities. Of interest in this connection is the fol-
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TABLE I

Solubilities of Copper Compounds

Compound
Malachite

CuCO,.Cu(OH),

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Precipitated basic

copper carbonate

Copper sulphide;
CuS

Chalcopyrite
CuFeS,

Chalcopyrite
CuFeS,

Malachite

Chrvsocolla

Cu Si O^.n H,0

Cupric sulphide
CuS

Cuprite
Cu„0

Cupric oxide
CuO

Solvent

Water containing 0.12%
carbon dioxide

Cu dissolved

parts per
million

Pure water

Water containing 0.12%
carbon dioxide

Water containing 0.13%
carbon dioxide and
0.01% sodium chloride

Water containing 0.13%
carbon dioxide and
1.0% sodium chloride

Water containing 0.12%
carbon dioxide and
0.01% sodium sulphate

Water containing 0.12%
carbon dioxide and
1.0% sodium sulphate

Water containing 0.12%
carbon dioxide and
0.01% sod. carbonate

Water containing 0.12%
carbon dioxide and
1.0% sod. carbonate

Water containing 0.12%
carbon dioxide and
0.2% calcium sulphate

Water containing 0.12%
carbon dioxide and
0.11% calc. carbonate

Oxygen-free water

Reference

E. E. Free, Journ.
29.0-31.0 Am. Chem. Soc,

XXX, 9, p. 1367

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1370

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1370

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1371

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1371

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1372

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1372

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1372

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1372

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1372

E. E. Free, Journ.
Am. Chem. Soc,
XXX, 9, p. 1372

W. H. Eoss, MSS

1.5

34.8

36.0

58.0

37.0

58.0

10.0

0.7

36.0

1.4

0.09

Pure water

Sodic sulphide

measurable
amounts

Amt. not
stated

"Insoluble in water, slightly
soluble in water charged
with carbon dioxide. ' '

"Somewhat soluble in water

with carbon dioxide
' '

Water 1 to 950,000

"Insoluble in water"

"Insoluble in water"

IT. S. Geol. Survey
Monogra[)h
XLVII, p. 1107

TJ. S. Geol. Survey
Monograph
XLVn, p. 1106

Moissan 5, p. 167

Lindgren, IT. S.

u. S. Prof, paper
43, p. 188

Comev, Diet. Solu-

bilities, p. 139

Comey, Diet. Solu-

bilities, p. 137

Comey, Diet. Solu-

bilities, p. 137
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lowing table of solubilities of various compounds of copper in

different solvents, made up from different sources of information.

The exact determinations of solubility by E. E. Free and W. H.

Ross were made to obtain data needed in this investigation.

This table indicates that the carbonates and the silicate

(chrysocolla) of copper, which are the compounds in which the

metal must largely occur in the soil, are notably soluble in

aqueous solutions of carbon dioxide.^ Large amounts of sodium

chloride and sodium sulphate increase the solubility of precipi-

tated basic copper carbonate. In pure water, copper compounds,
so far as observed, are but slightly soluble. Fluctuations in the

content of carbon dioxide and of soluble salts in soil waters, and

variations in the character of the soluble salts, are shown to

affect the copper content of such waters.

In brief, the final effect upon plant roots of copper in the soil

is the complex resultant of many opposing influences tending, on

the one hand, to remove copper from solution, and. on the other,

to maintain it in toxic soluble form. Observations on ihc soil

usually fail to give satisfactory evidence as to the toxic or non-

toxic effects to be expected from small percentages of copper that

may be present. Direct chemical and physiological studies of

plants afford much more satisfactory information. This mode of

attack has been employed con.siderably in this investigation.

In view of the general tendency in nature to hinder the move-

ments of copper in soils and to convert it into its insoluble forms,

and independently of any tendency of the plant itself to assimi-

late or to reject copper, w^e should expect to find relatively small

amounts of this element in plant tissues.

The following analytical determinations of copper in ores

and tailings were made in samples carefully collected by the

writer throughout the district studied. In all cases, the copper

was determined electrolytically, manipulations of great delicacy

having been developed for the determination of the minute

amounts of copper often encountered. A full statement of the

methods of preparing samples for analysis, and of determining

3 Sullivan has shown that powdered silicates react with copper sulphate
to withdraw copper from solution; and that this copper will then be redis-

solved by a solution of potassium sulphate. U. S. Geol. Survey, Bull.

312, 1907.
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copper in ores, tailings, waters, soils, and organic materials, is

to be found under "Methods of Analysis" in the appendix to

this paper. For convenience in comparing widely variable

amounts in the samples examined, the copper content is given in

parts per million of substance. Parts per million may be reduced

to percentages by moving the decimal point four places to the

left. For instance, 11,600 parts per million is equal to 1.16

per cent.

TABLE II

Copper in Ores and Tailings from the Clifton-Morenci Mining District

Cu
parts
per

million
Sample No.
and date

3491

May 23, '04

3303

May 23, '04

3438
June 28, '05

3499
June 28, '05

D. C. Co.'s

Records

May 20, '04

3492

May 23, '04

3304

May 23, '04

. 3439
June 28, '05

3500
June 27, '05

3309

May 26, '04

3486
June 11, '05

3737
Feb. 22, '07

6342
Mar. 4, '16

Description of sample

One day 's run of sulphide ore from
from A. C. Co.'s mill in Clifton

Sulphide tailings, point of discharge
from A. C. Co. 's mill, Clifton

Sulphide tailings, point of discharge
from A. C. Co.'s mill, Clifton

Sulphide tailings at Clifton coming
from Longfellow mill

Fine sulphide tailings at Morenci

One day 's run of oxidized ore from
A. C. Co.'s mill at Clifton

Oxidized tailings, point of discharge
from A. C. Co. 's mill, Clifton

Oxidized tailings, point of discharge
from A. C. Co.'s mill, Clifton

Oxidized tailings, point of discharge
from Shannon C. Co. 's mill, Clifton

Milky sediments, pure tailings from
Montezuma Canal, Solomonville

River sediments with tailings from
Montezuma Canal, Solomonville

High river sediments with muddy
tailings from Montezuma Canal,
Solomonville

Floodwater sediments from Monte-
zuma Canal, Solomonville; tail-

ings from Mogollon

Condition and
weight taken,

grams
1

air-dry

1

water-free

1

water-free

1

water-free

1

air-dry

1

water-free

1

water-free

1

water-free

2

water-free

2

water-free

15.8

water-free

.5899

Cu
found,
grams

.03195

.00935

.0116

.00725

.0553

.0225

.0268

.0114

.01725

.0067

trace

.000085

31,950

9,350

11,600

7,250

10,000

55,300

25,500

26,800

11,400

8,625

3,350

trace

53

A point of interest to both mine owners and farmers in table

II is the large proportion of copper that was discarded with

tailings at the time the samples were taken. This loss, so far as

these figures show, may amount to almost one-third of the copper



406 University of California Publications in Agricultural Sciences [Vol. 1

a
o
N
St

P
oO

o

&
cS

P

60

Eh



1917] Forbes: Irrigation Effects of Copper Compounds Upon Crops 407

in low-grade sulphide ores (No. 3491, No. 3303), and to nearly

one-half in the richer oxidized ores (No. 3492, No. 3304, No.

3439). By far the larger portion of tailings produced, however,

are from low-grade sulphide ores, the wastes from which there-

fore predominate, formerly imparting to river waters the whitish

TABLE III

Dissolved Copper in River, Irrigating, and Ground Waters below the
Clifton-Morenci District

Condition and
amount taken

in cc.

500

Sample No.
and date Description of sample

3438 Water mixed with sulphide tailings
June 28, '05 from A. C. Co.

'

s mill, Clifton

3439 Water mixed with oxidized tailings
June 28, '05 from A. C. Co.'s mill, Clifton 500

3309 Montezuma Canal water at Solo-

May 26, '04 monville; slight rise in river 2000

3486 Montezuma Canal at Solomonville,
June 11, '05 small flood 6000

3622 Montezuma Canal at Solomonville,
June 25, '06 head waters clear 9000

3737 Montezuma Canal at Solomonville,
Feb. 22, '07 medium flood 14000

Tailings shut out of water supply May 1, 1908.

4011 Water from Montezuma Canal at

Jan. 3, '09 Solomonville

4029 Montezuma Canal at Solomonville

Apr. 12, '09

6342 Montezuma Canal at Solomonville,
Mar. 4, '16 high water

3986 Water from C. & A. Ditch, Bisbee
Jan. 2, '09 mine waters

Records of
Cananea
C. C. Co. Water from creek below concen-
Jan. 4, '14 trator

Water from Geo. Olney 's well, 30 ft.

deep, east of Safford, under
Montezuma Canal

Water from Wilson's well, one-half
mile west of Solomonville under
San Jose Canal

Water from University well, Tuc-

son, 95 ft. deep, tapping Rillito

underflow

4000

3700

1000

3500

3504

Aug. 19, '05

4012
Jan. 3, '09

3526

7000

3500

Cu
found,
grams

.0009

.0018

.0016

.0015

.00095

.0403

.00031

.0003

.00003

.00039

7000

.0037

less

than
.00001

none

Cu
p.p.m.

1.80

3.60

.80

.25

.11

2.88

.08

.08

.03

.11

2.1

.53

less

than
.oo.-?

none

appearance characteristic of this material. It is of interest to

note in this connection that in one instance observed the tailings

almost completely maintained their richness in copper between
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Clifton and Solomonville. At Clifton, May 23. 1904, the prin-

cipal discharge of sulphide tailings (3803) was observed carrying

0.93 per cent of copper. At Solomonville, three days later, the

Monteziima ditch-water sediments (No. 3309), mostly of this

same material, carried 0.86 per cent of copper, indicating the

persistence with which the copper accompanies the wastes, with

which it is associated, downstream and upon underlying irrigated

lands.

TABLE IV

Copper ix Soils Irrigated avith Tailings Waters

Sample No.
and date

.34.35

May 2.5, '04

3434
June 10, '05

3501

Aug. 19, '05

3436

Juue25,'05

.3437

June 25, '05

3502

Aug. 19, '05

2381
June 5, '00

3522
Oct. 25, '05

3521
Oct. 25, '05

2763
Nov. 11, '01

1890

Apr. 20, '01

2830
Jan. 19, '00

Description of sample

Top 5 in. sedimentary soil (Fred
Thorstison), upper end alfalfa

field west of Saflford, under
Montezuma Canal

Top 5 in. sedimentary soil (Geo.

Olney), upper end alfalfa field

east of Safford, under Monte-
zuma Canal

Soil in ])lace at 4 ft. depth beneath

No. 3434

Top sedimentary soil (Wm. Gilles-

pie), upper end of test alfalfa

field west of Solomonville, under
Montezuma Canal

Soil in place, no sediments at sur-

face of lower end of field near
No. 3436

Soil in place at 4 ft. depth beneath
No. 3437

Surface 12 in. from garden near

Pima, Ariz., bej^ond tailings de-

posits

Top 4 in. sedimentary soil upper
end of alfalfa field, Station farm
near Phoenix, under Grand and

Maricopa canals

Deep soil, no sediments. Station
farm near No. 3522

Surface 12 in. from orange orchard
north of Phoenix, under Ari-

zona Canal

Surface 15 in. from cultivated field

west of Tempe, under Temj^e
Canal

Surface 12 in. from orange orchard
northeast of Phoenix, under Ari-

zona Canal

Condition and
weight taken,

grams

96.7

water -free

96.8

water-free
96.2

water-free

96.7

water-free

94
water-free

96.1

water-free

100

air-dry

95
water-free

95
water-free

100

air-dry

100

air-dry

100
air-drv

Cu
found,
grams

.020

.0199

.0021

.0192

.0028

.001

faint

trace

.0003

.0003

faint

trace

faint

trace

none

Cu
p.p.m.

207

205

22

199

30

10

trace

3

3

trace

trace

none
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Table III is of interest because it reveals quantities of

dissolved copper in irrigating and in ground waters sufficient,

under proper conditions, in water cultures, to produce toxic

effects upon plants.* It is noteworthy, however, that, following

the order of the court, effective May 1, 1908, prohibiting the in-

troduction of tailings into the water-supply, the amount of dis-

solved copper in Montezuma canal waters greatly decreased, due

to the decrease in quantity of sulphides whose oxidation affords

the supply of dissolved copper. Other water-supplies also are

found to contain similar amounts of copper, as the Calumet and

Arizona mine waters, used for irrigation below Bisbee. As stated

above, however, in the soil itself the toxic action of such copper

solutions is enormously decreased. Naturally, the question arises

as to the possibility of toxic effects in using such waters upon
cultivated soils. This is discussed on subsequent pages. The

proportions of copper (0.003 to 0.53 parts in 1,000.000 of water)

found in the drainage beneath this irrigated district indicate

that not all of the copper applied in irrigation remains in the soil.

University well water at Tucson was observed to be free from

this element.

Soils Nos. 3435, 3434, and 3436 show maximum amounts of

copper, inasmuch as they are composed to a considerable extent

of tailings. The soils in place beneath these sediments, Nos. 3501

and 3502, contain much less, yet noticeable amounts of copper,

most of which is retained where it first comes in contact with

the top soil. It is of interest to note that the surface sediments

and the deep soils of the Experiment Station farm near Phoenix,

Arizona, irrigated from an entirely different watershed, also con-

tain small but weighable amounts of copper. This was probably

derived from mines at Globe and Jerome, Arizona, whose wastes

have found their way into the drainage which svipplies irrigation

for Salt River Valley. The quantities observed, however, three

parts copper per million of soil, are negligible. Other soils from

Salt River Valley also show traces of copper.

4 See Bibliography, p. 487, references 5, 18.
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TABLE V

Miscellaneous Soils Unaffected by Mining Detritus

Sample No.
and date

June 5, '00

2253
Jan. 3, '00

3503

May 9, '05

Condition and
weight taken,

Description of sample grams
Surfaee 12 in. from new ground

near Safford, recently placed 100
under Alontezuma Ditch air-dry

Surface 12 in. university ground, 100
Tucson air-dry

Surface 12 in. virgin unirrigated
soil, Colorado Valley bottom near 100
Yuma air-dry

Cu
found,
grams

none

none

none

Cu
p.p.m.

none

none

none

These determinations, made in widely separated localities,

indicate the absence of copper in soils which are not immediately

under the influence of mining detritus.

TABLE VI

Copper in A^egetation from Upper Gila Valley Farms

Sample No.
and date

3505

Aug. 19, '05

3512

Aug. 19, '05

3507

Aug. 20, '05

3509

Aug. 19, '05

3513

Sept. 19, '05

3739

3741

3780

3740

3738

Description of sample

Alfalfa, before blooming, from

upper end of Geo. Olney 's field

east of Safford, under Monte-
zuma Ditch

Alfalfa from bale gro\\ai in Lay-
ton (M. B. Steele) under Monte-
zuma ditch

Corn in bloom, leaves only, grown
in Layton (Jas. Welker), under
Montezuma Ditch

Wheat from stack, stalk and grain,

grown in Layton (M. B. Steele),
under Montezuma Ditch

Mistletoe, growing on willow 25 ft.

above ground, one mile east of

Safford, under Montezuma Ditch

Alfalfa seed, crop of 1906, grown
near Pima under Smithville Ditch

Alfalfa seed (Win. Gillespie), crop
of 1906, grown near Solomonville,
under Montezuma Ditch

Shelled corn, crop of 1906, grown
at Solomonville, under Monte-
zuma Ditch

Shelled corn, crop of 1906, grown
at Solomonville, under Monte-
zuma Ditch

Shelled corn, crop of 1906, grown
near Pima, under Smithville
Ditch

Condition and
weight taken,

grams

1206

air-dry

1359

air-dry

545

air-dry

1125

air-dry

1245

air-dry

782
water-free

843

water-free

932
water-free

874
water-free

1092
water-free

Cu
found,
grams

.0062

.0077

.0033

.0027

.0094

.0026

.0023

.0004

.0008

Cu
p.p.m.

5.10

5.70

6.10

2.40

7.60

3.33

2.72

.43

.73

trace trace
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The prevalence of small amounts of copper in vegetation

throughout this locality is shown by the figures in table VI.

Samples of corn and alfalfa contained comparable quantities of

copper, which, however, were exceeded by the amount found in a

sample of mistletoe growing on a willow fully twenty-five feet

above the ground. This is due chiefly to the perennial character

of mistletoe which, therefore, has more time to accumulate cop-

per. It is interesting to note also that seeds of alfalfa and

corn contain less copper than corresponding foliage. Corn leaves

were observed to contain 6.1 parts of copper per million parts of

air-dry substance, while grain from the same locality contained

from 0.73 to 0.43 parts. Alfalfa seed contained about one-half

as much copper as the stalks and leaves, while w^heat hay carry-

ing a large proportion of grain showed a low proportion of cop-

per. These facts are probably connected with transpiration,

TABLE VII

Copper in Vegetation from Other Localities

Sample No.
and date Description of sample

3508 Alfalfa hay, station farm near

Aug. 25, '05 Phoenix (tAvo samples)

3516 Alfalfa, before blooming, station

Oct. 25, '05 farm near Phoenix

3515 Alfalfa hay, Colorado bottom,
Oct. 4, '05 Yuma date orchard

3517 Barley hay, station farm near

May, 1905 Phoenix

3518 Corn, leaves only, station farm near
Oct. 25, '05 Phoenix

3519 Corn, leaves only, grown on Killito

Oct. 14, '05 near old Fort Lowell

3529 Corn, leaves and bloom, same field

Dec. 27, '05 as No. 3519

3520 Mistletoe from eottonwood 30 ft.

Oct. 14, '05 above ground, old Fort Lowell,
near Tucson

3989 Young (5 mos. old) alfalfa roots

Dee. 31, '08 from C. & A. ranch irrigated
with mine waters containing cop-

per, from Bisbee

3990 Corn roots from C. & A. ranch irri-

gated with mine waters contain-

ing copper, from Bisbee

Condition and
weight taken,

grams
2109

air-dry
1408

air-dry

1106

air-dry

1262

air-dry

1304

air-dry
595

air-dry

284

air-dry

1132

air-dry

1160

air-dry

2.12

air-dry

16.7

air-dry

Cu
found,
grams

.0021

.0031

.0011

none

.0002

.0005

.0018

.0015

.001

.0001

Cu
p.p.m.

1.00

2.20

1.00

none

.15

.84

6.30

1.32

.85

47.00

.00025 15.00
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which is inaxiimuii in heaves and (|uaiititatively small in the

fruiting parts of a plant. Additional evidence of this fact is

shown in poisoned corn plants, which are discussed on a snhse-

quent page.

Comparing the data of table VII with those of table VI, it is

evident that, excluding corn and alfalfa irrigated with C. & A.

mine waters, in every case except that of one sample of corn from

old Fort Low^ell (No. 3519) the copper in crops grown on Gila

Valley farms is nuich in excess of that in plants coming from

elsewhere for the same classes of material. The presence of

appreciable amounts of copper in samples of alfalfa, corn, barley,

and mistletoe also accords with the fact that the soils in which

they were grown receive the drainage from copper-bearing w^ater-

sheds. The one exception, at Yuma (No. 3515) where no trace

of copper could be found either in alfalfa or in soil (No. 3503),

indicates that these alluvial river deposits, which have been sub-

jected annually to the leaching action of enormous quantities of

flood waters, have been prevented from accumulating appreciable

quantities of copper.

Copper in the Flesh .\nd I^ones op a Pig

In order to follow the copper as far as possible in its trans-

migrations, a tive-months-old pig that had been born and brought

up in an alfalfa pasture near Solomonville under the Montezuma

Ditch, was killed and portions of the flesh and bones were taken

for examination, with the following results:
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in sheep's liver." Human food, however, is commonly contam-

inated with copper compounds, which account for its presence

in the human body.

In brief, the observations detailed above have shown the suc-

cessive positions of copper in the original ores of the Clifton-

Morenci district; in the tailings wastes from these ores, in sus-

pension and in solution in river waters exposed to milling

operations ;
in soils irrigated with these waters

;
in the ground

waters beneath these soils
;
in vegetation growing upon them

;

and even in the animal life of the region. It is of interest to ob-

serve, first, the concentration through natural processes of small

amounts of copper in the original rocks into the form of rich

ores; and, second, the reversal, through human agencies, of this

process, and the dilution of copper values till, in vegetation and

in animal life, but traces of the metal can be detected.

DISTRIBUTION OF COPPER IN PLANTS WITH ROOT

SYSTEMS EXPOSED TO COPPER COMPOUNDS

Corn Plants Grown in Soils Containing Copper

In order to determine accurately the distribution of copper

throughout a typical crop plant, thereby locating if possible the

points at which injury may occur from copper compounds in the

soil, three lots of corn plants were examined in detail. Two of

these were grown (August 3 to November 13, 1907) in pots con-

taining thirty-eight pounds of sandy loam soil very thoroughly

mixed with 0.01 and 0.025 per cent of copper in the form of

freshly precipitated copper carbonate (Cu(OH)2.CuC03), made

by mixing equivalent amounts of copper sulphate and sodium

carbonate. The third was grown in soil containing 0.05 per cent

of copper in the form of finely pulverized chalcocite.

The samples were harvested with care to prevent contamina-

tion with copper dust
;
the root portions being washed in copper-

free water saturated with carbon dioxide until the washings

contained no trace of copper. Determinations of copper, as

5 Blyth, Poisons, fourth edition, pp. 640-641.



414 University of California Ptiblications in Agricultural Sciences [Vol. 1

usual, were made as shown under "Methods of Analysis" (see

Appendix herewith). Following are the tabulated results:

TABLE VIII

Eleven Stalks of Corn Grown in Soil Containing

No.

3869p

3869^

Plant part

Lower six nodes, 24 in. long

Basal sheaths of leaves from lower
six nodes

3869r Blades of leaves from lower six nodes

3869s Upper four-seven nodes, 24 in. long

3869^ Basal sheaths of leaves from upper
nodes

3869ii Blades of leaves from upper nodes

3869t' Eudimentary ears

3869 Whole top portions
3868 Eoots

Containing
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Cu Cu
in tops in roots

Culture Condition p.p.m. p.p.m. Ratio

Copper carbonate, 0.01% Cu Leaves faintly striped

(precipitated) normal weight 6.50 152.00 1:23

Copper carbonate, 0.025%. Cu Leaves strongly striped

(precipitated) three-fourths yellow,

half weight 21.00 728.00 1:34

Copper sulphide, 0.05% Cu Faintly striped leaves,

normal weight 12.50 171.00 1:18

In this table a general relation is shown between the toxic

effects in the aerial portions of the plant, and the amounts of

copper in root systems ; but as to the soils employed toxic effects

are influenced both by amounts and character of copper com-

pounds present, as is shown further on following pages.

In view of the fact that the small increase of copper in the

carbonate cultures, from 0.01 to 0.025 per cent, caused severe

toxic effects attended by an increase of copper in root systems

from 152 to 728 p.p.m. of dry matter, it seemed desirable to in-

vestigate thoroughly the quantitative relations between the copper

in roots and the toxic effects as show^n in vegetative grow^th. It

was expected in this way to find a means of determining whether

a plant contained an injurious or killing dose of copper, just as,

analogously, killing doses of poisons in animals may be ascer-

tained. With this end in view cultures of corn, beans, and

squashes were grown in water, in pots of soil and in garden

plots; and roots and top portions were examined quantitatively

for copper.

In preparing samples of roots for analysis, washing with

4 per cent hydrochloric acid w-as carried out with water cultures,

but most of the samples were prepared by washing with large

quantities of copper-free water saturated with carbon dioxide,

until the washings showed no trace of copper. By still a third

method the soil adhering to a sample was analyzed for copper,

the ash was then determined and assumed to be soil, and a cor-

responding amount of copper subtracted from the total found.

For details see "Methods of Analysis." All of these methods

undoubtedly give conservative figures for copper in root systems

inasmuch as solvents not only remove externally adhering com-

pounds but may also gradually act upon the copper content of
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root systems. The acid-wash and soil-correction methods give

severely minimum results. The carbon dioxide wash used in the

majority of analyses is laborious but more satisfactory.

Water Cultures (1907)

Cultures of corn, beans, and squash were grown in University

of Arizona well-water containing 250 p.p.m. of soluble solids.

From 0.03 to 3.0 parts of copper as precipitated carbonate dis-

solved in carbon dioxide were used in making cultures and the

resulting growths of tops and roots were divided into the worst-

poisoned and least-poisoned portions, for determinations of

copper.

Fig. 3.—Corn cultures, series 121-62, grown in University of Arizona

well water, containing from .03 to 3. parts per million of copper as basic

carbonate (Cu(0H)o.CuC03).

Series Corn 121-62.—Grown in well water containing Cu as

Cu(OH).,.CuCO., as follows: check, 3.0, 1.0, 0.8, 0.5, 0.3, 0.1,

0.08, 0.05", and 0.03 p.p.m. Cu. December 1-February 27, 1907.

Series divided into two portions:
a. Plants not badly poisoned ;

roots growing ; tops showing
Cu etfects; 0.1, 0.08, o'.05, 0.03 cultures. (Nos. 3694, 3693.)

h. Plants badlv poisoned; root growth arrested; tops living;

3.0, 1.0, 0.8, 0.5, aiid 0.3 cultures. (Nos. 3692, 3691.)

Series Beans 121-66.—Grown in well water containing Cu
as Cu(OH),.CuCO.. as follows: check, 3.0, 1.0, 0.8, 0.5, 0.3, 0.1,

0.08, 0.05, 0.03 p.p.m. Cu. December 9-February 27, 1907.

Series divided into two portions :

a. Least poisoned plants ;
roots nearly normal, tops normal

;

0.3, 0.1, 0.08, 0.05, 0.03 cultures. (Nos. 3702, 3697.)
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b. Worst poisoned plants; roots badly affected, tops less af-

fected; 3.0, 1.0, 0.8, and 0.5 cultures. (Nos. 3700, 3699.)

Series Squash 121-66.—Grown in well water containing Cu
as Cu(0H),.CuC03 as follows: check, 3.0, 1.0, 0.8, 0.5, 0.3, 0.1,

0.08, 0.05, and 0.03 p.p.m. Cu. December 10-February 27, 1907.

Series divided into two portions:

a. Least poisoned plants; roots growing; tops strong; 0.3, 0.1,

0.08, 0.05, and 0.03 cultures. (Nos. 3698, 3701.)

h. Worst poisoned plants; roots dead or nearly so; tops badly

affected; 3.0, 1.0, 0.8, and 0.5 cultures. (Nos. 3696, 3695.)

TABLE XI

Copper Coxtext op Plants in Water Cultures

Dry Cu
matter Cu p.p.m. dry matter

Condition of in found, ,
^-

s

No. Series sample grams grams tops roots

3694 Corn, .1, .08, .0.5, .0.3 Tops affected 6.3 .00009 14.30

3693 Corn, .1, .OS, .05, .03 Roots growing 2.3 .000236 102.60

3692 Corn, 3., 1., .8, .5, .3 Tops living 4.8 .000056 11.70

3691 Corn, 3., 1., .8, .5, .3 Roots arrested 2.8 .000572 204.30

3702 Beans, .3, .1, .08, .05, .03 Tops normal 9.4 .000198 21.10

3701 Beans, .3, .1, .08, .05, .03 Roots growing 2.6 .000157 60.40

3700 Beans, 3., 1., .8, .5 Tops affected 6.6 .000204 30.90

3699 Beans, 3., 1., .8, .5 Roots badly
affected 1.6 .000494 308.80

3698 Squash, .3, .1, .08, .05, .03 Tops strong 10.4 .000333 32.00

3697 Squash, .3, .1, .08, .05, .03 Roots nearly
normal .6 .000087 145.00

3696 Squash, 3., 1., .8, .5 Tops badly
affected 3.6 .000092 26.00

3695 Squash, 3., 1., .8, .5 Roots dead .2 .000058 290.00

It is noteworthy, in this series, that the amounts of copper

found in roots that still retain the power of growth average

about 103 parts in one million of dry matter, as compared with

268 parts in dead roots whose protoplasm is presumably killed as

an effect of copper. Badly poisoned roots in every instance show

a great excess of copper over those less affected. The tops, on

the other hand, do not show copper in proportion to the amounts

in the roots, averaging the same amount of copper in badly

poisoned (22.9 p.p.m.) and in slightly poisoned (22.5 p.p.m.)

plants. Corn was observed to be distinctly more sensitive to

copper in water culture than either squash or beans, as was
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shown by the method of measuring growth of root tips marked

with India ink, and noting points at which growth was retarded

{B) and arrested {A).

TABLE XII

Showing Points at which Boots were Eetarded or Arrested in Growth

Cultures in Cu, in well water,

parts per million 03 .05 .08 .1 .3 .5 .8 1. 3.

Corn E A
Beans R A
Squash E A

Photographs of the three series also indicate an earlier re-

tardation of corn root development than of bean or squash root

development; and show additionally that the top portions of

cultures are not damaged in proportion to the root systems.

TOXICITY OF COPPER SOLUTIONS TO PLANT ROOTS

IN WATER CULTURE

In order to gain some indication of effects in water culture

of copper salts upon plants, several series of plants were grown

under varying conditions, and effects observed of the kind of

copper salts employed, strength of solution used, the kind of

plant, and the effects of other salts present.

Solutions were made in water free from copper, twice dis-

tilled; or, where permissible, University of Arizona well water,

copper-free. The series were arranged, usually, to carry 0.01,

0.03, 0.05, 0.08, 0.1, 0.3, 0.5, 0.8, 1.0, 3.0, and 5.0 parts copper

per million of water. The cultures were made in 600-c.c. bottles,

covered with pasteboard squares saturated with hot paraffin and

perforated with three holes for plant seedlings held in place by

cotton.

Effects upon cultures were judged by elongation of roots de-

termined by the usual method of marking with India ink 5 mm.

back of root tips and noting growth after twenty-four hours.

Corn, beans, and squash were the plants employed and the points
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particularly noted were those at which growth was retarded and

at wliieh it was arrested.

Table XTII gives the data condensed from the experimental

records :

TABLE XlII («)

Toxic Effects of Copper upon Roots of Water Cultures

First experimeut (1905)

Cu in solution
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TABLE XIII (()

Fifth experiment (1905)

Corn CuSO^ Distilled .01— .05 .1 — .5

Corn Cu(OH)2.CuC03 Distilled .01— .05 .1 — .5

Indicating equal toxicity of Cu as sulphate and as carbonate, and (com-

pare second, fourth and eighth experiments) great toxicity to corn in

distilled water.

TABLE XIII (d)

Third experiment (1905).

Beans CuSOi Distilled .1 — .3

Beans Cu(0H)o.CuC03 Distilled .1 — .3

Toxicity to beans of Cu as sulphate and as carbonate was the same.

TABLE XIII (e)

Seventh experiment (1905)

Squash CuSO, Distilled .01— .05 .1 — .5

Squash Cu(0H)„.CuC03 Distilled .01— .05 .1 — .5

Toxicity to squash of Cu as sulphate and as carbonate was the same.

TABLE XIII (/•)

Second experiment (1905)

Cu in solution
. A

Copper salt Kind of Growth retarded Growth arrested
Culture employed water between, p.p.m. between, p.p.m.

Corn Cu(0H),.CuC03 Well .1 — .3 .8 —1.
Beans Cu(0H),.CuC03 Well .1 — .3 .8 —1.

Toxicity of copper as Cu(0H)a.CuC03 to corn and beans was the same.

TABLE XIII (g)

Fourth experiment (1905)

Corn Cu(0H)o.CuC03 Well .05— .08 .8 —1.

Squash Cu(0H),.CuC03 Well .1 — .3 .8 —1.

Corn was somewhat more sensitive to copper as Cu(OH)2.CuC03 than

squash.

TABLE XIII (h)

Sixth experiment (1905)

Beans Cu(0H),.CuC03 Well .1 — .3 1. —3.

Squash Cu(0H),.CuC03 Well .1 — .3 .8 —1.

Beans and squash were about equally sensitive to copper as Cu(OH)o.-

CuCOa

These experiments, which are not stated in complete detail

here, indicate quite clearly:

1. That the toxic effects of copper are less in the presence of

the salts ordinarily contained in well waters than in distilled-
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water solution. This fact indicates that the toxicity of copper

salts in the presence of soil-water solutions is probably minimized.

In all cases it was observed that root growth was much more

vigorous in salty than in distilled water, where no copper was

used. Lessened toxicity of copper in salty solutions may there-

fore in part be due to greater vigor and resistant qualities of

plant cells grown in such solutions.

2. Copper appears to be equally toxic as sulphate or as basic

carbonate.

3. Corn is probably more sensitive to copper salts than is

squash or beans.

Stimulation Effects in Water Cultures

In view of the debated question as to stimulation of plant

growth by minute amounts of copper salts, it is of interest to

observe that, quite consistently, the most vigorous root growth

is associated with concentrations of from 0.01 to 0.1 parts per

million of copper, as shown by details from cultures described

on previous pages.

TABLE XIV (a)

Stimulation Effects of Copper upon Roots of Plants in Water
Cultures

Corn roots grown in well water with Cu(OH)2.CuC03

Cu p.p.m.
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TABLE XIV (c)

Corn roots grown in well water with Cu(OH)2.CuC03

Cu p.p.m.
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TABLE XIV (h)

Corn roots irrowii in (iistilled water with Cu(0H)o.CuC03

Cu p.p.m. Elongation 48 hrs. Cu p.p.m. Elongation 48 hrs.

check 27.6 mm. .05 5.7 mm.
.01 1.8 .1 2.7

No stimulation; eccentric results.

TABLE XIV (0

Bean roots grown in well water with Cu(OH)o.CuCOa

Cu p.p.m. Elongation 48 hrs. Cu p.p.m. Elongation 48 hrs.

check 2. mm. .1 6. mm.
.05 6. .5 .8

Showing stimulation at .05 to .1 p.p.m.

TABLE XIV (j)

Bean roots grown in distilled water with Cu(0H)o.CuC03

Cu p.p.m. I^longation 48 hvs. Cu p.p.m. Elongation 48 hrs.

check ;-!. mm. .1 3.1 mm.
.01 :;. .3 1.0

.05 3.7

Showing no stimulation.

TABLE XIV (A)

Squash roots grown in well water with Cu(OH).j.CuCO:,

Cu p.p.m. Elongation 48 hrs. Cu p.p.m. Elongation 48 hrs.

check 2.4 mm. .1 5.7 mm.
.05 4.9 .5 .4

Showing stimulation at .05 to .1 p.p.m.

TABLE XIV (0

Squash roots grown in distilled water with Cu(OH)o.CuC03

Cu p.p.m.

check

.01

Showing no stimulation.

TABLE XIV (m)

Bean roots grown in distilled water with CuSO,

Cu p.p.m. Elongation 48 hrs. Height of tops

.1 2.9 mm. 87 mm.

.3 1.2 91

.5 .6 85

Bean roots grown in distilled water with Cu(OH )o.CuCO.;

Cu p.p.m. Elongation 48 hrs. Height of tops

.1 2.9 mm. 98 mm.

.3 1. 88

.5 .6 84

Showing .same behavior with CuSO^ and Cu(0H)j.CuC03.

Elongation 48 hrs.
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TABLE XIV (n)

Squash roots grown in distilled water with CuSOi

Cu p.p.m. Elongation 24 hrs. Cu p.p.m.

check 3.6 mm. .0.5

.01 2.8 .1

Elongation 24 hrs.

1.4 mm.
9

Squasli roots grown in distilled water with Cu(0H)2.CuC0:,

Cu p.p.m.

check

.01

Elongation 24 hrs.

3.6 mm.
3.8

Cu p.p.m.

.05

.1

Elongation 24 hrs.

1.1 mm.
.4

Doubtful stimulation at .01 p.p.m.

TABLE XIV (o)

Corn roots grown in distilled water with CuSOi

Cu p.p.m.
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Only at very high dilutions (one part of copper to from

10,000,000 to 100,000,000 of water) are accelerations of root

growth observed. These occur with both corn and beans, in well

water. In distilled water stimulation was observed only at the

highest dilution—1 :100.000,000. In well water stimulation was

observed at from 1:100,000,000 to 1 :10,000,000—consistently

with the well known fact that in presence of other soluble salts

the effects of copper are lessened.

EFFECTS OF SOIL UPON TOXICITY OF COPPER

SOLUTIONS

Of prime importance in connection with possible toxic effects

of copper in soils are the various reactions (1) converting in-

soluble into soluble compounds, (2) reconverting these again into

insoluble combinations, and (3) modifying the toxic effects of

copper salts in solution.

As shown in the table of solubilities, both basic carbonate of

copper and chrysocolla are soluble in carbon dioxide, forming

solutions which in water cultures are highly toxic in character.

Sulphides of copper are first oxidized to the sulphate, which is

easily soluble :

Cu.S + 50= CuSO^ + CuO

For instance, 100 grams of chalcocite ore containing 3.2 per cent

copper were shaken in a flask with 600 c.c. of water, frequently,

during twenty-eight days. At the end of that time 500 c.c. of

solution contained 0.0132 grams of copper.

Copper sulphate then reacts in the soil to form various

insoluble compounds with consequent lessening of toxic action.

With calcium carbonate the following represents a reaction which

maJ" occur :

2 CuSO, + 2 CaCOs + H,0= Cu(OH)o.CuCO, +
2 CaSO^ + CO,

For instance, two grams of precipitated carbonate of lime were

added to an excess of ten grams of copper sulphate in one liter

6 " University of Arizona well water" contains 250 p4).m. of soluble

solids, mainly sodium sulphate.
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of water, and digested with frequent shaking for over four

months, the green precipitate being then filtered off, dried and

analyzed for copper :

Weight of precipitate taken 100.00 mg.
Cu found 47.85
Theoretical Cu in basic carbonate 57.38

Indicating by the formula above a conversion to basic carbonate

of copper of over 83 per cent of the solid carbonate of lime pres-

ent. Bicarbonate of lime in solution also reacts with copper

sulphate to form the basic carbonate

CaH, ( CO, ) , + 4 CUSO4.5 H^O = 2 Cu (OH ) ^.CuCOg +
CaSO^ + 3 H2SO4 + 16 H,0

3 CaH.CCOg), + 3 H,S0, = 3 CaSO, + 6 PLO + 6 CO.

The silicates of the soil, also, and particularly those of zeolitic

character, react readily with soluble copper compounds to form

insoluble copper silicates. Organic matter likewise combines

with large amounts of copper, to form compounds of indefinite

or unknown composition. As a result of all these reactions, when

soils are shaken up with solutions of copper salts the latter are

withdrawn from solution in large amount. Under irrigation con-

ditions, where waters containing minute amounts of copper are

filtered through relatively large masses of soil, this action is

nearly or quite complete.

Five large percolators were arranged with varying depths of

TABLE XVI

Percolation of Copper Solutions Through Soils

Solution used

Soil
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soil rp.sting on filter paper supported by a perforated porcelain

plate. Two soils, heavy clay and sandy loam, were employed ;

and two copper .solutions, sulphate and bicarbonate.

In neai'ly all cases copper as basic carbonate was entirely

removed from solution in percolating through as little as a

single inch of sandy loam. Although appreciable amounts of

copper sulphate passed out of a soil, the latter in that case itself

contained a very small percentage of copper. Inasmuch as

soluble copper in irrigating waters must be present ordinarily

as basic carbonate, its complete withdrawal by thin layers of soil

is significant in connection with irrigated crops.

Irrigation Experiments

A set of cultures was arranged to test the effects upon crop

plants of solutions of basic copper carbonate so applied as to

filter through the soil before reaching the plant roots. Six-inch

Fig. 5.—Diagram of pot culture irrigated through two-inch pot inside.

flower-pots were filled with sandy loam soil. In the middle of

each of these pots a two-inch pot was half buried, and the plants

experimented with were grown in the circles of soil between the

large and small pots. These plants were irrigated by pouring

the solution used into the small pot, through the bottom of which

it passed, necessarily filtering through more or less soil before



1917] Forbes: Irrigation Effects of Copper Compounds Upon Crops 429

reaching the plant roots. Radishes, beans, cantaloupes, cucum-

bers, lettuce, peas, beets, corn, berseem, avas, onions, barley, and

wheat were employed; corn, barley, and wheat being especially

successful under these conditions. All cultures were in pairs,

one of each pair being irrigated with solutions of basic carbonate

of copper in COo-water, and the check cultures with water only.

In all other particulars
—

original strength of plants, exposure

to light and air, and amount and time of watering—the con-

ditions were identical.

These cultures were carried on in a greenhouse set aside for

the purpose. The experiment was begun in November and ended

the following March. The solutions of basic carbonate of copper

employed contained from to 55 p.p.m. of copper, averaging

about 20 parts, which is from 7 to 670 times as much as has

been observed in the waters of the Gila River from time to time.

TABLE XVn

Condition at Maturity of Cultures Irrigated with Copper Solutions,

AS Compared with those Irrigated with Water

C, copper culture; W, check.

Tops
C and W.Radishes

Beans C greener

Lettuce

Peas

Beets

The

Corn

Berseem

Stimulated ? C

showing stronger

C stimulated,

earlier bloom

same m appear-
ance and weight

C and W.
About the same

C and W.
About the same

C and W. Aver-

aging the same

Weighing the

same, but C ap-

pearing stronger

C more advanced

in growth, but

not so heavy

Roots

The same, but in C
roots were removed i

in. from inner pot hole

Equal; same number of

nodules; very local ef-

fect of Cu at pot hole

The same except that in

C roots were dead f x ^

in. under pot hole

Both C and W having
abundant nodules.

No apparent damage by
Cu

Fewer in soil under pot
hole in C, otherwise

equal

Equally developed, both

showing strong nodule

development.
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Avas

Onions

Barley

Wheat
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Sample
No.

3674 Tops of wheat and barley irrigated

3676 with water averaging 20 p.p.m. cop-

per

Tops of beans, berseem, peas, onions,

lettuce, beets, radishes, corn, avas,

barley, and wheat irrigated with

water averaging 20 p.p.m. copper ....

3690 Roots of same (washed in 4 per cent

HCl)
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CULTURAL EXPERIMENTS
Pot Cultures with Treated Soils

Pot cultures of corn, beans, and squash were also grown in

soils containing copper in the form of precipitated carbonate

(Cu(0H)2.CuC03), finely powdered (100-mesh) chalcocite or

sulphide ore, and finely powdered chrysocolla or silicate ore.

Large glazed stone jars containing thirty-eight pounds of soil

were used. Effects on growth were observed and the copper

content of tops and of root systems was determined. The follow-

ing tabulations relate to the work done in this direction, the state-

ment showing the copper content of corn, bean, and squash plants

expressed in parts per million of copper in dry matter.
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Fig. 7.—Bean cultures groAvn in soils containing copper as precipitated

carbonate, from none to 1.5 per cent Cu.
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Copper Carbonate Series (1908), Corn

Sample
No.
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TABLE XX
Chalcocite Series (1908)

Appear-
Cu ance and Dry Cu Cu p. p.m. in

Sample in soil, height matter, found, ,
''

,

No. Culture per cent of plants grams grams tops roots

Normal

3979 Corn Check* 36 in. 17.60 .00026 15.00

3979c Corn Cheek* 4.62 .00027 58.00

3980 Corn .01 33 11.60 .00011 10.00

3980c Corn .01 2.94 .00023 78.00

3981 Corn .02 38 19.40 .00021 11.00

3981c Corn .02 6.14 .00114 186.00

3982 Corn .03 35 17.90 .00028 16.00

3982c Corn .03 6.99 .00176 252.00

3968 Corn .05 45 51.70 .00065 13.00

3978 Corn .05 6.14 .00105 171.00

Toxic effects begin at about .08% Cu in soil.

Stunted

3983 Corn .10 36 in. 14.00 .00031 22.00

3983c Corn .10 yellow 6.08 .00625 1028.00

3984 Corn
_

.50 8 in. 3.20 .00040 125.00

3984c Corn .50 .47 .00065 1383.00

3985 Corn 1.00 12 3.20 .00050 1.59.00

3985c Corn 1.00 .49 .00089 1816.00

*
Containing traces of coppei', .0025%.

The cultures described in the foregoing tables indicate sev-

eral interesting facts more or less applicable to field conditions.

(1) Precipitated carbonate of copper is shown to have a

nuich more toxic effect npon corn than the finely pulverized

ores of chalcocite or chrysocolla. With the precipitated car-

bonate 0.025 per cent in the soil was distinctly toxic, while with

chalcocite and chrj^socolla about 0.08 per cent was required to

produce an equal effect. Inasmuch as all of these combinations

of copper may occur in a soil subject to mining detritus, a mere

determination of total copper in soils containing doubtfully toxic

quantities cannot convey trustworthy information as to the in-

juriousness of the amounts present.

Moreover, since it has been shown that in the case of pre-

cipitated carbonate, and sulphate of copper, equivalent quantities

of these salts in solution are equally toxic, it is probable that the

greater toxicity of the carbonate is due to its greater solubility

under soil conditions. It is, in fact, shown in table I,
' '

Solubili-
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in the following pages, the physical constitution of root systems

may account in part for varying degrees of sensitiveness to cop-

per compounds.

The presence of copper in tops and roots of check is due to

0.0025 per cent of copper in the soil which was supposed orig-

inally to be free from this element.

Pot Cultures with Field Soils

Two field soils containing copper from irrigating waters

were tested in pot culture with reference to toxic effects and

Fig. 11.—Pot cultures of corn in field soils containing tailings. No. 3887,

.027% Cu; no. 3888, .047% Cu ;
and no copper. Cultures in field soils are

slightly affected.

copper content of root systems. The soils employed were from

a field showing varying effects of accumulations of tailings, im-

mediately southeast of Saff'ord :

Cu
in soil,

Sample pev cent

3887 Sandy loam, surface 12 in. of soil recently put under irri-

gation
027

3888 Heavy clay (tailings) mixed with sandy loam, surface 12

in., long under irrigation, much tailings 047

In these two soils, differing mainly through the addition of

tailings to No. 3888, cultures of corn, beans, and squash were

made, and examined for copper with the following results :
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No.

3887

3888

TABLE XXII

Cultures in Tailings Soils

Pot culture Condition

Corn ill sandy loam Distinctly striped

Corn in sandy loam Less distinctly

and tailings striped

3887 Beans in sandy loam Normal appearance
3888 Beans in sandy loam Normal appearance

and tailings

3887 Squash in sandy loam Yellow and stunted .027

3888 Squash in sandy loam Normal appearance
and tailings

Cu
in soil
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cipitated carbonate was mixed (1) intimately and (2) in lumpy
condition. Results were as follows:

Sample
No.



440 University of California Publications in Agricultural Sciences [Vol. 1

TABLE XXIV

Wheat Grown in Garden Plots Containing Cu as CuSOi (1914)

Sample
No.

5648a
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TABLE XXVI

Copper in Soils, and in Eoots of Plants Grown in Field Soils Contain-

ing Mining Detritus, near Solomonville and Safford (1914)

Dry Cu Cu p.p.m. in

matter, found, ,
-^

.>

Jan. 3, 1909 grams grams tops roots

4008a Barley tops selected for toxic

effects from tailings soil (Win.

Gillesi^ie), Solomonville, under

Montezuma Canal 13.90 .00061 43.80

4008b Barley roots, ditto 2.70 .00160 592.50

4009rt Oat tops selected for toxic effects

from field one mile west of Solo-

monville, under Montezuma Canal 28.30 .00121 42.70

4009& Oat roots, ditto 2.55 .00025 98.00

Per cent
Dr'' Cu Cu p.p.m. Cu in soils

matter, found, ,
-^

^ shaken
March, 1914 grams grams yellow green from roots

5544a Barley roots, yellow plants.. 3.78 .00037 98 .017

5545a Barley roots, green plants .... 2.33 .00290 124 .006

5546a Barley roots, yellow plants .. 3.41 lost

5547a Barley roots, green plants .... 3.80 .00047 123

5548a Wheat roots, yellow plants .... 1.40 .00044 314 .054

5549a Wheat roots, green plants 1.25 .00048 382 .014

5550a Barley roots, less green

plants 2.17 .00077 354

5551a Barley roots, stronger plants 3.34 .00110 329

5552a Oat roots, yellow plants 1.67 .00066 .394 .050

5553a Oat roots, green plants 1.77 .00030 169 .039

5554a Barley roots, yellow plants.. 1.38 .00057 411 .073

5555a Barley roots, green plants .... 1.42 .00041 289 .032

Average 314 236 .048 .023

4010 Corn roots (1908) in tailings

soil, Solomonville 16.12 .00097 60

November, 1914

5841a Corn roots, tailings 9 in. deep 10.18 .00021 21

5842a Corn roots, tailings 8 in. deep 11.08 .00038 34

5843a Corn roots, old tailings 10.01 .00038 38 .055

5844a Corn roots, tailings 6-12 in.

deep 21.48 .00039 18

5845a Corn roots, old tailings 16.24 .00068 42

5846a Corn roots, old tailings 5.02 .000.34 68 .105

5847a Corn roots, old tailings 14.42 .00104 72 .040

Average 42
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ley, wheat and oats were collected in sets of two in a place. One

of each set was green, healthy growth, the other more or less

yellow and unthrifty in appearance. The object of this method

of sampling in soils found to contain small amounts of copper

was, if possible, to relate unthrifty appearance of plants exam-

ined to copper found in roots and surrounding soil. Table 26

(p. 441) contains the results of the determinations made.

As may be expected under field conditions, which are more

complex and variable than those of plot or pot cultures, these

data are considerably contradictory. Roots of yellow barley,

wheat and oat plants, for instance, in 5544a and 5548a contain

less copper than roots of strong green plants grown alongside ;

although the average copper content (314 parts) of yellow and

more or less unthrifty plants is seen to be greater than in green

plants alongside (236 parts). So far as observed, the larger

percentages of copper found in soils shaken from roots of the

plants are always associated with yellow plants. The average

copper content of soils from roots of yellow^ plants is 0.048 per

cent, while that from green plants is 0.023 per cent. These

observations indicate that in a general way the larger amounts

of copper found in these field soils are associated with larger

amounts of copper in root systems and with yellow color in young

plants. The percentages of copper observed in the soil, ranging

up to 0.073 per cent in one instance, is surprisingly high, but

toxic effects must be qualified by the character of the compounds,

soluble salts in the soil, and other factors noted on preceding

pages.

Yellowness of foliage also may be due to other causes than

copper. Among these are : (
1

) too much water, as in low places ;

(2) alkali accumulations; (3) cold weather; (4) too much

nitrogen in improper form, as in some old barnyards; (5) too

little available nitrogen, as on new ground; (6) shade, and (7)

insect pests and plant diseases. Malnutrition from any cause,

in fact, usually expresses itself in the yellow or striped appear-

ance of the leaves of these crop plants. Such appearance, there-

fore, cannot be attributed to copper present in the soil, without

exclusion of other causes and sufficient confirmatory evidence.

As in the case of plot and pot cultures, corn roots are ob-
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served to contain much less copper than other grain roots grown
in similar soils, a fact to be attributed to the coarse character

of field samples of corn roots.

USE OF COPPER SULPHATE TO KILL MOSS IN

IRRIGATING DITCHES

Clear irrigating water supplies, such as are derived from

seepage and from wells, quickly become choked with mosses and

algae in warm weather, entailing loss of water and expensive

ditch cleaning. In order to test the application of copper to

a running stream for the purpose of killing the growth of

aquatic plants, an experiment was conducted, in October, 1906,

upon the Flowing Wells ditch near Tucson, which at the time

contained abundant aquatic growth.

A barrel of copper sulphate solution was prepared and placed

at the head of the ditch. By means of a small outlet controlled

by a stopcock, fifteen pounds per hour of CUSO4.5H0O were

added to the ditch flow, this amount being in the proportion of

1 part of copper to 100,000 of water. Most of the copper was

immediately precipitated by the bicarbonate of lime present in

the water
;
still more probably combined in insoluble form with

the soil along the ditch; while the remainder acted with toxic

effect upon the sensitive algae and the less sensitive mosses

(Potomogetons) growing in the water. A short distance below

the barrel, where algae and mosses, after twenty-five hours' ex-

posure to copper, were brown and dead and breaking away from

their points of attachment, .84 parts of copper in 1,000,000 of

water remained in solution. Three miles below the barrel, where

the mosses and algae were still plainly affected, traces only of

dissolved copper were perceptible. A renewal of copper from

point to point would therefore have been necessary in treating

a long ditch by this method, which, however, proved too costly

for adoption in the instance mentioned.'^

It is of interest in this connection to note that in the early

days of irrigation on the Gila River, mosses grew in such abund-

ance in the clearer waters obtained from the river at that time.

7 See Bibliography, p. 488, reference 32.
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that considerable labor was required to keep the ditches clean.

These mosses have now entirely disappeared from the upper

canals, due in part to the turbid waters in which they will not

grow, and in part, perhaps, to the dissolved copper from the

mines.

PHYSIOLOGICAL OBSERVATIONS ON TOXIC EFFECTS

OF COPPER SALTS

Quantitative Work

Citrus seedlings placed in copper sulphate solutions contain-

ing from 2.5 to 100 parts of copper in 1,000,000 of distilled

water wilted in forty-eight hours, thus showing effects of toxicity.

Root tips then all turned red with K^FeCy,,. Red root-tips

sectioned showed under low power red cells under bark and

around center. Citrus, cucumber and bitter melilot roots

grown in 10:1,000,000 copper solution all gave violet reaction

with KOH, less delicate but more distinctive than K^FeCy,.,, since

the purple biuret test indicates both copper and protein.

Cultures of wheat, peas, corn, beans, and other plants grown
in soils containing from 0.005 to 0.1 per cent of copper in soil,

gave only very doubtful root-tip reactions with K^FeCye,

although showing evident injury, especially in 0.1 per cent cul-

ture. There is an essential difference between water-culture

roots placed in copper solutions and roots grown in soil. The

first are killed by excess of copper salts contained
;
the second

are yet living and growing resistantly in the soil.

A 0.1 per cent copper culture of corn, wheat, beans and

cucumbers was washed out from the soil and gave superficial red

coloration with K^FeCy^;, but not internal. Living tissue is

evidently inconsistent with sufficient amounts of copper to give

a plain internal test. Therefore, the small amounts of copper

known to be in poisoned but living root systems must be dissem-

inated. It is, therefore, of interest to know the copper-protein

ratio in poisoned but living root systems, such a ratio being more

significant than the ratio of copper to the whole mass of root

systems, which includes various proximate principles not con-

cerned in copper fixation.
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Two assembled samples of corn, radish, wheat, vetch and

peas grown in soils containing 0.005 per cent and 0.05 per cent

of copper were, therefore, very thoroughly washed out, copper

determined, and nitrogen determined X ^Vx for protein. The

amount of copper required to saturate vegetable protein was

assumed at 11.7 per cent (1-4.655 per cent CuO)—the average

of figures given in Mann's Chemistry of the Proteids, page 305.

(1) Roots grown in .005% Cu in soil 4739000 gm.

Cu .0105% 0000498

N. 2.26% = Protein 14.125% 0669400

Cu required for saturation of protein

.06694 gm. X 11.7% = .007832 gm. Cu for saturation

.0000498 ^^^^
Per cent saturated=

Q/xys.o9
=.o3/%

(2) Roots grown in .05% Cu in soil 3561000 gm.

Cu .0322% 0001147

N. 2.76%= Protein 17.25% 0614900

Cu required for saturation of protein

.06149 gm. X 11.7% = .007194 gm. Cu for saturation

.0001147
-, ^^,^

Per cent saturated =-———— =: 1.594%
.00(194

Per cent
saturation

Q Cu p.p.m. of protein
toummary: jj.j. roots with copper

(1) .005% Cu in soil 105 0.636

(2) .05% Cu in soil 322 1.594

Ratio (1) to (2) 3.07 2.51

In hrief, 10 times as much copper in the soil resulted in 3

times as much copper in the entire root systems and 2.5 times

as much in the protein of these root systems. This latter in-

crease, however, is responsible for an increase in damage from

almost nothing to very severe.

Further observations on the copper-protein saturation figure

in roots grown in soil containing copper, were made on wheat

and Canada peas, planted in pots containing soil mixed with

varying percentages of copper in the form of precipitated basic

carbonate. The pots contained 102 pounds of sandy loam, and

were irrigated in a uniform manner from time to time as water

was needed. Plantings were made January 3, 1916, and roots

harvested May 15.



446 University of California Publications in Agricultural Sciences [Vol. 1

TABLE XXVII

Observations on the Saturation with Copper of Protein in Roots

Grown in Soil Treated with Cu(0H)o.CuC03

&

s
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KNO3 1.0 gm.

MgSO, 05

NaCl 5

CaSO, 5

FeCl^ 04

Tap-water 1.0 liter

No phosphate was included because of its precipitating action

on copper salts. After the cultures were about four weeks old

they were changed to nutrient solutions containing small

amounts of copper which was gradually increased from one to

ten parts per million of solution. The solution was neutralized

with normal H2SO4 (methyl orange indicator) to prevent pre-

cipitation of copper by dissolved carbonates. Following is a

summary of the history of the cultures, each of which was in-

creased to include several hundred plants:

Wheat
Dec. 16 Planted in tap-water.

Dec. 24 Transferred to nutrient solution, one-third strength.

Jan. 8 Changed to nutrient solution, two-thirds strength.

Jan. 14
.
To nutrient solution, full strength.

Jan. 17 To nutrient solution containing 1 part Cu per million.

Jan. 21 To nutrient solution containing 2 parts Cu per million.

Jan. 25 To nutrient solution containing 6 parts Cu per million.

Jan. 28 To nutrient solution containing 10 parts Cu per million.

Feb. 9 Experiment terminated.

A faint biuret test appeared after addition of 6 p.p.m. Cu. Also dis-

tinct KiFeCje test. Eoots did not become flaccid, but the tops of cul-

tures were dying back and prostrated markedly in comparison with roots

of control culture.

Canada Peas

Dec. 20 Planted in tap-water.

Dec. 30 Transferred to fresh tap-water.

Jan. 6 Transferred to fresh tap-water.

Jan. 18 Transferred to nutrient solution.

Jan. 20 Changed to nutrient solution containing 1 part Cu per million.

Jan. 21 To nutrient solution containing 2 parts Cu per million.

Jan. 25 To nutrient solution containing 6 parts Cu per million.

.Tan. 28 To nutrient solution containing 10 parts Cu per million.

Feb. 6-8 Experiment terminated.

A faint biuret test appeared after addition of 6 p.p.m. Cu. Distinct

K4FeCy6 test in root tips at end of experiment. Eoots not flaccid, but

plants distinctly affected and tops dying back more than those of control

culture.
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Corn

Dec. 22 Planted in tap-water.
Jan. 8 Changed to nutrient solution, one-third strength.

Jan. 19 To nutrient solution containing 1 part Cu per million.

Jan. 21 To nutrient solution containing 2 j)arts Cu per million.

Jan. 25 To nutrient solution containing 6 parts Cu per million.

Jan. 28 To nutrient solution containing 10 parts Cu per million.

Feb. 9 Experiment terminated.

Giving distinct, faint biuret test after addition of 6 p.p.m. Cu; also

KiFeCje test at end of experiment. Roots not flaccid at end of experi-

ment, but tops of cultures about half dead, while tops of control culture

were still in good condition.

These cultures, as shown by the notes, were exposed to cop-

per solutions—wheat twenty-three days, peas eighteen days,

corn twenty-one days. At the end of the experiment roots were

not flaccid, but very faint biuret and distinct ferrocyanide tests

were observed. In all cases top growth was affected, corn most,

wheat next, and peas least. This material, as indicated above,

is poisoned only just enough to show reactions in root tips,

although tops are distinctly affected. It, therefore, represents

minimum rather than maximum toxic conditions. Material was

harvested and analyzed to show copper and nitrogen ratios
;

and by estimating the number of root tips in samples of corn,

peas, and wheat the amount of copper per root tip, required to

show faint tests, was found.

TABLE XXVIII

Quantitative Determinations on Water Cultures Showing Slight

Toxic Effects

Corn

No.

6321
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Peas

Drv matter, Cu found, Cu p.p.m. in

No. Sample grams grams dry matter

6327 250 tops 7.0850 .00012 16.90

6325 Coarse roots 1.2827 .00180 1400.00

6326 Fine roots .8393 .00141 1680.00

6324 5500 root tips .4462 .00153 3428.00

Amount of copper per root tip required to show slight toxic effects,

.001.53 H- 5500= .000000278 gm.
Total roots examined for nitrogen 4.41730 gms.

Albuminoids in roots (Alb. N. X 6i) 83929

Copper required to saturate albuminoids (factor 11.7%) .09819

Total Cu found 00784

•00784 „„^^
Saturation

^^^^
= 7.99%

Wheat
Dr- matter, Cu fmmd, Cii p.p.m. in

No. Sample grams grams drv matter

6332 530 tops 12.7 .00165 129.90

6331 Roots .6902 .00020 297.00

6330 16000 root tips .3664 .00103 2811.00

Amount of copper per root tip associated with slight toxic effects,

.00103 -^ 16000= .000000064 gm.
Total roots examined for nitrogen 2.9223 gms.

Albuminoids in roots (Alb. N. X 6^) 30794

Copper required to saturate albuminoids (factor 11.7%) .03603

Total Cu found 001789

.001789 , ^^^
Saturatton

.03-603"
^ ^'^'^^

These figures show, as usual, relatively small amounts of

copper ill tops of plants, with large amounts in roots, increasing

from coarser to finer portions, until in the root tips corn con-

tains 545, peas 3428. and wheat 2811 parts per million of copper

in dry matter. For peas and wheat these are the largest propor-

tions of copper thus far observed in any plant samples.

When the total amount of copper found in each sample is

divided by the number of root tips employed, an extraordinarily

small amount of copper is found necessary to bring about toxic

effects. For instance

One corn root tip (terminal 3 cm.) required 000000382 gms. Cu

One jiea root tip (terminal 1 cm.) required 000000278 gms. Cu

One wheat root tip (terminal 1 cm.) required .000000064 gms. Cu
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Moreover, the extent to which albuminoids in affected roots

are saturated with copper—only 7.99 per cent for peas and 4.96

per cent for wheat—indicates a maximum effectiveness upon
roots of small amounts of the metal.

Reactions of Copper with Growing Points

Corn seedlings fifteen days old were fixed with cotton in

tall 50-c.c. graduated Nessler tubes containing different strengths

of copper sulphate in pure distilled water. The strengths of

solution employed were 20, 10, 5, 2.5, and 1.25 p.p.m. There was

a check culture with no copper. After three days, in all cases

except the check, the roots were flaccid, showing contraction on

graduations and giving biuret and ferrocyanide tests, increasing

in strength from weaker to stronger concentration.

An experiment with pea seedlings gave similar results, but

when the quantity of pea roots was increased and weak solutions,

2.5 and 1.25 p.p.m., w^ere employed in small quantities (20 c.c),

the tests became much fainter.

Severed roots of corn, also, were observed to give as good

tests as roots of living plants. A large number (seventy) of

severed root tips placed in a small quantity (20 c.c.) of weak

solution (5 p.p.m.) gave only a faint ferrocyanide test. These

observations indicate that the concentration of copper in growing

points is due to ionic dissociation and migration tlirough the

semi-permeable membranes of the root systems,^ rather than to

transpiration. The fainter test for copper in large quantities of

root material indicates lessened toxicity of dilute solutions of

copper in presence of excess of root materials.

Mature wheat, corn and pea plants in nutrient solutions, but

not growing actively, were treated with gradually increasing

amounts of copper from January 21 to February 2. as follows:

Wheat, Corn, anb Pea Plants, Thirty-seven Days Old, Treated with

Copper in Nutrient Solution

Jan. 21-25; nutrient sol. w. 2 p.p.ni. Cu.

Jan. 2o-28; nutrient sol. w. 4 p. p.m. Cu.

Jan. 28 to Feb. .5, nutrient sol. w. 10 p.p.ni. Cu.

8 See Bibliography, p. 488, references 3.5, 36, 37, 38, 39, 40, 41, 42,

43, 44.
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Feb. 5; very faint biuret test for copper, distinct ferrocyanide test.

Corn, forty-eight days old in 50 p.p.rn. Cu sol., two days, gave faint

biuret and ferrocyanide tests.

Corn, forty-eight days old in 500 p.p.m. Cu sol., two days, gave faint

tests for copper.

From these observations it is evident that the nearly negative

results shown are due either to nutrient salts present or to the

older and therefore more quiescent material employed. To settle

this question, the following experiments were made:

(1) Young (ten days) wheat and corn plants were placed in

copper solution in distilled water and in nutrient solutions and

observed after twenty and forty hours, as follows :

2.5 p.p.m. Cu, distilled water—20 hours

10 days old: Young Avheat; flaccid f; strong biuret test; strong KiFeCys test

60 days old: Old Avheat; not flaccid; no strong biuret test; distinct K^FeCye
test

10 days old: Young corn; flaccid; strong biuret test; strong K^FeCye test

60 days old : Old corn
;
flaccid

;
no biuret test

;
old tips, faint KjFeCye test

young tips, strong K4FeCy6 test

10 p.p.m. Cu, distilled water—20 hours

10 days old: Young wheat; flaccid?; strong biuret test; strong K^FeCy,; test

60 days old : Old wlieat
;
not flaccid

;
faint biuret test

;
distinct K4FeCy6 test

10 days old: Young corn; flaccid; strong biuret test; strong KiFeCys test

60 days old: Old corn; flaccid?; distinct biuret test; strong K4FeCy,; test

40 p.p.m. Cu, distilled water—20 hours

10 days old: Young wheat; flaccid; strong biuret test; strong K^FeCyB test

60 days old: Old wlieat; flaccid?; faint biuret test; distinct K^FeCy,, test

10 days old : Young corn
;
flaccid

; strong biuret test
; very strong KiFeCys

test

60 days old : Old corn
;
flaccid

; strong biuret test
; strong KiFeCy,, test

The above results indicate that old roots of corn and wheat

are more resistant to the penetration of copper than are the

young roots. This is shown by less flaceidity in the weaker solu-

tions and by the fainter tests observed. A second series with

greater strengths (5, 20, and 100 p.p.m.) and longer exposure

(forty-five hours) showed distinctly less differentiation than in

the case of the series above given in detail. This is to be expected,

inasmuch as stronger solutions must overcome resistance of roots

exposed to them more quickly, and the longer time employed
would likewise tend to overcome differences existing in the first

few hours of the experiment.
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(2) Young and old wheat and corn roots were placed in 10

p.p.m. Cu in distilled water and 10 p.p.m. Cii in nutrient solution,

with the following results :

10 p.p.m. Cu, distilled water—20 hours

10 days old: Young wheat; flaccid?; strong biuret t«st; strong KiFeCje test

60 days old : Old wheat ; not flaccid
;
faint biuret test ; distinct KiFeCys test

10 days old: Young corn; flaccid; strong biuret test; strong K^FeCye test

60 days old: Old corn; flaccid; distinct biuret test; strong KiFeCyr, test

10 p.p.m. Cu, neutralized nutrient solution—20 hours

10 days old : Young wheat ; not flaccid
;
doubtful biuret test

;
faint KjFeCyp

test

60 days old: Old wheat; not flaccid; none or doubtful biuret test; faint

K^FeCve test

10 days old: Young corn; not flaccid; faint biuret test; distinct K4FeCy6
test

60 days old : Old corn
;
not flaccid

;
distinct biuret test ; distinct K4FeCye

test

This shows very distinctly the ])revention of toxic action upon

plant roots through the protective action of other solids in solu-

tion, as already observed in water cultures by measurements of

root growth. It is noteworthy in this connection that corn roots

generally seem to be more sensitive to the action of copper salts

than the roots of wheat or peas.

In order to examine still further into the relative resistance

of old and young root systems to copper salts, a solution of 5

p.p.m. Cu in di.stilled water was used, the time being varied

from twenty to two hundred hour.s. The results of these obser-

vations indicate that, witli wlieat and corn roots, the penetration

of copper is distinctly more rapid in young than in old material.

Peas did not give clear results.

It appears from these observations, first, that the accumula-

tion of copper in plant roots is distinctly due to tbe migration

of dissociated ions into the root .systems, where they are fixed b>-

protoplasm, in which combination they are identified by means

of the biuret test. Second, the presence of nutrient salts very

distinctly les.sens the effect of a 10 p.p.m. copper .solution upon
sensitive young growing plant roots. Third, old quiescent plant

roots developed in a nutrient solution are distinctly less sensitive

to copper salts than young roots which are still actively growing.
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The slow development of biuret tests for eopper in such material

after sufificient exposure to copper solutions, indicates the presence

of protoplasm.

It is possible that the same observations may apply to other

poisons, metallic or otherwise, brought into contact with absorp-

Fig. 13.—Photomicrograph of root tip of corn grown in water culture

and poisoned by 1:200,000 of (\i in solution. The copper is shown as red

copper ferrocyanide, which appears black in the photomicrograph. The

irregular inner black line shows the penetration of the copper and also

indicates sharply the differences in permeability of adjacent cells, some

of which are penetrated before others. (X 80 diam.) (Photo by J. T.

Barrett.)
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tive root systems in the soil. Not only this, but it may be true

that nutrient salts, as well, will be found more actively absorbed

by younger and more sensitive root systems than by older ones,

or by root systems which for any reason have become quiescent.

This would suggest the possibility of choosing to advantage the

proper time for applying substances, either to avoid injury or,

as in the case of fertilizers, to secure maximum benetit from them.

Varying Resistance of Individual Cells to Copper

Not only do old and young roots vary as to toxic effects upon
them of copper, but different degrees of resistance between

individual cells in the same root and even in the same chain of

cells, is clearly shown in the photomicrograph (fig. 13) of a

corn root tip which has been exposed to a 1 to 200,000 solution

of copper, then colored with K^FeCyg, and sectioned for obser-

vation. Tlie dark, abruptly angular line of penetration shown

in the section plainly indicates that individual cells may be

penetrated by copper while adjacent cells growing under pre-

cisely similar physical conditions are not penetrated. If this

be not due in some unseen way to morphological peculiarities

of root structure, it must be due to individuality in the cells

themselves, some of which must be more resistant to penetration

by dilute copper solutions than others.

Summing up the physiological ohservations relating to effects

of copper upon plants, we find (1) that individual cells vary

(probably) in degree of resistance to penetration by copper

salts; (2) that young roots are less resistant than old roots; (3)

that roots of certain species of plants (e.g. corn) are less resist-

ant than roots of other species; and (4) that toxic effects may
be to some extent related to the structure and distribution of

root systems.

DIAGNOSIS OF COPPER INJURY

In the presence of toxic amounts of copper in the soil, the

root systems of culture plants become harsh and crinkly with

almost entire loss of root hairs. Consistent with the checking of

growing points, root systems are also greatly restricted in extent.
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and in feeding capacity. Individual roots are coarse, covered

with thick epidermis, and are abruptly angular, apparently as

a result of chemotropic contortions. Root tips are shortened and

thickened and in some instances are strongly proliferated. The

anatomical structures associated with these changes in form are

very striking. In corn the cells of the primary cortex, in normal

roots, are elongated parallel with the axis of the root, and in

longitudinal tangential section measured about 74 by 30 microns.

Injured cells of corn grown in soil containing 0.1 per cent copper

gave longitudinal tangential sections approximately 34 by 30

microns, as shown on accompanying drawings. (See, also, plates

6, 7, and 8.

H -^

^

^

^
^

Fig. 14.—a. Tangential longitudinal section of corn root grown in soil

containing .1 per cent of copper as copper sulphate, showing cells of cortex

of injured rootlet, h. Tangential longitudinal section of normal corn root

cells of cortex. (X it 300 diani.) (Sections by G. F. Freeman.)

These structural modifications, taken in connection with other

symptoms and conditions and in the absence of other causes,

such as an excess of alkali salts," confirm a diagnosis for copper

injury in a soil of doubtful toxicity. For instance, March 4,

1916, two sets of samples of barley were collected in the district

studied, and the material examined for evidence of copper in-

jury, as follows :

Lot 1.-—Young barley plants from the upper end of a field midway
between Safford and Solomonville, under Montezuma Canal. The soil next

the ditch shows old tailings, and there are irregular areas of yellow

barley immediately under the canal.

9 See Livingston, Botanical Gazette, vol. 30, no. o, p. 229, 1900.
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Sa^^P'e
„. Yellow barley plants

6343 Eoots, crinkly and angular, much branched near surface.

Dry -weight, 3.2429 gms ; Cu, .00085 gm ; p.p.m 262

6344 Soil shaken from yellow barley roots

Copper 07979%
Total soluble solids (alkali) 46400

CI as NaCl 004

Sodium carbonate 008

Nitrogen 137

b. Green barley plants from near (a).

6345 Eoots, smooth and straight, not much branched near sur-

face. Dry weight, 1.6025 gm; Cu, .0002 gm; p.p.m 125

6346 Soil shaken from green barley roots

Copper 05844%
Total soluble solids (alkali) 45600

CI as NaCl 004

Sodium carbonate none

Nitrogen 181

Lot 2.—^Young barley plants from the upper end of a field in West

Layton under Montezuma Canal. Soil near ditch known to contain tail-

ings and showing spots of yellow barley at head of field.

S-'i^P'e
a. Yellow barley plants

6347 Eoots, crinkly and angular, much branched.

Dry Aveight, 3.2977 gms; Cu, .0014 gm ; p.p.m 425

6348 Soil shaken from roots of yellow barley plants

Copper 1113%
Total soluble solids (alkali) 50

a as NaCl 008

Sodium carbonate 008

Nitrogen 165

\>. Green barley plants from near (a)

6349 Eoots, smooth, straight, not much branched.

Dry weight, 2.2473 gms; Cu, .0003 gm; p.p.m 133

6.350 Soil shaken from roots of green barley plants

Copper 02678%
Total soluble solids (alkali) 40

CI as NaCl 008

Sodium carbonate 004

Nitrogen 127
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Considering the above observations, we notice that the soils

from which samples were taken do not contain injurious amounts

of soluble salts. Their nitrogen content, also, is normal. The

areas of yellow barley from which samples come are therefore not

to be attributed to alkali salts, or to abnormal nitrogen content.

Observation in the field, also, failed to indicate that conditions of

irrigation, temperature, or light were unfavorable, these condi-

tions being the same for both green and yellow samples.

Excluding these considerations, therefore, we now find that

there is uniformly more copper in the roots of yellow barley

plants than in those of the green ones, also in the soils in which

they occur. The roots of yellow plants, moreover, show the

crinkly condition caused (though not exclusively) by copper

when present in toxic amounts in the soil. The following state-

ment summarizes these observations.

Lot 1



458 University of California Publications in Agricultural Sciences [Vol. 1

Part II.- GENERAL DISCUSSION

PRELIMINARY STATEMENT
The copper compounds, in solid form and in solution, that

result from mining operations in the Clifton-Morenci district,

have found their way down the San Francisco and Gila rivers

to the underlying irrigated agricultural soils of Graham County
in sufficient amounts to raise the question of their toxicity to

crops. The largest amounts of copper in these soils are found

at the heads of irrigated lands, especially where alfalfa is or

has been, at which points old accumulations of tailings, laid

down for the most part prior to 1908, are still to be found.

Accumulations of Copper

The amounts of copper accumulating in the Gila River valley

soils in this way are small, the observed range being from 0.006

per cent to 0.111 per cent in surface soils and the average for

eighteen -soils analyzed being 0.046 per cent of copper. Irrigated

soils elsewhere have been observed to contain larger quantities

of copper than those above noted, for instance 1.002 per cent on

the Deer Lodge River below Anaconda, Montana, with an aver-

age of 0.09 per cent for eleven other samples taken in the same

locality.
^°

These amounts of copper in a soil may or may not be toxic

according to the combination in which the copper exists, the

physical character of the soil and its chemical
'

composition,

climatic and moisture conditions, the crop grown, and other con-

siderations which may now be discussed in order.

The small amounts of soluble copper constantly coming down

stream from the mines which cannot, like solid tailings, be en-

tirely excluded from irrigating water supplies, are of importance

because of their tendency to accumulate by reason of the fixing

power for copper of silicates, carbonates and organic matter in

the soil. The completeness of this fixing power of soil for copper

is shown by several experiments in Avhich solutions of copper

10 U. S. D. A. Bur. Chein., Bull. 113, p. 34, 1907.
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salts were percolated through one to twelve inches of soils, with

little or no copper appearing in the filtrates. Under field con-

ditions, therefore, this action tends to concentrate dissolved

copper in irrigating water in the surface few inches of the soil.

A series of samples of Montezvima Canal water taken at

Solomonville affords quantitative suggestions in this connection :

TABLE XXIX

Copper Content of Gila Eiver Waters

Amounts of Cu added
in irrigation, estimated

in p.p.m. of water

Description
Sample No. and

date

3309 May 26, '04 River very low 18.3

3486 June 11, '05 Small flood

In In
tailings solution Total

.80 19.1

9^

3622 June 25, '06

3737 Feb. 22, '07

4011 Jan. 3, '08

River low

Medium flood

1.6 .11 1.71

trace 2.88 ±3.0

2.1 .08 2.18

Approx.
flow of
Gila
River
in sec.

ft.

30

170

600

Approx.
amts. of

copper
carried
down
stream,
1 dav

lb.

3094

230

(Soluble
only )

9720

Tailings shut out of river May 1, 1908

4029 Apr. 12, '09

6342 Mar. 4, '16*

1.4

.04

.08

.03

1.48

.07

*
Following four-months shut-down of operations in Clifton-Morenci

district.

These figures, while somewhat meagre, seem to indicate a

lessening waste of copper downstream following the restraint of

tailings from the water-supply in May, 1908. This is especially

true of copper in solution, due probably to the decreased amounts

of solid copper compounds in suspension from which copper in

solution is derived.

Assuming at the present time an average of 1 part of copper

in 1,000,000 of Gila River water, four acre-feet of such water,

required for one year's irrigation, would contain 10.9 pounds

of copper, from which should be deducted small losses due to

vegetation, drainage waters, and percolation to depths below the

surface soil.

Six tons of alfalfa with a copper content of 5 p.p.m. contain

0.06 lb. copper; while one acre-foot of seepage water (about the

annual seepage loss) containing 0.25 p.p.m. copper would carry

0.68 lb. copper. Estimating the total loss roughly at one pound
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of copper per acre a year, the net addition of copper to the soil

would be approximately ten pounds, or about 0.00025 per cent.

It would therefore require about forty years to accumulate 0.01

per cent of copper in the surface foot of soil. Inasmuch as, under

field conditions, this is not an injurious amount, there is little

likelihood, considering the district in a general way, that the

small residues of copper now coming down stream will accumu-

late to an injurious extent within a reasonable period of time.

Incidentally, it is of interest to note the large total losses of

copper (3094 lb. and 9720 lb. per day observed) formerly result-

ing from mining operations in the district.

Possible Effects upon Health

With reference to the question of poisonous effects upon man
and animals of dissolved copper in irrigating and well-waters,

such effects, in general, are much less upon animals than upon

plant life. Moore and Kellerman state, for instance, that 0.02

gms. of copper may l)e absorbed daily by a man with safety."

This amount of copper would be contained in five gallons of

water containing one part per million of copper, the largest

amount of copper observed in a well-water in the district studied

being 0.53 p.p.m. It is of interest in this connection to note a

belief of the copper miners of the Rio Tinto in southern Spain,

where the wells are impregnated with copper, that one part of

copper per million of drinking water is permissible, but that tAvo

parts per million result in "copper colic." "" In view of experi-

ments upon human subjects, however, it is more than likely that

deleterious effects observed are due to associated compounds in

the water. It is of importance to note that a strength of as

little as one part per million of copper in pure water will de-

stroy algae, which are common in clear water supplies freely

exposed to light and air. This fact may be made of use in clean-

ing ditches and reservoirs of aquatic growth, where the expense
is not too great.

The germicidal effects of small amounts of copper in waters

of the district studied also have a bearing upon human health.

11 U. S. D. A. Bur. PI. Ind., Bull. 64, p. 23.

11" Conversation of J. W. Bennie, Clifton, Arizona.
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Bacilli of various species reacting upon human health are very

sensitive to the action of soluble copper salts. For instance, in

distilled water "one part copper in 16,000,000 parts water killed

typhoid bacilli in two hours. In copper solutions made up with

tap and sea water, the action was still marked, but less vigorous

than in distilled water.
' ' ^- Moore and Kellerman state that one

part of copper sulphate to 100,000 parts of water destroys

typhoid and cholera germs in three to four hours.^^ In milk

supplies as little as one part of copper salts in 2,000,000 of water

acts as an antiseptic against putrescent bacteria.^* It seems,

therefore, that there is a possibility that the amounts of copper

observed in ditch and well-waters in the district may have an

antiseptic effect upon malignant germs, more particularly typhoid

fever, likely to occur in the district.^"

Amounts and Significance of Copper in Aerial Vegetation

The amounts of copper found in aerial parts of vegetation

within the district are small, ranging from a trace to 7.6 parts

copper in 1,000,000 of dry matter and averaging 3.41 parts.

Miscellaneous cultures in water, potted soils, and plots gave

larger amounts of copper which, however, were associated in

most cases with toxic effects. Table 30 (p. 462) contains a sum-

mary of these data.

Even allowing for errors of method and of analysis, the

European figures (3) seem excessively high, although the woody

character of most of the samples was for the most part very

different from that of the tender crop plants of the Arizona series.

Little can be said as to the toxic effects of the copper ob-

served in aerial plant parts in the Arizona samples. The yellow

striping of copper-poisoned corn is probably a general symptom

of malnutrition to be attributed to the effect of copper upon root

systems rather than upon leaves and stems. In rare instances,

however, beans and squash in water culture showed dark green

i2Biocliem. Jour., Aug., 1908, pp. 319-323.

13 U. S. D. A. Bur. PI. Ind., Bull. 64, p. 43.

14 Jour. Ind. and Eng. Chem., Sept., 1909, p. 676.

15 See Bibliography, p. 487, references 3, 20, 21, 2^
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TABLE XXX

Summary of Copper Content op Aerial Vegetation

Mill. Max. Ave.
No. of ,

-''

V

samples Parts per million copper

1. Field vegetation from upper Gila.... 10 trace 7.60 3.41

Field vegetation from other sources

in Arizona 9 none 6.30 1.52

2. Corn plants grown in pots .01-. 0.5

per cent Cu 3 6.5 21.00 13.30

Tops of corn, beans and squash

grown in Cu water culture 6 11.7 32.00 22.90

Tops of corn, beans, etc., irrigated

with copper solutions 14.00

Beans in soils containing Cu 9 13.0 44.00 26.00

Squash ditto 5 14.0 61.00 39.00

Corn ditto 20 4.4 239.00 42.00

3. Field samples collected by Leh-

mannis 43 560.00 86.00

Field samples collected by Ved-

r6dii7

1894 26 40.0 1350.00 257.00

1895 26 10.0 680.00 151.00

patches that may possibly have been dne to presence of copper,

inasmuch as appearances of this character are sometimes noted

as an effect of the application of Bordeaux mixture. Rain

states, for instance, that extremely minute amounts of copper

stimulate formation of chlorophyll in a cell, and therefore in-

crease the formation of starch. ^^ Ewart. also, shows that solu-

tions of copper as dilute as 1 to 30,000,000 prevent the action

of diastase upon starch.^" It is possible, therefore, that the juices

of plant tissues containing traces to 2-39 parts (observed) of

copper in 1,000,000 of dry matter may carry sufficient of this

amount in solution in the cell sap to hinder the action of enzymes

upon starch, and thus prevent its normal translocation.

16 Der Kupfergehalt von Pfianzcn und Thieren in Ktipferreichen Gegen-
den, Lehmann Archiv fiir Hygiene, vol. 27, pp. 1-17, 1896.

i'^ Quoted in Brenchley, Inorganic Plant Poisons, p. 17, 1914.

18 Bain, Tenn. Agr. Exp. Sta., vol. 15, Bull. 2, p. 93, 1902.

i9Ewert, Zeitschr. fiir Pflanzenkrankh., vol. 14:3, p. 135, 1904.
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of plants affected by copper. Analyses of water cultures of corn,

peas, and wheat showing slight toxic effects gave the following
ratios of copper in tops, root systems, and root tips :

WatPi- cultures Cu in p. p.m.
showing slight f

— ^^
^

toxic effects Tops Roots e.xclusive of tips Root tips

Corn 27.00 91.00 545.00

Peas 17.00 1400.00 3428.00

1680.00

Wheat 130.00 297.00 2811.00

The root tips in this material, by means of caustic potash

(the biuret reaction) and potassium ferrocyanide, show the char-

acteristic purple and dark-red reactions due to copper. In the

former case not only copper, but copper in comhination with

proteids, is indicated—the purple color being due to the biuret

test, which identifies both copper and proteids simultaneously.

In roots grown in water culture, and then subjected to the

action of dilute copper solutions, the location of copper in a

poisoned root system can be seen under a low power with con-

siderable exactness. The purple of the biuret test begins very

definitely with the growing point of the root tip and fades

out graduall.v in comet-like fashion usually within one or two

millimeters distance of the tip. New growing points in process

of pushing their way through the epidermis along the sides of

the roots likewise give a strong but very local biuret reaction.

This ccmibination of copper (in the form of oxide) and proteids

is one used for the precipitation of albuminoid nitrogen in chem-

ical analysis of feeding .stuffs.-" The amount of copper entering

into the combination varies with proteids from various sources.

As a rule, animal proteids combine with much less copper than

vegetable proteids
—averaging about 2.4 per cent of copper for

egg albumin. Vegetable proteids combine with from 11.60 to

16.97 per cent of copper oxide and average 11.7 per cent cop-

per.-'^ Ordinarily, therefore, a vegetable proteid would be sat-

urated with about one-ninth of its weight of copper; but its

physiological activities are disarranged and the root killed by

much less than the amount required to saturate the proteid.

20 See Bibliography, p. 488, reference 48.

21 Mann, Chemistry of the proteids, p. 305.



1917] Forbes: Irrigation Effects of Copper Compounds Upon Crops 465

For instance, in samples of wheat and pea roots grown in water

culture, it was found by means of nitrogen and copper deter-

minations, using the factor 11.7 per cent copper for saturation

of albuminoids, that in wheat roots 4.96 per cent of the copper

required for saturation was present and in pea roots 7.99 per cent.

It appears, therefore, first, that copper attacks plant proteids

at the most delicate and vulnerable points in the whole plant

organization
—the growing points of the root systems ; and, sec-

ond, that a small proportion of the copper required for complete

reaction is sufficient to kill the protoplasm at these points.

Again, it is to be observed that, especially in the seedling stages

of growth, the number of growing points is small so that only

extremely minute amounts of copper are required to arrest the

growth of root tips, the spread of root systems and the nutrition

of the plant.

Inasmuch, also, as plants vary greatly in the physical struc-

ture and the physiological activity of their root systems, includ-

ing the number, delicacy and absorptiveness of their growing

points, it is not unlikely that the varying sensitiveness to copper

salts of different plants, and of the same plant at different ages,

may be explained by these observations. Corn, for instance, the

most sensitive plant worked with, is characterized in its seedling

stages by a small number of vigorously absorptive growing

points.

B}" means of the more delicate dark-red potassium ferro-

cyanide test, copper may usually be traced through the vessels

of the root systems for considerable distances, showing that it

is through these channels that small amounts of the metal finally

reach the stems and leaves. Here the maximum amounts of

copper are found in the outer and upper portions of the plant,

where evaporation is most active, and where the greatest residuum

of copper therefore occurs. The potassium xanthate (yellow)

and h^'drogen sulphide (brown) tests also reveal copper in root

structures but are not so satisfactory for this purpose as potas-

sium ferrocyanide. (See plate 9.)

The above described reactions, which are so conspicuous in

water-culture material killed by copper, are very obscure or

imperceptible in roots grown in soils containing copper. The
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first material, however, is dead and more nearly saturated witli

copper ;
while living roots from soil culture, with proteids com-

bined to but a small per cent of their capacity for copper, do

not give satisfactory color tests. These reactions, therefore, do

not serve for qualitative determinations of toxic effects in field

material.

Eelatioxs Between Amounts of Copper in Root Systems and

Injury to Plants

An effort to establish relations between the amounts of

copper in parts per million of dry matter in root systems, and

toxic effects as shown in the condition of aerial portions of the

plant, was only partially successful; but a sufficient number of

observations on samples of sufficient size produced under care-

fully regulated conditions would probably establish such rela-

tions. In the tables shown on the preceding pages there is a

fair degree of agreement between the members of each experi-

mental series, the copper found in root systems increasing in

most eases with the amount of copper in the soils of each particu-

lar series of cultures. In the case of beans and corn grown in cul-

tures containing copper in the form of precipitated carbonate,

beans show a somewhat higher resistance to toxic effects and also

contain larger amounts of copper in the root systems throughout

the series. The conditions under which the samples were grown

seem to have, within limits, more effect upon the copper content

of root systems than the amounts of copper in the soil, as is

indicated in the following tabular statement :

TABLE XXXII

Toxic Concextratioxs of Copper ix Soils and Root Systems

Cu in root Cu in root

Points at system at point system at

which toxic not showing point showing
effects toxic effects toxic effects

Culture begin p.p.m. p.p.m.

Corn, seven samples from field

soils 42 at .07%
Corn in field plots containing
Cu as sulphate 04% 24.5 at .025% 296 at .05%

Corn in pot cultures containing
Cu as carbonate 023% 748 at .02% 509 at .025%

Beans in pot cultures contain-

ing Cu as carbonate 035% 950 at .025% 1358 at .05%
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In this statement, for instance, field samples of corn roots

grown in soil containing 0.07 per cent of copper contained only

42 p.p.m. of copper in dry matter, while a plot sample grown in

soil containing .025 per cent of copper contained 245 p.p.m. of

copper in dry matter, and corn grown in pot culture containing

0.02 per cent of copper in soil contained 748 p.p.m. of copper in

dry matter.

These differences may be due to the coarser root systems of

plot and field-grown samples, this condition being associated with

relatively small amounts of copper in dry matter. In view of the

great labor involved in preparing root samples for analysis and

the very variable results obtained from copper determinations

made upon such inaterial, there seems to be little hope of estab-

lishing satisfactory ratios of copper to dry matter for the pur-

pose of determining that a sample of field material has been

injured b}" copper. It is probable, however, that for comparative

purposes, pot cultures of field soils conducted under uniform

and carefully regulated conditions, with standard plants of

known behavior, may yield figures of comparative value in de-

termining the character, toxic or otherwise, of a soil containing

copper. Corn is an excellent summer-growing plant for the pur-

pose, inasmuch as it shows toxic effects easily, grows rapidly, and

affords abundant root materials for analytical determinations.

For winter cultures, wheat serves well. Both plants are repre-

sentative of standard crops for the region under discussion.

Pathological Effects

Pathological effects in tops and roots may confirm to a con-

siderable extent, the fact that a plant has been poisoned by cop-

per. The lengthwise yellow striping of corn and wheat leaves

due to toxic amounts of copper is not distinctive since the

same appearances may result from various other conditions in-

ducing malnutrition, such as those mentioned on a preceding

page. Usually, however, careful observation will identify or

eliminate these other disturbing factors.

Root systems grown in coppered soils are also conspicuously

injured, being stunted in growth, of harsh and crinkly texture



468 University of California Publications in Agricultural Sciences [Vol. 1

and (in the case of corn) showing characteristic proliferated root

tips. The epidermis is thick and rough and the cells in longi-

tudinal tangential section contract from the oblong toward the

circular form. Here, again, other factors, such as alkali salts in

excess, may lead to similar appearances; and these must be

eliminated in a diagnosis of copper injury.

Soil Conditions Eelating to Toxic Effects op Copper upon

Plants

Certain conditions favor, others oppose the toxic action of

copper under field conditions, the general tendency being to

modify or do away with toxic effects, where the amounts of copper

are not excessive.

Carbon dioxide in the soil, alone and in conjunction with cer-

tain salts (NaCl, Na2S04) tends to form solutions of basic cop-

per carbonate. Carbonates (NaoCO^jCaCO,) lessen the solubil-

ity of basic copper carbonate in carbon dioxide and, therefore,

the toxicity of copper compounds in soils containing these

carbonates. ^^

Coarse, sandy soils favor toxicity by permitting free move-

ment of solutions and because the withdrawal in them of copper

from solution by physical and chemical reactions is minimum. -'*

The character of the cumpound of copper to which roots are

exposed is important. In pot cultures of precipitated carbonate

of copper, of sulphide in the form of chalcocite pulverized to go

through a 100-mesh sieve, and of silicate in the form of chryso-

colla pulverized to 100-mesh, toxic effects appeared with corn as

follows :

Pot culture of corn; Cu in form of pptd. carbonate—showing toxic

effects at .023% Cu in soil

Pot culture of corn; Cu as chalcocite, 100-mesh—showing toxic effects

at .08% Cu in soil

Pot culture of corn; Cu as chrysocolla, 100-niesh—showing toxic effects

at .08% Cu in soil

The precipitated carbonate is not only more soluble in car-

bon dioxide than in chalcocite, but also more easily acted upon

2i: See Bibliography, p. 487, reference 12.

23 See Bibliography, reference 18.
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by the acids of plant roots than chalcocite or, probably, ehryso-

colla. Under field conditions, copper in tailings is originally

mostly in the form of sulphides, chiefly chalcocite, which oxidizes

only slowly to sulphate in presence of water and air. Chalcocite,

3.2 grams, shaken up with 600 c.c. of water, and air, for twenty-

eight days, yielded only 16 mg. of soluble copper. The soluble

sulphate in contact with silicates and carbonates of the soil is

converted to insoluble forms. The process is gradual and the

amount of soluble copper present at any one time is small.

The tilth of the soil is significant. A pot culture very

thoroughly mixed with 0.1 per cent of copper as carbonate re-

sulted in badly poisoned plants containing about four times as

much copper in root systems as in a lumpy mixture of soil con-

taining the same amount of copper. The heavy tailings clay,

with which copper is chiefly associated in the district studied,

tends to remain in lumps and masses, thus minimizing toxic

effects of contained copper compounds.

In water cultures toxic effects of copper salts are lessened

by salts contained in well-water or in nutrient solutions. This

is due, in part, to the presence of other ions, the effect of which

is to decrease the ionization of copper salts, with consequent

decrease in toxicity. This observation applies to soil-water

solutions which contain considerable amounts of alkali salts. It

is of interest in this connection to note that certain combinations

of salts representing complete mineral nutrients exert maximum

antitoxic action to copper salts ;-^ and that therefore a fertile

soil containing maximum amounts of plant nutrients will tend to

minimize toxic effects of copper.

Antagonistic solutions, so called, involving copper, may also

account for a decrease in toxicity. By reason of a property of

the semipermeable membranes of root systems, ions may be either

more readily or less readily allowed to penetrate. When pene-

tration is decreased through the addition of ions of other soluble

salts this salt is said to be antagonistic in character. Copper

is thus antagonized by sodium and potassium salts, of which the

soluble salt content of the soil is chiefly composed.-^

24 A. Le Eenard, Essai sur la valeur antitoxique de 1 'aliment complet

et ineomplet. Abstracted in Science n. s. vol. 28, no. 712, p. 236, 1908.

25 See Bibliography, p. 488, references 35-44. 52.
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Physical attractions, or adsorptive efiFects, also account for

a very considerable lessening of the amount of dissolved copper

salts, in contact with soil particles. Jensen, for instance, finds

that a dilute copper solution is ten times as toxic in the free con-

dition as when it is mixed with an artificial quartz soil, that is

to say, the quartz reduces the toxic effects about nine-tenths. In-

asmuch as the reduction in toxicity is a function of the solid

surface to which the soluble salts are exposed, the finer the state

of division of a soil the more will be the adsorption and the less

will be the toxic effects of a stated copper solution.-"

The age of plant roots markedly affects their susceptibility

to copper salts. Young and tender roots, containing large

amounts of protoplasm, are much more quickly and easily

poisoned than old and comparatively fibrous structures contain-

ing a small proportion of protoplasmic materials. This may be

due to differences in the thickness of cell walls protecting the

cell contents from outside substances
;
it may be due to a different

degree of permeability of the protoplasm of older roots to copper

salts; or it may be due to lessened reactivity due to changed

chemical character. In any case, this observation indicates a

distinctly greater resistance to copper in soils, of older, more

fibrous, and possibly intrinsically more resistant root systems.

Different species of plants also show varying degrees of resistance

to copper salts. In pot cultures, peas are distinctly more re-

sistant to precipitated carbonate of copper than corn. Different

plants of the same species also show a certain amount of indi-

viduality with reference to absorption of copper.

Stimulation

Not only do the various influences described above lessen the

toxic effects of copper upon plants, but it is possible, also, that

the amounts of copper may be decreased in the field to the

point at which stimulating effects occur. As shown in the dis-

cussion of water cultures on preceding pages, extreme dilutions

of copper salts in distilled water, for instance, 1 part to 100,-

26 G. H. Jensen, Botanical Gazette, vol. 43, p. 11, Jan., 1907.
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000,000, caused increased growth of root tips growing in these

solutions. This observation accords with those of some other

experimenters, not only with copper solutions but with solutions

of various other metals, and bears a certain analogy to stimulat-

ing effects upon animals observed with very small amounts of

poisons, such as arsenic and strychnine. Stimulation was also

observed in the case of certain pot cultures watered with dilute

copper solution in sucli a way that these solutions were filtered

through a thin layer of soil before they reached the plant roots.

Under these conditions a portion of the root systems must come

in contact with extremely dilute copper solutions residual from

the reactions of copper salts with the soil. As in the case of

water cultures, these extremely dilute solutions must have ex-

erted the stimulating effects which were apparent in several

cultures made in this manner.

In the case of pot cultures also, in which stated amounts of

copper were uniformly mixed throughout the soil, apparent stim-

ulation of growth was occasionally observed
;
for instance, with

0.01 per cent of copper in the form of precipitated carbonate in

a culture of corn.

A satisfactory explanation of stimulation effects is not avail-

able. It is to be supposed that stimulation in a soil culture

in which copper sulphate is used may be explained by the action

of the SO4 ion upon the soil in releasing plant food for the use

of the plant. However, such stimulation is seen in water cultures

where this does not occur. Lipman-' has observed that under

certain conditions the nitrifying flora of soils is stimulated by
salts of copper, zinc, iron and lead. Such stimulation, through

increased elaboration of nitrates, may account for the behavior

of cultures showing increased growth. Stimulation effects, there-

fore, which undoubtedly occur both in water and in soil cultures,

are perhaps due to more than one different cause—to chemical

and bacterial agencies in soils, and to a pathological disturbance

in water cultures.^^

Taking into account the very minute amounts of copper salts

with which stimulated growth is associated, and the very gradual

27 Lipman, C. B., and Burgess, P. S., Univ. Calif. Publ. Agr. Sci., vol. 1,

no. 6, pp. 127-139, 1914.

28 See Bibliography, pp. 487-488, references 2, 4, 27, 33, 53, 45.
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addition of copper to new ground that may occur through irri-

gating waters, it is not impossible that in favorable situations an

actual increase in vegetable growth in the field due to copper

may take place : but it is not possible in the field to prove this

supposition because of many other factors, the effects of which

prevent trustworthy observation.

Field Observations

In view of the many factors inflviencing results in the field,

some leading towards toxic copper effects, some opposing toxic

effects, and still others pointing to the possibility of stimulated

growth, it is of interest, finally, to refer to field conditions as

they have existed in irrigated lands under the Clifton-Morenci

mines for the twelve years during which the district has been

under observation. At the beginning of this period, in 1904,

considerable accumulations of copper-bearing tailings were evi-

dent, more particularly at the heads of alfalfa fields, where they

sometimes attained a thickness of as much as ten inches or more.

These blankets usually tliinned out and disappeared between 100

and 200 feet from the head ditches, leaving crops in lower por-

tions unaffected. Deposits of river sediments were observed in

other irrigated districts not affected by mining detritus. The

growth of alfalfa was more depreciated by the denser and thicker

tailings blankets
;
and yellow foliage of young grain and j'oung

corn was considerably in evidence in tailings, but not as an effect

of ordinary sediments. In 1908, the tailings were impounded,

and some of the best farmers began the practice of cultivating

alfalfa to break up the old accumulations, incorporate them with

the soil, and secure better penetration of water and air to the

roots of the crop. Following this procedure the stunted growth

at tlie heads of alfalfa lands has considerably but not yet en-

tirely recovered. Patches of yellow young barley, wheat, and

oats are still to be observed on old tailings deposits; but as the

plants become older they become normal in appearance, and

yield apparently normal crops. These observations, which may
be repeated many times in the course of a day's reconnaissance

in the district, from May to September for alfalfa, and February
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to May for grain, may be explained by the following consider-

ations: The wedge-shaped deposit of tailings indicated in the

diagram (fig. 15) at first so obstructed access of water and air

to alfalfa root-systems that only stunted development was pos-

sible either of roots or tops. With an annual cultivation of this

blanket and the incorporation of river sediments and better

penetration of irrigating waters, deleterious effects tend to dis-

appear and the crop again approaches normal.

Similar land when plowed for grain contains most of the

copper associated with old tailings at the surface of the soil.

Young grain, therefore, with shallow and susceptible root sys-

Fig. 15.—Diagram showing beliavior of root systems under influence

of tailings blanket.

tems, at first, if ever, shows effects of copper in the soil,

recovering as root systems penetrate to greater depths wliere

they encounter uncontaminated soil.

Effects of River Sediments

With reference to the further trend of copper effects upon

vegetation in the district, assuming the permanent exclusion of

solid tailings but a constant addition of about one part of copper

to one million of irrigating water used, it is of interest to take

into account the diluting effect of river sediments upon copper

compounds in the district.

In four acre-feet of Gila River water, these sediments will

amount to about eighty tons per acre a year,-" of which amount

the ten pounds of copper contributed in irrigating waters is ouly

0.006 per cent.

-'0 Forbes, E. H., Ariz. Agr. Exp. Sta. Bull. 53, p. 61.
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Irrigating sediments alone, therefore, considered in their

general relation to amounts of copper which cannot be prevented

from reaching irrigated fields, are sufficient in quantity to re-

duce ultimately the amounts of copper observed below 0.01 per

cent in the soils of this district. Since 0.01 per cent is a safe

minimum, river sediments, alone, incorporated with the soil are

probably sufficient to ameliorate gradually existing accumula-

tions of copper salts and to take care of further contributions

in soluble form which cannot at present be avoided.

Effect of Cultivation upon Alfalfa

Finally, it is of interest to observe the improvement in a

field of alfalfa, in the district studied, between the years 1905

and 1916.

June 23, 1905, the writer carefully measured, cut and weighed

a representative plot of alfalfa in William Gillespie's field near

Solomonville, Arizona. This field was suffering from an accu-

mulation of tailings, the depreciation in yield at the upper ends

of alfalfa lands being conspicuously evident. Following the

exclusion of tailings from the irrigating supply in 1908, and with

a cultivation each winter with a disk or a spring-tooth harrow,

the condition of the field gradually improved until, June 13, 1916,

the writer returned and again measured, cut, and weighed the

identical plot of alfalfa that had shown bad effects eleven years

before. Following are the data, with diagrams, relating to these

two cuttings of alfalfa, which are representative for the district

within which tailings were deposited.

1. Alfalfa seriously affected hij tailings, June 23, 1905.

Three lands in William Gillespie's field east of house, near

Solomonville, under Montezuma Ditch, out of Gila River. A good

stand of alfalfa five years old. Heav}- adobe soil
;
field never

disked.

The three lands observed were, over all, 95 feet wide, and

divided into plots 100 feet long from top to bottom of field. Ten

feet next the ditch was discarded because of banks and bare spots,

and the extreme lower portion of the field because of roadways.

A portion of plots 6 and 7 was discarded on account of Johnson

grass.
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Observations were made June 23, 1905, on the second cutting,

just beginning to bloom, the field having been irrigated twice

since the last cutting. After stirring and raking, the yield of

dry hay was weighed June 24. Weather very hot and dry. Fol-

low^ing are the data relating to this series :

Plot
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Sample
No.
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6. Conditions opposing toxicity of copper compounds are

the presence of copper in the form of chrysocolla and chalcocite
;

adsorption through contact with finely divided soil particles;

reactions with carbonates, silicates, and organic matter tending

to precipitate coj^per from its solutions; the presence of certain

soluble salts in the soil that overcome toxic action
;
and increased

resistance of old plant roots.

7. The stimulation by copper of vegetative growth in pot

and water cultures has been observed. Stimulated growth of

crops under field conditions is a possibility.

8. Pot cultures may be used for comparative determinations

of toxic effects upon plants of copper in soils, if conducted under

rigidly uniform conditions. The copper content and the physio-

logical response to copper of such material will be much greater

than for similar cultures grown under plot or field conditions.

9. Copper injury in field soils containing doubtfully toxic

amounts of copper may be diagnosed by a combination of symp-

toms. Facts which indicate such injury in a soil containing 0.1

per cent of copper (more or less) are: yellow tops (for winter

grains) in absence of other conditions that cause yellow tops;

crinkl}'^ root systems (in absence of excessive amounts of alkali

salts) ;
and a high copper content in dry matter of root systems.

Combined evidence of this character, which may be observed

in the district studied, indicates toxic copper effects.

10. Field observations before and following the exclusion of

tailings from the irrigating water-supply indicate that conditions

in the district studied are gradually improving, due to the culti-

vation of alfalfa and to the incorporation of river sediments with

accumulations of tailings. Noticeable toxic effects in the field

exist only where the roots of young, growing crops are exposed

to surface soils containing maximum amounts of copper. The

general tendency in the district is probably toward decreasing

rather than increasing percentages of copper in irrigated soils.

11. Methods of analysis have been developed for the purpose

of determining reliably small amounts of copper in vegetative

material, particularly in root systems of plants grown in soils

containing copper.
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Part III.- APPENDIX

METHODS OF ANALYSIS
With the Collaboration of E. E. Free and Dr. W. H. Ross

Freedom of samples, especially vegetation, from contamina-

tion with adhering copper; and accurate methods for determin-

ing minute amounts of copper in sediments, soils, waters and

vegetation, are vital to the integrity of the work recorded in

this publication.
Unusual care was taken to perfect methods for preparation

of samples, especially roots grown in media containing copper ;

and retined manipulation in the determination of copper reduced
the limit of error to approximately .00001 gram, or .01 milligram.

Eeagents and Apparatus

Distilled ivater of three derivations was used: (1) University
of Arizona well water very slowly distilled through a block-tin

worm; (2) the same, redistilled from glass; and (3) University
of Arizona well w^ater distilled from glass.

Nitnc and sulphuric acids from Baker & Adamson were used.

Ammonia and H^S employed were passed through two wash
bottles.

Blank determinations from time to time with reagents em-

ployed gave no trace of copper, thus insuring results obtained

by means of them.

Copper was determined by electrolysis, in minute amounts

according to the manipulation of E. E. Free.^

The balance used was a No. 2112 Eimer and Amend short-

beam assay balance, "distinctly sensitive to 1 '200 milligram."

Manipulation

Ores and tailings.
—1-2 gms. were digested with a mixture of

8 c.c. HNO3 and 5 c.c. HCl on a hot plate, then 4 c.c. H.SO^ added
and evaporated to H0SO4 fumes (method used in Old Dominion

laboratory at Globe, and Copper Queen at Bisbee). Took up
with water, filtered, neutralized with ammonia, then added 2 c.c.

H2SO4 and a few drops of IINO. and electrolyzed.
Soils.—Soils were examined by two methods :

(a) 100 gms. soil was treated with a mixture of 80 c.c. HNO3
and 20 c.c. H0SO4 and digested in a porcelain dish on a hot plate
to sulphuric fumes

; digested with 200 c.c. water, filtered, washed

up to about 500 c.c, evaporated to 200 c.c. precipitated iron with

ammonia, filtered, washed with about 500 c.c. water, alkaline

filtrate reduced by evaporation, acidified faintly with HCl and
HoS passed for half an hour. The faint black precipitate was

1 Electrolytic determination of minute quantities of copper, 12tli Gen.

meeting Am. Electrochem. Soc., October 17-19, 1907.
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allowed to settle several hours, then filtered, and the precipitate,

including filter, digested with 5-10 c.c. HNO3 and water until

copper was dissolved, solution filtered, a few drops of H2SO4
added, evaporated to fumes, and copper determined by elec-

trolysis with addition of 5-25 drops of HNO3.
(h) 200 gms. soil was digested as above with HNO3 and

H0SO4, evaporated to fumes of H0SO4, digested with water,
filtered and washed up to 500 c.c, made alkaline with ammonia
and made up to 1000 c.c. After settling, 500 c.c. or 100 gms.
aliquot, was filtered ofi^ and copper determined as in (a).

Waters.—Waters were evaporated to dryness, the residue

digested with sulphuric acid and water, filtered hot, excess of

HoSO^ evaporated, filtered into platinum dish, a few drops of

HNO3 added, and electrolyzed.

Vegetation.—Air-dried samples were burned in a small sheet-

iron stove, the iron of which was found to contain no trace of

copper. Two samples of mistletoe, difficult to burn, were reduced
in a new muffle in gasoline assay furnace. The charred and
partly burned material was moistened with water, and concen-
trated HNO. added (100 to 200 c.c.) until effervescence ceased,

digested until in plastic condition, diluted with hot water and
filtered. Evaporated bulky filtrate to dryness, took up with
water and HNO.,, filtered (getting rid of much organic matter),
added about 20 c.c. H^SOj, evaporated to H.,S04 fumes, driving
off all but about 5 c.c. H0SO4, added water, filtered off insolubles,
made up filtrate to about 500 c.c, passed HoS, and proceeded as

usual for copper.
Tlie completeness of the extraction of copper from vegetation

by the above method was verified as follows: The extracted,
charred residue from 2 lb. 8 oz. of dry corn leaves and blooms
in which 1.32 parts Cu per million was found (Sample 3529)
M^as removed from filter paper after washing, moistened with

H2SO4 and additionally burned in a porcelain dish, being finally

reduced, after again moistening with H0SO4, in a platinum dish

in the muffle. The resulting pink ash was then fused with three

parts of dry Na2C03 (Kahlbaum) and poured on clean porcelain.
The fusion was soaked in water with addition of H0SO4, evapor-
ated nearly to dryness, filtered from insoluble portion (lime,

salts, etc.), again evaporated and filtered, and a third time the

same, finally driving off excess of HoSOi and electrolyzing as

usual. A black precipitate of carbon but no Cu was obtained,
the same being true of a blank determination on the NaoCO-s used.

Roots of plants grown in water cidtures or in soils must be

most thoroughly cleansed of externally adhering copper, since

this will introduce excessive errors where the content of copper
is small. Three methods of preparing roots for copper determina-
tion were employed :

1. Roots grown in water cultures containing copper were

dipped for about ten seconds in 4 per cent HCl, immediately
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washed in copper-free water and dried. Careful observation in-

dicated that adhering copper salts deposited from water solution
were completely removed by this treatment. It is probable that

the acid penetrates plant tissues somewhat in the time employed
and removes some copper. The results are, therefore, probably
severely conservative.

2. Roots grown in soil cultures containing copper cannot be

safely cleansed with HCl, which does not readily dissolve silicates

and sulphides of copper, and which cannot be allowed to remain
in contact with plant roots for more than a few seconds.

Carbon dioxide in water was finally selected as a mild, slow
but finally eft'ective solvent for the pu.rpose. Samples of roots

were first very thoroughly washed in copiier-free well-water, then

placed in five-liter jars with ground glass covers, a stream of

washed COo passed, the jars shaken and treatment with CO,
repeated until the water was saturated, then allowed to stand
with occasional sliaking for twenty-four hours. The solution

was then siphoned or filtered off and the treatment repeated
until, on evaporating the bulky filtrates, no more copper was
found. To prevent putrefaction during long-continued washings,
a pinch of thymol was added to each washing. From nine to

thirty-one wasliings were found necessary to cleanse plant roots

thoroughly, the process being laborious and time-consuming.
When the sample yielded no more copper to wash waters it was
dried, burned and copper determined according to the method
for small amounts in plant ashes.

Following is a record of washings for examples of roots

cleaned by this process:

(1) Corn roots grown in a pot culture of soil containing 0.01

per cent of copper as basic carbonate.

„ „ . i Quantit.Ttive bv
^2^ *^st

electrolysis

First wash distinct

Fifth wash distinct

Ninth wash doubtful 1 liter of filtrate no Cu

(2) Corn roots grown in a pot culture of soil containing 0.05

per cent copper as CuoS.
Quantitative by

electrolysis

Tenth wash 2 litres of filtrate .00006 gm. Cu

(3) Barley roots from field soil containing tailings.
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(4) Coarse roots of field corn grown in soil containing tail-

ings.

Twenty-fifth wash

Twenty-ninth wash

Thirty-first wash

H,S test

distinct

Quantitative by
electrolysis

.00005 gm. Cu

.00000

Samples vary as to number of washings required to remove
the last trace of copper, but the definiteness with which, finally,

copper usually ceases to be extracted by COo water indicates

completeness of the operation. This is further emphasized by
the comparatively large amounts of copper which are then found
in root systems thus cleansed.

3. A third method of preparing roots for copper determin-

ation, involving less labor than by washing in CO.^ water, is as

follows: Cleanse roots thoroughly in clean water with a camel-
hair brush, dry, burn and weigh the ash, then estimate total

copper. Determine coi^per in soil shaken from sample, assume
ash as all soil and deduct copper in this amount of soil from
total copper found in ash. Results by this method are low, but
not seriously in error if sample is thoroughly washed.

Example

Sample 2a grown in

soil containing
0.05% copper

Ash in sample
Co]3per in ash as-

sumed as soil

Net copper assumed

Dry
matter Ash Gms. Cu

.3561 gm.

.0386
10.84% .00013 5

.000019

Pts. Cu
per

million

322

.000096 270

The correction introduced reduces parts per million of copper
from 322 to 270, which latter figure is conservative in character.

Of the three methods above described, No. 2 is undoubtedly
most exact, but is extremely laborious and time-consuming.

THE DETERMINATION OF COPPER IN SMALL AMOUNTS OF
PLANT ASHES

The ash is placed in a platinum dish without previous pulver-
ization and moistened with concentrated sulphuric acid in suf-

ficient quantity to bring all parts of the asli in intimate contact

with the acid. The material is then thoroughly stirred and
heated on a sand bath until fumes of SO,, begin to come off, then
allowed to cool and a sufficient quantity of hydrofluoric acid

added to bring the acid in contact with the whole mass, then
allowed to stand for at least half an hour and again heated until
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SO., fumes come off. The material is now washed into a casserole,

moistened with sulpliiiric and nitric acids and digested at a

low heat for at least one hour. The heat is then increased until

SO;, fumes are again driven oft'. The mass is moistened with
three to four times its bulk of distilled water and digested at a

gentle heat from one to two hours, filtered hot and then the fil-

trate and washings evaporated almost to dryness, thus driving oft'

the excess of sulphuric acid. The resulting residue is taken up
with hot Avater and again filtered to separate the solution from

precipitated calcium sulphate. This evaporation and filtration

may have to be repeated one, two or three tim(.\s in order to get
the solution sufficiently free from calcium sulphate. The final

filtrate, which contains the copper, is then diluted to about 150

to 200 c.c. in a tall beaker, a small quantity of liydrocliloric acid

is added and hydrogen sulphide passed until the solution is

thoroughly saturated. During the hydrogen sulphide precipi-
tation there should be no nitric acid or nitrates present in the

solution. A large quantity of organic matter is also disadvan-

tageous and may be avoided by evaporating the solution several

times to dryness with nitric and sulphuric acids, finishing finally
with an evaporation with sulphuric acid alone in order to drive

oft' all traces of nitric acid.

The jirecipitate from the treatment with hydrogen sulphide is

filtered off, washed with w'ater saturated with hydrogen sulphide
and digested with a small quantity (2 to 5 c.c.) of nitric acid

in a casserole. The digestion should be begun cold and the heat

gi-adually increased. If the digestion is begun at a high tempera-
ture the sulphur formed by the decomposition of the coi)per

sulphide will form a film of molten sulphur around the granules
of copper sulphide, and this tends to prevent their solution in

nitric acid. The precipitate after digestion in nitric acid should

be a clear gi^een or else a yellow. If there is any trace of dark

color, brown or black, it means that either organic matter has

been precipitated with the copper sulphide precipitate, which is

extremely unlikely, or else that the above-mentioned sulphur film

has formed around some of the particles of copper sulphide

preventing their solution in tlie nitric acid. If the latter be

the case, the determination may still be saved by placing the

precipitate in a platinum dish and heating over a gentle flame

until the sulphur is volatilized. The residue of copper .sulphide
or of copper oxide may then be digested in nitric acid. The

digestions in nitric acid should not be carried to a heat high
enough to decompose the copper nitrate formed by the solution

of copper sulphide.
After digestion in nitric acid and the evaporation of any

large excess of nitric acid, the residue is taken up in hot water,
acidified to contain 2-4 per cent nitric acid and filtered into

a large platinum dish, i/4 to ^ c.c. of sulphuric acid is added,
and the solution eleetrolvzed witli a voltage of from 2 to 2V>



1917] Forbes: Irrigation Effects of Copper Compounds Upon Crops 485

^'olts and a curreut not greater than one ampere. The voltage

may be higher than 214 volts if necessary but should not be high

enough to raise the current beyond the limit given. The elec-

trolysis should be continued at least three hours and preferably
nine to twelve hours. The dish is. of course, the cathode. AVlien

the electrolysis is complete the electrolyte is washed out of the

dish by means of the sucking-bottle and the dish is thoroughly
washed with distilled water. In case the deposit of copper on

the dish is spongy and loosely adherent it is not safe to wash
out the electrolyte. In this case the copper should be redissolved

and the electrolysis repeated, using a little more sulphuric acid.

If the copper still refuses to come down in adherent form the

addition of 2 to 5 e.e. of a one per cent solution of gelatine will

often assist the precipitation. In case of a stubborn refusal of

the copper to give an adherent deposit it is necessary to dissolve

it, evaporate to dryness with sulphuric acid, and reprecipitate
with hydrogen sulphide, continuing the process from this point
as before.

If the copper refuses to come down at all the trouble is

pi'obably an excess of acid in the solution. This may be corrected

by the addition of a few drops of ammonia. The concentration

of acid in the solution must lie between one and five per cent. At
least a small part of this should be sulphuric acid as nitric acid

will be destroyed in the course of the electrolysis if it alone is

present, and the solution may become alkaline (from NH^OH),
which will prevent proper precipitation. Chlorides and organic
salts, such as acetates and tartrates, should be carefully avoided.

The resulting deposit of eo])per Mill probably contain traces

of carbon and possibly of platinum. In order to eliminate these

and at the same time precipitate copper upon an electrode more
suitable for accurate weighing, a second electrolysis is made,

using this time the dish as anode and using as cathode a small

spiral of platinum wire suspended from a hook of silver (or

])latinum) wire which in turn is connected to the battery. The

electrolysis should also be conducted in nitric and sulphuric

acid solution and what is said above as to obtaining satisfactory

deposits applies with equal force here. In this ease, however,

owing to the small surface area of the cathode, it is necessary to

work with very much smaller currents than w(M'e used in tlie

first electrolysis. The maximum cui-rent to be used must be so

adjusted by trial as to give bright and adherent deposits. 1-lOOth

ampere and 1.8 volts is a good current for the purpose. It is well

to use as the source of current for this electrolysis four Edison-

Lalande cells and to have in the circuit a resistance of from 30

to 80 ohms. This gives an electromotive force at the dish of about

1.8 volts. Two determinations may be run in parallel. In this

case it is not permissible to use a gelatine solution in order to

sec,ure satisfactory deposits, as the copper will be slightly contam-

inated with gelatine and the obtained weight will be too high.
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The electrolysis should be run at least nine hours. When com-

pleted, the electrolyte should be washed out as before without

breaking the current, the electrode lifted from the solution, dis-

engaged from the supporting hook, and washed and dried by
dipping successively in water, alcohol and ether and placing in a

desiccator over sulphuric acid. After having remained in the

desiccator for an hour the electrode is ready for weighing.

Weighings should be made on an assay (button) balance adjusted
to maximum sensibility. After weighing, the copper is removed
from the electrode by dipping in concentrated nitric acid, and
the electrode cleaned and dried by dipping successively in dis-

tilled water, alcohol and ether and placing in a desiccator. It

is again weighed as before and the difference of the two weights

gives the copper obtained.

The electrolyte (from each electrolysis) which has been
washed out of the dish by means of the suction flask, is evapor-
ated to dryness taken up with water, acidified with nitric acid

and tested for copper by electrolyzing, using the point of

platinum wire as cathode. In this way any possible loss of

copper by incomplete precipitation in either of the electrolyses
is prevented. If any copper is found in this check test it should

be dissolved from the platinum wire, added to the solution ob-

tained by dissolving the copper from the small electrode, and
the electrolysis repeated in order to get the true weight.

In case a quantity of copper too small to be weighed is

obtained its identity as copper may be most easily established

by electrolyzing it onto the point of a platinum wire as described

above. In these electrolyses with the platinum wire as cathode

the current must, of course, be kept low in order to obtain satis-

factory deposits. If this precaution is observed the deposit on

the platinum wire will be of a brilliant red color and easily dis-

tinguishable as copper. If the deposit is brownish or blackish

its identity as copper may be established by the green flash when
the point of the wire is held in the colorless flame of the Bunsen

burner, particularly if the wire has been first dipped in hydro-
chloric acid. Nitric acid must not be used, as nitric acid itself

will give a green flash in the Bunsen burner flame.

The reagents used in the above process should all be tested

as to freedom from copper. The water used should be doubly
distilled and, at least the second time, from glass. All utensils

should be cleaned by boiling in nitric acid. Care must also be

taken to conduct the operations in rooms free from dust which

might possibly contain copper.
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PLATE 6

Fig. 1.—Root system of corn plant injured by 0.1 per cent of copper

added as copper sulphate to the soil.

Fig. 2.—Normal corn root grown in similar soil containing no copper.

(Photos by G. F. Freeman.)
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PLATE 7

Fig. 1.—Individual roots of corn injured by 0.1 per cent of copper added

as copper sulphate to the soU.

Fig. 2.—Individual root of corn, normal.

(Photos by G. F. Freeman.)
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PLATE 8

Fig. 1.—Thickened rootlets and proliferated root tips of corn injured by
0.1 per cent of copper added as copper sulphate to the soil. (X 3 diam.)

Fig. 2.—Fine roots and root tips of corn, normal. (X 3 diam.)

(Photos by G. F. Freeman.)
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PLATE 9

Corn root-tips killed in a solution of 1 part copper to 100,000 of water,

and colored by means of (1) caustic potash, which gives the violet biuret

reaction, identifying both copper and protein; (2) hydrogen sulphide,

browTi; (3) potassium xanthate, yellow; and (4) potassium ferrocyanide,

red. ( X ± 30 diam.)
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INTRODUCTION
lu 1913^ the senior author and F. H. Wilson reported briefly

the results of some preliminary investigations on the effects of

CUSO4, MnS04, ZnSO^, and H2SO4 on the growth of wheat and

of vetch in a humus sand in pots, under greenhouse conditions.

One year prior to the appearance of the report just cited, the

present authors instituted new and more complete experiments

with the objects noted below. These experiments, covering a

period of three years, are now complete in several significant

phases and we are therefore proceeding to a discussion of them.

The importance of a study of this subject is attested by the

recent appearance of monographic works devoted to it, by the

significance of the practical bearings of the physiological studies

involved and, in view of tliese, by the conflicting nature of the

results thus far obtained, and the evident non-consideration, by

investigators, of the nature of the medium of plant growth as

a vital determinant of the results. Some of the outstanding

early work on the inorganic poisons, particularly copper, as

affecting plant growth is either reviewed or cited in the com-

munication above referred to. In this paper no historical sketch

w\\\ be given, but important investigations which may be rel-

evant to our findings will be discussed in connection with the

results and meaning of our experiments.

OBJECTS OF THE EXPERIMENTS
The objects of our experiments were as follows: (1) To

ascertain whether metals like copper, zinc, lead, iron, and man-

ganese used in tlie sulfate form in the soil as a medium are toxic

in am- quantity to barley. (2) To ascertain whether the sub-

stances named can be toxic in soils if found in quantities which

1 Bot. Gaz., vol. 55, no. 6, p. 409, June, 1913.
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would be possible in the vicinity of smelters. (3) To ascertain

whether the same substances would be a menace to lands more

remote from smelters if carried down to them in solution in

irrigation water of streams polluted by solid smelter wastes.

(4) To ascertain whether the compounds named may exercise a

stmulating effect on plants grown in soil as a medium and, if

so, whether the effect noted is ephemeral or permanent in one

way or another. (5) To ascertain whether potassium aluminum

sulfate can have any value as a source of potash or as a plant

stimulant.

METHODS OF THE EXPERIMENTS

The experiments were carried out in the greenhouse, the

successive crops being grown at different seasons of the year

so as to allow a study of the effects of a variety of climatic con-

ditions. The plants were not artificially shaded during the

period of growth. The soil used in most of the experiments was

a clay adobe containing a very good supply of organic matter to

start with, and was made up by adding barnyard manure to our

hillside clay adobe soil. The other soils employed in a number

of the experiments which served as checks on the heavier soils

were a blow sand from Oakley, California, and the clay adobe

soil above named unmixed with manure. Evidence is thus

obtained of the effects on barley of at least one of the salts

mentioned, in four types of soils, since a humus sand was, as

explained above, employed in the preliminary experiments. The

chemical analysis by the Hilgard strong acid digestion method

of the humus clay adobe, of the blow sand, and of the clay adobe

yielded the results shown in table 1 (p. 498).

The containers for the soils just described were ordinary

earthenware pots nine inches in diameter at the top. These pots

were paraffined to preclude the possibility of the absorption of

salts by the porous walls. From ten to twelve pounds of soil

were used per pot, depending upon the kind of soil employed.

The salts were applied in solution in all cases except in that of

the lead sulfate, which, owing to its insolubility, was mixed, in

the form of powder, with the soil. The mixing was done as
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TABLE I

Chemical Analyses of Soils Used

Greenhouse
humns clay Clay

adobe adobe

Insoluble residue 74.03 85.50

Soluble silica 9.18 7.40

Lime (CaO) 2.26 1.05

Iron Oxide (FeSOj) 4.59 3.61

Aluminum oxide (ALO3) 5.80 3.85

Sulfuric acid (SO3)

Manganese sesqui-oxide (Mn304) .13 .13

MagTiesium oxide (MgO) .72 .54

Potash (K.O) 62 .25

Soda (Na.O) 43 .21

Phosphoric acid (PA) 48 .20

Moisture and volatile matter 11.68 4.70

Total 100.78 100.44

Nitrogen 31 .12

Humus 3.20 1.85

Nitrogen in humus 6.75 8.00

Oakley
sand

92.04

3.14

.66

3.60

1.24

Trace

.22

.30

.17

.16

1.72

100.32

.03

.30

11.80

thoroughly as possible to approach closely a uniform distribution

of the salt. Obviously such thorough mixing as could be desired

was not attained with the PbSO^ ;
hence one reason for the

irregularity of some of the results obtained therewith. In the case

of the copper, lead, manganese and zinc sulfates the treatments

were made as parts per million of the dry weight of the soil,

whereas the ferrous sulfate was supplied in much larger quan-

tities on the percentage basis. The precise quantities of the salts

employed are shown in the tables submitted below, but it is

added here, in explanation, that the treatments as indicated there

represent aggregate amounts in the case of the copper, zinc, iron,

and potash alum series of two separate applications, one prior

to planting the first and the other prior to planting the second

crop of barley in the humus clay adobe soil. It will further be

noted that all the salts were added in the form of sulfates of

the metals studied, except as otherwise stated.

Water was applied to the surface of the soil in irrigating.

As a rule, that operation was carried out twice a week, or as

needed, and 400 c.c. of tap water was the amount used at every

irrigation. From earlier tests it appeared that this quantity of
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irrigation water and the mode of its application were most

desirable under the circumstances and were such as to preclude

losses of water and salts by percolation and drainage.

Barley {Hordeum vulgare) was the crop grown throughout

all series of experiments. The variety employed was a selected

and vigorous strain of Beldi. Three crops were grown in suc-

cession on the humus clay adobe soil, the first and third crops

being produced in the period between September and January
of the years 1912-1913 and 1913-1914 respectively, and the sec-

ond crop between March and June, 1913. Only two crops were

grown on the non-humus clay adobe soil, in periods correspond

ing to the last two for the humus clay adobe soil. One crop only

was grown on the blow-sand soil.

At the time of harvest, which was carried out when the grain

was thoroughlj^ mature, the plants were cut as close as possible

to the ground. The total crop thus obtained was placed in paper

bags and dried until the weight was constant. Then the weights,

separately, of grain and straw were determined. At the same

time the soil in tlie pots was thoroughly worked over to obtain

the roots produced in every case. In some instances nitrification

studies on the soil were made, and also determinations of the

amounts of salts remaining behind in the soils after harvest,

and the amounts taken up by the crop. Enough of these anal-

yses, as well as of nitrogen determinations in the grain, were

accomplished to ascertain the tendency of these conditions in

the plants and soils studied.

RESULTS OF THE EXPERIMENTS

It will undoubtedly be of interest to our readers to learn first,

from the results of our experiments, something of the appear-

ance, height, tillering, color, and similar observations on the

growth of the barley, and later the yields obtained, composition

of the grain, and changes in the soil. The following general

statements may therefore be made at this point with respect

to the first class of data obtained through the experiments. The

different features will be considered separatel3^
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Color of Leaves

In the first crop on the greenliouse soil the color of the blade

was a much deeper green in the treated pots, no matter what salt

was used, than in the untreated ones. This was true despite the

fact that the leaves were dark green in the plants of the control

pots, which had a plentiful supply of available nitrogen at their

disposal. The plants of the pots treated with copper sulfate

showed, however, a darker green color than those in the pots

treated with other salts. That excessive nitrogen feeding was

probably the cause of the very deep green color of the leaves

referred to was further indicated by the tendency to lodge mani-

fested by the plants in the copper and lead series and to some

extent in the other series. In the second crop, prior to the plant-

ing of which the salt content of all series in the greenhouse soil,

except the lead and the manganese, was doubled, manifestations

as to color similar to those above described were observed. These

were not so marked, however, even though the contrast between

the plants on the treated and those on the untreated soils was

easily discernible. As a result of the smaller amount of stimula-

tion in the crop under consideration, no tendency to lodging was

noted, and the plants were erect and rigid. In the third crop

on the same soil without further salt treatment, there was only

a slightly deeper green color in the leaves of plants on the

treated than in those on the untreated soil. Again, the plants

were erect and vigorous in appearance throughout.

On the Oakley blow-sand soil, in which only copper was

tested, was discerned a similarlv striking effect on the color of

the barley blade exercised by the salt treatment of the soil. In

the clay adobe soil similar observations were made. We are

therefore led to believe that the effect of the salts in question

seems to be general in at least one direction for all soils, namely,

for the production of a deeper green color in the leaves of plants

growing on the treated soil. The stimulating effect in that

direction shows a tendency to diminish at first rapidly, then

slowly, in the succeeding crops. The probable causes of this

manifestation, as briefly referred to above, will be mentioned

later in connection with the studies of the treated soils them-
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selves. As further evidence of the general nature of the effects

of the salts in question in soils on the color of the leaves of

plants, we may cite again the observations on that point made

by both Pammel - and Van Slyke.'' Those investigators reported

marked deepening of the color of the leaves of tomatoes and

other plants due to treatment of the culture soil with CuSO^.
Other kinds of plants, therefore, as well as other soil types than

those employed by us seem to be similarly influenced by CUSO4
with reference to color production in leaves.

Tillering

During the first two crops grown, the amount of tillering

occurring in the plants on the greenhouse soil was studied. This

was done with the idea of noting if any close correlation existed

between the amount of growth and dry matter produced by the

treatment and the number of tillers formed. Our observations

give a negative reply to this query. Thus in the first crop of the

copper series the number of tillers per pot of four plants varied

from thirteen to thirty-one over the whole range of concentra-

tions of copper sulfate employed. This in itself would of course

be of little significance in connection with the question under

consideration if there was a decrease or an increase in the

number of tillers with a change in concentration of CuSO^. This

was not strictly the case, however, and to illustrate we may say

that the largest number of tillers in the first crop of the CUSO4
series was in one of the pots receiving 1500 p. p. m. CUSO4 ;

the smallest number of tillers was produced in the pots remain-

ing untreated. Moreover, there was but little agreement in that

respect between duplicate pots receiving CuSO^. Thus the

duplicate of the pot above mentioned as producing the largest

number of tillers (thirty-one) produced onlj^ twenty-one, and

such large discrepancies between duplicate pots were common.

The fact remains, nevertheless, that while small concentrations

and large concentrations of CuSO^ do not differ in their effects

on the number of tillers, some CuSO^ as against no CuSO^ ap-

pears to be of definite effect in the first crop. Thus in the large

- Iowa Agr. Exp. Sta. BuU. no. 16, 1892.
3 N. Y. (Geneva) Agr. Exp. Sta. Bull. no. 41, 1892.
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range of concentrations emploj'ed in tlie copper series, there was

no pot receiving CuSO^ in am- qviantity which did not produce

more tillers than any of the control pots, which showed from

thirteen to fourteen tillers in each of three pots employed as

untreated controls. In general, therefore, it seems that in the

first crop, copper sulfate does stimulate tillering, but it does so

irregularly and small amounts of the salt appear to be as effect-

ive in that direction as large amounts. In the second crop of

the CuSO^ series the number of tillers was decreased throughout

because of climate and other obvious effects accompanying the

conditions of the experiment which are above described. Never-

theless, the treated pots were, with very few exceptions, decidedly

superior in tiller production to the untreated pots, which, again,

agreed well among themselves. Otherwise, the tillering of the

second crop in the CuSO^ series was not significantly different

from that of the first crop.

In the first crop of the zinc sulfate series the number of

tillers was very markedly larger than in the first crop of the

copper sulfate series. Thus the largest number of tillers pro-

duced in the first crop of the copper series is about equivalent

to the smallest number of tillers in the first crop of the zinc

sulfate series. In one pot of the zinc series sixty-five tillers were

produced by four plants, a number more than twice as great as

the maximum in the first crop of the copper series. ^Moreover,

the agreement between duplicate pots was on the whole much

better in this regard in the zinc than in the copper series, despite

the fact that several large discrepancies were noted. In the first

crop, therefore, the zinc sulfate, like copper sulfate, has not

only stimulated tiller production, but has done so to a much

more marked degree than the last-named substance. In the

second crop, however, conditions and results are considerably

changed. Thus, whereas the stimulating effects of CuSO^ on

tiller production are clearly manifest throughout the series,

even after the salt concentration is doubled in the same soil,

only one case of stimulation in that respect (at the lowest con-

centration) is noted in the ZnSO^ series under similar conditions.

Moreover, in the CuSO^ series we find scarceh" one undoubted

case of depression in tillering even in the second crop, due to



1917] Lipman-Gericke : Smelter Wastes and Barley Growth 503

the treatment of the soil, but such depression obtains almost

without exception in the second crop of the ZnSO^ series. In

other words, a very marked decrease in the number of tillers

results from the second ZnSO^ application to the greenhouse soil,

both absolutely and relatively speaking, in comparison with

either the untreated control pots or with the treated pots of the

copper series. Much better agreement between duplicate pots

with reference to tillering is noted in the second crop of the

ZnSO^ series than in the other series above described.

In the case of the potash alum series, in the first crop the

results were very similar to those obtained in the corresponding

copper series except that tillering was not so markedlj^ stimu-

lated as in the latter. In the second crop, also, the results of

the potash alum series were not strikingly different as regards

tillering from those in the copper series.

In the first crop of the FeSO^ and PbSO^ series no observa-

tions were made on tillering owing to the poor development of

plants and their prostrate mode of growth, which was especially

marked in the lead series. Observations on the amount of tiller-

ing produced in the second crop of the FeS04 series indicated

that the stimulating effect of the FeS04 on tillering was not

so great as that of either copper or potash alum, but greater

than that of zinc.

In the third crops of all series scarcely any tillering was

observed, the plants producing for the most part single upright

stalks. It appears, therefore, that the stimulating effects of the

salts tested with respect to tillering are ephemeral in their

nature, but are more distinctly so with some salts than with

others.

Height of Plants

In the second crop only, observations and measurements were

made of the average and total heights of plants produced in the

CuSO^, ZnSO^, FeSO^, and potash alum series. These indicated

definite increases in height of plants produced by certain concen-

trations of all the salts named, over those attained by the plants

in the untreated pots. The superior height of the plants was,

however, variously distributed through the series. Thus it was
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appartMit in the first five lowest concentrations of tlie CuSO^
series. It did not show in the first two concentrations of ZnSO^.
but in all others, and was clearly manifest almost throughout the

potash alum series. In the FeSO^ series the heights followed

the general observations just recorded for the ZnSO^ series so

far as comparison with controls is concerned. As regards abso-

lute heights of plants the ZnSO^ series showed the highest, and

the potash alum series was a close second, with the others con-

siderably behind.

It appears, therefore, that with regard to stimulation both

of tillering and of tallness, ZnSO^ is superior to the other salts.

The agreement between duplicate pots in respect to the height

of plants was far more satisfactory than that for tillering. None

of the actual data are given here because of the necessity for

brevity in such papers and because of the decidedlj' minor sig-

nificance of the results in connection with the main issue under

examination.

Germination of Seeds

In all of the series under discussion, the germination of seeds

was more rapid in the salt-treated soils than in those untreated,

at least up to certain very considerable concentrations of the

salts. Exceptions to this rule were of course found in certain

concentrations of the salts which entirely inhibited growth and

in those which almost did so
;
but in all pots in which the salt

concentrations were not of that order, germination was much

more rapid than in those which remained untreated. The stimu-

lation in respect to germination w^as about of the same degree

in all concentrations of every salt which would at all stimulate

germination, larger amounts of salts not differing from the

smaller ones. Certain definite differences, however, existed in

that regard among the different salts. Thus CUSO4 stimulated

germination most, ZnSO^ was second in order, PeSO^ third, and

the other salts exerted only a slight influence. Our findings in

this respect, therefore, are again in accord with those of Pam-

mel * and Van Slyke,^ which are above cited, and also with

4 Iowa Agr. Exp. Sta. Bull. no. 16, 1892.

5N. Y. (Geneva) Agr. Exp. Sta. Bull. no. 41, 1892.
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those of many other investigators, among whom may be men-

tioned Effront.** It may be added here that the stimulating

effects of the salts studied with respect to germination of seed

were noted in the first and second crops. In the third crop there

was little, if any, superiority in germination of the seeds in the

treated as against the untreated pots. In other words, we have

noted that in regard to germination, as well as in respect to tiller-

ing and other superficial characters, the salts employed stimulated

the barley for one or two seasons at certain concentrations and

after that showed no marked effect in either direction. It should

also be observed that in cases in which such salts as CuSO^ at

higher concentrations retarded germination in the first crop, the

retarding effect disappeared in the second and third crops.

YIELDS OBTAINED

In studying the yields of barley in all the series, the weights

of straw, of grain, and of roots were determined in every case

after drying at 100° C and bringing to constant weight. All

such determinations are given in the tables which follow, to-

gether with other necessary data. It will be noted that the

yields of the single pots in every duplicate pair are given, as

well as the averages. This is for the purpose of pointing out

the large variations in yield frequently obtained in duplicate

pots of soil cultures and for that of allowing our colleagues to

study our data at first hand and reach their own conclusions.

The different salts will be considered separately below, with one

tyipe of soil at a time.

Copper Sulfate—Greenhouse Soil

Tables Ila, II&, and lie give the results obtained with CUSO4
in three successive crops on the greenhouse soil. Through an

error, as was stated above, a second application of CuSO^ equiva-

lent to the first was made to the soil prior to planting the

second crop, so that for the second and third crops, amounts of

CUSO4 were present in the soil which were far larger than those

intended for the study. While, therefore, we have obtained

6
Effroiit, J., Comptes Eendus Acad. Sci. (Paris), vol. 141, p. 625, 1905.
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three successive crops on the same soil, only one of them, the

third, was influenced purely by the residual effects of the CuSO^

application remaining after the production of one crop. With

these observations in mind, let us now consider the results of

the CUSO4 applications in the three crops harvested on the

greenhouse soil.

First Crop

The growth of the plants in the first crop was very rank in

the controls as well as in the treated pots, with the result that

high jdelds of dry matter were obtained. This was doubtless due

to a large supply of available plant food in the fresh greenhouse

soil and especially to the high nitrate content and high nitrify-

ing power of the soil. The deep green color of the leaves, above

referred to and the tendency shown by the plants to lodge seem

to confirm this view, and it is further supported by nitrification

studies which we carried out and which are reported below.

Because of the conditions for rank growth, however, the

growing season was lengthened and scarcely any grain was pro-

duced. The data of the first section of table II therefore give

only the yields of straw and roots. Despite considerable dis-

crepancy among the yields of duplicate pots, there can be no

question after an examination of the data for the first crop that

CuSO^, in the concentrations and under the conditions employed,

has caused the barley to produce more dry matter than was pro-

duced in the control pots. Such stimulated growth is apparent

throughout the whole series of copper concentrations varying

from 50 p. p. m. to 1500 p. p. m. Concentrations above 1000 p. p.

m. seem to l)e definitely more toxic, or at least less stimulating, to

the barley plants than lower concentrations if average yields are

adopted as criteria. Such procedure may, however, be unjusti-

fiable because of the large discrepancies among the yields of

duplicate pots. That the increases in yields of dry matter of

barley are real and not accidental is evidenced not onh' by their

manifestation in the whole series, but also by the magnitude of

the increases involved. Thus in the concentration of 600 p. p. m.

CUSO4 an increase in yield over that of the control pot was

obtained which was equivalent to nearly 50 per cent of the total
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yield of the latter, and in several other cases such increases

amounted to 30 per cent or 35 per cent.

Giving brief consideration now to the yields of roots alone,

we find tliat they, too, like the total dry matter in general, are

definitely affected by the CUSO4 treatment. Increased root pro-

duction over that in the control pots is found in all the pots

having concentrations from 50 p. p. m. to 600 p. p. m. CUSO4,
inclusive. Bej^ond that point, however, unlike the case of the

total dr}^ matter considered, the increased concentrations of

CUSO4 appear to depress root development very definitely. The

decreases continue steadily more significant as the concentration

of CuSO^ increases from 600 p. p. m. to 1100 p. p. m., when the

toxic effect seems to reach a stationary point and no further

decreases occur, even though more CUSO4 is added up to

concentrations of 1500 p. p. m.

Taking into consideration the effects of CuSO^ on the first

crop of barley in the greenhouse soil in regard to both tops and

roots produced, it appears that we must consider the point of

stimulation to cease at 600 p. p. m. CUSO4. It is possible in

addition that even the 700 and 800 p. p. m. concentrations may
be looked upon as still stimulating to both tops and roots of

the barley plant in the soil in question. Beyond those points,

however, CUSO4 is stimulating, in the first crop, to the produc-

tion of tops onl}', not to the production of roots.

Second Crop

The very large decrease in yield of the second crop in the

same pots, so far as total dry matter is concerned, is clearly

indicated in table lib. This is evidently not due to the doubling

of the percentage of CUSO4 in pots receiving treatment, since

the decrease in the second as compared with the first crop is

just as clearly marked in the control pots. On the other hand,

whereas the first crop produced practically no grain, probably

for reasons above discussed, the second crop produced a large

yield of grain, amounting not infrequently to 25 per cent or

considerably more of the total dry matter. Again, we see in

the figures for the second crop the disparity between yields of

duplicates, but again also the consistently large yields of dry
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matter in the treated as against those of the nntreated pots.

This is strikingly so for both the straw and tlie grain yield, but

is most consistently and undeniably apparent in the latter. The

root yields in most of the treated pots are also superior to those

obtained in the untreated pots, and duplicate cultures show

better agreement in that respect than do the straw and the

grain yields. The grain produced was in all cases well filled and

normal in appearance. In brief, we find that the second crop

on the soil treated with CuSO^, despite the doubling of the

CUSO4 application, shows as markedly, and perhaps even more

markedly, the stimulating effect of the salt under consideration

to barley grown on greenhouse soil. AVhile in detail the results

of the second crop differ from those of the first crop, they appear

to confirm the latter in general. The average yields of dry

matter are greater with all treatments than they are in the

untreated pots. This strikingly stimulating effect of CuSO^ on

barley under the conditions named in concentrations reaching

a maximum of 0.3 per cent CuSO^, based on the dry weight of

the soil, is as astounding as it is interesting, and it would appear

to lend little support to the idea of the toxicity of CuSO^ in

relatively small amounts to crops grown on field soils. This

phase of the subject will, however, receive more attention below.

Third Crop

Grown under more propitious weather conditions, as ex-

plained above, the third ci'op in the CUSO4 series on the green-

house soil yielded throughout much larger amounts of dry

matter tlian the second crop, though not such large amounts as

the first crop. Again, we note the general stimulating effect of

CuSO^ to the production of dry matter in barley plants. This

time, it should be observed, the stimulating effect was not mani-

fest throughout the treated portion of the series, as it was in

the first two crops. Thus four of the CUSO4 concentrations

employed, namely, 600 p. p. m., 1600 p. p. m., 2400 p. p. m., and

2600 p. p. m., depressed the yield of barley if average yields of

duplicate pots are considered. In most cases, however, such

depression of yield is easily within the experimental error and

therefore may be without significance. This is especially so
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since there is no regularity in the inhibiting power of CuSO^
referred to

;
but small as well as large concentrations at isolated

points in the series depressed the yields as above pointed out,

whereas the rest of the concentrations, also small and large,

stimulated the yields.

While the total dry matter produced in the third crop, as

shown above, is greater than that yielded in the second crop,

the yield of grain in the latter is far superior to that in the

third crop. Thus the highest grain yield in the third crop is

scarcely more than one-third that of the second crop, and the

lowest yield of the third crop is about one-sixth that of the

second crop. Nevertheless these facts are of no significance in

connection with the effects of CuSO^, since the control pots

manifest the same depression in grain yields which is character-

istic of the treated pots in the third crop. Likewise, in most

cases the treated pots produced more grain than the untreated

pots.

The point of maximum stimulation of CuSO^ to the produc-

tion of dry matter by the barley plant on the greenhouse soil is

very difficult to discern. While apparently it occurs at the

concentration of from 0.18' per cent to 0.2 per cent CuSO^ of

the dry weight of the soil, the irregularity and non-agreement

of many of the duplicate pots render decisions in such matters

unsafe, if not valueless. In general, however, the figures in table

lie leave little room to doubt the non-injurious nature and

perhaps the stimulating effect of CUSO4, at considerable con-

centrations, for barley in the greenhouse soil under the

conditions described.

Copper Sulfate—Adobe Soil

Tables Ilia and b give the results obtained with CUSO4
treatment in the case of the adobe soil in the first and second

crops respectively. It will be noted at the outset that the yields

on the adobe soil are much lighter than those on the greenhouse

soil. The reasons for this circumstance are of course not far

to seek, in the light of the origin and descriptions of the soils

used in these experiments which are given above. Only two

crops were grown on the adobe soil, because we did not decide
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to start it for comparison with the greenhouse soil until one

crop had been obtained with the latter.

First Crop

We find in the case of the adobe soil the same unfortunate

disparity among the yields of duplicate pots which was noted

with the greenhouse soil. This disparity is of course the more

noticeable when much smaller absolute amounts are involved, as

in the present case. Despite all that, however, there appears

to be justification for the conclusion, based on the data in table

Illfl, that CuSO^ does exercise a stimulating action on the

growth of barley in adobe soil. Such stimulation is not apparent

throughout the whole series, as it is in the case of tlie green-

house soil, but it appears to exist in all concentrations of CuSO^

employed up to 900 p. p. m. Concentrations in excess of the

latter seem to depress, definitely, the yield on the adobe soil.

But whether or not we admit the existence of a stimulating effect

by CuSO^ on the barley, based on the figures here studied, it

can scarcely be denied that CUSO4 is not toxic to barley in

the first crop grown on adobe soil until nearly 0.1 per cent

CuSO^ is present in the soil. Amounts of CUSO4 slightl.y less

than 0.1 per cent stimulate the growth of the barley significantly.

At concentrations of 0.15 per cent and 0.2 per cent CuSO^ no

growth is obtained at all, showing of course marked toxicity.

Some interesting facts are brought to light in table Ilia with

respect to the relationships among straw, grain, and root yields

which obtain between treated and untreated soils and among
themselves in the case of the different concentrations of the

latter. In the first place, it will be noted that the grain yields

form an even larger percentage of the total dry matter of the

first crop on the adobe soil than they do in the second crop on

the greenhouse soil. In some cases, indeed, the average yield of

grain in duplicate pots exceeded the average yield of straw. In

nearly half the treatments, the grain yields were larger than

those of the control pots so that the stimulating effect of the

CUSO4 application, if allowed, applies to the grain jdelds as

well as to those of total dry matter. The root yields are pro-
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portionately smaller on the adobe than on the greenhouse soil,

as are the yields of the barley as to tops. Nevertheless, the aver-

age yields of roots also show the stimulating effects of CuSO^,
since they are greater in all concentrations than those of the

control pots until a concentration of 1000 p. p. m. CuSO^, or

0.1 per cent based on the dry weight of the soil, is reached. In

excess of that concentration, CuSO^ is toxic to roots and appears

to inhibit their development.

Second Crop

Much better agreement among the yields of straw in dupli-

cate pots of the second crop on the adobe soil was obtained

than in any of the series with CuSO^ above described. In fact,

the agreement between the duplicates in nearly all cases was

as good as could possibly be hoped for when one allows for

the ever-present idiosyncrasies of plant protoplasm. Up to

and including concentrations of 400 p. p. m., CUSO4 seemed to

depress barley growth except in one concentration, namely,

at 300 p. p. m. Such depression is probably not significant,

except at the concentration of 100 p. p. m. However that may

be, CuSO^ did not stimulate the development of barley at the

lower concentrations in the second crop on the adobe soil as

it did, with one exception, in the first crop. On the contrary,

conditions reversed themselves in the second crop, and the most

marked and consistent stimulation occurred in the higher con-

centrations of CUSO4, only the very highest concentration—
namely, 2000 p. p. m.—showing a more or less definitely toxic

effect. Thus, while no growth was obtained in the first crop on

the adobe soil containing 1500 p. p. m. of CUSO4, the same soil

on the second planting stimulated the growth of barley so that

in both pots, taken separately and by averages, the yield was

superior to that of the control pots. Irregularities of course

crept into this series as into the others, for instance, depressed

growth or no stimulation at a concentration of 1200 p. p. m.,

when stimulated growth is obtained at 100 p. p. m. CUSO4 on

the one hand and af 1500 p. p. m. on the other, is a circumstance

which is very difficult of explanation.
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Again, unlike the first crop on the adobe soil, the second crop

yielded no "Taiii- This of course cannot be attributed in anv

way to the effects of CuSO^, since the control pots behaved

in the respect noted like the treated ones. Presumably, unfavor-

able climatic conditions and the heavy nature of the soil may
have produced and influenced the result obtained. The root

yields, however, were very considerably larger in the second

than in the first crop, and fairly good agreement between dupli-

cate determinations was obtained. Considering the small total

yield of dry matter in roots, it is perhaps a very significant

stimulation to their development which CuSO^ exerts.

Regarded then from the standpoint of the total dry matter

produced, there appears to be no question from the data in

table III& that CuSO^ can stimulate growth in the barley plant

on a clay adobe soil even when present at very considerable

concentrations. If only the dry matter of the above-ground

parts is considered, three exceptions to this rule in the whole

series can be found. In a general way, the results with CuSO^
on the adobe soil confirm those obtained on the greenhouse soil

using the same salt. It may be repeated with advantage here

that even if such stimulating properties of CUSO4, which in our

opinion we have shown above to exist, are not allowed, our data

do not offer any support to the idea that in the ordinary quan-

tities in which copper may be introduced in agricultural soils it

is even likely to be toxic to grain plants.

Copper Sulfate—Oakley Soil

Only one crop of barley was grown on the Oakley soil in

the tests with CuSO^. Since closing the experiment we have

regretted the fact that the Oakley soil was not cropped succes-

sively for two or three seasons after treatment, but at the time

of the experiment this was not deemed necessary. Table TV

gives the results obtained with the one crop in question. The

figures really do not tell the whole story, since the appearance

of the barley plants was far superior on the treated soils on

which they developed at all tlian it was on the untreated soil.

Nevertheless, the figures are striking enough to be used alone
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as a criterion to determine the effects of CUSO4 on the growth
of barley in the Oakley sand. Our data show very clearly the

stimulating effect of CUSO4 for barley in the first crop on the

Oakley sand. They also show, more clearly than any series

above described, the toxic effect exercised by CUSO4 at the higher

concentrations. The stimulating effects further do not occur at

such high concentrations of CuSO^ in the case of the Oakley

sand as in that of the greenhouse soil or even in that of the

adobe soil. To be specific, we find that at concentrations of 100,

200, and 300 p. p. m., CuSO^ is definitely stimulating to barley

production on the Oakley soil under the conditions of our ex-

periment. The most marked results of the stimulation in ques-

tion are not manifest in the production of straw or even in that

of roots when it is at all perceptible, but is very marked in nearly

all cases so far as grain production is concerned. It is a curious

fact that at a concentration of 600 p. p. m. CuSO^ in the Oakley

soil, we obtain the largest grain production of the whole series,

and yet the straw production is depressed through the CuSO^
treatment at that concentration and the root development almost

entirelj^ inhibited. This fact is very difficult to explain, but

exhibits parallelism to similar facts observed by both Pammel

and Van Slyke in the experiments above cited. When the dry

matter produced is considered as a whole, and straw, grain, and

roots are considered together, stimulation is noted only in the

case of the first two concentrations of CuSO^ employed, and the

stimulation is not very marked. In other words, one is obliged

to state definitely the criterion employed when forming a judg-

ment as to the existence or non-existence of a stimulating effect

of CuSO^ on barley grown on the Oaklej^ sand. It will be

necessarj^ in the future, for a more decided judgment of the

question in hand, to grow several successive crops of barley on

the soil named, once treated with CuSO^, as shown in the table,

and possibly also to supply available nitrogen, which is a serious

limiting factor in the growth of barley on that soil. Without

making any final statements in the premises, however, the data

given by us in table IV seem to point strongly to the existence

of a stimulating action of CuSO^ to barley growth, even on the

Oakley sand.
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Zinc Sulfate—Greenhouse Soil

Only the greenhouse soil was employed to test the effect of

ZnSO^ on barley plants. As was the ease with CuSO^ on the

same soil, three successive crops were grown, two treatments of

ZnSO^ being given. The results obtained, together with the

treatments given, are indicated in tables Ya, Yh, and Vc.

First Crop

A study of table Ya reveals the fact that ZnSO^ in the case

of the first crop of barley is not unlike CuSO^ in its action. In

other words, while the latter salt exercises a greater and more

definite stimulating action in the first crop, ZnS04 also manifests

a definite though smaller stimulating effect on the barley plants.

This seems to be supported by the fact that only eight pots out

of thirty treated with varying amounts of ZnSO^ give a smaller

yield than the highest yield of the control pots. In general, the

stimulation seems to be greatest at concentrations of ZnSO^

varying from 500 p. p. m. to 1200 p. p. m. inclusive. This state-

ment has reference only to the total yield of dry matter and

not to any parts, like roots or tops, taken separately. On

the same bases, also, no definitely toxic effect of ZnSO^ was

observed, though, as above intimated, some apparent effects of

that nature were noted. Again, in accord with the results

obtained with CuSO^ no grain worth weighing was produced in

the first crop, and the weights of the straw given in the table

therefore include such partially formed heads as were developed.

In still further agreement with the results of the first crop of

the CuSO^ series, ZnS04 stimulated the growth and develop-

ment of roots practically throughout the whole series. The

stimulation to root development alone was, however, greater

in the ZnS04 series than in the CuSO^ series, just as the opposite

was true for the tops. The greatest stimulation to root develop-

ment appears to have been attained at the higher rather than

at the lower concentrations of ZnSO^, the difference being most

marked in that respect between the first three concentrations

employed and the rest. This circumstance, as will be seen by

a comparison of table Ya with table Ila, is the reverse of that

noted in the first crop of the CuSO^ series, in which the first four
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concentrations gave the largest increases of dry matter of roots

over the controls. All in all, the effect of ZnSO^ in the case of

the first crop on the greenhouse soil must be regarded as one

definitely stimulating to the production of dry matter in the

barley plant.

Second Crop

While in the first crop the CUSO4 and ZnSO^ series are in

general similar so far as the effects of the salts on. the barley

plants are concerned, they differ markedly in the second crop.

To illustrate, it may first be noted in table V& herewith, on the

basis of the total dry matter produced, that ZnSO^ beyond con-

centrations of 600 p. p. m. is distinctly toxic to barley in the

greenhouse soil. With similar concentrations of CuSO^ in the

second crop, the latter salt was not only not toxic beyond 600

p. p. m., but was actually more stimulating at most of the higher

than at the lower concentrations. It would therefore seem that

so far as the yields of the total dry matter are concerned, ZuSO^
is either more toxic than CuSO^ or the latter is more readily

adsorbed by the greenhouse soil and thus removed from the

active solution which bathes the feeding roots. It must, never-

theless, be added that while ZnS04 appears to be definitely more

toxic to barley than CuSO^ in the greenhouse soil, it cannot be

considered very toxic since 0.06 per cent ZnS04 of the dry weight

of the soil is not only not toxic, but actually stimulating. We
may now consider for a moment the different components of the

total dry matter produced in the second crop of the ZnS04 series.

So far as the straw alone is concerned, only a concentration of

200 p. p. m. ZnSO^ gave stimulating effects. That concentration

produced a wqvj marked stimulation, and good agreement is

evident in the duplicate pots. Concentrations in excess of 200

p. p. m. depress straw production. Such depression, however,

is in some instances not very great, and considerable disagree-

ment between duplicates here, as in the copper series, renders

it difficult to pass final judgment in the matter. In general,

there is little difference in the depressing effects on straw pro-

duction of concentrations of ZnS04 varying between 600 p. p. m.

and 3000 p. p. m. Beyond 3000 p. p. m. a more definite depress-
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ing effect on the production of straw in the second crop becomes

apparent. The fact that the wide range of concentrations just

referred to is productive of similar effects seems to indicate

that most of ZnSO^ is adsorbed by the soil and but little of

it is free to affect the plant in the soil solution.

With the exception of one or two doubtful cases, grain

production is somewhat depressed throughout the second crop

of the ZnS04 series. This appears to be even more true for the

first concentration of ZnS04, which stimulates straw production,

than for the higher concentrations, which depress straw pro-

duction. All of these judgments, however, are based on averages

of duplicate pots which do not agree very well, and hence con-

siderable caution is employed in stating them. Again, the effect

of ZnS04 on grain production seems to be about the same

whether small or large quantities of the salt are employed.

So far as root production is concerned, however, the data

of the second crop in the ZnSO^ series are very different from

those bearing on the yields of grain and straw. With three

exceptions, two of them at the highest concentrations of ZnSO^

employed, the latter induced the production in all pots of more

roots than were produced in the control pots. While in many
cases the stimulation in the direction noted was not great, it

was definite, and in many other cases it was very considerable.

Moreover, there was good agreement between tlie duplicate de-

terminations. The greatest stimulation to root production

occurred between 200 and 2600 p. p. m. ZnSO^. While, there-

fore, the second crop of the ZnS04 series differed from that of

the CuSO^ series with respect to grain production, there was

great similarity in action between the two as regards root yields.

Thikd Crop

In the third crop of the ZnSO^ series, the toxicity of ZnSO^

appears to have become augmented even over that of the second

crop. There seems to be no case of stimulation even in the

lowest concentration (200 p. p.m.). This applies to straw,

grain, and roots equally well. On the other hand, tlie toxicity

of ZnS04 for root and grain production by barley in the third

crop is certainly not very marked, although uniform. For straw
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production, ZnS04 becomes suddenly very much more toxic

than at the lower concentrations when more than 2400 p. p. m.

is employed in the culture medium here used. At 200 p. p. m.

neither the straw and grain on the one hand, nor the roots on

the other, are seriously affected in one direction or another by
the ZnSO^ in the third crop. Beyond these remarks no dis-

cussion of table Vc is necessary. The figures given in that

table speak plainly enough for themselves. In contrast with

the CUSO4 series of the third crop, however, table Vc shows

ZnS04 to be again totally different in its effect on the barley

plant in the greenhouse soil. Thus the CuSO^ exercises a stimu-

lating effect on total dry-matter production in the third crop at

almost all concentrations, while ZnS04, far from doing so in

any case, is actually toxic in all concentrations in the third crop

on the same soil. This points clearly to sharp differences in

the specific physiological effects of the copper and zinc ions,

since they were the only apparent variables in question in this

experiment.

Ferrous Sulfate—Greenhouse Soil

Owing to the rapidity with which ferrous salts are rendered

insoluble in well-aerated soils, it was deemed advisable to depart

from the procedure followed in the other series so far as quan-

tity of FeS04 used is concerned. Applications of the salt were

therefore made at intervals of 0.1 per cent between two suc-

ceeding cultures in the series, the lowest concentration used in

the first crop being 0.1 per cent, and the highest 1 per cent. As

in the other series above described on the greenhouse soil (the

only one used in the FeS04 series), the amounts of salts were

doubled prior to planting the second crop. The results of the

yields are given in tables Via, Ylh, and Vic.

First Crop

Even though the amounts of FeS04 used were very large,

we see clearly from table Via that the salt stimulated, in the

first crop, the production of dry matter in barley. Considering

averages of duplicate pots, we find that there is no concentration
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of FeSO^ which did not yield increased growth of barley. This

constitutes the most striking set of stimulations noted in the

series thus far discussed. Moreover, we find again an evident

lack of relationship between the amount of FeS04 employed

and the degree of stimulation induced thereby. In agreement

with the results obtained in the CuSO^ and ZnSO^ series, the

FeS04 series yielded no grain worthy the name in the first crop.

Again in agreement with the results of the other series, consider-

able discrepancy was found in duplicate pots so far as yields are

concerned. In the case of the root yields, we have also large

discrepancies between duplicate pots. However this may be,

the straw yields in the treated pots of the first crop surpass

those of the untreated pots in almost all cases, even if the higher

figure for straw yields of the control pots be employed as a cri-

terion. This is not so for the yields of roots
;
and while aver-

age yields show definite stimulation by FeSO^ for root produc-

tion of barley plants on the greenhouse soil, single values from

duplicate pots do not justify any conclusions of that nature.

Despite all this, there is certainly no reliable evidence of definite

toxic effects on the part of FeSO^ to barley plants under the

conditions of this experiment. In general, therefore, the results

of the FeSO^ series are not unlike those of the CuSO^ series,

and the ZnS04 series on the greenhouse soil so far, at least, as

the first crop is concerned.

Second Crop

It will be remembered again that the amounts of FeS04

employed for the first crop were doubled before planting the

second crop. On studying the yields of the latter, one is at

once struck by the strong parallelism in effect exerted on the

barley plants by ZnS04 and FeS04 in the second crop. Both

stimulate total dry-matter production in the very low concen-

trations and yet the discrepancies between the actual amounts

of salts used in the two cases are of course very large. Besides,

both seem to stimulate root development and, very slightly, the

production of straw, at certain concentrations. Again, there

appears to be indirect evidence that most of the salt applied is

not only rendered insoluble, as is probably- the case with FeS04,
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but that much of the salt remaining is adsorbed by the soil and

becomes inactive so far as the barley roots are concerned.

Third Gkop

In table Vic, which sets forth the yields of dry matter

obtained in the third crop of the FeSO^ series, we find some

data of unusual interest. Despite discrepancies in the weights

of dry matter obtained in duplicate pots, there can be little

question that the higher concentrations of FeS04, beginning

with 1.4 per cent, definitely stimulate straw production, while

the lower concentrations employed, less definitely but probably

without doubt, depress it. Grain production, on the other hand,

seems to have been stimulated in the third crop by all concentra-

tions of FeSO^ employed, and the yields are high enough and

agree well enough in the duplicates to justify that conclusion.

In the case of the roots, still another effect was probably induced

by FeS04. No stimulation can be definitely noted, yet the

toxic effect, if any, is small and apparent in very few instances.

In the case of the total dry matter produced, marked stimulation

seems to have been obtained at concentrations of FeSO^ respec-

tively of 1.4 per cent, 1.6 per cent, and 2 per cent. "When com-

pared with the third crop of the CuSO^ and ZnSO^ series, the

third crop of the FeSO^ series stands out sharply. It gives

stimulation only at the higher concentrations, the ZnS04 gives

no stimulation and almost positive toxicity throughout, and the

CuSO^ gives stimulation almost throughout the whole series in

the third crop. While all three of the salts may be quite harm-

less and even stimulating in relatively small quantities, they

manifest very definite and specific characters when employed in

higher concentrations and when results are obtained on the same

soil for more than one season.

Lead Sulfate—Greenhouse Soil

Entirely unlike the three salts thus far discussed, PbS04
exercises what appears to us to be a definitely toxic effect

throughout the first crop. This observation must be considered

separately for every crop. It should be noted that unlike the
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copper, zinc, and iron salts, PbSO^ was applied once only prior

to planting' tlie first crop.

First Crop

Like ZnSO^ and FeSO^, the PbSO^ was tested in the green-

house soil only. The yields obtained in the PbSO., series are

given in table Vila, VII&, and VIIc. The}- will be discussed

in conjunction with the comment already made with reference

to the aspect of the plants in the PbSOj series. It will be noted

there that the plants possessed little rigidity, Avere deep green

in color, and in general assumed a sprawling or prostrate, in-

stead of an erect, habit of growth. Tliis was a result of some

specific reaction of PbS04 and was exerted even though only

small quantities of the salt could have existed in the soil solu-

tion, owing to the insolubility of the salt. It should also be

observed in this series, as it has been in the others, that the

quantity of PbSO^ employed seemed to have little relation to its

toxic efi^ects on the yields of straw. The lack of grain produc-

tion has already been explained in other discussions above and

is connected not with any salt treatment, but with the condition

of the greenhouse soil itself, of which more detailed discussion

has been given.

Root production was particularly affected in a deleterious

manner by PbS04 in the first crop. Roughly speaking, it was

reduced in the PbSO^ treated pots by more than 60 per cent

of the jdeld obtained on the untreated or control pots. In other

words, in this series, as in many others, root production and

straw production run almost parallel. This is further evidenced

by the uniformly depressing effect of PbS04 regardless of the

quantity in which it was employed. We find therefore in PbSO^

(and in Pb, because all the sulfates used have a common anion)

a substance which in the first crop on the greenhouse soil exhibits

characteristics totally different from those of copper, zinc, and

iron under similar circumstances. Thus while the three salts

last named show definite powers of stimulating barley growth

in the first crop on the greenhouse soil, lead very markedly

depresses the growth of that plant under the same conditions.
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Second Crop

In the second crop quite different conditions obtain witli

respect to the effects of PbSO^. While nearly all of the higher

concentrations of the series are still toxic to barley, three of the

lower concentrations, including 600 p. p. m., are distinctly stim-

ulating to that plant. If it were not for injury to the plants

by mice, the concentrations of 200 p. p. m. and 400 p. p. m.

PbSO^ would doubtless have shown as much stimulation as the

others just mentioned. In other words, taking the total dry
matter produced, it seems true beyond cavil that in the second

crop on the greenhouse soil, PbSO^ in very considerable con-

centrations acts as a stimulant to barley growth.

With reference to the separate fractions of the total dry

matter produced in the second crop of the PbS04 series, we note

some interesting facts. In the first place, no grain was pro-

duced in the second crop of the lead series. This is very difficult

to explain, since the control pots and the treated ones behaved

similarly in that regard. In view of our statements in the intro-

ductory portion of this paper, we can scarcely believe that the

mere location of the plants of this series in a somewhat shaded

part of the greenhouse can account for the discrepancy. The

root yields were nearly all depressed by the action of PbSO^ in

the second crop. The exceptions to this rule were in isolated

pots with no duplicates to confirm them. It would therefore

seem that PbSO^ is toxic to the root development of the barley

plant even in the second crop, in spite of its stimulating effect

on the straw yield at certain concentrations. Such effect of

PbSO^ is unlike that of any of the other salts, which, at least

at a number of concentrations, stimulate root development, par-

ticularly so in the case of CuSO^ and ZnS04.

Third Crop

A progressive improvement may be seen in the soil treated

with PbSO^ as crop follows crop. Just as the second crop

gave very much better results than the first, so the third crop

gave very much better results than the second. In the third

crop the stimulation to the growth of barley exerted by PbSO^

is, however, the most striking, since it obtains particularly at
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the higher concentrations of PbSO^. As was the case with some

of the other salts in other crops, PbSO^ seems to be toxic in

the third crop at the low concentrations at which it stimulated

growth in the second crop. On the other hand, it stimulates

gro\\i:h as above stated in the third crop at some of the higher

concentrations at which it was toxic in the second crop.

However, most of the stimulating influence of PbS04, and

perhaps all of it, in the third crop affected the straw production

and not the root yields. This is again at variance with the

results obtained in many of the other series above described, in

which the usual condition was a parallelism between the effects

exerted by a salt on the different fractions of the total dry-mat-

ter jdelds. Thus very good straw yields were obtained in most

of the pots of the series in the third crop and instances of in-

creases over those of the control pots were numerous, but no

definite evidence of such stimulation in the case of the roots

could be noted. In the case of the grain, on the other hand, the

higher concentrations of PbSO^ seemed to be as definitely stim-

ulating as they did in the case of the straw yields. This is

in almost entire harmony with PeSO^ in the third crop, but

has little resemblance to the corresponding CuSO^ and ZnSO^
series.

Potash Alum—Greenhouse Soil

This salt was tested in these experiments because it had been

proposed that if it was not detrimental to soils and crops, it

could be employed as a source of potash for fertilizers. It could

be cheaply obtained in all probability by treating granitic rock

containing adequate percentages of potash, with HoSO^, wliich

can be manufactured in large quantity by the important smelter

plants through the oxidation of SO2 fumes. In view of the

foregoing, potash alum was applied, as indicated in tables

Villa, VIII&, and VIIIc, which are given below, on the basis of

a certain number of pounds per acre, beginning with 300 pounds

KoO per acre in the form of KAl(S04)2.12HoO and going up

to 2000 pounds KgO per acre in the same form.
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First Crop

Table Villa shows clearly that the application of potash
alum in the first crop was distinctly stimulating to the barley

plant so far as the production of total dr^^ matter is concerned.

The degree of stimulation is not unlike that of CuSO^, ZnS04,
and FeS04 iii the first crop and, again, seems to be about the

same with the lower as with the higher concentrations. When
we consider the root yields separately from the straw yields

we find, however, that the former were not increased by the

potash alum treatment, though they were scarcely depressed

with any concentration of the salt.

I

Second Crop

With the concentration of potash alum doubled in the second

crop, the marked evidences of its stimulating effect on barley

growth are still manifestly present. The entire series of treated

pots, when averages of total dry matter produced are taken as

the criterion, gives results far superior to those of the control

pots, even though there is variation among the latter and among
the treated pots in duplicate cultures. So far as the production

of the total dry matter of barley is concerned, there appears to

be no evidence in the second crop and very little, if any, in the

first, of any toxic properties of potash alum.

We may now consider briefly the separate parts of the total

dry matter as affected by the potash alum. The yield of straw

is without exception greater in the treated than in the untreated

pots of the second crop of the potash alum series. That part

of the total dry matter has therefore been very materially in-

creased by the potash alum application. The grain yields in the

absolute were of very great magnitude and amounted in many
cases to as much by weight as the dry matter of the straw. In

some cases they even excelled the latter. This is analogous to

the condition of the second barley crop in the CuSO^ series,

which was the only one of the other series manifesting as

high a grain production. Not only, however, were the grain

yields large in the absolute, but they indicated clearly the stim-

ulating effect of potash alum on their production, since all the

treated pots yielded much more grain than the control pots.
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In the second crop, on the other hand, as in the first, the larger

amounts of potash alum were neither inferior nor superior to

the smaller amounts in increased production of straw and grain,

but were of about the same influence throughout. Consistent

with the effect of potash alum on the straw and grain yields was

that on the root yields. The latter were, throughout the whole

series in the second crop, increased by the potash alum applica-

tions and, as in the cases of straw and grain, independently

of the amounts of potash alum employed. We have, therefore,

another phase of analogy between the potash alum and the

CUSO4 series in the second crop which seems only to make the

resemblance stand out in greater relief. The production of

every part of the plant in the second crop was stimulated by

both potash alum and by CuSO^, but not by the other sulfates

employed.

Third Crop

Wliolly at variance with tlie effects just noted are those

observed in the third crop of the potash alum series. So far

from stimulating the growth of barley in all respects, as it did

in the first and second crops, and particularly in the latter,

potash alum in any and all concentrations depresses the growth

of barley when the yields of total dry matter are used as a basis

of comparison. This is true also for the straw and root yields

taken separately, with the possible exception of the straw yield

with the lowest concentration of potash alum. In the case of

the grain yields, however, no indubitable evidence of a depress-

ing effect by the potash alum is at hand. It is indeed not im-

possible that definite though small effects of potash alum stimu-

lating to grain production in the third crop might be allowed in

some of the concentrations of the salt employed. The explana-

tion of this striking change in the effects of potash alum in two

successive crops is obviously not simple, though several possible

explanations immediately suggest themselves. It is probable

that the most favorable explanation would be over-stimulation

of plant growth in the first two crops and the removal of most

of the easily available bases in the soil, leaving an impoverished

soil condition and perhaps a so-called "physiological acidity,"
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which would of course react deleteriously on the development of

the barley plant. Again, the washing out of the salt by irri-

gation may have caused physical conditions in the soil which

are inimical to the proper air and water supply for both plants

and the soil bacteria. The first conception is the one employed
to a considerable extent by the "old-line soil chemist" to explain

the depressing effects on soil fertility of the large and continued

use of gypsum. The second is a condition demonstrated in this

laboratory' recently" to be of considerable importance. Further

discussion will be accorded this subject in a general comparison

given below of our results with those of others. In general it

may be added that the results of the third crop in the potash

alum series are more in keeping with those of the ZnSO^ series

than with those of any other series discussed.

Manganese Sulfate

After our work on the effects of the compounds mentioned

on barley plants had been under wa^' for one season, it was

deemed advisable to inaugurate some new experiments, using

manganese salts. The latter it will be remembered were rep-

resented by MnSO^ in preliminary experiments by F. H. Wilson

and the senior author, which are cited above. Owing to the

fact that the preliminary experiments with manganese had

shown the latter to be comparatively innocuous, and even stim-

ulating at considerable concentrations, for barley and vetch,

larger amounts of manganese than of copper and zinc were em-

ploj^ed. Both MnSO^ and MnClg were tested. Each of these

salts will be considered separately, and tables IXa, IX&, and

IXc, which follow, give the plan and the results of the experi-

ments with MnS04. In the case of both manganese salts, only

one application was made, and that was prior to the first crop.

First Crop

It becomes at once clear from an examination of table IXa

that we can find in the first crop no indubitable evidence of

Univ. Calif. Publ. Agri. Sci., vol. 1, no. 10, p. 291.
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toxicity for barley of MnSO^ eveu when amounts of that salt

equivalent to 0.6 per cent of the chy weight of the soil were

used. On the other hand, the stimulating effect of MnSO^ for

barley in the first crop on the greenhouse soil appears to be

clearly evident. This is particularly true for the first three con-

centrations, amounting respectively^ to 500, 1000, and 1500 p. p.

m. At concentrations exceeding 1500 p. p. m. IMnSO^, the stim-

ulation is only slight, and three concentrations—namely, 3500

p. p. m., 4000 p. p. m., and 5500 p. p. m. MnSO^—possibly de-

press barley growth to some extent. The latter effect can scarcelj^

be taken as indicating definite toxicity, however, since, as above

pointed out, even the highest concentration employed (6000

p. p. m. MnS04) appeared to stimulate barley growth slightly,

and the toxic evidences referred to are noted at concentrations

which lie between slightly stimulating concentrations on both

sides. At anv rate, we have no evidence of the toxicitv of

IMnSO^ in tlie first crop until concentrations equivalent to 3500

p. p. m. of MnSO^ are reached.

When the root and straw yields are considered separately in

the first crop, some interesting observations may be made which

are not possible when the dry matter is considered as a whole.

For example, stimulation to root development in the first crop

of the MnS04 series is apparent only in the first three concentra-

tions above noted as giving the largest yields of dry matter.

Moreover, the straw j^ields are also distinctly higher at those

same concentrations. But whereas MnSO^ gives evidence of

toxicity to root development, either slightly or definitely, at all

concentrations tried above 1500 p. p. m., it continues beyond that

concentration to be slightly stimulating to straw production.

In comparison with the other salts above described, MnSO^
is distinctly superior in the magnitude of its stimulating effects.

The only other salt which manifests some resemblance to

MnS04 in that respect is CUSO4. Since the concentrations

of these two salts here employed, however, are very different

from each other in the two cases, no more detailed comparison

would be wholly justified.
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Second Crop

When the total dry matter of the second crop in the MnS04
series is considered (table IX&), we find that not only has the

stimulation noted in the first crop disappeared, but that an act-

ually definite toxicity has supplanted it. Moreover, such toxicity

is as marked with the lowest as it is with the highest concentra-

tions of MnSO^, and it is even possible that the former definitely

surpass the latter in that respect. Again, as in some preceding

cases with other salts, the total dry-matter yields do not give a

complete picture of the effects of MnSO^ on barley growth. Thus

if we consider the straw, grain, and root yields separately, we

find data leading to conclusions slightly different from those

above. For example, whereas both the grain and root produc-

tion are definitely depressed at all concentrations of MnSO^ in

the second crop, this is not so for the straw yields. The latter

are in many instances, including the cultures of the highest

concentrations of MnS04, increased by the effects of the salt.

Were it not for the lack of agreement in some of the duplicates,

we might add more emphatically that straw yields are markedly

stimulated by MnSO^ in the second as in the first crop on the

greenhouse soil. This seems particularly true at the higher

concentrations of the latter salt, but is also apparent at some

lower concentrations. Since, therefore, no grain was produced

in the first crop, and since only three of the lowest concentra-

tions of MnSO^ in it gave stimulation to root development, it

seems not unreasonable to consider that the results of the second

crop in the MnSO^ series are, in the large, not essentially differ-

ent from those of the first crop. The outstanding result is the

stimulation to straw production which is noted, and that is differ-

ent in degree only, not in kind, in the two crops here considered.

Despite all this, however, we do not attempt to disregard the

differences which characterize the effects of MnSO^ in the first

and second crops as above pointed out, but we regard them as

of minor significance.

When we compare MnSO^ in the second crop with other salts

under similar circumstances in the greenhouse soil, we find that

it has but little in common with them. It approaches perhaps

most closely the behavior of PbSO^ in the second crop, but is
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different from it in several important particulars. As a general

thing, the other salts still give more stimulating effects in the

second crop so far as the total dry-matter production is con-

cerned, but this is not true in any instance of the second crop

of the MnSO^ series. It sliould be borne in mind, however, that

the manganese series is not comparable with the others except

possibly with the lead series, because only one treatment, prior

to the first crop, was given.

Third Crop

The depressing effect exerted by MnS04 in the second crop

of barley, at least so far as the grain and straw yields are con-

cerned, appears to have been merely an ephemeral one. There

was not only a total disappearance thereof in the third crop,

but an actuallj^ stimulating effect seems to liave replaced it
;
and

to have extended to straw, grain, and root production and was

not confined, as in the second crop, merely to straw production

in part of the series. Moreover, the stimulating effect of the

MnSO^ appears to have extended throughout all concentrations

and would seem to have been greatest at the medium high con-

centrations, as is indicated in table IXc. While much better

agreement between duplicate determinations could have been

desired, the clear superiority in yield of the majority of treated

pots, when compared with the controls, leaves scarcely any room

for doubt that we are here confronted with real cases of stimu-

lating effects. The results are the more interesting and striking

since large concentrations of MnSO^ are involved. The results

call for further observations on the apparent reversal of results

between the second and third crops and between the second

and first crops. Unfortunately, no definite leads are in our pos-

session which would aid us in answering this question. Theo-

retically, however, it would seem possible to explain the facts

as follows : In the first crop the large quantity of organic matter

present in the soil brings about the adsorption of the JMnSO^

and leaves the active soil solution relatively dilute in that salt.

This low concentration acts as a stimulant to both the higher

plants and the soil flora and induces an increased yield. After

one season of exposure to sun and cultivation, the soil loses a
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considerable portion of its organic-matter supply and therefore

possesses a much smaller surface for adsorption of MnSO^
Hence the usable portion of the soil solution would tend to

become more concentrated with respect to that salt and induce

depressions in yield of roots and grain. By the time the third

crop is planted, thorough oxidation of the MnSO^ has occurred

and most of the manganese is rendered insoluble, thus leaving

again only a small quantity of the salt in the soil solution. This

acts as a stimulant, as it did in the first crop, and induces an

increased yield again. This explanation, while open to question

in one or two important respects, may prove of some assistance

in the ultimate clearing up of the somewhat perplexing facts

which are here considered. Other explanations, involving the

relationship of MnSO^ to the soil colloids and to other phases

of the soil solution besides that above mentioned, offer them-

selves at this time, but they must all await the further study of

fundamental principles of plant physiology before they can be

considered to advantage. Irrespective of the theoretical argu-

ments which may account for the results obtained in the MnSOi
series, the striking facts relating to the changes in effect on

three successive crops of a given salt application made prior

to the first planting are of great practical moment. Not only

do they render of doubtful value for practical purposes one

season's results on the effects of salts on crops, but they cause

one to wonder if anything less than five successive crops should

ever constitute sufficient evidence upon which to base a judg-

ment. Taking all of our results together, it may be said in

general that MnSO^ is to be regarded, for a limited period at

least, as definitely stimulating to barley growth in soils.

Manganese Chloride

As pointed out above, MnCL was tested along with MnS04,
so that manganese in different compounds might be studied for

itself as well as in comparison with other elements. The experi-

ment was arranged similarly to that of the MnS04 series, and

details with respect to it, together with the results obtained, are

set forth in tables Xa, Xh, and Xc for the three crops grown.
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First Crop

Table Xa shows the striking effects of concentrations of

MnCL on barley growth in the greenhouse soil during the first

crop. Whereas the first three concentrations of that salt, namely
500 p. p. m., 1000 p. p. m., and 1500 p. p. m., give verj^ marked

stimulation to barley growth (far more indeed than that given

b}" similar concentrations of MnS04), amounts in excess of 1500

p. p. m. MnClo are very markedly toxic. This toxicity increases

strikingly with the increase in concentration in MnCL beyond

2500 p. p. m., until at a concentration of 6000 p. p. m. almost

no growth is obtained. Even the difference between 1500 p. p. m.

and 2000 p. p. m. in the soil means a change from a high degree

of stimulation for barley production to a marked toxicity and

a decrease of about 50 per cent in the yield. No series of salt

concentrations studied by us and reviewed above gave anything

like the sharpness of manifestation of toxicity that is noted in

the first crop of the MnCL series. "We are evidently dealing

again with the acute toxicity of chlorine for living cells which

we have on other occasions pointed out in various connections.

This is true, if we may repeat again, despite the fact that at the

lower concentrations, chlorine ma}', as is strikingly exemplified

in table Xa, give astounding evidences of stimulation to barley

which surpasses any noted above with other and more uniformly

stimulating substances.

When we study straw and root yields separately we find

that, in general, the effects of MnCL are similar with respect

to both in the first crop. The roots are, to be sure, only slightly

stimulated in growth in the first three concentrations employed,

whereas the tops are enormously stimulated. When, however,

the toxicity of MnCL becomes apparent, it is equally striking

in the roots and tops, as the figures in the table clearly show.

While in some respects, therefore, and particularly as regards

stimulation, the JMnCL behaves like the MnSO^ in the first crop

and the first three concentrations, it is totally different from the

latter salt in giving marked evidences of toxicity at concentra-

tions in excess of 1500 p. p. m. Nevertheless MnSOi still con-

tinues to stimulate growth, even though it does so very slightly

throughout the series. On the other hand, although the resem-



1917] Lipman-Gericke : Smelter Wastes and Barley Growth 531

blance between the behavior of MnSO^ and MnCL in the first

crop is limited in extent, MnCla resembles MnSO^ much more
in its effects on barley growth in the first crop than it does any
of the other salts under similar circumstances. Again, we are

obliged to stop with this general comparison owing to the high
concentrations of MnCL employed, as compared with the rela-

tively much lower or much higher concentrations of the other

salts employed.

Second Crop

When the total dry matter is considered (see table X&), the

second crop of the MnCl, series gives the latter salt a reversal

of form. At the first three concentrations at which it notably

stimulated the production of dry matter in tlie first crop, it

becomes decidedly toxic in the second crop. On the other hand,

at the concentrations above 1500 p. p. m., at which it was acutely

toxic in the first crop, MnCL is stimulating when the total

yields of the treated as against those of the untreated pots are

considered. Such marked reversal of effects of MnCl, between

two succeeding crops on the same soil needs further attention

under the general discussion below. Following the procedure

employed in the case of the other series, we may now study sep-

arately the yields of straw, grain, and roots as given in table

X&. Taking the straw yields first, we find that they were, in

all cases but one or possibly two in the series, much larger than

those of the control pots, and that at concentrations in excess

of 1500 p. p. m. the average yield of straw was nearly twice as

great as that of the control pots. While different in degree,

therefore, this effect of MnCL in the second crop is very similar

in kind to that exerted by MnSO^ in the second crop with

respect to the yield of straw.

In the case of the grain, however, we find totally different

conditions, for here only one case of stimulation is noted and

that, owing to the great discrepancy in the duplicates, is an

unsafe one to accept. In excess of 3000 p. p. m., MnCL mani-

fests a very marked toxicity so far as grain production is

concerned, until at 6000 p. p. m. very little or no grain is pro-

duced. This result is again different only in degree, not in
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kind, from that of the corresponding oiie in the MnSO^ series.

Respecting root yields, the toxic effects of MnCl, in the second

crop are apparent throughout the whole series. While the de-

creases are not quite so great at the lower concentrations of

MnCL as they are at the higher concentrations, they are not

far different, and in general amount to from 40 to 60 per cent

of the amount yielded by the control pots. We see in the root

yields, therefore, a further analogy between the second crop of

the MnClo series and that of the MnSO^ series. In brief, it

should be observed that while wide discrepancies in total yields

of dry matter are noted between the second crops of the MnCl,

and MnSO^ series, the discrepancies are superseded by striking

resemblances when the straw, grain, and root yields are com-

pared separately in the two series. Since the differences seem

to be those of degree only, is it not possible that we have here

the dominant manifestations of the effects of manganese, which

are o\\\j slightly modified b,y the element or elements combined

therewith? If this were not the case, would we not expect to

find much larger discrepancies between the two series in ques-

tion, based on the specifically different effects of the -CI and

the -SO4 ions on barley growth ?

Third Crop

The stimulating powers of manganese, as exemplified in the

effects of MnS04 ions on the third crop of barley, are again

manifest but very much more strikingly in the third crop of

the MnClo series. While the yields of duplicate pots still fail

to agree closely in a number of the salt concentrations tested,

they show a much better agreement than those of the MnSO^
series. At any rate, there can be no doubt of the stimulating

effects of manganese chloride for barley grown in tlie greenhouse

soil even in the third crop. Again, as was the case in the MnS04
series, the ]\InCL, stimulates the production of all parts of

the plant and not merely of any one portion of the dry mat-

ter tht^reof. Thus, for example, whereas there was practically

no stimulation to grain production in the second crop of the

MnClo series, the third crop shows such stimulation markedly

throughout the series. In no case, further, so far as the total
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dry weight produced is concerned, did any of the treated pots

produce so low a yield as the control pots, when averages are

considered. The great immunity to chlorine which the plants

in the third crop of this series manifest is very difficult to

explain. In general, however, the changes in the effects of

MnClg from one crop to another are much the same in nature

as those of the MnSO^ series which have been discussed more

in detail above. It looks obvious that we are dealing primarily

in both manganese series with the effects of the kation rather

than with those of the anions, though, to be sure, specific effects

of the latter do not seem to be wanting. The balance of the

data presented in table Xc speaks for itself.

COMPARISON OF OUR RESULTS WITH THOSE OP

PREVIOUS INVESTIGATORS

It is quite unnecessary to review in detail the results of the

numerous investigations which bear on the subject in hand, par-

ticularly those relating to copper and its influence on living

organisms. Although, therefore, we are herewith citing a very

extensive bibliography, we shall make no attempt at reviewing

all of the investigations which have been carried out. It does

seem desirable, however, to compare in general the results of

our investigations with those of other researches in the hope that

we may thereby arrive at some definite understanding, now that

so much experimental work has been accomplished, as to the

real status of the salts in question in the realm of plant physi-

ology. In order to simplify such discussion, we shall take up

the different so-called toxic metals separately.

Copper Sulfate

As pointed out above, the bibliography on the subject of

copper and its effects on plants is very extensive. One needs

but to turn to the complete reviews of it by Czapek,^ Pfeffer,**

8 Biochemie der Pflanzen, vol. 2, p. 910, Jena, 1905.

9
Pflanzenphysiologie, vols. 1 and 2, Leipzig, 1897 and 1901.
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and Breiicliley^° to be confirmed in that opinion. The general

impression given by the reviewers is that so far as plants are

concerned, copper is to be regarded as a distinctly toxic sub-

stance. To quote Brenchley from the work above cited, for

example :

' '

Altogether, after looking at the question from many
points of view, one is forced to the conclusion that under most

typical circumstances, copper compounds act as poisons to the

higher plants, and that it is only under particular and peculiar

conditions and in very great dilutions that any stimulative

action on their part can be clearly demonstrated." This state-

ment is not qualified with respect to the kind of medium em-

ployed for testing the effects of copper on plants. But whether

it be applied to solution or to soil cultures, it would scarcely

seem to be adequately supported by experimental evidence, and

particularly is this true regarding soil cultures. In solution

cultures, copper in various compounds was found to be toxic

to the higher plants by Otto,^^ HaselhoffV" Coupin,^" Kanda,^*

True and Gies,^^ True and Oglevee,^** Jensen,^' Brenchley,^^

Heald,^^ Harter,^" and Haywood.-^ While exceedingly high

dilutions of copper salts were employed by some of these in-

vestigators, the possibility still exists in tlieir work that the

merest traces of copper maj^ have acted as stimulants. More-

over, in the case of Jensen's work the evidence on the toxicity

of very dilute solutions of copper salts is really negative, since

he emphasizes principally the fact tliat no stimulation was

observed with CUSO4 in solution cultures.

10 Inorganic plant poisons and stimulants, Cambridge, 1914.

11 Ztschr. Pflanzenkrank., vol. 3, no. 6; Bot. Cent., 5G, p. 340; E. S. E.,

5, p. 649.

i2Landw. Jalirb., 21, p. 263; E. S. E., 3, p. 499.

i3Comptes Eendus Acad. Sci., Paris, 127, p. 400; E. S. E., 10, p. 611.

14 Jour. Col. Sci. Imp. Univ. Tokyo, 19, p. 47; Bot. Cent. 95, p. 538;
E. S. E., 16, p. 228.

15 Bull. Torr. Bot. Club, 30, p. 390.

16 Bot. Gaz., 39, p. 1; Science, 19, p. 421.

17 Bot. Gaz., 43, p. 11.

18 Inorganic plant poisons and stimulants, Caml^ridge, 1914.

19 Bot. Gaz., 22, p. 125.

20 U. S. Dept. Agr., Bur. PI. Ind., Bull. 79, p. 40.

ii IJ. S. Dept. Agr., Bur. Chem., Bulls, nos. 89, 113, and 113, revised.
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Opposed to the findings of the investigators just named

were those which showed evidence of stimulating effects of cop-

per salts to plants in solution cultures. Among these investi-

gators were Tschirch,"- Montemartini,-^ and Forbes.^* So far

as germination of seeds is concerned, Effront^'^ also noted the

stimulating effect of copper. Owing to conflicts in the results

obtained by different investigators working with copper in solu-

tion cultures, one seems scarcely justified in subscribing to the

statement above quoted from Brenchley, even if it were made

to apply only to solution cultures. As Dr. Brenchley herself

admits, there is no absolutely satisfactory method for determin-

ing whether or not a certain substance is toxic or stimulating

to plants. But from the theoretical standpoint of ascertain-

ing how the protoplasm of the plant is affected by a given

substance, if at all, the solution-culture method is the only one

involved, since the other methods are confessedly not intended

to show anything more than effects of substances on plants under

conditions closely approximating the natural. If, then, the

solution culture method is the only one among those at present

known that is suitable for studjdng the effects of different chem-

icals on plant growth in a more or less intimate way, why do we

obtain the conflicting results above noted with respect to the

effects of copper on plants ? The answer to this question is to be

found in a number of circumstances surrounding the manipula-

tion of the solution-culture method. Some investigators use

distilled water, others use tap water, still others physiologically

balanced solutions of a large variety. For reasons well known

to plant physiologists, the results of such different media among

the solution cultures must show wide discrepancies. If, however,

the claim is made that all media but pure distilled water be

discarded in such work, owing to the factors of salt antagonisms

which enter into salt solutions to vitiate results, a very strong

counter-claim can be made. The protoplasm of plant cells is not

in a natural medium when it is placed in distilled water, and

22 Abstract in Chem. Ztg., 18, p. 320; E. S. R., 6, p. 872.

23 Staz. Sper. Agr. Ital., 44, p. 564.

24 Results soon to be published, Univ. Calif. Publ. Agri. Sci.

25 Compt. Rend. Acad. Sci. (Paris), 141, p. 626; E. S. R., 18, p. 126.
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hence it may manifest distress and weakness which nnder nat-

ural conditions might be quite impossible. Owing to osmotic

influences, the plant would lose salts and otluT substances to the

distilled water more quickly and in larger quantity than to tap

water or to a balanced solution. It would therefore be more

subject to weakening or to the absorption of toxic materials in

the former than in the latter medium. In otlier words, under

such circumstances copper, for example, would merely exagger-

ate the untoward conditions for plant growth, while it might

have no power to atfect the plant under more favorable condi-

tions. Again, seeds are not usually allowed to germinate in

the solution which is to be tested in the cultures, but in a medium

of a harmless nature. Does not sudden removal to salt-solution

cultures render them less immune to certain substances than if

they had been allowed to accustom themselves from the begin-

ning to a given salt ?

We do not desire to give the impression from these arguments

that we deprecate the use of the solution-culture method. On
the contrary, we think it of great value in the study of many
fundamental problems and also for obtaining relative data.

When, however, one attempts to use it in drawing absolute

conclusions for purposes of application to such a subject as that

under consideration, it falls as far short of throwing light on the

actual effects of a given substance on plant protoplasm (as the

latter is situated under natural conditions), as does any other

method of study now employed. We believe that the contlicts

in the results just reviewed are perhaps explicable on one of the

bases above discussed
;
and since no modification of the solution-

culture method is free from serious objection, we must accord

equal value to all results of reliable investigators. Consequently

we arrive at the conclusion that in the experiments above cited

there is no absolute evidence that copper is or is not stimulating

to plant protoplasm in solution cultures. While there appears

to be more evidence that copper is toxic under the conditions

and in the concentrations named than that it is stimulating, we

cannot admit that the plant has been tested in any two of

the experiments under essentially tlie conditions of its natural
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habitat. Since plants are, after all, to be found growing natu-

rally only in soils, it cannot be a matter of indifference to us,

in attempting the study of the effect of a certain substance or

substances on them, whether they are supplied with normal

conditions for their development or not.

Proceeding now to an examination of the results obtained

by other investigators on the effects of copper on plants grown
in soil or sand insjtead of solutions we find many interesting

observations. Injurious effects of CUSO4 at the rate of about

400, 800, and 1600 pounds per acre to potatoes and beans were

noted by Steglich,-*' but he failed to observe such toxic effects

on the same soil to strawberries or fruit trees. Haselhoff-' claims

also to have noted injury to grass, beans, and other plants from

smelter smoke containing copper. Owing to other conflicting

factors concerned in smelter-smoke injury, Haselhoff 's results

are open to serious criticism. Simon-^ experimented with oats

and mustard on garden soil, clay, and sand, and used amounts

of CuSO^ varying from 0.01 per cent to 10 per cent. His state-

ments imply that copper was toxic throughout, with the oat

plants showing more resistance than the mustard, and that

CUSO4 was least toxic in garden soil and most toxic in the sand.

Opposed to the three cases just cited are numerous results show-

ing the stimulating effects of copper to plant growth in soils.

We find among these the results obtained by Girard,-^ Kanda,"°

Jensen,"^ Voelcker,"- Forbes,^^ and Sachser.^^ A large number

of observations have also been made on the stimulating effects,

or lack of any effect, of copper sprays, and in other ways of the

effect following direct contact of the copper solution with plant

cells, among which maA' be mentioned those of Frank and

26 Ber. Tat. Landw. Abt. K. Vers. Stat. Pflauzenkult, Dresden, p. 4,

1903; E. S. E., 16, p. 133.

27
Fiililing's Landw. Ztg., vol. 57, no. 18, p. 609; E. S. E., 20, p. 831.

28 Landw. Vers. Stat., 71, p. 417; E. S. E., 22, p. 439.

29 C. E. Acad. Sci., Paris, 120, p. 1147; E. S. E., 7, p. 99.

30 Jour. Col. Sei. Tokyo Imp. Univ., 19, p. 47
;
E. S. E., 16, p. 228.

31 Bot. Gaz., 43, p. 11; E. S. E., 18, p. 625.

32 Jour. Eoy. Agr. Society, England, vols. 73, 74, and 75, Eeport for

1912, 1913, and 1914.

33 Univ. Calif. Publ. Agr. Sci., 1, no. 12, 1917.

34 Cent. Agr. Cliem., 33, p. 533
;
E. S. E., 16, p. 865.
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Kruger,^^ MacDougal,-^** Chuard and Porchet,^^' Demoussy,^^

Prandi,^" 01ive,*° and Molinari and Ligot.^^ In addition to all

these results, wliii-h show either no toxicity or decidedly stimu-

lating effects on plants from the use of copper (usually CuSO^)

in soil, there are extant a number which testif}^ to the high

resistance of plants in soil to extremely large amounts of copper

(Such, for example, as from 2 per cent to 5 per cent of tlie

dry weight of the soil). Among these may be mentioned the

observations of Van Sh^ke*" and Pammel.'*^

All of these findings render it extremely improbable that

copper in soil, can at any time be considered definitely toxic

in relatively small quantities (say, below 0.10 per cent of the

dry weight of the soil). On the contrary, the evidence seems

very well established that positive stimulation of plants may be

induced through the use of small quantities of copper (say, from

0.01 to 0.05 per cent of the dry weight of the soil), in the form

of CuSO^ particularly, and possibly also in other forms. Our

investigations as discussed would seem to confirm and be con-

firmed by earlier investigations of the senior author and F. H.

Wilson and by numerous other experiments carried out in differ-

ent parts of the American and European continents and in Eng-

land. These observations would appear therefore to refute the

conclusion of Dr. Brenchley which is above quoted and to point

clearlj', through the added data which we have submitted, to

the conclusion that copper in the form of CuSO^ is to be re-

garded, at some concentrations, as being decidedly stimulating

to some plants grown in soils, and, what is perhaps more im-

portant, relatively innocuous in large amounts. The mechanism

of the stimulation obtained does not involve one single effect,

liut probably several. We know, for example, through experi-

35 Ber. deutsch. bot. Gesell., 12, p. 8
;
E. S. E., 5, p. 926.

36Bot. Gaz., 27, p. 68; E. S. E., 11, p. 24.

37 Bull. Soc. Vaud. Sci. Nat., 4tli series, vol. 36, p. 71; Biill. Miirith.

Soc, Valais Sci. Nat., no. .33, p. 204.

38 Ann. Agron., 27, p. 257
;
E. S. E., 13, p. 657.

39Staz. Sper. Agr. Ital., 40, p. 531; E. S. E., 19, p. 755.

40 S. Dak. Agr. Exp. Sta., Bull. 112; E. S. E., 21, p. 436.

41 Ann. Gembloux, 18, p. 609
;
E. S. E., 20, p. 873.

42 N. Y. Agr. Exp. Sta., Bull. 41.

43 Iowa Agr. Exp. Sta., Bull. 16.
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ments** carried out in our laboratory, that copper is markedly

effective in increasing the nitrifying activity of soils; we know,

from other results which we have obtained, but not yet published,

that the minerals of the soil are rendered more easily available

through the action of CuSO^ ;
we know from the results of

Porchet and Chuard that plant cells may be directly stimulated

by CuSO^. It is therefore reasonable to explain any stimulating

effects of copper in soil cultures as being of a complex nature

and the results of better conditions for plant growth either

directly or indirectly induced by copper through influences

known to be characteristic of it as just explained.

Zinc Sulfate

We may now review, in a manner similar to that employed

for CUSO4, the results obtained by other investigators as com-

pared with our results on the effects of ZnSO^ on plant growth.

Data indicating the toxicity of zinc to plants grown in solution

cultures have been obtained by Baumann,*^ Jensen,*" Krauch,*^

Storp,*® True and Gies,*° and Brenchley.'^" Most of these toxic

effects were obtained with relatively small quantities of zinc

salts and usually under conditions antagonistic to their toxic

effects owing to the presence of nutrient salts. As opposed to

these evidences of the toxicity to plants of zinc, we have at

times, in the work of the same investigators, manifestations of

the stimulating effects of zinc in solution cultures. For example,

Brenchley admits in the monograph cited a slight stimulation

of peas by ZnSO^, while showing the latter to be toxic to barley.

Jensen, too, whose work is described, while obtaining no stimu-

lation for ZnSO^, likewise showed no toxicity thereof in dilute

solution, and expressed the opinion that the possibility exists of

4-1 Lipman and Burgess, The Effects of Copper, Zinc, Lead, and Iron on

Ammonification and Nitrification in Soils, Univ. Calif. Publ. Agri. Sei.,

vol. 1, p. 127.

45 Landw. Versuelis. Stat., 31, p. 1.

46 Bot. Gaz., 43, p. 11.

47 Jour, fiir Landw., 30, p. 271.

48 Landw. Jahrb., 12, p. 795.

49 Bull. Torrey Bot. Club, 30, p. 390.

50 Inorganic plant poisons and stimulants, Cambridge, 1914.
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a stimulating power of ZnSO^ at still greater dilutions than those

which he employed. More direct evidence of the stimulating

effects of ZnS04 is given by Kanda'"'^ in solutions free from

nutrient salts, and by Javillier'^- in nutrient solutions. So far

as solution cultures of all kinds are concerned, therefore, the

evidence with respect to the effects of zinc on plants is conflict-

ing, it being as strong on the side of stimulation at great

dilutions of ZnSO^ as on that of lack of it or of definite toxicity.

Let us now examine tlie data available in which a solid

substratum such as sand or soil is used instead of the solution.

Direct observation of toxicity of zinc to plants in solid media is

given by Storp, whose w^ork is above cited, by Noble, Baessler,

and Will,^^ Jensch,^* Ehrenberg," and Haselhoff and Gossel.^*^

Evidence of the non-effectiveness of zinc either as a toxic or

stimulating agent is given by Phillips," by Holdefleiss,'^''^ and

by Haselhoff' and Gossel '^^ As against these results, however,

we have many others showing definitely stimulating effects

of zinc on plants grown in sand or soil. Among them may be

mentioned those of Kanda,*"' Jensen,**^ Silberberg,"- Zaleski and

Reinhard,'^ Ehrenberg,''* Bertrand,-'^ Nakamura (with some

plants only),"" Javillier,'" Roxas,'"^ Lipman and Wilson,"** and

the present writers. While, however, the evidence appears to

51 Jour. Col. Sci., Tokyo Imp. Univ., 19, p. 1.

52
Coinpt. EencL, etc., 155, p. 1551.

53 Landw. Versuchs. Stat., 30, p. 380.

54 Ztschr. Angew. Cliem., 14, p. 5.

55 Clieni. Zeit., 32, p. 937.

56 Ztschr. Pflauzenkrank., 14, p. 193
;
E. S. E., 16, p. 952.

57 Cliem. News, 46, p. 224.

ssLanchv. Versuchs. Stat., 28, p. 472.

50 Ztschr. Pflanzenkrank., 14, p. 193
;
E. S. K., 16, p. 952.

6»* Jour. Col. Sci., Imp. Univ. Tokyo, 19, p. 47.

61 Bot. Gaz., 43, p. 11.

62 Bull. Torrey Bot. Club, 36, p. 480.

63 Biochem. Ztchr., 23, p. 193.

54 Landw. Versuchs. Stat., 72, p. 15.

65Eev. Sci. (Paris), 49, p. 673.

66 Bull. Col. Agr., Tokyo Imp. Univ., 6, p. 147.

67 Ann. Inst. Pasteur, 22, p. 720
;
also 7th Internat. Cong. Appl. Chem.,

sec. vii, Agi-. Chem., p. 163.

68 Philippine Agric. and Forester, 1, p. 89.

69 Bot. Gaz., 55, p. 409,
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be overwhelmingly in favor of the stimulating effects of zinc to

plant growth in soils, several instances of stimulation are quali-

fied to hold for certain plants only or at very low concentrations

of the metal. Therefore the data submitted are not as strong in

favor of the stimulating effect of zinc salts to plants as one would

suppose from the review above given. Nevertheless, it is strong

enough in our opinion to satisfy even the critical that zinc can

be a stimulant to plant growth in certain rather considerable con-

centrations. Besides that, its toxic effects are nowhere to be

regarded as very serious if small quantities of the salt are

present. Our results indicate, in addition to all this, that ZnSO^,
for example, may be stimulating to barley growth at consider-

able concentrations, but that the after-effects on the soil in the

third season or crop may be injurious. Such injury, however, is

relatively speaking, not verj- great unless very high concentra-

tions of ZnSO^ are employed. Even in the third season of

cropping in the case of the same soil, it appears that ZnSO^ con-

tinues to be stimulating to barley at a concentration of 200

p. p. m. of that salt as referred to the dry weight of the soil in

question. Moreover, it is not unlikely that the reversal from a

toxic to a stimulating condition occurring in the manganese
series between the second and third crop might occur in the zinc

series between the third and fourth crop. This possibility would

seem to find some support from the fact that the third crop

in the zinc series corresponds to the second crop of the man-

ganese series, since two treatments—one before the first, and one

before the second crop—were given to the zinc-treated pots.

Iron Sulfate

Results obtained in experimental trials with FeSO^ in cul-

tures of the higher plants have been perhaps more contradictory

than those noted in the cases of CuSO^ and ZnSO^ which are

reviewed above. This is particularly manifest in the extensive

bibliography prepared by Horton'° dealing with the use of

sulfate of iron in agriculture. While the latter emphasizes

primarily the results obtained with FeS04 in combating weeds.

'o A Contribution to the bibliography of the use of sulfate of iron
in agriculture, Chicago, 1906.
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a large niimbor of experiments are cited, among which are to be

found cases of injui'v, ineffectiveness, and stimulation by FeS04
to crop plants. Very few experiments appear to have been

reported on the effect on plant growth of FeSO^ or other iron

compounds in solution cultures. Those that are given indicate

the uniformly toxic nature of iron to the higher plants under

the conditions noted. For evidence on this point, the reader

is referred to the investigations of Boiret and Paturel,'^ Gile,'^^

Ruprecht,^^ Thompson,"'* and Knop.'" No case has as yet come

to our notice of the stimulating effects of iron salts to plants in

solution cultures.

In soil cultures the picture is an entirely different one, and

it is under those conditions that we observe the contradictory

results mentioned above. Distinct cases of injury by FeSO^ to

plants in soil cultures have been reported. In illustration of

these, may be mentioned statements of Voelcker,''* Steglich,"

Nessler,'* Halsted,^'-^ and others. As showing FeSO^ to be with-

out effect on plants grown in soils, may be mentioned the experi-

ments of Scovell and Peter,^*^ A. Mayer,^^ Boiret and Paturel,*-

Petit,*^ Larbaletrier and Malpeaux,** and others. In other

words, some of the investigators just mentioned, as well as Coste-

Floret,^^ Brooks,-*^ Griffiths,*'^ Treboux,^^ and a number of others.

71 Ann. Agron., 18, p. 417; E. S. E., 4, p. 435.

^2 Jour. Agr. Ees., 3, no. 3, p.

'3 Mass. Agi-. Exp. Sta., Bull. 161.

'i Jahresber. Agr. Cliem. N. F., 36, p. 106.

"5 Landw. Versuchs. Stat., 2, p. 73.

is Jour. Eoy. Agr. Soc. Eng., 2d ser., 1, p. 113.

77 Ztschr. Pflanzenkrank, 11, p. 31; see also Jahresber. Agr. Chem., 43,

p. 352.

78 Centbl. Agr. Cliem., 2, p. 125.

70 N. J. Sta., Ann. Eept., p. 321, 1890.

80 Ky. Agr. Exp. Sta., Bull. 17.

81 Jour, fiir Landw., 40, p. 19.

82 Ann. Agron., 18, p. 417.

83 Compt. Eend., etc., 117, p. 1105.

84 Ann. Agron., 22, p. 20.

85 Prog. Agr. et Vit., 26, pp. 434, 463, 496.

86 Mass. Agr. Exp. Sta., Ann. Sept., p. 42, 1896.

87 Chem. News., 50, p. 167.

88 Flora, 92, p. 59.
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have noted very definite stimulation of plants by FeS04 in soil

cultures. In addition to these direct results on the stimulation

of plants, moreover, may be mentioned the numerous cases of

stimulation of plants induced by spraying the leaves with solu-

tions of FeSO^ either for destroying ever-present weeds in crops

or for overcoming certain diseases like chlorosis. These cases

are too numerous to mention here, but are well reviewed in the

bibliography^ prepared by Horton, which is referred to above.

As the discussion of our results has shown, we are in accord with

the idea of the stimulating powers of FeS04 even if used in rela-

tively large concentrations in soils so far as the first two succes-

sive crops on the treated soil are concerned. In the third crop

also, marked stimulation is obtained, but only in the higher

concentrations, which in the second crop were toxic. This

circumstance will be critically considered below.

Lead Sulfate

The literature dealing with the subject of the effect of PbSOi

or lead in any form on plant growth is very meager. That which

is extant deals more specifically with the effect of lead sprays on

foliage and fruit of trees than on the actual growth of trees,

in which we are interested here. In the case of solution cultures

we have found but two papers, and both of these testify to the

stimulating action of PbCNOg), in dilute solutions. We refer

to the investigations of Jensen^^ and Stoklasa.^*^ In greater con-

centration the Pb(N03)o was of course found to be toxic in the

solution cultures. The same investigators also obtained marked

manifestation of stimulation of plants in solid substrata due to

had. Jensen obtained such in quartz-sand cultures, in which

greater concentrations were found stimulating than in solution

cultures. Stoklasa confirmed the results of the solution cultures

by field trials reported in the paper above cited, and also in

other experiments"^ with sugar beets, oats, corn, and other crops.

A^oelcker"- also found lead to be stimulating to wheat. When

89Bot. Gaz., 43, p. 11.

9oCompt. Eend. Acad. Sci. (Paris), 156, p. 153.

91 Zuckerriibenbau, 18, p. 193
;
E. S. E., 26, p. 225.

92 Jour. Eoy. Agr. Soc. Eng., 73, ent. series, 1912.
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our data for PbSO^ in greenliouse soil are reviewed in the light

of the foregoing-, they are found to ])e in accord with those of

Voelcker so far as the second and third crops of barley are con-

cerned. At some concentrations in both of those series, PbSO^
acted as a stimulant to barley and often at very large or at the

larger concentrations used. Our results, however, are entirely at

variance with those of Jensen and Stoklasa in so far as the first

crop is concerned. In that series we noted nothing but evidences

of marked toxicity of the PbS04, with the accompanying effects

on the barley plants which are described.

Potash Alum

No literature has been found on the effects on plants of

potash alum in soil. The discussion set forth above giving our

results with that material will therefore have to suffice.

Manganese

With the possible exception of copper, manganese and its

effects on plants have received more attention at the hands of

plant physiologists and students of soils than any other element

here under consideration. Despite that fact, there would appear

to be as much contradiction in results obtained in this case as in

those of the other elements above studied. We find reports of

toxicity of manganese in solution cultures in the publications

of Aso,'-*^ Loew and Sawa,"* and Brenchley.''' On the other hand,

the results of the same authors also give evidence of the stimu-

lating effects of manganese at certain concentrations. Miss

Brenchley even hints at the possibility of the existence, simul-

taneously, of a toxic and stimulating effect on the part of man-

ganese and claims that either effect may show predominance,

depending on the concentration of the salt employed.

On the toxic action of manganese to plants in solid substrata,

principally in soils, we have the reports of experiments of

93 Bull. Col. Agr., Tokyo Imp. Univ., 5, p. 177.

94 Bull. Col. Agr., Tokyo Imp. Univ., 5, p. 161.

95 Inorganic plant poisons and stimulants, Cambridge, 1914.
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Namba,^*' Voelcker,''^ Kelley,^* and Guthrie and Cohen.''^ As

opposed to these, however, we have numerous cases on record

of the stimulating effects of manganese to plants grown in soil,

and even the work of the investigators last named is by no means

to be considered as absolute evidence against such action of man-

ganese, since the toxic action observed was in some cases verj^

slight, and some of the concentrations involved were so un-

usually high as to leave little expectation of anything but

toxicity of manganese for the plants tested. Among the in-

vestigators referred to who have furnished evidence of the

stimulating effects of manganese, may be mentioned Voelcker,^""

Bertrand,^"^ Koxas,^°- Loew and Sawa,"^ Nagaoka,"* Loew and

Honda,i°^ Fukutoma,^'"' Namba,^"^ Uchiyama,^°^ Takeuchi,^^^

Feilitzen,^^" Strampelli,"^ and Lipmau and Wilson."- While in

this review we have omitted a number of the investigations bear-

ing on the subject, enough have been given to indicate clearly

the trend of the evidence in hand. Fuller bibliographies may
be obtained in the excellent reviews of the literature given by

Brenchley"^ and by Kelley.^^*

Comparing the results of other investigators with ours, some

interesting differences, as well as similarities, between them be-

come evident. For example, we are in accord with most of the

investigations above reviewed as favoring the existence of stimu-

96BuU. Col. Agr., Tokyo Imp. Univ., 7, p. 635.

97 Jour. Eoy. Agr. Soc. Eng., 64, p. 348.

98 Jour. Ind. Eng. Chem., 1, p. 533.

99 Agr. Gaz. N. S. Wales, 21, p. 219.

100 Jour. Eoy. Agr. Soc. Eng., 44, p. 348.

101 Compt. Eend., etc., 124, p. 1032.

102 Philippine Agr. and Forester, 1, p. 89.

103 Flora, 91, p. 264.

101 Bull. Col. Agr., Tokyo Imp. Univ., 5, p. 467
; 6, p. 135.

105 Bull. Col. Agr., Tokyo Imp. Univ., p. 6. 125.

106 Bull. Col. Agr., Tokyo Imp. Univ., 6, p. 137.

107 Bull. Col. AgT., Tokyo Imp. Univ., 7, p. 635.

los Bull. Imp. Cent. Agric. Exp. Sta., Japan, 1, p. 37.

109 Jour. Col. Agr., Tokyo Imp. Univ., 1, p. 207.

110 Jour, fur Landw., 55, p. 289.

111 6° Cong. Internat. Chem. Appl. Eoma, 4, p. 14.

112 Bot. Gaz., 55, p. 409.

113 Inorganic plant poisons and stimulants, Cambridge, 1914.

114 Hawaii Agr. Exp. Sta., Bull. no. 26.



546 University of California Publications in Agricultural Sciences [Vol. 1

lation by manganese of the growth of barley so far as the first

crop on the soil in question is concerned. In the case of the

second crop, however, a depression in yield of considerable mag-
nitude is induced by MnSO^ and a stimulation produced by

MnClo in the higher concentrations of the salt, while the lower

ones depress the jdeld like MnSO^. In the third crop, as we

have already seen, there is a practical disappearance of all

toxic effects in both of the manganese series which we had under

observation, and taking the place of the former toxic effects we

find marked stimulating effects. The indication is therefore that

in general our results are in accord with those of the investi-

gators cited above who attributed to manganese stimulating

.effects for plants.

ADDITIONAL INVESTIGATIONS

Nitrification

Earlier experiments by P. S. Burgess"' and the senior author

had demonstrated the stimulating effects of CuSO^, FeSO^,

ZnSO^, and PbSO^ on nitrification in soils. "We were therefore

led to wonder whether much, if not all, of the stimulation ex-

erted on the higher plants by most of the salts in the first crop

was due to the increase in the available supply of nitrogen there

through the effects of the salts. Accordingly, tests of the nitrify-

ing powers of the soils in a number of the pots in every series

were made by the usual laboratory methods emploj^ed for such

purposes. Dried-blood nitrogen was used as the nitrifiable

material at the rate of 1 per cent of the dry weight of the green-

house soil. Lack of space forbids the presentation here of the

large amount of data collected on the subject now under con-

sideration. We may, however, refer to the striking features

thereof, owing to their undoubted connection with the cause or

causes of the stimulating effects above noted. In the second crop

of the copper series in the greenhouse soil the nitrifying power
was from 10 per cent to 50 per cent greater in the "coppered"
than in the "uncoppered" soil. In the third crop, which, it

115 Univ. Calif. Publ. Agr. Sci., 1, p. 127.
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will be remembered, was grown one year after the second and last

copper application had been made, the increases in the nitrifying

powers of the treated soils were from 33 per cent to 100 per cent

greater than in the control soils receiving no copper. In a gen-

eral way the highest concentrations of CUSO4 gave the largest

increases in nitrifying power in the second crop, but in the third

crop there was more or less irregularity in that regard and the

smaller concentrations appeared to be as effective as the larger.

In the case of the zinc series, determinations of the nitrifying

powers of the different soils were made after the third crop only.

In that case also, the nitrifying power was increased by appli-

cations of ZnS04 equivalent to 200, 600, and 1000 p. p. m. The

increases, however, were much smaller than in the case of the

CUSO4 and varied from 3 per cent to 16 per cent at the different

concentrations, the most favorable concentration being 600 p.

p. m. An important difference exists between the CUSO4 and

the ZnS04 series in that all the concentrations of the former,

which were employed increased the nitrifying powers of the

soil in the third crop to some extent, while only the concentra-

tions just given were instrumental in imparting such a stimulus

in the case of the latter salt. Iron behaved very similarly to zinc

in most respects so far as the soil's nitrifying powers were con-

cerned, and 0.2 per cent, 0.4 per cent, 0.6 per cent, and 0.8 per

cent were the range of concentration of FeSOi corresponding

to those named for ZnS04 above. One difference between iron

and zinc in their influences ou nitrification in the greenhouse

soil is that the former does not seem to have been appreciably

toxic in any concentration, even though as much as 2 per cent

FeS04 was employed, whereas the latter, as we have already

seen, markedly depressed the soil's nitrifying power when used

in excess of 0.1 per cent of the dry weight of the soil. Like

ZnS04 and FeS04, PbS04 was tested as to its effect on nitrifica-

tion after the third crop only. Under those conditions it gave,

however, very different results from the other salts, since no

stimulation to nitrification was noted at all, no matter what

amounts of PbSOi were employed. On the other hand, while

PbS04 was throughout slightly toxic to nitrification under the
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conditions named, the toxicity seemed to be about the same with

the larger as with the smaller concentrations of PbS04 employed.

The manganese salts were tested in the tirst crop only, in

connection with their powers to affect nitrification. The follow-

ing were the resnlts : MnSO^ was not toxic under the conditions

named in any of tlie concentrations in which it was employed, 0.6

per cent being the highest. It appeared to be very slightly stim-

ulating at all concentrations. In the case of MnCl, we find

marked toxicity to nitrification at concentrations in excess of 0.4

per cent, and ver.y distinctly toxic effects at concentrations

in excess of 0.15 per cent. On the other hand, we also note

that nitrification was stimulated by the following concentra-

tions: 0.05 per cent, 0.1 per cent, and 0.15 per cent. The stimu-

lation was very marked only in the case of the latter two con-

centrations and was very much in excess of that induced by

MnSO^ at any concentration.

The nitrifying powers of the Oakley blow sand employed in

one copjDer series, which is described above, were also deter-

mined. Marked stimulation to the nitrifying power of the soil

was noted at concentrations of CuSO^ equivalent to 100 p. p. m.,

200 p. p. m., and 300 p. p. m., the first two being most marked.

Ammonium sulfate was employed as the nitrifiable material.

Amounts of CuSO^ in excess of 300 p. p. m. were decidedly toxic,

and very little or no nitrification occurred in the soil containing

more than 700 p. p. m. CuSO^.
While there is considerable discrepancy in the correlation of

the effects of the different salts on barley growth and on the

nitrifying bacteria, there appears to be a general relation, at

least, between the stimulating effect exerted by a salt on the

nitrifying flora and its effect on the barley plant. The serious

irregularities which seem to militate at present against the

definite establishment of such a relationship based on our data

can undoubtedly be explained on the basis of certain factors

like the residual nitrate supply in soils and the differences in its

distribution throughout the soil mass which of course must exist.

Wliile therefore we make no attempt to assert that the stimu-

lating effects and perhaps the toxic effects to barley exhibited by
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the salts here under discussion are to be accounted for by their

effects on the nitrifying flora and hence on the available nitrogen

supply, we do believe that the latter is one of the few important

factors—perhaps the most important—involved in the problem
of explaining stimulation of plants in soils particularh", and

possibly also, to some extent, the toxicity of salts in soils. That

the effects of the salts on the nitrifying powers of the soils here

studied are not the exclusive cause of the phenomena above dis-

cussed, we can probably believe with confidence. The total

quantities of citric acid-soluble phosphoric acid and potash in

soils have been found by us to be augmented through the action

of the metallic sulfates in question, and we are also aware of

the possible inhibiting effects of those salts for certain factors

which may be inimical to the proper development of the soil

bacteria.

In addition, there can be no question about the profundity

of the changes in the soil's physical condition induced by any

metallic sulfate and about the effects which follow in its wake.

Most notable of all facts in that connection is the fluffy and

pulverulent condition of the soils treated with ferrous sulfate,

due undoubtedly to the formation of hydrated ferric oxide and

other similar compounds. Special studies (unpublished) carried

out by Mr. H. H. Coolidge on the soils of the ferrous-sulfate

series, showed that the treatment of the soil reduced its power

to raise water to a certain point, while at first allowing it to raise

it faster
;
that the hygroscopicity of the soil was reduced

;
that

its total water-holding power and its water-retentiveness were

diminished; that its percolation power was increased; that its

moisture-equivalent was diminished. Mr. Coolidge also found

that, contrary to the effects of CuSO^ and some of the other

sulfates, the soil's water-soluble phosphorus and potassium were

very much reduced in quantity by treatment with FeS04. Dif-

ferent and numerous though these effects be, there can be little

question that they must influence, to some degree at least, the

soil's nitrifying power. A further discussion of this phase of

the problem is, however, impossible at this time and must await

consideration in connection with some of our other studies.
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Nitrogen Content of the Grain

It appeared of interest, in view of the foregoing, to determine

to what extent the soil's nitrate content, which was high through-

out, had influenced the nitrogen content of the dry matter. We
therefore determined the nitrogen content of the grain harvested

in a number of the series so as to obtain some idea of the direc-

tion taken by the effects of the nitrates, if any were exerted. As

a result of these analyses it was found that in the second crop

of the copper series the nitrogen content of the grain was in the

absolute from 0.14 per cent to 0.57 per cent higher in the case

of that grown on the "coppered" soil than in that grown on the

control soils. In the third crop of the copper series the nitrogen

content was from 0.05 per cent to 0.38 per cent higher in the

grain from the treated soils than in that from the untreated

soils. In the case of the second crop of the zinc series, the

nitrogen content of the grain was from 0.06 per cent to 0.64 per

cent higher in the grain of the treated than in that of the

untreated soils. In the third crop of the zinc series, the corre-

sponding figures ranged from nothing in one case, in which the

lowest concentration of ZnSO^ was used, to 0.42 per cent. Simi-

larlv in the case of the iron series, the range was from nothing

to 0.68 per cent in the second crop, and from 0.22 per cent to

0.50 in the third crop. No determinations were made in tlie

ease of the lead series, but analj'ses were carried out in the case

of the second crop of tlie potash alum series which indicated tliat

the grain of the treated soils was in most cases only very slightly

richer in nitrogen than that from the untreated soils, and that

the maximum increase did not surpass 0.09 per cent.

On the whole, and leaving the potash alum out of consider-

ation, it seems that one of the results of stimulation of the

barley plant by tlie metallic sulfates in question was the increase

in the nitrogen content of the grain. At all concentrations of

all the salts tested, with only one or two exceptions, the grain

grown on the treated soils was richer in nitrogen than that on

the untreated soils. That this fact should be referable primarily

to the increased vigor of the nitrate formation in the treated
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soils induced by the presence of the salts appears to the writers

rational and justifiable. However that may be, there can be

no question that even in the second and third crops on the soil

under examination the nitrogen content of the grain shows its

superiority in the case of the treated soils as against the un-

treated soils. . If this should prove true on soils in general, and

there is strong likelihood that it will, should it not offer us a

method for increasing the nitrogen content of our grain, a prob-

lem which has for some time been agitating agronomists and

flour producers in California? While, as has been indicated by
other investigators, a high nitrogen content of grain may not

necessarily imply a high gluten content of the flour, the latter

being the consummation anxiously sought, it is at least likely

that the generally higher nitrogen content of grain will also

bring with it a higher gluten content. Since, moreover, our

investigations indicate that small quantities of the metallic salts

are as effective in inducing the enrichment of grain in nitrogen

as the larger quantities, it is further possible that the means

suggested of raising the gluten content of grain may prove to

be a very inexpensive one.

Absorption of Metals by Soil and Plant

In discussing such problems as the one which forms the

subject here, the technical chemist will frequently ask to what

extent plants will absorb such metals as have been studied by
us. The literature on that topic is so rich in evidence tliat metals

are readily absorbed, and in considerable quantity, bj^ the plant

that we did not deem it desirable to go at length into such an

investigation with our harvested barley plants as a basis. We
did, however, make analyses of a number of plants from pots

receiving different treatments and also of the soils in some of

the pots. We are therefore in a position to answer partly on

the basis of our own data, the question above raised. On the

subject of the absorption of metals by plants, the reader is

referred for full and interesting discussions to Czapek,^^**

116 Biochemie der Pflanzen, Jena, 1905.
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Pfeffer,"' ^Miiller/^" Lehmann,"" and Brenchley.^-" In our

analyses both grain and straw were examined, and copper and

zinc onl.y were determined. These were both determined electro-

lytically. Unlike Yedrodi/-^ we could find nothing more than

traces of copper or zinc in the grain, but succeeded easily in

obtaining definite quantities of those metals in the straw from

some of the pots. In the first crop, from thirtj^-six to forty-three

grams of straw were taken for analysis for copper, and, after

ashing, the mineral residue was prepared for analysis for copper

by the metliod above mentioned, straw from the pots receiving

100, 800, 1100, and 1200 p. p. m. CuSO, being employed. In the

first case, the percentage of copper in the straw varied from

nothing to 0.0006 per cent. In the second case, the percentage

of copper was 0.0002. In the third case, it was 0.0033 per cent,

and in the fourth case, 0.0044 per cent.

In the pots receiving ZnS04, there were chosen for analysis

the straw produced in those receiving 100, 300, 500, 1000, 1100,

1200, 1300, and 1600 p. p. m. In the first case, the analysis

showed the presence of zinc to the extent of 0.00036 per cent;

in the second, 0.0008 per cent; in the third, 0.003 per cent;

in the fourth, 0.017 per cent; in the fifth, 0.013 per cent; in

the sixth, 0.013 per cent
;
in the seventh, 0.01 per cent

;
and

in the eighth, 0.012 per cent. In the cases of both zinc and

copper the percentage of the metals absorbed by the barley

plant was smaller than that reported as being absorbed by

the plants studied by other investigators whose w^ork is re-

ferred to in the literature last cited. In general, it Seems that

up to a certain point increasing quantities of the metals added

to the soil induce larger absorptions of metal by the plant, but

beyond that point the addition of metals to the soil appears to

be without effect in inducing further absorption. This seems to

be particularly true in the case of the zinc. We do not desire,

however, to draw" any conclusions from the relatively meager

data which we have gathered on the subject in question under

11" Pflanzenphysiologie, Leipzig, 1897 and 1901.

118 Ztsclir. Pflanzenkrank., 4, p. 142.

119 Arch. Hyg., 27, p. 1.

120 Inorganic plant poisons and stimulants, Cambridge, 1914.

121 diem. Ztg., 20, p. 399.
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the conditions here discussed. Since it is rare in nature that

more than the lowest concentrations of copper and zinc here

studied ever occur in soils suited to crop production, the ques-

tion of the danger in the use by man and animals of plants

absorbing copper is not a serious one, for with small quantities

of copper and zinc present in the soil, very small quantities only

are absorbed by the plant. It must be added here, morever, that

we employed easily water-soluble salts, whereas in nature the

compounds of the metals found are principally those of a very

insoluble nature. The latter circumstance would perforce make

impossible any large concentration of any metal in the soil solu-

tion, and hence only small quantities could be absorbed by plants.

We were interested also in obtaining an inkling as to the

fate of the copper and zinc added to the soil after three seasons

of plant growth thereon. Accordingly', several soils were chosen

for examination. Pots receiving 600, 1800, 2000, and 3000 p. p.

m. CuSO^ gave the following results : In the first case all the

copper added was recovered. In the second case 1750 p. p. m.,

instead of 1800, were recovered. In the third case all the cop-

per was recovered, and in the fourth case 2875 p. p. m. were

recovered, instead of 3000 p. p. m.

In the case of zinc the pots receiving 800, 1700, and 2000

p. p. m. ZnSO^ were studied. In the first case 750 p. p. m. were

recovered. In the second case 1650 p. p. m. were recovered in

one soil, and 1500 p. p. m. in another soil. In the third case only

1250 p. p. m. were recovered.

These data indicate that in the case of copper, at least, the

soil clings tenaciously to the metal
;
and most of it, or nearly all

of it, can be recovered from the soil even three seasons after it

has been incorporated therewith, and three crops of barley

grown in the interim. With zinc, there do appear to be losses.

These may perhaps be explained in part by the larger amounts

of zinc than copper absorbed by plants, and by the lesser accu-

racy of the method for its determination as compared with that

employed for copper. Twenty-gram samples of soil were em-

ployed in all cases for obtaining the extracts which were an-

alyzed, and it is therefore believed that the error involved in

the analyses could not have been very large.
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GENERAL AND PRACTICAL CONSIDERATIONS

The practical as much as the theoretical point of view in-

spired these investigations. In a time such as this, when the

smelter question is of great significance in agricultural districts

and when outcries against the damage caused by both smelter

fumes and solid smelter wastes are most insistent, it appeared

to us that the moment had arrived for wholly disinterested in-

vestigators to examine into it. Our experiments as described

in this paper have dealt, in the main, with the effects on barlej'

growth in three successive crops of the metals which would be

likely to be deposited in the vicinity of smelters and gradually

washed down into sources of irrigation water for the territory

lying below the smelter plants. Despite the fact that we have

used much more soluble forms of the so-called toxic salts than

are likely to occur under the conditions just described, and de-

spite the fact that we have employed both large and small

amounts of these salts, we are unable to read into our results

any serious danger to agriculture from the solids of smelter

wastes as they may be transported to cropped lands by irrigation

water. In making this statement we are not unmindful that

ver}" small areas occur^-- near the smelter plants in which the

tailings may be carried down by streams and deposited on land

in large quantities. These may, for example, carry enough of

the toxic heavy metals to render land poor in producing capac-

ity. But in the first place the most prejudiced persons will not

claim that such affected areas of agricultural land are more than

negligible quantities when the question is considered in the

large : in the second place, even under conditions so extreme,

none but the most biased will deny that proper methods of man-

agement can be made to render innocuous any harmful effects

which the tailings in question may be potentially capable of

exerting. These methods of management are clearly indicated

and include the impounding of water carrying tailings or the

passage of stream water through screens which will separate out

122 See E. H. Forbes,
' ' Certain effects under irrigation of copper com-

pounds upon crops," Univ. Calif. Publ. Agri. Sci., 1, no. 12, 1917.
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the tailings, and, in the case of the land which is already affected,

the use of organic matter. The indications of our experiments

are that a year or two of fallowing will usuall}^ correct the

difficult}".

We are therefore obliged to reaffirm the position taken by

Lipman and Wilson^-'^ to the effect that there seems to be little

danger in store for our agricultural lands in the metallic resi-

dues which are deposited bj' smelters in their vicinity and from

their ultimate solution in small degree in potential irrigation

water-supplies which may be subsequently transported to farm

lands. On the contrary, we give evidence above that so far

from being toxic to barley plants, small amounts of the metals

studied may be distinctly stimulating to them. "While this is

more strictly true in the case of some metals than of others, it

appears none the less to be so. Moreover, in cases in which

toxicity is effected by the application of any of the metallic sul-

fates named, it is usually very slight, even when large quantities

of the salts are employed. Wliile we have experimented in this

series of investigations only with barley, evidences given bj'

ourselves and by others who are above cited, indicate that a

number of other plants behave similarly to barley, if not exactly

like it. From the practical standpoint, therefore, we cannot see

that any other conclusion can be reached than that we may

virtually ignore any deleterious effects which may be urged

against the metals of smelter wastes which are here discussed.

We use the word "practical" here advisedly, because if solution

instead of soil cultures were taken as a criterion, our standard

of judgment would not be practical. Whatever may be said

about soil cultures, one must admit that they approximate most

closely of any greenhouse or laboratory methods the natural con-

ditions under which crops grow. We cannot see that any other

culture than one which at least offers a solid substratum to the

plant may be regarded as valid in the determination of whether

or not salts like those here under consideration are, under the

conditions of the smelter and its vicinity, a menace to plant

growth.

123 Bot. Gaz.. 55. no. 6. p. 409. June. 1913.
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To all this, however, there must be added some other con-

siderations. One of them serves to qualify, in some measure at

least, tlie remarks made above, and the other to supplement them.

While the metals studied by us do not seem to have given evi-

dence, under the conditions of our experiment, of any serious

injury to barley, a non-metal, arsenic, has given marked evidences

of toxicity to barley under similar conditions. Arsenic, being

found frequently in conjunction with the other elements in the

vicinity of smelters, is necessarily a subject worthy of attention.

Our results with its use in soil cultures are not yet ready to

be reported, but we hope sometime in the near future to publish

them. Suffice it to say now that such compounds of arsenic as

arsenic trisulfide and Paris green have proved to be extremely

toxic to barley in both heavy and light soils, while lead arsenate

has proved to be only slightly toxic. Whether or not arsenic

oxide, w^hich is the form to be expected in lands in the vicinity

of smelters, will act similarly remains to be shown by further

experiments which are now being planned by us.

We are constrained to add to the foregoing that we have

borne in mind the difference in the effects produced on a toxic

material by the change in a soil's constitution. Indeed, our

experiments with copper in three widely different types of soil

testify to that fact
;
and while we have found marked differences

in the degrees of stimulation and toxicity of copper in the differ-

ent soil types, all of the latter appear to have given both stimu-

lation and toxicity. Even in the sandy soil in which the toxicity

of CuSO^ became manifest at the lowest concentration for any

of the types of soil studied, as much as 0.03 per cent of CuSO^

of the dry weight of the soil still acted as a stimulant to barley.

Considering that CuSO^ is an easily water-soluble salt, it would

be reasonable to expect that such compounds as Cu(0H)o.CuC03,

which are the usual forms to be expected in soils near smelters,

could be tolerated by plants in much larger quantities.

If, as appears to us reasonable, we should be able to accept

the data above offered by us, at least as tentative evidence that

we have little to fear from the solids of smelter wastes in the

contamination of our irrigation water-supply and therefore in
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injuring large areas of land, we have another interesting propo-

sition to bring forward. L. T. Sharp and the senior author^-^

have already reported preliminary pot experiments in evidence

of the fact that H2SO4 exerts a remarkable effect on alkali soil

with the result of changing the latter from an unproductive state

to a productive one. The probable reasons for this action are

discussed in the paper referred to above. Suffice it to say here

that field experiments which still remain unpublished amply
confirm the pot experiments. If this should prove to be a more

or less permanent effect on alkali soils which do not contain too

high a percentage of salts (from 0.6 per cent to 0.8 per cent),

then we could solve the other and really serious phase of the

smelter question, namely, the smelter gases. Chemical engineers

of note, including F. G. Cottrell of the Bureau of Mines, have

often stated to the senior author that the chief reason that SO.

fumes from the smelters are not made into H^SO^ is because

there would be no use for such tremendous quantities of that

acid. If, however, we should be able to apply H2SO4 to many
alkali soils with good effect that objection would vanish. If,

therefore, the smelters will only produce the acid cheaply

enough, as they now seem inclined to do, we shall be able to

banish much costly litigation, let the smelter industry develop

untramelled, give the smelter companies compensation for oxid-

izing the SOo, and last but not least, put large acreages of

barren land into good crop-producing condition.

This proposition sounds almost chimerical, but much thought

and work on it have convinced us that it is well justified by

facts, and we believe that the condition just described will speed-

ily come to pass. We mention the SOo problem here only in

passing, since much fuller discussion of our experiments with

H2SO4 on alkali soils is to appear in later papers. Suffice it to

say, that we believe we have in it and in the experiments above

discussed strong evidence of methods for controlling the smelter

nuisance without injuring the industry' or the farmer, and,

besides, much evidence on tlie true effects of solids of smelter

wastes on barley grown in soils.

124 Univ. Oal. Publ. Agri. ScL, vol. 1, p. 275.
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THEORETICAL CONSIDERATIONS

A few words may not be out of place here with regard to the

mechanism of the action of the different salts employed in our

experiments, be such action in the direction of stimulation or

in that of toxicity. In the first place, the salts in question must

exercise some effect on the cell of the root itself and, through

it, on the whole plant. If this were not so, we should not obtain

the stimulating as well as the toxic effects of a given salt in

solution cultures, as well as in soil cultures. In the latter, we

do of course obtain more definite evidence of stimulation than

in the former, and for that reason we may claim with some

justice, as we have above, that stimulation effects are chiefly

attributable to some influence, not always the same, induced by

the salt on the soil, rather than on the root of the plant. This

does not, to be sure, deny the existence of the latter effect in soil

cultures and particularly in solution cultures; but when the

most marked stimulation occurs, it is rarely noted in the latter.

We therefore believe it reasonable to suppose that we are dealing

under such circumstances with an effect on the soil, rather than

with one on the plant root. What such salt effects on the soil

may be like are explained above. It is not easy, however, to

explain or even to speculate on an explanation of the effect of

a salt directly on the plant root in the direction of stimulation.

We have no unexceptionable evidence on the subject of com-

pounds of copper, for example, with albuminoid material of

living cells, and that increases the difficulty of accounting for

observed facts of stimulation. It is nevertheless possible that

stimulation of root cells by copper may be due to an effect of

the latter in decreasing or increasing the permeability of the cell,

or perhaps to the possible small content of iron in the copper

compounds employed, the iron acting as one of the essential

elements to cell development. Neither of these speculations at

present appears to have value other than that of inducing fur-

ther thought and discussion on the subject. So far as the toxic

effects of salts on plants in solution cultures is concerned, noth-

ing need be added here to the excellent discussions already given

bj' Czapek and Pfeffer which are cited above, and by Hober.^^^

125 Physikalische diemie der Zelle und der Gewebe, Leipzig, 1914.
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With regard to stimulation in soil cultures, there may be

added here something which is not mentioned in the discussion

above, namely, that the salts of the heavy metals may act with

respect to oxydases as Loew^-*^ has claimed manganese does,

augmenting their activity and thus preventing the accumulation

of toxic materials in the soil. That such a catalytic effect does

exist is, however, very doubtful in the light of present evidence.

That other forms of catalytic effects may be exerted by such

salts as those employed in our experiments is at least not

impossible.

SUMMARY
The authors have been carrying on a series of investigations

on the effects of CuSO^, ZnSO,, FeSO,, PbSO,, MnSO,, MnCl2,

KA1( 804)2.12 H2O, and different forms of arsenic on the growth

of barley. The experiments were carried out in paraffined earth-

enware pots nine inches in diameter, greenhouse soil made up
from clay adobe soil and barnyard manure being used prin-

cipally. In the case of CUSO4, two other soils were used in

addition to the greenhouse soil, namely, the Oakley blow sand

and the Berkeley clay adobe. With the greenhouse soil the

experiment continued for three successive crops of barley; with

the clay abode soil, for two crops; and with the blow sand for

only one crop. The results of these experiments, which are set

forth in the tables and discussion above, may be summarized and

their significance indicated briefly as follows :

1. In the greenhouse soil, in the first crop CUSO4 acts as a

stimulant throughout from concentrations of 50 p. p. m. to 600

p. p. m. inclusive. When the roots are left out of consideration,

it acts as a stimulant even to the highest concentration employed,

viz., 1500 p. p. m.

In the second crop CUSO4 acts as a stimulant to both roots

and tops up to and including 1800 p. p. m., and is without effect

on the roots, while stimulating to tops even at 2800 p. p. m.

Grain production is stimulated by CUSO4 in the second crop

practically throughout the series.

126
Flora, 91, p. 264.
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111 the third crop both root and top production are stimulated

up to and including concentrations of CuSO^ equivalent to 2200

p. p. m. Grain production is almost similarly stimulated.

2. In tlie clay adobe soil in the first crop straw, grain, and

root production are all stimulated up to and including concen-

trations of CuSO^ equivalent to 800 p. p. m.

In the second crop no stimulation takes place in the 100 and

200 p. p. m. concentrations, but in all higher concentrations, at

least including that equivalent to 900 p. p. m. This holds for

both straw and root production.

3. In the Oakley blow sand, only one crop being grown,

CUSO4 stimulates markedly grain production and slightly straw

and root production at concentrations up to and including 300

p. p. m. CuSO^.

4. In the greenhouse soil in the ZnSO^ series the first crop

is stimulated both as to root and straw yields throughout at

concentrations varying from 100 p. p. m. to 2000 p. p. m. ZnSO^.

In the second crop stimulation to straw and root yields occurs

at 200 p. p. m. ZnSO^, and marked stimulation to root yield

without effect on straw yields up to 600 p. p. m. ZnSO^. Beyond

that point slight toxicity sets in and is maintained almost

uniformly throughout.

In the third crop neither stimulation nor toxicity is apparent

at concentrations of 200 p. p. m. ZnSO^, but concentrations in

excess of the latter are distinctly toxic.

5. In the greenhouse soil in the FeSO^ series, the first crop

shows the stimulating effects of FeSO^ throughout in concentra-

tions varying from 0.1 per cent to 1 per cent. The straw yields

are increased throughout and the root yields slightly so up to

and including the concentration 0.7 per cent FeSOi.

In the second crop FeSO^ stimulates straw production in

concentrations varying from 0.2 per cent to 1 per cent inclusive.

Grain production is only slightly and irregularly stimulated at

the same concentration. Root production is affected similarly

to the grain production.

In the third crop concentrations from 1 per cent FeSO^ up

to and including 2 per cent are markedly stimulating to straw

and grain yields and very slightly effective in both directions in
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regard to root yields. Smaller concentrations than those men-

tioned slightly depress straw and root production, hut definitely

stimulate grain production.

6. In the greenhouse soil in the PbS04 series, first crop, the

straw production is depressed by about one-third the total

amount produced in the control. The depression appears to

be uniform at concentrations of from 200 p. p. m. to 1500 p. p. m.

PbSO^. Likewise, the root yields are depressed by even a

greater figure (about 60 per cent), and again almost uniformly

throughout.

In the second crop the straw production is nowhere depressed

in the entire series and is stimulated at concentrations of from

300 p. p. m. to 600 p. p. m. PbSO^ as well as at scattering con-

centrations in excess. Root production, on the other hand, is

slightlj^ depressed throughout.

In the third crop the straw production is markedly stimu-

lated at concentrations varying from 1000 p. p. m. to 2400

p. p. m. PbSO^, but slightly depressed at lower concentrations.

Grain production is similarly affected, and the PbSO^ remains

without effect on the roots within the same limits of concen-

tration.

7. In the greenhouse soil in the potash alum series the first

crop shows stimulation to straw yields at all concentrations

varying from applications of 300 pounds to 2000 pounds KjO

per acre. Root yields are stimulated at the lowest concentration

named, but scarcely at all in the others.

In the second crop the straw yields are again stimulated by

the doubling of the potash alum application throughout the

series. Relatively the stimulation is much greater than in the

first crop. Grain production and root production are also mark-

edly stimulated, the former at the smaller applications of potash

alum and in other isolated instances, and the latter throughout.

In the third crop the straw yield is markedly depressed

throughout. The grain yields are slightly stimulated in some

cases, and in the balance remain unaffected. The root yields are

depressed similarly to the straw yields.

8. In the greenhouse soil in the MnSO^ series the first crop

is stimulated in regard to straw yields at all concentrations be-
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tween 500 p. p. in. and 3000 p. p. m. MnSO^, but most markedly

at 1500 p. p. m. The root jdelds are also markedly stimulated,

but only at concentrations up to and including 1500 p. p. m.

Beyond that concentration, root yields are more or less reduced.

In the second crop the straw yields are stimulated at from

4000 p. p. m. to 6000 p. p. m. MnSO^, but markedly depressed at

concentrations below 4000 p. p. m. The grain yields are about

equally depressed throughout, but not markedl}^ The root

yields are depressed throughout the series rather markedly, the

smallest depression occurring at concentrations of 2000 and

2500 p. p. m. MnSO,.
In the third crop a stimulation is induced toward the pro-

duction of straw, grain, and roots, the medium concentrations

being most effective. Little or no evidence of toxic effects of

MnSOj was observed.

9. In the greenhouse soil in the MnCL series the first crop is

markedly stimulated in straw production at concentrations vary-

ing from 500 to 1500 p. p. m. MnCL. Beyond the latter concen-

tration, MnClo becomes more and more acutely toxic, until

almost no straw is produced at 6000 p. p. m. MnCh. Root

production is affected similarly to straw production, in a general

way.

In the second crop straw production is stimulated throughout

except at the two lowest concentrations—500 and 1000 p. p. m.

respectivel^y. Grain yields, however, are depressed almost

throughout. The depression is relatively slight (there being

one case of stimulation) at concentrations varying from 500

p. p. m. to 3000 p. p. m. Above the latter concentration, the

MnClo is markedly toxic to grain production. Root production

is markedly depressed throughout.

Like MnSO^, MnCl, exerts a stimulating effect on the yields

of straw, grain, and roots in the third crop. Again, little or no

evidence of a toxic effect was noted in this series.

10. Results are given on the effect of the salts used on the

nitrogen content of the grain produced, on the nitrifying powers

of the soils concerned, on the amounts of copper and zinc taken

up by some of the barley plants in the different series; and
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also correlations are drawn between some of these factors and

the complete yields of dry matter.

11. Some practical and theoretical phases of the smelter

question are discussed, and the evidence above given is employed
to show that from the large practical standpoint the solids

of smelter wastes cannot justly be considered a menace to

agriculture.

12. Many other points of interest are discussed in connection

with the smelter problem as a whole and with the results of our

experiments.

Transmitted September 7, 1916.
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TABLE Iltt

CuSOj Set—First Crop—Greenhouse Soil
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TABLE lib

CXJSO4 Set—Second Crop—Greenhouse Soil



566 University of California Publications in Agricultural Sciences [Vol. 1

TABLE lie

CuSOi Set—Third Crop—Greenhouse Soil
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TABLE Ilia

CuSOi—First Crop—Adobe Soil
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TABLE Illft

CuSOi Set—Second Crop—Adobe Soil

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

-a «=•

^ •« o

100

100

200

200

300

300

400

400

500

500

600

600

700

700

800

800

900

900

1000

1000

1200

1200

1500

1500

2000

Control

Control

a ^

5 ?

gm.
6.5

6.0

7.5

7.5

9.0

8.7

6.0

6.5

8.5

7.5

8.8

10.0

10.2

8.5

10.5

9.2

9.5

11.7

8.8

7.0

7.2

7.3

10.0

8.0

5.1

7.0

7.5

.13

bo

S =" '3'c3

"Sj o l> to

gm. gm.
6.25

7.50

8.85

6.25

8.00

9.40

9.35

9.85

10.60

7.90

7.25

9.00

5.10

7.25

J3

'3

•<
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TABLE IV

CUSO4—First Crop—Oakley Soil
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TABLE Yh

ZnSOi Set—Second Crop—Greenhouse Soil

1

2

3

4

5

6

7

8

9

10

100

100

300

300

500

500

700

700

900

900

11 1100

12 1100

13 1200

14 1200

15 1300

16 1300

17 1400

18 1400

19 1500

20 1500

21 1600

22 1600

23 1700

24 1700

25 1800

26 1800

27 1900

28 1900

29 2000

30 2000

31 Control

32 Control

gm.
12.50

12.30

8.60

7.30

4.82

4.48

8.80

6.89

5.80

5.74

4.93

11.00

7.65

7.15

6.20

8.91

6.29

9.03

10.40

5.45

5.08

5.90

5.08

3.74

6.45

7.10

6.36

4.58

6.52

5.85

7.50

9.06

.a

< o

gm.
12.40

5.49

4.41

6.77

5.97

6.17

8.28

.£3 ^

gm.
3.50

3.50

7.95 4.40

3.70

4.65 4.38

5.72

7.841 .un
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TABLE Vc

ZNSO4 Set—Third Crop—Greenhouse Som
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TABLE Via

FESOi Set—First Crop—Greenhouse Soil
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TABLE VIb

FeSOi Set—Second Crop—Greenhouse Soil

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

w .

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0.6

0.6

0.7

0.7

0.8

0.8

0.9

0.9

1.0

1.0

gm.
11.20

6.47

9.90

6.75

9.30

5.50

9.45

6.82

21 Control

22 Control

23 Control

Ml

"S

gm.
8.83

8.32

7.40

8.13

us
'E"5

gin.

2.60

7.73

6.50

6.45

6.50

4.50

4.55

5.48

< o

gm.
5.16

• i-H C3 ^
o a ^
^ C CO

CO a ^

;h h > be 05

gm. gm. gm.

13.80 14.00 4.3

by
'S

O

<1 o

gm.
4.90

bl t^

S IS OJ

? S o

o t, t.

gm.
18.10

13

^
p.

gm.

18.90

14.20 5.5

6.47 16.40 14.80 4.7

13.20 5.2

5.50 15.80 12.90 4.7

10.00 6.0

5.01 14.00 13.15 3.0

12.30 3.2

19.70

4.95 21.10 19.75

18.40

5.35 20.50 18.25

16.00

3.10 17.00 16.25

15.50

8.25

6.90

8.08

6.27

6.40

8.50

5.90

6.80

5.40

7.30

8.06

12.20

8.25 6.75 6.75 15.00 15.00 3.5 3.50 18.50 18.50

7.49 4.30 4.16 11.20 11.65 3.5 3.60 14.70 15.25

4.02 12.10 3.7 15.80

6.33 5.03 6.06 11.30 12.40 3.0 3.00 14.30 15.40

7.10 13.50 3.0 16.50

7.20 6.50 4.05 15.00 11.20 2.7 2.40 17.70 13.60

1.60 7.50 2.1 9.60

6.80 6.80 2.5 2.50 9.30 9.30

5.40 1.10 1.10 6.50 6.50 2.5 2.50 9.00 9.00

7.68 4.70 5.42 12.00 13.13 2.0 3.60 14.00

6.14 15.20 4.4 19.60 16.73

12.20 4.4 16.60

a >
o°

s 2 ?

+2.17

+3.02

+ 1.52

—0.48

+1.77

—1.48

5.13

-7.43

-7.73
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TABLE Vic

FESO4 Set—Third Crop—Greenhouse Soil
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TABLE Vila

PbSOi Set—First Crop—Greenhouse Soil

1

2

3

4

5

6

T-

8

9

10

11

12

13

14

15

16

17

18

18

20

21

22

23

24

25

26

27

28

29

30

o t-

0) CO

200

200

300

300

400

400

500

500

600

600

700

700

800

800

900

900

1000

1000

1100

1100

1200

1200

1300

1300

1400

1400

1500

1500

Control

Control

11
!^ m

em.
16.5

25.5

19.5

23.1

21.3

23.1

18.4

22.2

24.4

24.0

23.2

26.8

17.0

26.8

30.3

22.0

21.5

18.2

28.5

21.9

26.0

23.8

27.9

25.0

18.2

17.8

26.7

34.8

25.2

J3

'S

? M "S '3

< o > be

gm. gm.
21.00

21.30

22.20

18.40

23.30

23.60

21.90

28.55

21.75

23.35

23.95

25.85

21.60

22.25

30.00

J3 J3

oirt Pa^' ©as
03c3 „^^QJ rt>-. a>

® tm iS-o o g-d o

gm. gm. gm.
16.5 21.00

25.5

19.5 21.30

23.1

21.3 22.20

23.1

18.4 18.40

22.2 23.30

24.4

24.0 23.60

23.2

26.8 21.90

17.0

26.8 28.55

30.3

22.0 21.75

21.5

18.2 23.35

28.5

21.9 23.95

26.0

23.8 25.85

27.9

25.0 21.60

18.2

17.8 22.25

26.7

34.8 30.00

25.2

o

Mm
So
^2
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TABLE Vllb

PBSO4 Set—Second Crop—Greenhouse Soil
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TABLE VIIc

PbSO^ Set—Third Crop—Greenhouse Soil
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TABLE Villa

Potash Alum Set—First Crop—Greenhouse Soil
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TABLE VIII b

Potash Alum Set—Second Crop—Greenhouse Soil
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TABLE VIIIc

Potash Alum Set—Third Crop—Greenhouse Soil

aoi
o bo 60

s *
•- 2 ""

^s i=^ ® fe
° « --

=3aiK>' ^2 ^i3 '^'^ ^S
^S^ ^t £" 'S'ca g wi

PhcSo l>m *55o l>W! <Jo

gm. gm. gm. gm.
1 300 14.03 15.51 2.78

2. 300 16.72 2.78

3 400 12.65 12.70 1.85 2.05

4 400 12.75 2.25

5 500 11.88 11.29 1.82 2.31

6 5.00 10.70 3.30

7 600 12.44 14.64 1.76 2.20

8 600 16.85 2.65

9 700 12.00 11.25

10 700 10.50

11 800 15.50 14.62 1.45

12 800 13.75 1.45

13 900 11.70 11.54 1.20 2.64

14 900 11.38 4.08

15 1000 12.50 12.67 2.10 1.92

16 1000 21.85 1.75

17 2000 13.60 15.32 2.40 2.62

18 2000 17.05 2.95

19 Control 19.40 16.70 2.10 2.25

20 Control 16.20 2.40

21 Control 14.50

Total

weight

of

dry

matter

above

surface
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TABLE IXo

MNSO4 Set—First Crop—Greenhouse Soil

O h
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TABLE IXb

MnSO. Set—Second Orop—Greenhouse Soil
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TABLE IXc

MnSOj Set—Third CSrop—Greenhouse Soil
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TABLE Xa

MnCL. Set—First Crop—Greenhouse Soil
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TABLE Xb

MnCl, Set—Second Crop—Greenhouse Soil
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TABLE Xc

MnCl, Set—Third Crop—Greenhouse Soil
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Absorption of metals by soil and
plant, 551-553.

Acid ion, in soil-washing phenom-
ena, 329.

Altalfa, effects of copper tailings
and cultivation, 474-478.

Alkali salts, in soils, 21, 24; effect
on aluminum reduction meth-
od, 55; damage caused, 275.

Alkali Soil Treatment, New Ex-
periments on, 275.

Alkali soils, determination of

nitrates, 51; gray land, 196;
humus in, 266, 267; treatment
experiments, 275, basis, 276,
method. 277, results, 278-279,
plates illustrating, opp. 284,
286, 288, 290; reclamation,
332; black, 320.

Alum, ordinary, effects on nitrate

determination, 29; used in

clearing soil solution, 22.

Aluminum cream, used in clearing
soil solutions, 22; effects, with
bone black, on nitrate deter-

mination, 30.

Aluminum Reduction Method as

Applied to the Determination
of Nitrates in "AlkaU"
Soils, 51; description, 53;
compared with phenoldisul-
phonic acid method. 55; effect
of: alkali salts, 55, soluble

organic materials, 59; time
required, and effect of tem-
perature on, 60; amount of
NaOH. 61; conclusions, 62.

Ammonia in soils, determination,
128; stimulation of arsenic to

production, 129.

Ammonification, in pure cultures
of: cottonseed meal, 153-156,
dried blood, 144-149, fish

guano, 156-159, sheep and
goat manure, 160-162, pep-
tone, 160-162, tankage, 149-
153; availabilities of organic
materials, 162, 164, 165, 166;
efficiencies of organisms, 167-
169: results, summary, 171.

Ammonification in soil columns of

California, 6-10; in soils, ef-

fect of calcium and mag-
nesium carbonate, 41-44; de-

ternnnations, 128, 131; ex-

periments, 130; toxic effects
of copper, iron, lead, and zinc

sulphates, 13i^.

Ammonification in Soils by Pure
Cultures, Studies on, 141.

Ammonifying flora, agents in

transforming organic nitro-

gen, 6; affected by copper,
zinc, iron, and lead, 127, 139;
physiological differences in

nitrifying flora, 137.

Ammonium bicarbonates, chlor-

ides, and sulfates, effects on
soil colloids, 327, 328.

Arid regions, soils: aeration, and
its effect on biological condi-

tions, 16; ammonifying and
nitrifying powers, 180; bac-
teria: distribution and activi-

ties, 1, 2-4, 20, studies in soil

samples, 2-6, 18; comparison
with humid soils, 270, 272;
depth, 1

; deep jienetration of

plant root systems, 2, 20.

Arsenic in soils, stimulating power
to ammonia and nitrate pro-

ductionj 129.

Aspergillus niger, 128.

B. icteroides, culture experiments,
142.

megatherium, 142.

mesentericus vulgatus, 142.

mycoides, 142, 144.

proteus vulgaris, 142.

ramosus, 142.

subtilis, 142, 144.

tumescens, 142.

vulgaris, 142.

vulgatus, 142.

Bacteria in Soils of the Arid Re-
gion, The Distribution and
Activities of, 1.

Barley, deep rooting, 186.

Barley Growth in Pot Cultures,

Experiments on the Effects of
Constituents of Solid Smelter
Wastes on, 495; objects, 496;
methods, 497; types of soil,
and preparation, 497, chem-
ical analysis, 498, irrigation,
498; variety of barley, 499;
leaf colors, 500; tillering,

501; height, 503; germination
of seeds, 504; yields, 505;
nitrogen content, 550, 562.
See also Copper sulfate; Fer-
rous sulfate: Lead sulfate;

Manganese salts; Zinc sulfate.

Bat guano. See Guano.
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Beans, figure showing growth in

soils containing copper as pre-

cipitated carbonate, 433.

Blood, dried. See Dried blood.

Bone black, and aluminum cream,
effects on nitrate determina-

tions, 30.

Burgess, P. S.. .51, 127, 141.

Calcium in percolate, relation to

colloidal diffusion, 309; chem-
ical studies of, 310; increased

by XaCl, 310.

Calcium, and magnesium, in salt-

treated soils. 311, 313.

Calcium bicarbonates, chlorides,

sulfates, effects on soil col-

loids, 327, 328.

Calcium carbonates, effects on am-
mouifieation and nitrification

in soils, 39, 41, 45, 49.

California, advantages of her arid

soils, 272. See also Arid re-

gions.
California poppv, deep rooting,

186.

California Wheat. See Wheat,
California.

Carbon dioxide, effect on copper
compounds, 468.

Carbon disulfide, stimulating pow-
ers. 129.

Certain Effects under Irrigation
of Copper Compounds upon
Crops. 395; acknowledgments,
400; bibliography, 487.

Chamot, cited on tripotassium
salt of nitrophenoldisulphonic
acid method, 22, 23.

Clifton-Morenci mining and irii-

gation district, Arizona, 39C;

map, 398; distribution of cop-

per compounds, 401, in ores

and tailings, 405. in ground,
irrigating, and river waters,
407.

Colloidal matter. See Colloids,

soil.

Colloidal substances. See Colloids,
soil.

Colloids, soil, diffusion, 292, 296,

301, 303, 309, 315, 319, 321,

325; flocculation, 292. 308,
• 326, 327; orsranic, 314; forma-

tion, 317; effects of salts, 322,

323," 327, 328, 329.

Copper, effects on ammonifying
and nitrifying flora in soils,

127, on higher plants. 138; re-

actions by which added to

water supply, 402; presence
in: soils irrigated with tail-

ings waters, 408, with mine
waters, 459, vegetation, 410.

411, 461, flesh and bones of

pig, 412, corn plants, 413, root

systems, 413, 415, 419, plants
in water cultures, 417, 418,
field samples of soils and veg-
etation, 440; stimulating ef-

fects in water cultures, 422,
in soil cultures, 431, on plant

growth, 470, on field crops,

472; protein saturation fig-

ures, 445, 446, 449, in com-
bination with proteids, 464;
reactions with growing points,
450; resistance of roots, 451,
of individual cells, 454; effect

on health of man and ani-

mals, 460; content in roots

and tops of plants, 463; path-

ological effects, 466, 467. See
also Clifton-Morenci mining
district; Copper salts, com-

pounds; Copper solutions;

Corn; Gila River Mining dis-

trict; Moss; Toxic effects of

copper; Wheat.
Copper Compounds. Certain Ef-

fects under Irrigation of,

upon Crops, 395.

Copper compounds, in irrigating
waters, 399; reactions be-

tween, and soil, 402; table of

solubilities, 403; irrigation ef-

fects upon crops, analysis of:

reasrents and apparatus, ores

and tailings, soils, 480. waters,

vegetation, 481, cleansing
roots of adhering copper, 481,

plant ashes, 483; varying ef-

fects of different compounds,
468.

Copper salts and irritrating sedi-

ments, in Gila Eiver waters,
473.

Copper solutions, effects of soil on

toxicity, 426; irrigation ex-

periments, 428.

Copper sulfate, effect on: ammoni-
fication in soils. 127, 131,
nitrification in soils, 127, 133,
546-549. higher plants. 138,
barlev growth, 505. 509. 512,

.5.59, 560, 566. 567-568, plant
growth, bibliography with

comments, 53.3-539; toxicity
to moss, 443; absorption by
soil and plant, 551-553.

Corn, growth, in soils containing
copper as: precipitated car-

bonate, 433, chalcocite, 434,
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435, chrysocolla, 436; in field

soils containing tailings, 437;
in plots containing Cu ap-
plied to CUSO4, 439; sensi-

tiveness to copper salts, 422.
Cottonseed meal, in culture ex-

periments, 142; ammonifica-
tion, 153-155.

Cultures. See Nutrient solution;
Pot cultures; Pure Cultures;
Sand; Water culture.

Denitrification, causes, 48.

Desert plains, soil columns, 247;
localities: Coachella Valley,
248, Imperial Valley, 247, Mo-
jave Mesa, 248, Owens River

Valley, 248.

Diffusion," in soil colloids. 292,296,
301, 303, 309, 319, 321.

Distribution, and Activities of
Bacteria in Soils of the Arid
Region, 1.

Dried blood, in culture experi-
ments, 142-147; ammonifica-

tion, 41, 145, nitrification, 45-
47.

Effect of Copper, Zinc, Iron and
Lead Salts on Ammonifica-
tion and Nitrification in Soils,
127.

Effects of Calcium and Mag-
nesium Carbonates on Some
Biological Transformations of

Nitrogen in Soils, 39.

Ether, stimulating powers on

plant organisms, 129.

Experiments on the Effects of
Constituents of Solid Smelter
Wastes on Barley Growth in
Pot Cultures, 495.

Ferrous sulfate, effect on: Am-
monification in soils, 130, 131,
nitrification in soils, 135, 546-
549, barley growth. 503, 504,

517, 560', 573-575. plant
growth, bibliography with
comments, 541-543.

Fertilizer salts, effect on wheat
kernels. 121; relation to de-

flocculation, 336.
Fish guano. See Guano.
Flower production of tobacco, in-

fluence of: Culture solution,
354, nitrogen, 355, phosphorus,
359, potassium, 360.

Forbes, R. H., 395.
Fundamental Interrelationships

Between Certain Soluble Salts
and Colloids, 291.

Gericke, W. F., 495.

Gila River mining and irrigation
district, Arizona, 396; maps,
398, 406; distribution of cop-
per compounds, 401, in vege-
tation, 410, 411, in Gila River

waters, 459, 473.

Gliadin content of wheat. See

Wheat, gliadin content.
Gluten content of Wheat. See

Wheat, gluten content.

Guano, bat, in culture experi-
ments, 142, ammonification,
161, 162; fish, in culture ex-

periments, 142, 156, ammoni-

fication, 157, 158, 159.

Hilgard, E. W., investigation of
soils of California, 1, 16, 176;
cited on: formation of hu-

mus, 174, 175, unhumified ma-
terial, 258, gypsum treatment

against black alkali, 276, de-

flocculation of clay colloids,
337.

Holter, M. E., acknowledgment of

assistance, 181.

Humic phosphoric acid in soils,
268.

Humid soils, compared with arid

soils, 270.

Humus and Humus Nitrogen in
California Soil Columns, 1 73

;

method of examination, 177;
characteristics peculiar to

California soils, 179; bacterial

activity, 179; distribution,
180; regions studied: Coast

Range valleys, 209, desert

plains, 247, northeastern lava-

bed region, 241, Sacramento
Valley. 181, San Joaquin Val-

ley, 191, Sierra Nevada foot-

hills, 208, Southern Califor-

nia. 225.

Hydroxide ions, relation to diffu-

sion in soil colloids, 301, 325.

Hygroscopic coefficient, doubtful

validity in determination of

quantity of colloidal matter,
304, 305.

Influence of the Composition and
Concentration of the Nutrient
Solution on Plants Grown in

Sand Cultures, 341.

Ton, acid, 329; hydroxide, 301, 325.

Iron, effects on ammonifying and

nitrifying flora in soils. 127.

Iron sulfate. See Ferrous sulfate.

Irrigation, experiments with cop-
per solutions, 428; sediments,
397, 473.
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Johnson, F. E., acknowledgment
of assistance, 181.

Kelley, W. P., 39.

Kharkov wheat, effect of Califor-

nia conditions on protein con-

tent, 66.

Lead, effects on ammonifying and
nitrif\-ing flora, 127; toxicity
to nitrifying flora, 136, to

other organisms, 137.

Lead sulfate, effects on: nitrifica-

tion, 136, 546-549, barley
growth, 519, 561, 576-578,
plant growth, bibliography,
witli comments, 543-544.

Lime, effect on nitrate determina-

tion, 31, 32.

Lime magnesia ratio, effects on

]ilants, 40.

Lipman, C. B., 1, 21, 127, 141, 275,
495; cited on activity of soil

bacteria, 40, 179.

Loughridge, E. H., 173; investiga-
tion of soil columns of Cali-

fornia, 1.

Mackie, W. W., acknowledgment,
204.

Magnesium, in iiercolate, relation
to colloidal diffusion, 309;
chemical studies of, 310; in-

creased bv application of

NaCl, 310.'

Magnesium, and calcium, in salt-

treated soils, 311, 313.

Magnesuim carbonates, effects on
ammonification and nitrifica-

tion in soils, 39.

Manganese, effect on plant
growth, bibliography, with
comments, 544—546.

Mana:anese chloride, effect on bar-

ley growth. 529, 562, 585-587.
Manganese salts, effect on nitri-

fication in soils, 548.

Mansranese sulfate, effect on bar-

ley growth, 525, 561, 582-584.
Manure, goat, and sheen, culture

exyieriments, 142, 161.
Mic. tetragenus, culture experi-

ments, 142.

Mining detritus, damage to irri-

gated crops, 397, 398.

Moss, killed by copper sulfate,
443.

Neutral salts, effect on colloidal

matter, 317, 318.
New Experiments on Alkali Soil

Treatment, 275.
Nicotiana sylvestris, 345.
tabacum var. macrophylla, 345.

Nitrate production, stimulation of

arsenic, 129.

Nitrates, in soils, determination

methods, 21, 51, 52, 53; inter-

fering factors in determina-

tions, 21, salts, 23-28, clay
precipitants, 28-31; losses: in

Pasteur Chamberland filter,

22, induced bv chlorides and
chlorines, 22," 23, 24, 28, 33,

35, 36, 37.

Nitrification in soils, depth, 11,

12; effects of calcium and
magnesium carbonates, 45, 46,

47; soil used in experiments,
45; description of experi-
ments, 132; effects of Cu, Zn,
PE and PB, 133-137, 546-

549; physiological differences
between ammonifying and
nitrifving flora, 137; stimu-

lating eft'ect of Cu, Zn, PE,
and PB, on nitrifving flora,

138, 139.

Nitrites, effects of magnesium
carbonate on formation, 48.

Nitrogen, supply in soil depths,
7, 10, 13; in typical as

against spotted wheat ker-

nels of the same variety, 69;
effect on protein content of

wheat, 122; form of, in hu-
mus and in soil, 258, 260;

physiological effect on to-

bacco, 348, 352-355; content
in barley, 550, 562.

Nutrient salts, injury due to ex-

cess or deficiency, 362.

Nutrient solution, influence of

composition and concentra-
tion on plants grown in sand
cultures, 341

; effect on flower

production in tobacco, 354;

absorption of salts from, by
plant, 366.

Peptone, culture experiments, 142,
161.

Percolation, in soils, 296-300;
varies inversely as degree of

diffusion, 303; retarded bv
llCl, 314.

Phenoldlsulphonic Acid Method
for Determining Nitrates in

Soils, Studies on the, 21.

Phenoldisul))hnnic acid method
for nitrate determination, in-

terfering factors, 21; need
for uniform compound, 22;

]ire]iaration of trinotassium
salt of nitrophenoldisulphonic
acid, 22; compared with alu-

minum reduction method, 55.

See also Nitrates.
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Physiological effect on tobacco

growth of: nitrogen, 348;

phosphorus, 356; i)otassium,
359.

Phosphates, effect on protein con-

tent of wheat, 124.

Phosi)horus, physiological effect

on tobacco, 357-359.

Poppv, California, deep rooting,
186.

Pot cultures with soils containing
copper, 432.

Potash, effect on protein content
of wiieat, 125.

Potash alum, effect on barley
growth, 503, 522, 561, 579-
581.

Potassium, physiological effect on

tobacco, 359, 360.

Potassium bicarbonates, chlorides,
sulfates, effects on soil col-

loids, 327, 328.

Protein Content of Wheat, Stud-
ies upon Influences Affecting,
63. See also Wheat.

Ps. fluroescens, culture experi-
ments, 142.

putida, culture experiments, 142.

Pure cultures, ammonification by,
141; physiological efficiency,
141; experiments: organisms
selected, 142; organic ma-

terials, 142; method, 142;

analyses of soils, 143. See
also Cottonseed meal; Dried
blood; Guano; Nutrient solu-

tion; Peptone; Pot Cultures;
Sand; Water Culture.

Eemy method, 4, 19.

Eemy and Rosing, experiments on
soil bacteria, 128.

Salts, effects on phenoldisulphonic
method of determining ni-

trates in soils, 21, 23-28; ef-

fects of kation, and of anion,
24, 32; tables of effects of:

NaCl, 25, Na,S04, 25, NaoCO,,
26, mixed alkali salts, 28; dif-

ference in behavior of Na.,S04
and NaoCOj, 26; comparison
of effects of NaCl, KCl,
MgCL, 32, 33; effects of dry
mixing of nitrates and salts,

34; cylinder experiment on

physiological effects on crop
plants, 294; vertical distri-

bution in cylinders, 296; ef-

fects on absorption of water
by soils, 301

; fertilizer, and
deflocculation, 336; neutral,

agents forming diffusible col-

lodial matter, 317, 318; ab-

sorption by plants from nutri-

ent solution, 366.

Sand as a culture medium, 344;
influence of nutrient solution
on plants grown in, 341.

Sarcina lutea, culture experi-
ments, 142.

Sharp, L. T., 275, 291.

Shaw, G. W., 63.

Smelter Wastes, Solid, Experi-
ments on the Effects of Con-
stituents of, on Barley Growth
in Pot Cultures, 495.

Snyder, H., cited on humification,
175.

Sodium, absorption of, cause of
deflocculated condition of

salt-treated soils, 315; chem-
ical studies of, 310; repre-
sented in salt-treated soils by
calcium and magnesium, 311.

Sodium bicarbonate, effect on soil

colloids, 322, 323.

Sodium carbonate, cylinder ex-

periment on physiological ef-

fects on crop plants, 294; de-

flocculating agent, 291
; eft'ect

on: nitrate determination, 26,

28, 36, 37, soil colloids, 322,

323; soil suspensions, not the
same as effect of NaOH, 304;
soils treated with, 296.

Sodium chloride, application to

soil increases calcium and

magnesium in percolate, 310;

physiological eft'ects on crop

plants, 294; effect on: nitrate

determination, 25, 28, 36, floc-

culation of collodial matter

by varying concentrations,

309; soil's, 296.

Sodium hydroxide, effect on: soil

colloids, 322, 323, soil suspen-
sions, different from that of

Na,CO„ 304.

Sodium salts, effects on collodial

matter, 316, 327, 328.

Sodium silicate, present in col-

loidal matter, 325.

Sodium sulfate, physiological ef-

fects on crop plants, 294; ef-

fect on: nitrate determina-

tion, 25, 28, 33, 36, 37, soils,

296.

Soil, bacteria, 129; bacteriology,

141; deflocculation, 315, 318,

324; diffusion, 313, 315; man-

agement, 331; percolation,

296, 297, 298, 299, 300, 303;

salt-treated, 302, 303, 307,
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310, 315, 335, literature con-

cerning, 292-294; effect on

toxicity of copper solutions,

426; modifying influence of

tilth on effects of copper,
438.

Soil colloids. See Colloids, soil.

Soil columns of California, inves-

tigation, 1; ammonification,
6-10; nitrifying powers, 10-

13; nitrogen fixation, 13-15;

summary, 16-19; significance
of absence and presence of

Azotobacter, 15, 20.

Soils in the arid region. See
Arid regions, soils.

Soils of California, bacterial ac-

tivity, 179; organic nitrogen
in, 260; color affected bv hu-

mus, 265, 267, 273; depth,
272; humic phosphoric acid

in, 268, 269; kinds of: adobe

clay, 183, 186, 187, 197, 206,

214, 216, 217, 218, 220, 223,

237, 250, 251, 263, 266, 269;
alkali ("white ash"), 196,

266; clav-loam, 192, 194, 214,

215, 216', 217, 219, 223, 250,

266, 269; delta loam, 203;
dry bog, 197; lowland (river
alluvial and tule marsh), 203,

230, 231, 232, 235, 250, 251,
266, 269; red mesa and "bed-
rock" lands, 189, 190, 199,

207, 209, 233. 234. 266; sandv
loams. 192, 193, 206, 207, 217

220, 223, 230, 231, 236, 250

269; slate and granite, 208

209; absorption of sodium
301, 315, of metals, 551-553

Humus (humus content), 272

basis for commercial valua-

tion, 274; combined with

nitrogen, 273, with soluble
mineral plant food, 274; dis-

tribution, 273; occurrence,
274; percentage in surface
soils, and in tule swamps, 273;
relation to soil diffusion, 313;

retardation, 273; source, 273.

Soils. See also Alkali soils; Am-
monia; Ammonification; Arid
regions; Colloids; Humus;
Nitrification; Nitrogen; So-
dium carbonate; Sodium chlor-

ide; Sodium sulfate.

Solution culture method, faults,
535.

Squash, growth in soils contain-

ing coj)per as carbonate, 434.

Strejitothrix s])., culture experi-
ments, 142.

Studies in Ammonification in Soils

by Pure Cultures, 141.

Studies on the Phenoldisulphonic
Acid Method for Determining
Nitrates in Soils, 21.

Studies upon Influences Affecting
the Protein Content of

Wheat, 63; points investigat-
ed, 63; methods, 65.

Tailings, chemical composition,
478; effect on growth of alf-

alfa, 474-478.

Tankage, culture experiments,
142, 149, 150, 151, 152.

Tobacco, influence on of nutrient

solution, 348-362._
See Nutri-

ent solution. See also Nitro-

gen; Phosphorus; Potassium.
Toxic effects of magnesium car-

bonate on ammonification, 41,
and on nitrification, in soils,

45.

Utah Agricultural Experiment
Station, study of relation of

moisture to protein content
of wheat, 75, 76.

Volatilization, effect in ammoni-
fication experiments, 47.

Water cultures, plants grown in:

copper content, 417, 418; tox-

icity of copper solutions, 448,

464, to roots, 419; stimula-

tion of cop]ier, 422.

Wheat, The Protein Content of,

Studies upon Influences Af-

fecting, 63.

Wheat, California (Pacific Coast),

protein content: low, 64, 103,
influences affecting: climate,

65, 67, 103. 109, 110, 117, va-

riety of wheat, 66, 67, tend-

ency of varieties toward con-

stancy of change in type
seeded, 69, individuality of

plant, 67, moisture (irriga-

tion), 75, 76, 114, time of

seeding, 86-93, time of har-

vesting, 93, 94-98, 98-102,
111-114. 117, sunshine, 10.3-

109, 111, reducing of atmo-

spheric temperature, 117-119,
fertilizers, 120-125, nitrogen,
122-123, phosphates, 124; pot-

ash, 124, green manure crops,
125; localities selected for

experiments, 69; tendency to

change from gluten to starch,

69, 75, 81, 87, 93; reversion
from starch to gluten, 74;
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gliaden content, affected by
climate, 110, moisture, 117,

temperature, 119; deep root-

ing, 186; effect on growth of
Cu as CuSO,, 440.

Wilson, F. H., acknowledgment,
181.

Zinc sulfate, absorption by soil

and plant, 551-553; ammoni-
fication in soils, 127; effect

on: barley growth, 502-504,

514, 560, 570-572, plant
growth, bibliography with

comments, 539-541, nitrifica-

tion, 127, 135, 546-549.

ERRATA

Page 15, line 3. For Azobacter read Azotobacter.

Page 153, line 13. For III read V.

Page 182, last line. For 49 read 1.49.

Page 225, line 23. For Lompos read Lompoc.

Page 273, line 5. For 41 read .41.

In number 9 (Lipman and Sharp, New Experiments on Alkali Soil

Treatment (Preliminary Report), the plates have been misplaced. Plate 1

has been printed as Plate 3, Plate 2 as Plate 1, and Plate 3 as Plate 2.

Plate 4 is correctly placed.

The pots have not been numbered. They are arranged in order from

left to right; thus, on Plate 1 (printed as Plate 3) are pots 1 to 5; on

Plate 2 (printed as Plate 1) are pots 6 to 10 etc.

In number 12 (Forbes, Certain Effects under Irrigation of Copper

Compounds upon Crops), the plates should be numbered 16 to 19 instead

of 6 to 9.
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6. Contributions to the Knowledge of the California Species of Crusta-
ceous Corallines, I, by Maurice Barstow Nichols. Pp. 341-348;
plate 9. December, 1908 10

6. Contributions to the Knowledge of the California Species of Crusta-

ceous Corallines. II, by Maurice Barstow Nichols. Pp. 349-370;

plates 10-13. April, 1909 _ 16
7. New Chlorophyceae from California, by Nathaniel Lyon Gardner. Pp.

371-375; plate 14. AprU, 1909 10
8. Plantae Mexicanae Purpusianae, by T. S. Brandegee. Pp. 377-396.

Majr, 1909 10

Index, pp. 397-400.

Vol. 4. 1. Studies in Ornamental Trees and Shrubs, by Harvey Monroe Hall. Pp.
1-74; plates 1-11; 15 text-figures. March, 1910 75

2. Gracilariophila, a New Parasite on Gracilaria confervoides, by Harriet
L. Wilson. Pp. 75-84; plates 12-13. May, 1910 10

5. Plantae Mexicanae Purpusianae, 11, by T. S. Brandegee. Pp. 85-95.

May, 1910 .„.- ; — : .10

4. Leuvenia, a New Genus of Flagellates, by N. L, Gardner. Pp. 97-106;

plate 14. May, 1910 10
6. The Genus Sphaerosoma, by William Albert Setchell. Pp. 107-120;

plate 15. May, 1910 .15

6. Variations in Nuclear Extrusion Among the Fucaceae, by Nathaniel

Lyon Gardner. Pp. 121-136; plates 16-17. August, 1910 „ .16

7. The Nature of the Carpostomes in the Cystocarp of Ahnfeldtia gigarti-

noides, by Ada Sara McFadden. Pp. 137-142; plate 18. February,
1911 „.. .- ~. .06

8. On a Colacodasya from Southern California, by Mabel Effle McFadden.
Pp. 143-150; plate 19. February, 1911 .06

0. Fructification of Macrocystis, by Edna Juanita Hoffman. Pp. 151-158;

plate 20. February, 1911 — .08

10. Erythrophyllum deles.terioides J. Ag., by Wilfred Charles Twiss. Pp.

159-176; plates 21-24. March, 1911 , .15

11. Plantae Mexicanae Purpusianae, IH, by T. S. Brandegee. Pp. 177-194.

July, 1911 - - : .16

12. New and Noteworthy California Plants, I, by Harvey Monroe Hall,

Pp. 195-208. March, 1912 — -— .16

13. Die Hydrophyllaceen der Sierra Nevada, by August Brand. Pp. 209-

227. March, 1912 - --•• -20

14. Algae Novae et Minus Cognitae, I, by William Albert Setchell. Pp.

229-268; plates 25-31. May, 1912 -- .40

15. Plantae Mexicanae Purpusianae, IV, by Townshend Stith Brandegee.

Pp. 269-281. June 26, 1912 ..-.. 16

16. Comparative Development of the Cystocarps of Aniithamnion and

Prionitis, by Lyman L. Daines. Pp. 283-302; plates 32-34. March,
1912 .„ - - 20

17. Fungus Galls of Cvstoseira and Halidrys, by Lulu M. Estee. Pp. 305-316;

plate 35. March, 1913 „ ~ - -- 10

18. New Fucaceae, by Nathaniel L. Gardner, Pp. 317-374; plates 36-53.

April, 1913 ^ - .- ...:..i... .75

19. Plantae Mexicanae Purpusianae, V, by Townshend Stith Brandegee.

Pp. 375-388. June, 1913 - - 15

Index, pp. 389-397.

Vol. 5. 1. Studies in Nicotiana I, by William A. Setchell. Pp. 1-86; plates 1-28.

December, 1912 -
-.

1'25

2. Quantitative Studies of Inheritance in Nicoiiana Hybrids, by Thomas
H. Goodspeed. Pp. 87-168; plates 29-34. December, 1912 1.00

3. Quantitative Studies of Inheritance in Nicotiana Hybrids II, by Thomas
H. Goodspeed. Pp. 169-188. January, 1913 - 20

4. On the Partial Sterility of Nicotiana Hybrids made with N. Sylvestris

as a Parent, by Thomas H. Goodspeed. Pp. 189-198. March, 1913..„ .10

5. Notes on the Germination of Tobacco Seed, by Thomas Harper Good-

speed. Pp. 199-222. May, 1913 = - "-,-. -25

6. Quantitative Studies of Inheritance in Nicotiana Hybrids, HI, by
Thomas Harper Goodspeed. Pp. 223-231. April, 1915 .'.... .10

7. Notes on the Germination of Tobacco Seed, II, by Tiomas Harper Good-

speed. Pp. 233-248. June, 1915 15

8. Parthenogenesis, Parthenocarpy, and Phenospermy in Nicotiana, by
Thomas Harper Goodspeed. Pp. 249-272, plate 35. July, 1915 .25
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9, On the Partial Sterility of Nicotiana HylDrids made vrtth N. sylvesiris
as a Parent, II, by T. H. Goodspeed and A, H. Ayres. Pp. 273-292,

pL 36. October, 1916 20
10. On the Partial Sterility of Nicotiana Hybrids made with N. sylvestris

as a Parent, III: An Account of the Mode of Floral Abscission in the

F, Species Hybrids, by T. H. Goodspeed and J. N. Kendall. Pp. 293-

299. November, 1916 05
11. The Nature of the Fi Species Hybrids between Nicotiana sylvestris and

Varieties of Nicotiana Tabacuvi, with Special Reference to the Con-

ception of Reaction System Contrasts in Heredity, by T. H. Good-

speed and R. E. Clausen. Pp. 301-346, pis. 37-48. January, 1917 45

Vol. 6. 1. Parasitic Florideae, I, by William Albert Setchell. Pp. 1-34, plates 1-6.

April, 1914 35
2. Fhyiomorula regularis, a Symmetrical Protophyte related to Coelastrum,

by Charles Atwood Kofoid Pp. 35-40, plate 7 April, 1914 05
3. Variation in OenotJiera ovata, by Katherine Layne Brandegee. Pp. 41-

50, plates 8-9. June, 1914 „ 10

4. Plantae Mexicanae Purpusianae, VI, by Townshend Stith Brandegee.
Pp. 51-77. August, 1914 25

5. The Scinaia Assemblage, by William A. Setchell. Pp. 79-152, plates 10-

16, October, 1914 .75

6. Notes on Pacific Coast Algae, I: Tylaiella Postelsiae, n. sp., a New Type
in the Genus Pylaiella, by Carl Skottsberg. Pp. 153-164, plates 17-19.

May, 1915 10
7. New and Noteworthy Califonian Plants, II, by Harvey Monroe Hall.

Pp. 165-176, plate 20. October, 1915 10
8. Plantae Mexicanae Purpusianae, VII, by T. S. Brandegee. Pp. 177-197.

October, 1915 ,. 20
9. Floral Relations among the Galapagos Islands, by A. L. Sroeber. Pp.

199-220. March, 1916 20
10. The Comparative Histology of Certain Califomian Boletaceae, by

Harry S. Yates. Pp. 221-274, plates 21-25. February, 1916 .50

11. A revision of the Tuberales of California, by Helen Margaret Gilkey.
Pp. 275-356, plates 26-30. March, 1916 „ 80

12. Species Novae vel Minus Cognitae, by T. S. Brandegee. Pp. 357-361.

April, 1916 .05

Vol. 7. Notes on the Califomian Species of Trillium.

1. A Report of the General Results of Field and Garden Studies, 1911-

1916, by Thomas Harper Goodspeed and Robert Percy Brandt, Pp.
1-24, pis. 1-4. October, 1916 _ .25

2. The Nature and Occurrence of Undeveloped Flowers, by Thomas Harper
Goodspeed and Robert Percy Brandt. Pp. 25-38, pis. 5-6, October,
1916 15

3. Seasonal Changes in Trillium Species with Special Reference to the

Reproductive Tissues, by Robert Percy Brandt. Pp. 39-68, pis. 7-10.

December, 1916 _ 30
4. Teratological Variations of Trillium sessile var. giganteum, by Thomas

Harper Goodspeed. Pp. 69-100, pis. 11-17. January, 1917 30

AMERICAN ARCHAEOLOGY AND ETHNOLOGY.—A, L. Kroeber, Editor, Price per
volume, $3.50 (Volume I, $4.25). Volumes I-X completed. Volumes XI and XII In

progress.

GEOLOGY.—Bulletin of the Department of Geology, Andrew 0. Lawson and John 0.

Merriam, Editors. Price per volume, $3.50. Volumes I (pp. 428), H (pp. 450), III

(pp. 475), IV (pp. 462), V (pp. 458), VI (pp. 454), Vn (pp. 504), VIII (pp. 583), and
IX (pp. 54b) completed. Volume X in progress.

Other series in Classical Philology, Economics, Education, Egyptian Archaeology, Engi-
neering, Entomology, Geography, Graeco-Roman Archaeology, History, Mathematics, Modera
Philology, Pathology, Philosophy, Psychology, Physiology, Semitic Philology.

UNIVERSITY OF CALIFORNIA CHRONICLE.—An official record of University life,

issued quarterly, edited by a committee of the faculty. Price $1.00 per year. Current
volume No. XVIX,

ADMINISTRATIVE BULLETINS OF THE UNIVERSITY OF CALIFORNIA.—Edited by
the Recorder of the Faculties. Includes the Register, the President's Report, tbe

Secretary's Report, and other official announcements.
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