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INTRODUCTION.

It Is the purpose of this bulletin to present the results of the work
of this department on the soils of Oregon extending over a period of
several years, and embodying analyses of a number of representative
soils from various patts of the state.

Owing to the fact that our agricultural lands are settling up rap-
idly with people from other parts of the country who are naturally
unfamiliar with conditions and desire assistance In selection of farms
a great demand is comng to the Station for information as to the
adaptability and comparative value of our soils. It is hoped that the
present bulletin will serve in a measure to give informaticn meeting
these demands.

It is planned to present the chemical work of this bulletin under
two heads; Part I dealing with the more practical side of the question
and containing the results of analyses of various soil types, arranged
according to counties, and Part II embodying the results of the more
technical investigations on this subject.



PART I.

TUE SOILS OP OREGON.
IL TYPES.

By virtue of great variation in geological formation and peculiar
geographical conditions and the resultant marked climatic differences
which they determine the soils of Oregon present extreme variations
and the number of soil types here distinguished is large. The soils
grade from the rich black barns of the coastal plains and lower river
courses of Western Oregon to the extremely sandy soils of the Eastern
and the coarse granitic soils of the Southern portion of the State, with
many intermediate types. Volcanic rocks predominate in the North-
west and Oregon soils are largely derived from weathered basalt,
diabase, and diorite, particularly in the Eastern and Western part of
the State. In Southern Oregon granites, limestones and other meta-
morphic rock exist also and have therefore determined in part the min-
eral character of the soils of this section. Where the weathering pro-
cess has taken place under humid conditions, as in Western Oregon,
clay barns, rich in humus, have been formed, while under the climatic
influences of the arid or semi-arid conditions of that portion of the
State east of the Cascade range, a sandy soil has resulted.

The general soil types of the State may be distinguished as follows:
Western Oregon

Willamette Valley clay barns.
Red hill soil of foothills.
Beaverdam or muck soils.
Sandy barns of river bottoms.
Black barns of coastal plains.

Eastern Oregon
Clay barns of valleys.
Sandy.
Silt loams.
Volcanic ash.

Southern Oregon
Clay or adobe soils.
Clay barns.
Granitic.

VALUE OP CEEMICAL ANALYSIS IN JUDGING SOILS.
The value of soil analysis as a means of judging a soil's product-

iveness or discovering the cause of its unproductiveness, as the case
may be, has long been questioned. The very fact that certain physical
conditions, such as temperature, water supply and the texture of the soil
itself, are well-known factors in determining a soil's productiveness,
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to say nothing of the marked influences which certain bacterta have

been shown to exert on the life of a plant will at the outset prevent our

judging a soil by chemical analysis alone. Supplemented by proper

physical exainatiofl we believe, however, that chemical studies of our

soils have been and will continue to be of great assistance in improving

their productiveness and an important factor in placing our agriculture

on a permanent basis.

METHODS OF JUDGING SOILS.
The character of the natural growth sustained by a soil is a very

important thing to note in considering its agricultural value. As

a rule a strong healthy growth of forest trees is indicative of good soil,

while stunted trees are most often found on thin soil. The immense

growth of fir in the Northwest has required a deep, rich soil for

Its maintenance and gool agricultural land is in general to be found

in the logged-off lands cf this region.
AdaptabilitY of soi' to certain crops is of course only learne4 by

experience. By experi nce we know, for evample, that the Willamette

clay loam is particulax1Y adapted to production of grain, hay, fruit and

forage crops, while the light sandy loams are more valuable for truck-

ing and small fruits. The physical characteristics of these soils have

great influence in determining this adaptability.
Obviously In a new country where tle soils have never been "tested"

it is of interest to learn their chemical character and content of cer-

tain elements known by experience to be of value to plants in order

that comparisons may be made with such results as have been obtained

on soils of older districts known by experience also to be or not to be

productive. Furthermore, in a comparatively new country abundance

of virgin soil untouched by the plow is at hand whose productiveness

Is known and results of examination of which serve well as standards

of comparison with the less productive long cultivated soil.

Experimental tests carried out on the soil i-n question give the

most valuable lnformaiou on adaptabilitY. It is of course obviously

impossible for each farmer to work out this thing experimentally him-

self but valuable suggestions on adaptability of soils and what they

will best produce can often be obtained as well by a study of the crops

on neighboring farms of similar soils.
Physical examination of a soil will reveal the fact if it Is not prop-

erly drained and a chemical test will usually show the presence of

injurious acids In such a sample. Excessive amounts of alkali or other

Injurious salts, as well as marked deficiency of plant food will be

easily Identified by chemical means also so that proper correction

can be advised. In. general, however, the type of a soil, its depth,

water supply, the character of Its drainage, its elevation and exposure

have at least as Important bearing on the soil's adaptability as does Its

chemical composition.
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IMPORTANCE OF PROPER SAMPLING.

Whether a soil is to be tested by chemical or physical means or
judged "by the looks," sampling Is of the greatest importance. It Is
well known that most soils vary greatly in composition with varying
depths. The surface contains more humus and is consequently richer
in nitrogen while the subsoil is often heavier and more compact by
virtue of this lack of organic matter. A clod picked at random from
a field is of very little value in judging the character of the soil which
it is supposed to represent. Samples should evidently be taken at
successive depths to give a proper idea of the soil and this is very es-
eutial providing the depth of the soil is questionable. In considering
the growth of tree fruits and other deep-rooted crops a deep soil is the
first requisite and purchasers of land should always satisfy them-
selves that at least three to four feet of soil can be found in the tract
in view if they wish to provide against future failure.

In Western Oregon shallow soils are found chiefly on the southern
exposure of the foothills where maximum erosion has taken place and
these localities should always be sampled carefully before making
plantings there. A white shale, called locally "soapstone," is an indica-
tion of thin soil and where outcrops of this formation are seen the soil
is usually unproductive. If this shale is loose and well decomposed
tree roots penetrate it and do not suffer ill effects. Where it is in the
nature of a hardpan it Is Impervious to water and consequently cuts
off the plant's supply of moisture by preventing the rise of capillary
water during the dry season.

DIRECTIONS FOR SOIL SAMPLING.

The following directions have been prepared and are furnished
those desiring soils tested, it being obvious since soils vary greatly ac-
cording to depth that the exact manner in which a soil sample has
been taken must be known before results obtained on testing it are of
value in judging it by comparison with other samples of known pro-
ductiveness.

1st Take samples from an open field and avoid paths, gopher
holes, etc., from which modified and not typical samples are likely to
be obtained.

2nd. Select a spot, pull up plants growing on It, brush aside half
decayed vegetable matter and bore or dig a vertical hole to where
the soil changes tint, or, if no change is seen, to the depth of cultiva-
tion. Get a sample from the surface to this depth from several places
in the field, mix well on cloth or coarse paper (avoid jute bagging)
dry, put a quat in a clean, canvas bag or box and label. This repre-
sents the SURFACE soil.

Srd. In the same manner get an average sample of the subsoil,
taken below the surface sample, to the depth of approximately two
feet. Place In a separate bag and label. -.
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4th. Dig to the depth of three or four feet and If a hardpan or
other peculiarity in structure is noted send sample properly labeled.

5th. Send letter by mail giving as compiete a history of the
field as possible, how long cropped, by what crops, whether fertilizers
have been applied and any peculiarities which will have a bearing on
the agricultural qualities of the soil.

COMPOSITION OP SOILS.
Chemistry has shown that all substances are built up of simple

forms of matter called elements; for example, water consists of the
elements of hydrogen and oxygen combined In certain proportions,
copper sulfate or bluestone of copper, sulfur and oxygen combined In
certain proportions and ordinary sugar of carbon, hydrogen and oxy-
gen united Ip certain proportions. Some eighty of these elementary
forms of matter have been discovered so far; only about fifteen of these
however, enter Into the composition of plants. The elements carbon,
hydrogen, oxygen and nitrogen make up about 95 per cent of the dry
weight of ordinary plants, I. e., their organic portion. These are de-
rived directly or indirectly from the air, the nitrogen of the air only
being assimilated after fixation in the soil. The remaining 5 per cent
of the dry plant consists of mineral matter or ash and Is composed
mainly of compounds of the elements Iron, aluminum, calcium, mag-
nesium, phosphorus, potassium, sodium ,sillcon, chlorine and sulfur.
These are all derived directly from the soil. Experience has proven that
but four of these elements are ever, either naturally or through artificial
causes deficient in a soil, hence nitrogen, potassium, phosphorus and
calcium are termed "critical" soil elements and are therefore the basis
of all fertilizers.

The following table gives the approximate percentage composition
of the average soil which Is here given to illustrate the small pro-
portion of these critical elements which it carries:

TABLE I.

Composiiion average Soil when Dry.

1;oO.'o

Per cent.
Sand or silica 70.0
Iron and aluminum oxides 15.0
Lime 2.0

Magnesia 1.0
Potash 1.5

Humus 2.5

.Phosphoric acid .2

NItrogen .1

Carbonlc acid, combined water, etc 7.7
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By reference to the above table ft will be seen that about ninety
per cent of the ordinary soil is made up of inert materials, sand, iron
and alumina, that play no direct part in feeding the plant but serve
simply to dilute the real plant foods as it were so that they may be in
proper proportion for the plant's use. It is important to note that those
plant foods which are so essential to plant growth are found in compara-
tively small quantities, even in thn richest soils. The bulk of the soil,
therefore, consists of inert material, such as sand and iron and alumi-
num oxides which simply serve the plant in a mechanical way.
NITROGEN AND HUMUS.

The most important of these soil elements is nitrogen which is
taken up by the plant in the form of nitrates, soluble compounds such
as nitrate of soda or iltrate of lime which exist in the soil and furnish
the nitrogen which is elaborated by the plant into Its protein. A supply
of nitrogen Is indispensable for proper growth of the leafy portion
of plants and the orchardist notes the stimulation of "wood growth"
for this reason when he plows under a crop of vetch. Nitrogen is not
found in the original rocks of which the earth is composed but Is stored
up In the soil humus which Is the dark material noticed in the surface
layer of the soil and Is formed from the decomposition of leaves, straw
and vegetable debris through the agency of various bacteria in the
presence of air and moisture. Physically humus behaves like a sponge
holding moisture for the plant's use, and by its fibre rendering the
soii porous and more easily tillable. Besides being the storehouse from
which plants derive their nitrogen supply it is the home of various
bacteria which assist the plant in securing its mineral food from the
soil. Constant removal by crops, oxidation or burning of the organic
matter In clean cultivation as well as waste by leaching all assist in
depriving the soil of this important element. Experience has proven
that under exhaustive systems of farming the soil's nItrogen supply
is the easiest impaired and an analysis of a soil which has been under
cultivation for a number of years will almost Invariably show a de-
crease In nitrogen as Compared with a neighboring virgin soil. Ni-
trogen may be supplied to a soil by application of nitrate of soda
containing about 15 per cent nitrogen, slaughter house products such
as dried blood containing about 14 per cent, and tankage, about
5-10 per cent nitrogen. In these fertilizers, however, nitrogen costs
from 18 to 20 cents per pound and is too expensive for use on a
general farming scale. It has been shown, however, that under proper
conditions a leg-uminous crop will add approximately 100 pounds of
nitrogen to each acre annually, hence a rotation with a legume is an
inexpensive and efficient means of supplying this element to a soil
and one that is applicable to general farming.
POTASSIUM.

Potassium exists in a soil largely in the form of a mineral known
s feldspar wblcb Is a Compound of this element with quartz. In this
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form potassium is said to be "locked up" since orthoclase or potash
feldspar is so little soluble as to be of no immediate value as a potash
fertilizer when powdered and applied to the soil. Through weather-
ing processes which are encouraged by tillage portions of this potas-
slum are rendered soluble or available for the plant. Applications of
land plaster or gypsum have the effect of liberating or rendering sol-
uble this potash from the feldspar so that land plaster acts therefore
as an indirect potash fertilizer, particularly so on the Western Oregon
clay barns, as we have proven by experiment. Potash (K2O) is the
chemist's term for the oxide of potassium (K) and is a term whose
usage is retained through custom. Likewise phosphoric acid (P2O)
is the pentoxide of the element phosporus (P).

Our state fertilizer law requires the reports of fertilizer analysis
to be given in the form of potash and phosphoric acid hence these terms
will be retained In this work ,to avoid any misunderstanding.

The function of potash in the plant has been disputed but It is
generally considered to be of value in the formation of starch as well
as serving as a base for holding the organic acids in the plant. It
is stored largely in the straw or stems of the plant.

Muriate and sulfate of potash are the two chief commercial salts
most largely used as potassium fertilizers. They contain about 50
per cent of actual potash, the sulfate being slightly more expensive and
usually preferred for certain crops such as potatoes. All our clay barns
have an immense stock of potash only a small part of which is of
course available.
PHOSPHORUS.

This element occurs In soils in the form of calcium phosphate and
as aluminum and Iron phosphate. Phosphorus occuring in the soil in
combination with iron is very tightly locked up and practically un-
available. The red hill soils of Western Oregon foothills contain high
percentages of phosphorus, for example, which In some cases our tests
indicate is largely locked up with iron and therefore little available.
Phosphorus is a chief component of the seed and fruit of the plant and
is therefore a factor In the maturing process of a crop. It can be sup-
plied when desired by applying ground bone or phosphate rock. Dis-
solved bone and acid phosphate (containing 20-25 per cent P2O) are
readily soluble forms of phosphorus obtained by treating bones and
rock phosphate with sulfuric acid and are used when quick acting phos-
phate Is desired.

Northwest soils as a whole are particularly well supplied with
phosphates.

CALCIUM.
Lime as calcium carbonate or limestone plays an important part

in keeping the soil sweet by neutralizing the acids which develop In
the decay of organic matter. Heavy soils are rendered more friable by
application of ground limestone or air slake1 lime. Limestone Is. also
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a mild alkali and soils mildly alkaline In reaction are a prerequisite
for proper bacterial growth.

Lime existing In the soil in the form of silicate, such as feldspar
or zeolite, does not exert an alkaline reaction though this lime may be
available as food for the plant. The Westen Oregon soils contain
very little lime as carbonate and are in consequence very often acid.
The Eastern Oregon silt loams are, however, all alkaline from lime
carbonate, in case of the true alkali soils other salts being of course
present. Applications of lime have been found valuable in Western
Oregon In preparing a soil preparatory to planting alfalfa and many
acid muck soils are improved by its liberal use. Ground limestone,
oystershell lime and air slaked waste lime are very valuable for neu-
tralizing soil acid but slower in action than freshly slacked lime or lime
hydrate. Quick lime may be used in certain cases but it attacks the soil
humus very rapidly and should ordinarily be avoided. Gypsum or land
plaster has no effect in neutralizing soil acids but is an indirect pot-'
ash fertilizer. Lime is assimilated by all plants and by some, such as
the clovers, In considerable amounts.

METHODS BY WHICH A SOIL IS ANALYZED.
The chemical analysis of a soil may according to the method used

consist in determining the "ttal", the 'acid soluble" or the "avail-
able" plant food whici' contains. Most of the chemical work on
soils in the past h ueen confined to the estimation of their acid solu-
ble constituents. In this method the soil is extracted for some hours with
strong hydrochloric acid, specific gravity 1,115, and the extract anal-
Ized. According to Doctor Hilgard this will give practically all the
mineral plant foods which may become available to the plant "in the
time In which we are interested." Comparative studies show that this
is usually but a small portion of the total foods present. By decom-
posing the soil silicates with alkalies we are, however, able to get at
the entire amount of these plant foods present and as pointed out
by Doctor Hopkins we obtain in this way valuable data for calculating
the possible productive life of the soil. The determination of the so-
called "immediately available" plant food has been investigated for
many years but with little success as it has been Impossible so far
to develop a solvent which will extract the soil food in the same
degree as do the plants themselves. This problem Is made all the more
difficult by the fact that the ability to get plant food from the soil
varies greatly with different crops. Weak citric acid, recommended
by Doctor Dyer of England has been much used for estimating avail-
able plant food and weak solutions of hydrochloric or nitric acid have
been largely used by agricultural chemists In this country. For thth
purpose ,the latter acid is used by this Station. For the sake of corn-
parison the following table is here given to illustrate the relationship
between the results obtained on a few tylcal soils by the different
mcthods-mentjn,ed abO've - ---
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It may be said that the study of the soil's nitrogen Is usually con-
rifled to a determination of the total amount present, though consider-
able work Is now being done on a study of the availability of soil nitro-
en.

TABLE U.

Plant Food Content of Soils by Different Methods.
Eastern Oregon Silt Loam Willamette Valley

Clay Loam
Acid Acid Avail-

Total Soluble Available Total Soluble able

It will be noted that about one-half the potash, two-thirds the
phosphoric acid and three-fourths the lime in this silt loam is soluble
in hydrocloric acid, while in the clay loam approxima&y cne-nnth
the potash, two-thirds the phosphoric acid and one-half the lime is
soluble in this medium. A higher availablity of both potash and phos-
phoric acid is noted in the case of the silt loam, a fact which experience
proves is true of the arid soils in general.

COMPLETE CREMJCAI ANALYSIS OF SOIL.

A complete chemical analysis of a soil Is a laborious process, re-
quiring considerable time and an expert analyst. For practical pur-
poses to the farmer the results obtained by it and conclusions drawn
from it by no means justify the time and expense required for carrying
it out, as a productive soil does not necessarily 'analye higher" than
a nonproductive one and practically the same result (so far as mineral
foods are concerned) may be obtained by operating on a sample of
basalt (see following table) as upon a rich clay loam. Soil chemists
therefore usually confine their soil analyses to the determination of
the amounts of one or more of the 'critical" elements, nitrogen, potas-
sium, phosphorus and lime which are present and the forms in which
they exist together with an examination of the soil's content of orgainic
matter. A few complete analyses are appended herewith which are
of interest as showing the comparative composition of some well known
types of soils of the State.

/0 /0 /0 /0 /0 0//0
Nitrogen (N). ..O.125 0.224
Potash (K20) . . . .1.ti3 0.74 0.100 2.77 0.30 0.035
Phos. Acid (P205) .0.30 0.21 0.127 0.44 0.29 0.070
Lime (CaO) 4 52 3.05 1.10 0.52
Magnesia (MgO) .1.94 1.6 1.30 0.17
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TABLE UI.

Composition of Some Oregon Soil Types.

The soils in the above table are representative samples-No. 1
taken from the college farm, No. 2 from the branch Experiment Sta-
tion farm at Union, and No. 3 from the red hill soil of Benton County,
and No. 4 a typical basalt from the Cascade range, analysis by W. F.
Hllebrand. The marked similarity between the mineral composition
of our soils and the country rock from which they are largely derived
will be seen at a glance.

AVERAGE COMPOSITION OF SOIL TYPES WITH RESPECT TO TOTAL
PLANT FOOD.

In Table IV. is given the average composition of some of our more
Important types in total plant food:

TA3LE IV.
Chemical ComositIion of Soil Types.

From the results given in the table above we would classify the
Western Oregon soils as exceptionally rich ft phosphates and In general
well supplied with the essential plant foods. The silt loam and sandy

No. 1
Willamette

Valley
clay loam

No. 2
Eastern
Oregon

silt loam
%

No. 3
Western
Oregon

Red hill
%

No. 4

Basalt

Silica (5i02) 62.60 53.04 54.21 57.47
Potash (K20) 2.75 1.18 1.09 0.73
Soda (Na20) 1.38 2.06 0.85 3.85
Lime (CaO) 1.10 7.32 0.38 7.42
Magnesia (MgO) 1.30 3.15 0.62 4.27
Manganese oxide(Mn804) 0.15
Ferric oxide (Fe208) . . . 5.05 10.40 6.33 6.70
Alumina (Al208) 16.77 15.92 18.00 18.86
Phosphorus pentoxide

(P205) 0.43 o.2g 0.35 0.24
Volatile and organic. . . 8.88 6.56 18.47

Total 100.41 99.91 100.30
Humus 3.19 1.95 6.27
Total Nitrogen 0.22 0.16 0.38

Types Nitrogen Potash Phosphor-
ic acid

Lime

% %
Upper Willamette Valley 0.20 2.47 0.37 1.46
Lower Willamette Valley 0.22 2.70 0.40 1.10
Red Hill 0.21 1.69 0.50 1.27
Silt loam, Eastern Oregon.. 0.11 1.63 0.30 4.52
Black adobe, Southern Oregon 0.12 1.10 0.30 3.00
Granitic 0.13 1.00 0.20 4.50
Beaverdam 1.80 0.20 0.42 1.00
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soils of East of the Cascades are universally lower in nitrogen than the
clay barns of Western Oregon, in extreme cases not more than 0.02 per
cent nitrogen being found In the sandy soils of the eastern region.
Many of the Southern Oregon black adobe soils are also lower in nitro-
gen than their color would seem to indicate, the black color being prob-
ably of a mineral nature. The beaverdarn soils have an immense stock
of nitrogen (often largely unavailable) but are commonly low in potash,
responding readily to potash fertilization.

TABLE V.
Average Composition Soil TYDes with ResDect to Acid Soluble Plant Food

The approximate proportion of plant food soluble in strong muri-
atic acid as found by operating on these several soil types is given in
Table V. Great variation Is found of course in Individual soils of the
same type but the general characteristics as to soluble plant food as
found by us are expressed In the table as given. The limestone forma-
tion native to Southern and Eastern Oregon raises the lime content of
these soils above that of the Willamette Valley and foothills.

FERTILITY IN FARM PRODUCE.
It is a matter of considerable interest and importance to know the

demands which particular crops are making upon the soil, especially
when plans are being laid as they are in modern methods of farming
to meet these demands by appropriate fertilization. The losses of min-
eral foods and nitrogen by leaching and the loss of nitrogen by direct
oxidation are of course additional demands which come to the culti-
vated soil. The following table taken in part from Dr. Hopkins
(Bul. 123, Ill. Exp. Sta.) Is given stating the composition and market
value of the different plant foods carried by some common crops:

TABLE VI.
Fertility in Farm Produce,

Produce Pounds Market Value
Nitro. Potash Phos. Nitro. Potash Phos. Total

Wheat, 25 bu 36 7 6 $7.20 $0.35 $0.75 $8.30
Wheat straw, 1 ton 10 14 2 2.00 .85 .25 3.10
Vetch hay, 8 tons 120 125 14 24.00 6.25 1.68 31.93
Alfalfa hay, 6 tons 300 150 25 60.00 9.00 3.00 72.00
Timothy, 2 tons 48 48 6 9.60 2.75 .75 13.10
Potatoes, 200 bu 40 60 7 8.00 3.69 .85 12.45
Apples, 300 bu 90 82 11 18.00 4.90 1.35 24.25
Fat cattle, 1000 lbs 25 1 7 5.00 .05 .85 5.90
Milk, 10,000 ibs 57 12 7 11.40 .75 .85 13.00
Butter, 500 lbs 1 0.1 0.2 .20 .01 .02 .23
Fresh Kale, 30 tons 240 190 50 48.00 950 6.00 63.50

Potash Phosphoric acid
%

Lime

Willamette Valley 0.25 0.35 0.60
Red Hill 0.20 0.30 0.35
Silt loam, Eastern Oregon 0.50 0.20 3.00
Granitic Southern Oregon 0.20 0.15 2.00
Adobe, Southern Oregon 0.30 0.20 3.00
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It will be seen that the value of the plant food in one acre of wheat
equals $11.40. In like manner $24.25 wdrth of plant foods go into 300
bushels of apples. The large amount of nitrogen and consequent high
market value of plant foods in alfalfa and vetch is offset by the stor-
age of atmospheric nitrogen in the soil by these plants so that the
real nitrogen draft does not come on the soil. However, the mineral
foods which these leguminous crops carry are large and represent real
losses when they are sold as hay from the farm. The values for kale
are extreme and represent the real demands on an acre of soil by an
average kale crop which by experience is known to be 'hard on the
land." The small amount of fertility entering into dairy products and
live stock explain the well known fact that these industries do not
deplete the soil.

PRODUCTIVE LIFE OF THE SOIL.

Considering the total plant food present in the acre three feet of
a Western Oregon clay loam and the amounts of these foods removable
in twenty average crops of wheat, we may calculate the following inur-
esting data as to the relative losses of these soil foods in that length of
time and arrive at the limiting factor in the soil's productive life. The
average composition of the three foot column of soil will be approxi-
mately as follows:

Average Composition of Valley Loam, to Depth of Three Feet.

Twenty average crops of wheat will remove 1000 pounds of ni-
trogen or eight per cent of all the soil contains. In these twenty crops
of wheat would be found 160 pounds of phosphorous or one per cent
of that contained in the soil and 420 pounds of potassium, or two-tenths
per cent of the total soil supply. A very small portion only of the lime
would lie removed by the wheat as the crop is a light feeder on soil
limo. It is seen at once that the heaviest drain as far as wheat cul-
ture is concerned is on the soil nitrogen and that in the maintenance
of fertility in Wetern Oregon we must necessarily consider methods
for restoring soil nitrogen. Estimating the acre foot of soil to weigh
three million pounds and that it contains 0.20 per cent nitrogen there
would be contained in this acre foot 6000 lbs. of nitrogen. Wheat at
50 pounds nitrogen to the acre would exhaust this in 120 crops; apples
at 90 pounds nitrogen to the acre in 66 crops and kale, an extreme
feeder, at 240 pounds nitrogen to the acre in 25 crops. These figures
show at once that the soil's stock of nitrogen is by no means unlim-
ited. It is evident, however, that these estimates are only compara-
tive as it is impossible to completely exhaust the soil of any of its

Lbs. per acre 3 feet.

1\itrogen (N.) 0.12 12,600
Potash (1<0) 2.50 217,875
Phosp. Acid (P,05) . 0.35 16,000
Lime (CaO) .. . 1.50 111,800
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elements by cropping since by nature they are conserved by a dimin-
ishing production.

CHANGES TAKING PLACE IN A SOIL UNDER CULTIVATION
By comparing a long farmed soil with a sample of the soil as it

appeared in its virgin state we may often note a difference In me-
chanical or physical structure. The granular, mealy structure of the
virgin soil has given way to a more compact fine grained material
under long cultivation. There is a running together in the farmed
sample as the proportion of clay increases at the expense of the coarser
particles with a corresponding difficulty experienced in its cultivation.
This is especially characteristic of the clay barns of Western Oregon.
This increased tendency to puddling or baking of the soil is thus one
of the results of exhaustive farming and by Int&rfering with the proper
movements of soil moisture it becomes a direct cause of unproductive-
ness.

The changes in the chemical composition of soils can probably
be best seen by a few comparative analyses of some hop soils made by
us In an effort to arrive at the causes of their unproductiveness. These
samples were taken from some of the largest yards in the State, the
virgin samples from uncultivated, parts of adjoining fields.

TA3LE VII.
Composition of Hop Soils.

Lab. No. Description

6033 a Virgin, adjoining hop-
yard of H. Hirschberg,
Independence, Oregon.

6033 b Hop-yard H. Hirsch-
berg, Independence,

3968 a Non-productive h o p
soil, A. J. Ray, Witch
Hazel, Oregon

3968 b Productive hop soil,
A. J. Ray, Witch Haz-
el, Oregon

6091 a Soil 20 years in hops,
T. A. Livesley, Salem,
Oregon

6091 b Virgin soil, adjoining
above

0.109

0.158
In the soils No. 3968 a and b practically the same amounts of

available potash and phosphorus were found, the total amounts dif-
fering somewhat in the two samples. No attempt was made to de-
termine the amounts of available nitrogen in the two soils but the
soil Is seen to have lost about 8 per cent of its original nitrogen.
In a like manner the otuer soiis, 6033 and 6Oj. flve iut 18 and 31

Nitrogen Potash

Total Avail.

Phosphor-
ic acid

%
Total Avail.

Lime

0.172

0.142

0.165 12.10 0.0130.29 0.054 1.46

10.180 2.47 0.0130.37 0.052 1.25
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per cent of their original nitrogen respectively. Old farmed soils
of Western Oregon will as a rule show a decrease of nitrogen as com-
pared with the neighboring uncultivated soils. This is explained by
the strong draft made on the soil's nitrogen by crops as well as the
loss by excessive leaching and direct oxidation which especially applies
to soils cultiyated bare through the summer season as in fruit and hop
culture.

EFFECT OF SUMMER FALLOW OR CLEAR CULTIVATION.

A series of experiments to test the effect of summer fallow were
conducted from 1900 to 1906 by A. L. Knisely, then the chemist of
this Station. These experiments consisted in arranging a number of
sheet iron tanks capable of holding about 500 pounds of soil with
device for collecting drainage waters for analysis. These pots were
filled with soil from College farm were treated or "farmed" ly different
methods such as a summer fallow, cereals and summer fallow alter-
nating and rotation with legumes. It fell to the lot of the writer
to complete these experiments and make final analyses of these soils
after their various treatments. The experiments were originally
planned to determine particularly the loss of soil nitrogen under dif-
ferent systems of farming but the complete analyses made on the orig-
inal soil and of the soils after the completion of the experiments will
show the effect on the other soil constituents as well. Tank No. 1 was
kept in continuous summer fallow or cultivated bare, stirring
occasionally when becoming packed by rains. Tank No. 2 grew
wheat continuously; No. 3 wheat and fallow and No. 4 vetch, clover,
and wheat in rotation. The analysis of the original soil is given for
comparison. The surface samples were taken to six inches and the
sub from six to eighteen inches.



TABLE VIII.

ComDosition of Soils Before and After ExerimentaI Treatments.
TOTAL PLANT FOODS.

Original
Soil.

Per cent

Tank I.
Pallow
Per cent

Tank II.
Continuous

wheat
Per cent

Tank III.
Wheat and

fallow
Per cent

Tank VI.
Clover,vetch
and wheat
Per cent

Surf. Sub. Surf.I Sub. I Surf. Sub. Surf. Sub.
Nitrogen (N)
Potash (K20)
Lime (CaO)
Magnesia (MgO)
Phosphoric Acid (P201)
Volatile and Organic

.224
2.74
1.10
1.30
0.42
9.16

0.182
2.76
1.10
1.37
J0.40
9.19

0.175
2.55
1.09
1.28
0.35
9.13

0.187
2.68
1.14
1.33
10.40
9.15

0.181
2.69
1.24
1.44
10.41
9.15

0.182
2.61
1.12
1.32
0.39

18.66

0.185
2.75
1.34
1.47
0.39
8.46

0.197
2.66
11.13
1.31
0.37
9.00

0.184
2.65
1.07
1.33
0.37
9.00
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It will be seen by comparing the above analyses that very little

losses have occurred with reference to the mineral elements except
P2O, which showed decided loss in Tank 4. Nitrogen Is lost in ap-
preciable quantities. This is particularly true of the summer fallow
tank whose leaching always showed excessive amounts of soluble
nitrogen as nitrates. This loss in Tank 1 would be equivalent to a
loss of about 1400 pounds of nitrogen to the acre for the six years.
The nitrogen loss is appreciably reduced in Tank 4 by legume rotation,
something like 400 pounds of nitrogen to the acre being saved by this
means. It may be said that the conditions maintaining in these pot
experiments were not perfectly natural as the soils became very dry dur-
ing the summer and consequently abnormally high temperatures then
existed. The pete were, however, all surrounded with earth to the top
and all were subjected in the open to the same condition so that the
results are at least comparative.

With reference to the small loss of potassium, phosphorus and
lime it may be said that soil leachings contain comparatively small
amounts of these elements and since they are present in comparatively
large amounts in the soil a corresponding email percentage of loss is
noted. Our chemical methods for estimating nitrogen are also more
delicate than those by which the mineral elements are estimated.

In the clean cultivation as practiced in orcharding, in hop cul-
ture and in the fallowing process we find in Western Oregon great
losses on the side of soil humus and nitrogen as conditions in these
processes are favorable to excessive oxidation and leaching. In the arid
regions It seems from analyses which we have carried out that the loss
is mainly on the side of the non-nitrogenous organic matter, which
is just as vital to a productive soil. In western Oregon the growth
of vetch or clover in rotation, together with careful conservation of
farm wastes will meet these losses and some system of rotation which
will furnish organic matter to the semi-arid soils of Eastern Oregon
must be established if they be kept productive.

RESULTS OF SOIL ANALYSES.

In the following pages are given the results of a large number
of analyses carried out by this Department on Oregon soils and arranged
in order of counties for reference. These determinations of potash,
phosphoric acid and lime were made by extracting the soil with
hydrochloric acid, sp. gr. 1.115 and therefore represent the acid soluble
constituents. For a standard of comparison the table of Professor
Maerker for practical rating of soils from chemical analyses is given.



TABLE X.-SoiI Analyses.

Lab.No Sender

.0

Descripti'n County

0

o
0b.

-
0-
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603t H. D. Scudder, Monroe. . . Red Hill Soil Surface .Benton 17 .18 .15 .13
6035 H. D. Scñdder, Monroe. . . .Red Hill Soil Subsoil. . Benton 15 .07 .15 .06
6036 H. D. Scudder, Monroe. .. .Red Hill Soil Surface. . Benton 21 .18 .14 .12
6037 H. D. Scudder, Monroe. .. .Red Hill Soil Subsoil. .Benton 12 .13 .17 .06
3690 College Farm Tank Soils. .Surface Benton 31 .48 .3ó .19
3691 College Farm Tank Soils. . Subsoil 2d and 3d foot. . Benton 34 .24 .13
3176 College Acre Plat .Clay loam Benton 35 .40 .29 .20
3177 College Acre Plat .Clay loam Benton 36 .45 .30 .19
3178 College Acre Plat .Clay loam Benton 31 .43 .29 .21
3179 College Acre Plat. Clay loam Benton 31 .45 .31 .20
3180 College Acre Plat. Clay loam Benton 37 .48 .30 .21
3181 College Acre Plat. Clay loam Benton 33 .42 .32 .19
3182 College Acre Plat. Clay loam Benton 37 .29 .20
3183 College Acre Plat. Clay loam Benton 30 .32 .19
3184 College Acre Plat. Clay loam Benton .56 .29 .20
3185 College Acre Plat. Clay loam Benton 41 .51 .29 .20
3186 College Acre Plat. Clay loam Benton 36 .43 .29 .17
3187 College Acre Plat. Clay loam Benton 46 .46 .31 .17

Grade of Soil Potash - Phosphoric
I

Lime
Acid Clay
%

Sandy
%

Total
Nitrogen

%
Poor below 0.05 below 0.05 below 0.10 below 0.05 below 0.05
Medium 0.05 0.15 0.05 0.10 0.10 0.25 0.05 0.10 0.05 0.10
Normal 0.15 0.25 0.10 0.15 0.25 0.50 0.10 0.20 0.10 0.15
Good 0.25 0.40 0.15 0.25 0.50 1.00 0.20 0.30 0.15 0.25
Rich above 0.40 above 0.25

I
above 1.00

I
above 0.30 above 0.25

TABLE IX.
Practical Rating of Soils from Results of Analysis According to Professor Maerker, Halle Sta. Germany.



TABLE X.-SoiI Analyses-Con/inued.
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Lab. No. Sender Descripti'n County
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3736 Farm Road N. of Campus. . From 3 ft. depth, yel-
low clay Benton 1. 20

120 College Farm Clay loam, fIrst foot. . .Benton .57 .96120 College Farm Clay loam, second foot. Benton .35 1. 00120 College Farm Clay loam, third foot. .Benton .54 1.08120 College Farm Clay loam, fourth foot. Benton . 65 1.35
121 College Farm Clay loam, first foot.. .Benton .57 .85121 College Farm Clay loam, second foot.Benton .59 .98121 College Farm Clay loam, third foot. .Benton .71 1.40
121 College Farm Clay loam, fourth foot.Benton .85 1.59

3007 E. L. Wanacott, Orient.. ..Surface Red Clackamas .20 .76 .27 27.29 .24 .376166 Huntington Bros. Barton. .Hill Soil Clackamas .17 .24 .19 .186166 Huntington Bros., Barton. .Subsoil Clackamas .12 .23 .21 .073211 D. A. Huling, Myrtle Point Coos 18 .70 .60 14.20 .17 .283821 C. D. Rowe, Bend Crook 09 .70 .123821 C. D. Rowe, Bend Crook 27 1.50 .183884 0. P. Coshow, Roseburg. .. . Dark colored clay sur-
face Douglas 51 .50 .18 .115004 W. B. Lanham, Sutherlin. .Bottom land very dark.Douglas 08 .74 .10 .295004 W. B. Lanham, Sutherlin. .Bottom land very dark.Douglas 11 .10 .10 .225004 W. B. Lanham,Sutheriin. .Hill Soil Shallow Douglas 07 .10 .08 .163737 B. F. Riggs, Narrows. .Volcanic ash Harley ........ 50 1.50

3737 B. F. Riggs, Narrows. .Volcanlc ash Harney ........ 70 .253737 B. F. Riggs, Narrows. . Volcanic ash Harney . .80 .213752 Wiibur Hopkins, Burns. .Volcanic soil Blarney . .50 .07 .063753 Wilbur Hopkins, Burns-Typical ashy soil Harney . .44 .18 .08
6090 J. W. Berry, Hood River. . Surface gravelly Hood River .92 .27 .146090 J. W. Berry, Hood River. .Loam subsoil, gravelly. .Hood River .87 .24 .116152 R. E. Babson, Mt. Hoo'. . . .A silt loam Hood River..... 14 .25 .32 .06



6153 It. W. Stebbins, Hood River. White silty loam
with some clay. . Hood River..... 18 .34 . 20 . 07

6143 R. W. Stebbins, Hood River-White silty loam
with some clay. . . Hood River..... 20 . 39 . 28 . 07

4053 J. 0. Goldthwalte, Hood River-Light colored ashy.Hood River..... 15 .30 .10 .03
4053 J. 0. Goldthwaite, Hood River-Light colored ashy.Hood River..... 18 .40 .12 .07
6160 Devlin & Firebaugh, Hood River. . Silt loam sur-

face Hood River ..... 17 .33 .31 .21
3531 E. S. Morgan, Hood River Hood River..... 32 .10 34.50 .21 .14
3532 E. S. Morgan, Hood River Hood River .27 .10 30.60 .19 .14
3533 E. S. Morgan, Hood River Hood River..... 24 .10 23.40 .19 .12
3534 E. S. Morgan, Hood River Hood River ..... 35 .15 20.60 .40 .12
3722 L. T Smith, Hood River. . Poor spots in a good

field Hood River..... 40 . 26 . 05

3722 L. P. Smith, Hood River. .Poor spots in a good
field Hood River ..... 40 .25 .05

3722 L. T. Smith, Hood River. .Poor spots in a gooi
field Hood River..... 42 .27 .06

3880(a)C. A. Marden, Mosier,. .'c/irgin soil-shot land. .Hood River..... 27 .53 .13
.10

.13

.063880(b)C. A. Marden, Mosier. .Subsoil-shOt land Hood River.... .33
3880(c)C. A. Marden, Mosier. .Bearing orchard-shot

laud Hood River.... .54 .11 .10
6168 J. 0. Goldthwaite, Hood River. .Silt loam Hood River..... 31 .65 .26

.19
.09
.19

2941 Albert C. Allen, Medford Jackson .......
3321 M. J. Pellett, Talent Jackson
3257 John D. Olwell, Medford. .Heavy clay loam Jackson

58
72
09

1.57
2.12
1.09

.41 18.29
1.99 15.77

24.45
.21
.16

.13

.10

3258 John D. Olwell, Medford. .Light clay or sandy
loam Jackson 15 .50 9.58 .10 .07

359 John D. Olwell, Mediord. .Light clay or sandy
loam Jackson 18 .64 10.24 .15 .09

3260 John D. Olwell, Medford. .Heavy clay loam Jackson
3261 John D. Olwell, Medford. .Sandy loam Jackson
3481 L. P. Harris, Medord Jackson
3482 L. D. Harris, Medford Jackson
3483 L.D Harris, Medford Jackson

30
21

.23
14
20

.58

.67
9.98

10.63
.10
.02
.20
.19
.27
.15

.09

.03

.08
.33
.28
.19

3484 L. P. Harris, Medford Jackson 54
.10

3485 L. P. Harris, Medford Jackson 49. .20



TABLE X.-Soil Analyses_Continued

Lab. No. Sender Descripti'n County
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3486 L. D. Harris, Medford Jackson 36 .14 .082970 F. H. Hopkins, Central Point Jackson 35 1.44 .30 12.40 .23 .182971 F. H. Hopkins, Central Point Jackson 18 2.00 .64 12.79 .09 .172972 F. H .Hopkins, Central Point Jackson 31 3.57 .49 15.83 .12 .052973 F. H. Hopkins, Central Point Jackson 39 1.63 .18 13.80 .12 .082974 F. H. Hopkins, Central Point Jackson 41 2.25 .37 15.45 .16 .132975 F. H. Hopkins, Central Point Jackson ..... 46 1.58 .21 15.92 .35 .142976 F. H. Hopkins, Central Point. .Hard gravelly soil.Jackson 23 .92 .28 10.25 .36 .092977 F. H. Hopkins, Central Point Jaekson 38 .53 .15 9.81 .12 .082978 F. H. Hopkins, Central Point Jackson 34 .94 .18 12.43 .23 .152979 F. H. Hopkins, Central Point Jackson 36 .50 .14 11.35 .17 .162980 F. H. Hopkins, Central Point. . Sandy loam Jackson 40 .32 .09 9.36 .24 .052981 F. H. Hopkins, Central Point Jackson 46 .37 .13 9.84 .22 .082982 F. H. Hopkins, Central Point Jackson 35 .25 .19 9.46 .18 .132983
2984

F. H. Hopkins, Central Point Jackson
Dr. E. .B. Pickel, Medford. .Black sticky sur- 28 .23 .18 8.99 .15 .05

2895
face, poor field Jackson

Dr. E. B. Pickel, Medford. Black sticky sur-
28 1.10 .16 19.92 .17 .04

face, best field Jackson .33 1.11 . 08 22.01 .11 .082986 J. W. Perkins, Medford. .Black sticky surface soil.Jackson 36 .80 .19 16.33 .16 .142987 J. W. Perkins Medford. . Red sticky surface soil. . . Jackson 42 .48 .27 14.43 . 07 .042988 J. W. Perkins, Medford. Light sticky surrace soll.Jackson 39 1.37 .19 15.38 .13 .042989
2990

J. W. Perkins, Medford. .Light sticky surface soil.Jackson
J. W. Perkins, Medford. .Black sticky 4 feet

38 .89 .07 18.11 .16 .02

2991
below surface Jackson

J. W. Perkins, Medford. Black sticky 6 feet
32 1.82 .11 18.15 .15 .03

2992
below surface Jackson

J. W. Perkins, Medford. . Black sticky 5 feet
23 1.28 .09 17.84 .13 .007

below surface Jackson 20 1.34 .09 18.71 .14 .0013096 Lee Watkins, Central Point Jackson 16 .08 .30 8.56 .10 .06



3250 John D. OIwell, Medford. . Light clay or sandy
loam Jackson 40 .78 11.59 .16 .19

3251 John D. Olwell, Medford. . Coarse gravelly loam. .Jackson 38 .51 14.38 .03 .10
3252 John D. Olwell, Medford. . Good sandy loam Jackson 28 .47 7.89 .04 .05
3253 John D. Olwell, Medford. . Coarse gravelly loam. . . Jackson - 26 . 67 10. 68 .07 .11
3254 John D.'Olwell, Med?ord. Fine gravelly loam... .Jackson 1 .39 7.00 .11 .07
3255 John D. Olwell, Medlord. . Fine sandy loam Jackson 34 1.26 11.40 . 19 .01
3256 John D Olwell. Medford. .Poor texture, reddish

sticky clay Jackson 08 2.41 19.65 .10 .06
3071 J. G. Hill, Hug Josephine 20 .60 .65 14.50 .20 .80
3072 J. G. Hill, Hug Josephine 35 .59 .69 13.45 .13 .11
3079 E. A. Imbler, Provolt Josephine 16 .43 .23 6.36 .18 .03
3098 E. A. Imbler, Provolt Josephine 54 1.09 .94 9.62 .19 .15
3709 H. D. Eisman, Grants Pass.Raw granite soils sur-

face Josephine 08 .15 .05
3709 H. D. Eisman, Grants Pass.Raw granite soils sur-

face -Josephine 09 .13 .07
3709 H. D. Eisman, Grants Pass.Raw granite soils sur-

face Josephine 08 .03
3709 H. D. Elsman, Grants Pass. Raw granite soils sur-

face JosephIne 15 .08 .02
3822 A. Burnham, Merlin Josephine 39 .30 .23
3834
3835
2906

A. R. James, Merlin Josephine
A. R. James, Merlin Josephine
F. J. Bowne, Bonanza / Klamath

24
32
28

.19

.85
.55 .57 4.31

.24

.13
.09 .03

3890 0. B. Plummer, Merrill. . . . Sandy soil, sage brush
land Kiamath .32 .11 .11

4096
S940

940

Belknap Gleim Silt loam Lake
J. 0. Holt, Eugene Surface clay loam Lane ..........
J. 0. Holt, Eugene Surface clay loam Lane

82
27
25

1.01
.50
.67

.37

.29

.31

.13

.10

.14
3647 H. M. Cockerline, Albany. . Surface very heavy clay

Light to yellow color. . Linn 32 .35 .31 .15
3648 H. M. Cockerline, Albany. .Surface heavy clay-

Light to yellow color. . Linn 21 .37 .14 .09
3649 H. M. Cockerline, Albany. .Sixteen inches deep

Light to yellow color. . Linn 21 .70 .30 .06
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Lab. No. Sender Descripti'n County
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3650 H. M. Cockerline, Albany. .Forty-two inches deep
Light to yellow color. .Linn 27 1.25 .20 .013901 M. R, Delong, Lebanon... .Red hill type Linn 20 .40 .28 .263504 Scott Griffith Maiheur 28 1.00 1.60 5.00 .20 .202933 Louis Lachmund & Co., Salem, Clay loam, hop soll.Marion 53 .46 .74 11.21 .27 .192934 Louis Lachmund & Co., Salem, Clay loam, hop soil.Marion 40 .49 .81 9.70 .29 .142935 Louis Lachmund & Co., Salem, Clay loam, hop soil.Marion 30 .75 .78 13.19 .19 .033648 J. Burke, Salem Surface 6 in. deep.....Marion 18 .37 .36 .243684 J. Burke, Salem Subsoil 6 in. deep Marion3715 C. B. Johnson, Woodburn. .Adobe soil, lake land

20 .47 .39 .15
surface Marion

3715 C. B. Johuason, Woodburn. Adobe soil, lake land
39 1.00 .41 .45

subsoil .. . Marion
3831 T. M. Snyder, Aurora Marion
3832 T. M. Snyder, Aurora Marion-.

43
33
30

.80
1.45
.65

.39

.17

.44

.11

3910 H. D. Scudder, Marion Gravelly loam .. .Mariori 27 .23 .26 .152929 Charles L. Swain, Irrigon. .Sand and silt loam... .Morrow 15 .41 .74 15.05 .052930 Charles L. Swain, Irrigon. . Sand and silt loam. . . . Morrow 25 . 49 . 24 8. 96 . 052931 Charles L. Swain, Irrigon. . Sand and silt loam. . . . Morrow
3478 (a)I. Worthington, Irrigon Sandy, clover and timo-

25 1.54 .53 24.74 .05
thy, 2 years Morrow .0293478(b)l. Worthington, Irrigon. .Sandy, alfalfa, 1 year. .Morrow .0283478(c)I. Worthington, Irrigon. .Sandy, alfalfa, 4 years..Morrow .0383478(d)I. Worthington, Irrigon. .Sandy, rye, 2 years... .Morrow .0323478 I. Worthington, Irrigon. .. .Sandy, virgin soil. . . .Morrow .0173470 H. S. Ewing, Cecil Silt loam Morrow 74 3.05 1. 66 8.37 .21 .1296191 Ray Gill, Cleone Sandy loam surface.. .Multnomah .20 .26 .496192 Ray Gill, Cleone Sandy loam surface. . .Multnomah .26 .45 .494038 M. M. Moore, Portland... .Shot land Multnomah .18 .33 .253068 Fred N. Stump, Suver Bottom soil Polk 34 1. 51 . 92 15 .00 . 15 . 468069 Fred N. Stump, Suver Bottom soil Polk 35 1.02 1.10 16.88 .14 .48



3197 F. J. Welsh, Blame .Loam Tillamook
8101 G. A. Hartmafl, Pendleton IJmatilla
8133 A. D. Smith, Echo .Very sandy soil Umatilla
6332 Charles Marchancl, Hermiston, Surface silt loam . . Umatilla
3471(a)F. S. Bradley, Banks Red hill soil, curface. .Washington ....
3471(b)F. S. Bradley, Banks Red hill soil, subsoil. .Washington ..
3111 J. C. Jaeger, Sherwood Washington .....

.09
29
31

.39
37

.26
28

.46

.47
.43
.33
.35
.15

.35
.21
.45

. 50

27.64
8.76
7.28

7.77

.55

.10
.18
.19
.35
.14
.33

.32

.18

.16

.03

.13

.03
. 09

3696 U. H. Davis, Beaverton. . . .Clay loam, dark sur-
face Washington .24 .80 .30 .22

3696 G. H. Davis, Beaverton... Subsoil, very heavy
clay Washington .35 .23 .06

3752 Hopkln, Banks Red shot land from
depth of 40 feet Washington .. .15 .15 .19 .04

.17
3796 Oregon Nursery Co., Hilisboro, Surface, clay loam Washington ..
3797 Oregon Nursery Co., Hillsboro, 2d ft., clay loam.. Washington
3798 Oregon Nursery Co., Hillsboro, 3d ft. clay loam Washington ..
3799 Oregon Nursery Co., Hillsboro, 4th ft. clay loam.. Washington ..
3800 Oregon Nursery Co., Hillsboro, Surface, clay loam Washington
3801 Oregon Nursery Co., Hlllsboro, 2d ft. clay loam Washington ..
3802 Oregon Nursery Co., Hillsboro, 3d ft. clay loam Washington ....
3803 Oregon Nursery Co., Hillsboro, 4th ft. clay loam.. .Washington ....
3804 Oregon Nursery Co., Hillsboro, Surface, clay loam Washington
2805 Oregon Nursery Co., Hilisboro, 2d ft. clay loam... .Washington ..
2806 Oregon Nursery Co., Hillsboro, 3d ft. clay loam Washington
3801 OregOn Nursery Co., Hlllsboro, 4th ft. clay loam.. . Washington
3808 Oregon Nursery Co., Hilisboro, Surface, clay loam Washington
Z80 Oregon Nursery Co., Hilisboro, 2d ft. clay loam Washington
3810 Oregon Nursery Co., Hillsboro, 3d ft. clay loam... .Washington
2811 Oregon Nursery Co., Hlllsboro, 4th ft. clay loam.. . Washington
3675 Fred Groner, Hillaboro. . . .Beaver dam, very acld.WaShiflgtOn

.40

.41

.35

.35
.37
.39
24
20

. 28

.28

.24

.25
.30
.35
.28
.34
.25

.44

.43

. 54

. 65

.60

.57
.78
.83
.67
.70
.66
.66
.39
.32
.39
.67
.16

.31

.25

.16
.17
.16
.25
.16
.11
.29
.22
.15
.19
. 25
.20
.12
.15
.45

.10

.05

.04

.10
. 09
.03
.04
.24
.10
.04
.04
. 17
.13
.06
.02

1.89

3472 J. C. Moore, Greenville .....A "lake soil' black
sticky let foot Washington .31 .20 .24 .25

3472 .T. C. Moore, Greenville .....A "lake soil" black
sticky 2d foot WashIngton .31 .19 .14

3472 J. C. Moore, Greenville.....A "lake soil" black
sticky 3d foot Washington .26 .17

.30
.08
.21

2988 J. H. Gallager, N. Yamhill..Surface red Yamhlll
'6825 A. R. Hathway, Sheridan. Hill soil Yamhill 41

1.13
.29

.17 22.38
.28 .18
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Benton County.

Several analyses are here reported showing the acid soluble plant
foods in the soils from different test plots used for experimental work
on the college farm. A marked similarity in composition Is seen.
Some of the plots have had artificial fertilization which accounts for
much of the variation noted. Nos. 120-121 were tested at different
depths to determine the variation in lime and magnesia with depth.
It is seen that the content of magnesia increases directly with the
depth of the sample and that the lime content also is greater at the
four foot level than at the surface though the Increase in samples tested
was not as marked as with the magnesia. The red hill soils 6034-37
here reported do not analyze as high as the foot hill soils in the northern
part of the valley.

Douglas County.

Soils reported from this region give rather low results for phos-
phates and potash.

Harney County.

In the soils from this section we have representatives of the light
ashy soils of the upper plateaus. They are always well supplied
with lime and potash and usually phosphates; in nitrogen and humus
almost invariably low for a well balanced soil. That the nitrogen
which they contain Is largely available, is shown by the vigorous
growth plants make when water is supplied. Alkali salts have in
some places accumulated in these soils to a degree that interferes with
crops.

Hood River County.

Results on these soils present a very wide range as a number
of soil types are here included. Many of the light ash soils of this
region are low In nitrogen as results show, while the gravelly loams
and bottom soils analyze higher in this element. The character-
istic decrease in nitrogen under cultivation is seen in the case of 3880
a, a virgin soil and 3880c the same soil under cultivation for a number
of years.

J'osephin.e County.

The low results obtained for nitrogen and plant food in general
on 3709 Is characteristic of the raw granite soils of this section.
The valley loam and sandy loams of Southern Oregon are, however,
well supplied with plant food.

Liun County.

3647-50 Typical clay barns. The Increase of lime with depth
of soi' is of Interest..
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Marion County.

Soils reported for this section analyze well.

Morrow County.

(34782-d) In these we have characteristic results obtained on
the excessively sandy soil of the Columbia river region. The extreme
low value for nitrogen of the virgin soil, it is interesting to see, is
increased appreciably by a few years cropping to alfalfa The addition
of organic matter as well as nitrogen is thus brought about, the former
being of the greater value in preventing the drifting of the lighter soils.

$470, a typical wheat soil, is seen to be a well balanced soil, rich
in potash and with a good supply of phosphates and lime and nitrogen.

Muitnoniali County.

6191-92, high grade truck soils.

Polk County.
These soils are exceptionally rich in nitrogen while the phos-

phorc acid supply Is under average.

Tillamook County.

No. 3197 has an excellent supply of plant food with the exception
of potash, which is low.

Umatilla County.

3101 Is a typical soil for the wheat region. 6332 a typical sandy
soil of the Columbia River region, characteristically low in nitrogen.

Washington County.
No. 3471 is representative of the rich "red hill" soils of the foot-

hill region. This sample has been cropped about 25 years in general
farm crops and now supports a hop yard. It is lower in nitrogen
and lime than 3696, whIch is a typical prairie loam.

Examination of the Oregon Nursery soils indicates that like the
clay loam of the southern part of the valley lime Increases with depth
of soil. This fact Is explained by the solvent effect acids formed
from decomposing vegetable matter are known to have on the lime
of soils. This lime is however largely taken up or "fixed" by the heavy
clay subsolls and is not really lost from the soil. Deep rooted plants
like vetch and alfalfa can tap this subsoil lime and bring It up within
reach of the shallower rooted crops of rotation. The nitrogen content
of these soIls 3796-3811 is under average for the virgin soil as Is com-
mon with the long farmed soils. Plowing under vetch has proven
a good treatment in this case. Values for 3752 are of Interest as
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showing content of plant food at extreme depths. The nitrogen at this
depth is remarkably high.

3675 is a representative beaverdam formerly very productive but
now crops 'flre" and become yellow near surface of soil. Tests show
the sample is very acid.

3472 represents a soil which overflows at times of high water
and is a very black clay. This soil in its early history grew immense
crops of oats but became so unproductive after 40-50 years as to be
abandoned. From chemical analysis alone we would be bound to
classify the soil as rich which shows the limitations of chemistry in
soil judging. The soil is badly "run together" and is in poor physical
condition, always cloddy and lacking good mealy structure which ac-
counts no doubt for its falling off In productiveness.



PART II.

SOIL INVESTIGATIONS.

It was the plan of these Investigations to study first the total
stock of plant foods in a number of representative soil types of the
state, second the composition of the natural drainage waters from
these soils testing under both field and laboratory conditions, third
the effect of fertilizers on these soils as shown in the analysis of
the drainage waters, special attention being given to the results of
potash and lime applications, and lastly to determine the actual loss
of plant food from the Willamette and Columbia basins by studying the
plant food content of these waters In monthly analyses through the year.

METHODS. TOTAL PL&NT FOODS.

Previous to these investigations all soil analyses carried out by
this Department have been confined to determining the acid soluble
constituents. For the purpose of obtaining the total plant foods pres-
ent the soils were treated as follows:

Nitrogen :_The regular gunning method as recommended In the
official methods. Bul. 107, U. S. Bur. Chem.

PotaSsium:_The modified J. Lawrence Smith method was used
as recommended by Petit and Ystghrd, Bureau of Chemistry, Bulletin
105, p. 147. This method as recommended by the potash referee in
1908 Is as follows and has given good results in our hands.

The well known ammonlum chlorid and calcium carbonate
fusion, devised by J. Lawrence Smith Is used. The used
mass is transferred to a porcelain dish, slaked with hot water, finely
ground with an agate pestle, and transferred to a filter. After wash-
ing free of chiorids, the filtrate and washings are concentrated in a
Jena beaker to about 20 cc. and filtered. Filtrate and washings are
slightly acidified with hydrochloric acid, concentrated In a platinum
dish, and one cubic centimeter of a platlnic chiorid solution (10 cc.
contains 1 g. platinum) added where one gram of soil has been used.
This is then evaporated to a syrupy consistency as usual and washed
with eighty per cent alcohol and ammonium chlorld solution.

The cobalt nitrite method is used very largely In this laboratory
for determining potash in soils and fertilizers and Is carried out as
follows:

The soil is digested In HC1 1.115 as in the official methods and
an aliquot equal to 2 grams evaporated to dryness. The residue treated
with strong HNO3 and evaporated to dryness to get rid of the or-
ganic matter. The residue is moistened with HC1, taken up with hot
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water and the metals removed with sodium carbonate. The precip-
itate is well washed with water and the filtrate is evaporated to a
volume of about 10 or 15 ccs. When cool an excess of cobalt nitrite
reagent, 10 cc., is added and the solution is evaporated to a thick paste
allowed to stand until cool about 1 cc. of cobalt nitrite reagent added
and enough water to dissolve the pasty mass. The precipitate Is filter-
ed on an asbestos pad and washed thoroughly with cold water. The
gooch is transfered to a casserole and boiled about 15 mInutes with
300 cc. of water to which has been added an excess, about 30 cc. of
N/10 permanganate, 10cc. of sulphuric acid 1 :1 is then added and
the solution allowed to stand five minutes, the excess of permanganate
neutralized with oxalic acid and then titrated to color with perman-
ganate. The factor .000854 Is used for converting to potash the
permanganate reading 1 cc. of N/10 permanganate being equivalent
to .000854 grams of 1(20 (as found by operating on pure potash). Tbe
same proceedure is followed in the total potassium determinations
after the potash has been put into solution by appropriate fusion
methods.
Phosphorus.

Phosphorus was at the beginning determined by the regular
Na20, method Bul. 107, Bur. Chem. P. 234. but in the latter work this
method has been discarded and the cleaner and just as efficient mag-
nesium nitrate fusion method adopted. The phosphorus was determined
gravimetrically in this fusion by the ordinary magnesia mixture and
weighed as pyrophosphate.
Calcium.

Calcium was obtained from the ordinary silicate fusion with
Na2CO8 in the usual manner.
Available Plant Food.

No attempt was made to determine the availibility of the ni-
trogen. The potassium and phosphorus were estimated by extracting
soil with N/S nitric acid and determining by gravimetric means in
the extract. In those soils which contained alkali as carbonate of
lime or sodium preliminary tests were made to determine the amount
of acid necessary to neutralize this and the additional acid added to
required volume.

The composition of a number of types of soils as regards total
and available plant food obtained by above methods is given In the
following table:



TABLE XI.

ComDosition of Soil Tvtes.
Lab. No. From Type Total Humus Avail

4098 Hart Farm, Firwood Virgin "Shot" land hill surface 1%
N

0.207

K201P205%I%I%0.76 0.42

CaO

0.80

MO
%

1.32
I

%
5.44

K20
%

0.038

I

%
0.01139 74a S. S. Metzger, Grants Pass Gravel loam surface granjtjc. . 0. 130 0. 65 0. 20 4 . 44 3.20 0.014 0.0103974b S. S. Metzger, Grants Pass Gravei loam, sub granitic.......0.03010.9710.14 3.05 3.12 0.009 0.0023968a Ray Hop Farm, Reedville. Clay loam surface... .. 0.18012.47 0.37 0.014 0.0523968b Ray Hop Farm, Reedville. ..Clay loam sub 0.16512.10 0.29 1.46 0.013 0.0546203 Station Farm, Union Black sandy loam 0.156 1.1810.28 7.32 3.15 1.95 0.145 0.1216202 Nichols Farm, Bellfountain.Red hIll 0.380 1.0910.35 0.39 0.62 6.27 0.038 0.0023877 Stewart Farm, Forest Grove, Gray bench land surface 0.210 1.6910. 67 1. 27 1.29 0.032 0.1003878 Stewart Farm, Forest Grove, Gray bench land sub 0.050 2.35 0.47[ 1.48 1.41 0.019 0.0274028a W. C. Winston, Rcseburg. . .Light sand loam surface 0.120 1.32 0.23 2.76 0.066 0.0394028b W. C. Winston, Roseburg. ..Sandy loam sub .. 0.080 1.1810.22 2.56 0.050 0.0204062 Whistler Farm, Medford. . .Heavy black clay, Marl. Subsoil 0.210 1 . 1010.30 14. 98 2.03 0.045 0.1051850 Station Farm, Corvallis. ...Clay loam 0.224 2.7510.43 1.10 3.19 0.035 0.0703470 Ewing Farm, Cecil Silt loam 0.12511.6310.30 4.52 0.100 0.127
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Comparisons show that the clay barns of the Willamette Valley
such as 3968 and 1850 contaIn the largest stock of plant food, par-
ticularly potash and nitrogen, and give good values for available food.
These soils are found also by experience to sustain stronger wood
growths than the surrounding foothill soils. The hill soils, No. 4098
and bench lands, No. 3877, very often contain higher percentages of
phosphorus than the valley clay barns but are almost universally
lower In lime than these. No. 6202 Is much richer in nitrogen and
humus than the average hill soil. It, however, gives it will be noted,
low avallibility for phosphoric acid. The silt barns of Eastern Oregon,
No. 3470 and No. 6203, are well balanced soils high In Ume and hay-
Ing large quantities of available potash and phosphorus.

DRAINAGE EXPERIMENTS.

In February 1908 twenty-four tanks, cylindrical galvanized iron,
24x30 In. dimension, were filled with typical clay loam soil from
the College farm. The soil was taken to the depth of 3 ft., 12 in.
surface and 24 inches subsoil. The tanks were filled 2/3 full of the
subsoil and then to the top with surface soil. The tanks had open-
ings in the bottom for escape of leachings and were arranged on sup-
ports to facilitate collection of the drainage which was caught in
galvanized cans provided for this purpose. A copper gauze was
placed over the opening in bottom of the tanks and a small layer of
gravel upon this to facilitate percolation. The soil in the tanks was then
thoroughly flushed with water and allowed to settle. Each tank
contained about 900 lbs. soil and all were placed where they would
be exposed to the winter rains. During the spring of 1908 natural
leachings from these tanks were analysed for calcium, phosphorus
and potash In order to obtain data as to the respective amounts of
these plant foods which are naturally being dissolved from the soil.

METHODS-COLORMETRIC.

The methods for analyzing these leachings were obtained largely
from Bulletin 31, Bureau of Chemistry and the phosphorus and potassi-
um were determined In most all cases colorimetrically by means of a
Schreiner coborimeter. The results were in some cases checked by
gravimetric methods carried out on a large volume of solution con-
centrated by evaporation.

Potash was determined by Method I, page 31, excepting In (8)
the asbestos was digested in aqua regla for some time then washed
free from acid and kept In distilled water. 35-50 cc. alcohol was
used In washing the chborplatlnate 5 to 7 cc. each time. Color with
KI allowed to develop 3 hours before reading.

Phosphorus by Method II. p 45. 100 cc. solution taken for analy-
sis. Silica dehydrated at 125° C. then at 105 after taking up with
acid. Evaporated two or three times to remove organic matter. In
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cases wthdre the leachings were not perfectly clear the water was fil-

tered through a Pasteur-Chamberlain filter previous to analysis.
Calcium was in some cases determined by turbidity methods, p.

53. In this determination it was found to be of advantage in read-
ing to have a pink light reflected through colorimeter tubes which IS
easily e ffected by placing a strip of pink paper on the reflecting sur-
face of coftrimeter.

Results obtained on the first leachings from these soils are given
as follows, the values given representing the products removed by
ilatural processes from the unfertilized soils. The analytical deter-
minations incident to these leaching tests were made by Mr. L. A.
Bundy of this department.

TA3LE XII.

Soil Leachiiws. Parts er Million
Calcium Phosphorus Potassium Total Solids

Tank No., Ca PO4 K
1 14.3 1.1
5 14.6 1.2 5.2 88.0
6 15.5 1.1 4.4 80.0

9 10.0 4.1
10 16.5 2.0 7.5
11 12.5 1.2
12 17.2
13 10.0 0.9 5.2
14 17.7 1.3 6.8
16 12.5 1.2
17 12.5 1.3 5.0 102.0

The above tests were made on the first 3-4 gallons of percolate
from each tank. In the following table are recorded the tests made on
leachings from tanks similar to the above which had been used in ex-
periments on summer fallow and contained the same type soil that had
been exposed to leaching for six years.:

Tank Ca PO4 K Solids
First leaching. . .16.8 0.7 6.5 106

1 Second leaching. .10.0 1.2 93
First leaching. . . 18.2 0.7 6.0 90

2 Second leaching.. 10.0 1.2 5.2
First leaching. . .18.0 0.8 5.0 87

3 Second leaching.. 10.0 1.3 6.5
First leaching. . . 20.0 0.7 5.1 132

4 Second leaching.. 12.0 1.2 5.5
In the tests above given it is apparent that no striking differences

are noted in the values for the plant foods from different individual
tanks and that the freshly leached soil gives results approximating
the same as that obtained from the same soil exposed sIx years in
leaching tanks.

Lime is seen to be lost much more rapidly than either potash or
phosphorus Phosphorus is retained very tenaciously by this class of

soil. The first leachings are seen to be considerably richer In plant
foois than the latter part of the leachings. This is aconnted for in
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part by the fact that the first leachings are always more or less turbid
and difficult to clear even in Chamberlain filter while the latter per-
colates are usually clear.

Tn June 1908 the soil in the experimental tanks was stirred to
the depth of about ten inches and a thin layer of well washed sand
and gravel applied in order that the surface would not bake on water-
ing. Fertilizers and seeds were applied as follows, the soils being
kept moistened for several days in order that fertilizers be washed
well into the soil. Ordinary tap water from a pure mountain stream
was then applied and leachings collected and analyzed with results
shown in the following table:

TABLE XIII

Soil LeachinEs.

No marked effect on leachings from fertilized as compared with
unfertilized tanks is noticed except in case of the lime which shows
increases in case of heavy lime, potash and gypsum applications. Phos-
phates and potash are held very completely by the three foot column
of this clay loam.

In November, 1909, a portion of the tanks was emptied and refilled
to half their depth with new soil-a clay loam from the College farm.
The series then consisted of the following: Tanks 1, 10, 12 18,
20 filled with soil as arranged in first series and the remaining tanks
filled with new soil to the depth of 18 inches, No. 24 containing Red
Hill soil from the foothills near Belfountain.

The leachings were collected from December 1909 to February 1910
and analyzed as follows:

Parts per Million
Tank

No. Fertilized with Calcium
Ca

Phosphorus
PO4

Pota5sium
K

WheaL
Whea
Wheat..
Wheat_
WheaL
WheaL
Wheat..
Bare..__
Bare_
Bare___
Bare.._
Bare......
Bare...._
Bare..__
Bare_.._
Bare___
Bare_
Bare..__

1
2
3
4
6
7
8

10
11
14
17
18
19
20
2)
22
23
24

Blank....
KCI 200 lb. acre (Mut-. Pot,)
K.SO4 200 lb. (Sail. Pot.)
KCo3 200 lb. (Carb, Pot.)
Ca3042001b. (Gypsum)
CaO 200 lb. Lime.
Acid Phos. 200 lb.
Blank
KCI 200 lb. (Mar. Pot)...
1(2504 1000 lb. (Suit'. Pot.)
CaSO4 200 lb. Gypsum
CaSO 2000 lb. Gypsum
CaO 200 lb Lime
CaO4000lbLjme
Acid Phos. 200 lb.
Acid Phos 1000 lb.
KCl, CaSO4 Acid Phos., 200 lb. each
KCI, CaSO4 Acid Phos-, 1000 lb. rach

12.6
18.9
18.5
10.5

8.2
6.7

11.3
10.8
41.1

41.7
28.4
39.2
24.9
19.5
54.7
78.6

1.5
1.4
1.4
1.5
1.7
1.7
1.7
2.0
1.8
1.9
2.0
1.9
1.9
1.7
1.8
1.8
2.0
1 7

4.3
4.2
8.5
3.5
4.7
4.7
4.0
3.0
4.0
5.0
3.8
4.9
6.4
4.5
14.3
4.8
6.9
8.8



TABLE XIV

Soil Leaohins
- Phosphorus
Description PO4

Parts er Million
Potassium Calcium Magneaium

K Ca Mg Solids
Composite Nos. 4, 8, 16 1.1 3.7 13.1 6.1 104
Tank No.10 1.3 4.0 11.5 4.2 98
Tank No. 1 Blank 2.2 2.3 11.5 56
Tank No. 2 First 2.3 2.2 10.0 120
Tank No. 2 Second 1.5 2.0 8.0 85
Tank No. 3 First 1.6 3.0 16.6 7.9 105
Tank No. 3 Second 2.4 2.7 11.0 130
Tank No. 4 First 1.5 4.7 10.0 4.2 95
Tank No. 4 Second 1.7 2.6 14.0 117
Tank No. 5 First 1.6 2.4 13.3 81
Tank No. 6 First 2.0 14.3 65
Tank No. 6 Second 1.5 2.6 14.7 130
Tank No. 7 First 1.5 7. 5
Tank No. 7 Second 2.1 2.0 16.3 110
Tank No. 8 First 1.4 2.2 14.0 112
Tank No. 8 Second 1.7 2.8 16.0 100
Tank No. 9 First 1.5 6.5 16.6 6.3 119
Tank No. 9 Second 1.6 2.0 10.3 131
Tank No.10 First 1.3 4.0 11.5 4.2 99
Tank No. 10 Second 2.8 10.2 73
Tank No. 11 First 1.7 8.5
Tnnk No. 11 Second 2.3 120
Tank No.12 First 1.6 2.4 7.4 96
Tank No.12 Second 1.8 10.0
Tank No.13 Flrnt- 2.0 10.0 10.0 56
Tank No. 13 Second 1.7 10.3
Tank No.14 First 1.8 1.5 7.2 72
Tank No. 14 Second 1.5 10.7
Tank No.16 FIrst 1.2 2.0
Tank No.16 Second 1.4 19.0
Tank No.17 FIrst 1.6 8.9
Tank No.17 Second 12.5
Tank No.18 First 1.4 1.3 8.6 2.1 54
Tsnl No.18 Second 16.6
Tank No.19 1.3 2.0 13.9
Tank No.20 1.2 8.5 110
Tank No. 24 (Red hill) 1.5 2.8 13.3
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Considerable variation Is noted In the above results for lime on
the different tanks. It Is of Interest to note that the leachings from
No. 12 which has been fertilized the year before at the rate of 1000
lbs. KC1 to acre, No. 18 with 2000 lbs. gypsum and No. 20 with
4000 lbs. lime do not show results particularly different from those
of the remaining unfertilized tanks. It Is evident therefore the fer-
tilizers become fixed and leachings normal In a season's time.

Results from No. 24 indicate the soluble matters naturally removed
from the Red Hill soil are in approximately the same ratio and amount
as that from the Valley loam.

In February 1910 fertilizers were applied to a number of these
tanks and in November, 1910, the first leachings from these tanks were
tested with results as follows:

TABLE XV.
Soil Leachius.

Parts per million
Description K Ca Solids

No. 4-Carb. pot., K2C08, 200 pounds, 1910. . .2.4 1.0 13.5
No. 5-Phosp. pot., KH2PO,, 200 pounds, 1910 .2.5 0.9 13.8
No. 10-Blank 2.2 1.0 8.5
No. 14-Mur. pot., KC1, 200 pounds, 1910 2 4 2.4 49.7 462.0
No. 15-Carb. pot., K2008, 1000 pounds, 1909 2.2 8.0 26.1 315.0
No. L6-Mur. pot., KOl, 1000 pounds, 1910 2 3 2.4 76.0 620.0
No.17-Gypsum, CaSO4, 1000 pounds, 1910 2.0 2.0 32.0 323.0
No. 19-Lime, CaO, 2000 pounds, 1910 2 0 2.4 26.2 275.0
No. 21-KCI, CaO, CaSO,, 1000 lbs. each, 1910 .2.4 1.3 25.0
No. 22-Unfertilized 2 1 4.0 14.6 171.0
No. 24-Unfertilized 2 4 1.0 L3.8

Considerably higher values are obtained from these extracts, much
organic matter being present in the residues. The effect of different
fertilizers is distinctly seen particularly on the lime, the phosphates
remaining remarkably constant. Muriate of potash it is seen liberates
more lime than the carbonate and the excess of lime is not fixed by
the 18 inch column of soil. Lime applied In the form of quick lime is
largely retaitied.

PERCOLATION EXPERIMENTS.
In May 1908 large glass percolators holding about 25 pounds of

dry soil were arranged as follows: A piece of fine meshed linen, cov-
ered by a circular wire gauze was fitted into the bottom of each per-
colator and on top of this a two inch layer of gravel was placed to
facilitate percolation. In the first series of tests a few Inches of
soil was spread on the gravel and the remainder of percolator filled
with the soil moistened to good working condition with water and well
mixed with the fertilizers to be tested. The percolators were allowed
to stand for four weeks keeping them moist by adding water occasion-
ally. Then water was added and the percolate collected and analyzed.
In the second sert the fertilizers were applied on top of soil after
the percolators had been filled and arranged as before. The soil used
in each instance was a clay loam from the College farm.
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TABLE XVI.

PERCOLATOR TESTS-First Series.

TABLE XVII.

PERCOLATOR TESTS-Second Series.
Parts per million

Fertilizer Used Percolate No. PO4 K Ca
No. 5- 1 4.0 8.0 200.0

5 grams KC1 2 3.2 11.7 154.8
Muriate potash 3 2.3 11.7 147.0

No. 6- 1 2.7 6.0 82.0
5 grams K2SO4 2 2.1 .8 110.0
Sulf. potash 3 2.7 11.7 100.0

No. 7- 1 3.2 13.6 135.0
10 grams K2504 2 2 .7 13 . 5 250. 0
Sulfate potash 3 3.1 12.3 294.3

No. 8- 1 4.0 6.5 36.0
10 grams K2C08 2 2.0 7.7 43.5
Carb. potash 3 2.4 10.2 17.6

No. 9- 1 4.0 6.9 158.2
5 grams (NH4) 2SO4 2 2. 4 8 . 8 250 .0
Sulfate ammonia 3 3.0 11. 0 301.6

No. 10- 1 2.5 5.5 29.8
1 gram CaSO4 2 1.8 6.5 37.8
Gypsum 3 2.0 8.0 23.4

No. 11- 1 2.7 60.2
10 grams CaSO4 2 2. 0 6. 8 80. 0
Gypsum 3 2.7 75.0

No. 12- 1 2.5 4.5 37.0
10 grams acid phosphate 2 2. 6 7. 5 60.0

3 2.1 5.8 62.5
No. 14- 1 4.0 5.5 48.0

Blank unfertilized 2 1.8 5.0 37.0
3 2.0 28.6

DESCRIPTION

0
z Parts per
4) Million
a

.4)
on

0
04)

4)

4)
0) PO4 K Ca

4.5 5.7 18.7 475
No. 1-Blank leached diet, water 2 5.0 6.2 25.0 1800

8.0 6.2 19.2 1380
5.0 6.5 780.0 660

No. 2-Rd 10 grams 8000 lbs. acre, Mur. pot.__ 2 4.0 12.4 584.0 2010
4.0 4.7 500.0 1300
4.0 4.0 800.0 1280 Stood 3 days after
4.0 67 27.5 565 first leaching

No. 3 KH2PO4 10 grams Phos. pot. 2 6.0 8.0 25.0 1640
4.0 6.5 12.5 1050
4.5 6.8 85.6 700

No. 4-CaO 100 grams, 15 tons to acre Lime 2 6.2 40.02025
5.5 4.8 30.0 1600

No. 5-Soil tni.xed with green vetch 'cover crop
plowed under" 1 100.0 500
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In the above tests variation is noted In comparing the composi-
tion of successive leachings, this being particularly true with reference
to calcium and potassium. In general the effect of the fertilizer is
proportionate to the amount applied. Murlate of potash and sulfate
of ammonia have the most pronounced effect on the soil lime, potassium
sulfate in solution of same concentration as the chloride releases less
lime and the phosphate and carbonate of potash exert little influence
on this constituent of the soil. The amount of soluble phosphates is
very little influenced by any of the above tested fertilizers. The lime
of calcium oxide and calcium sulfate is quite readily fixed by this type
of soil. A small release of potassium Is noted from the calcium sulfate
applications and all our tests bear out the fact that gypsum releases
more or less potash from its combinations in the various soils of this
section. The decomposition of the "cover crop" of vetch in perco-
lator No. 5 first series liberates large quantities of soluble potassium
partly no doubt from the vetch itself and partly from the action of the
acids of decomposition on the soil.

A1BStRPTION TESTS.

In these tests 100 grams of dry soil were treated with 1000 cc.
of the reagent to be tested, placed in a two liter acid bottle and
shaken occasionally for 48 hours. The solutions after they were al-
lowed to settle were filtered through a Pasteur Chamberlain filter
and analyzed. Each reagent was previously made to approximate
strength required and then analyzed to determine its actual content of
potash, lime and phosphorus.

It is evident from Nos. 1, 2, 5, and 6 that phosphorus is absorbed
by this soil proportionate to the strength of the solution used. Lime
also is released roughly proportionate to the strength of the reagent
employed. The muriate of potash liberates more lime than the phos-
phate. It is seen in Nos. 1, 2, 3, 4, that lime is not released in pro-
portion to potash absorbed, while in 7 and 8 the lime fixed is
roughly epuivalent to the potash released. The tests on the zeolite
natrolite No. 9 were made for comparison as large quantities of this
zeolite are found in soils of the Southern portion of the Willamette
Valley. Its absorption is much less than that of the soil itself.

Additional tests were carried out similarly to the above on the
same soil and on another type, the red hill soil. In these tests 100
grams of soil were shaken for different periods with 1000 cc. of the
reagent which was in each case approximately N/jO. Results are
given In tables XVIII, XIX and XX.
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TABLE XVIII.

ABSORPTION TESTS-CLAY LOAM SOIL
Parti uer Million.

Original solntio
Time contained

Feagent hours K Ci P0.

Absorbed by 100 Released from 100
Found in Extract grams soil grams soil.

K Ca PO K Ci P0. K Ca PO

I Potas acid Phos.
£i1PO4 48 1286.5 8345.0 996.0 49.70 2251.0 290.5 1088.7 49.70

80
2 Poise ecid Phos.

KH,P0 N 48 642.4 1672.5 898.0 35.0 1137.8 244.4 535.2 35.0

80
8 Muriate potash

1(01 N 48 4067.0 2490.0 113.6 24.08 1577.0 113.6 24.08

10
4 Mtiriate potash

KCI N 48 2088.5 1660.0 85.2 72.25 873.5 85.2 72.25

20
5 Sodium Phos.

Na(PO) N 48 8077.4 41.0 2.84 2207,70 869.7 41.5 2 . 84

30
6 Sod. Phos.

N.s,(PO) N 48 1538.7 21.58 2.84 1123.9 414.8 21.58 2 . 84

60
7 Qalo Clorid.

0aOl N 48 1774.0 298.8 1562.0 84.0
I

213.0 298.8 34.00

10
8 Gals Olorid.

cad. N 48 881.0 99.6 $21.1 71.25 68.9 99.6 72.29

20
9 Natrolite

KOl N 24 7880.0 7407.0
428 .0



- : TABLE XIX.

ABSORPTION TESTS-COLLEGE FARM SOIL-VALLEY CLAY LOAM.
Parts ver Million of Solution

Reagent Original Solution Contains
N- K
10

l-Muriate of potash, KOl 4144 24 hrs. 3750.2 139.1 3.9 393.72-Sulfate Potash, K,SO 8888 24 hrs. 3510.6 144.1 8.9 367.48-Nitrate Soda, NaNO 24 hrs. 10.7 88.7 4.14-Sulfate Ammonia, (NH)., SO 24 hrs. 14.8 91.5 4.0S-Carbonate Potash K,00, 3529 24 hrs. 2708.0 821.06-Pot acid Phos. K,HPO 4570 24 hrs. 3542.8 9.0 1028.0

Reagent

N
Approximatly - strength

Water. distilled
Potassium chloride Rd
Potassium sulphate R28O4
Lime CaO
Potassium acid phosphate

K218PO4
Potassium carbonate K2CO2
Ammonium suiph. (Na4)2 804
Sodium nitrate NaNO3

TABLE XX.

ABSORPTION TESTS-REP lULL SOIL.
Results in Parts Per Million Calculated to the Solution.

Composition of
Original solution extract after Absorbed by

24 hours Isoil in 24 hours

K Ca PO4 K Ca PO4 K Ca PO4

3.5 18 Oh.
4144.0 3985.0 19 8 4.0 209.0
3888.0 3688.0 18.1 3.9 200.0

983.1 5.0 66.5 4.0 . 917.2__

4570.7 2665.6,3397.0 1173 7
8829.0 2284.5 1245.0

25.5 20.0 3.1
22.2 18.1 8.5 -

The Extract Contains Absorbed by 100 Released from 100
grams soil grams soil

Time K Ca PO K Ca PO K Ca PO

Released from
soil in 24 hours

Composition of
extract

after 2 weeks

K Ca PO4 K Ca PO4

3.5 1 8 3.5 5.7 3.9
19.8 4.0949.8 20.0 4.1
18.1 3.93661,1190 4.0

5.0 4.0, 10.0 71.0 8.9

8228.0 1876.8
3592.1

25.5 20 0 3.1 20.0 23.2 .4,1
22.2 18.1 8.5 22.4 10.1 4.2

Absorbed by soil
in 2 weeks

Released from
soil in 2 weeks

K Ca PO4 K Ca PO4

8.7 3.9
194.6 .. 204 4.1
226.8 19.1 4.0

912.1 10.0 3.9

1842.7 789.3
1336.9

20.0 23.2 4.1
22.4 19.1 4.2

139.1 8.9
144.1 3.9

10.7 88.75 4.1
14.8 91.5 4.0

9.0
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Interesting comparisons are to be noted in the above tables. Muriate
of potash, nitrate of soda and sulphate of ammonia each have a more
pronounced effect upon the lime in the clay loam than in the red hill
sample which might be expected as the hill soil contains only very
small quantities of lime. The clay loam likewise exerts a more marked
fixing action On the potash of both muriate and sulphate of potash.
Potash carbonate releases no lime from these soils. The hill soil ap-
pears to absorb potash from this compound more readily than the clay
loam, the potassium from both the carbonate and phosphate of potash
being more readily absorbed than that from the muriate and sulfate.

FERTILIZER POT TESTS.

During the summer of 1910 a series of fertilizer experiments were
carried out on the Valley clay barns and the red hill soil. Ordinary
6 in. earthen pots were filled with the soils and planted as in the
following table. In Nos. 4,5, 6,7,13,14,15,16,20,21, 24, and 25
the fertilizers were mixed with soil at time of planting. On the other
pots fertilizers were applied as top dressings after the plants were
up. Plants were thinned to six in each pot. Plants were watered and
after six weeks were cut and their green weight taken. Results
are given as follows. Evidently the extreme variation of the green
weights noted are not all due to direct fertilizer effects but a marked
difference In color and vigor was noted In plants from different plotS
and some interesting comparisons may be made from the table.
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TAHLE XXI.

POT TESTS OF FERTILIZERS.

Pot. No. Fertilizer used Crop
1 Blank Wheat
2 CaSO4, Gypsum, 50 lbs. to acre Wheat
3 CaSO4, Gypsum, 100 lbs. to acre. Wheat
4 CaSO4, Gypsum, 500 lbs. to acre. Wheat
5 CaO, Lime, 500 lbs. to acre Wheat
6 CaO, Lime, 2000 lbs. to acre Wheat
7 CaO, Lime, 4000 lbs. to acre Wheat
8 Ca (NO3) 2Nitrate lime, 300 lbs.

to acre Wheat
9 Na2SO4 Suif. soda, 300 lbs. to acre Wheat

10 Blank Vetch
11 CaSO4,Gypsum, 50 lbs. to acre Vetch
12 CaSO4, Gypsum, 100 lbs. to acre. Vetch
13 CaO, Lime, 1000 lbs. to acre Vetch
14 CaO, LIme,4000 lbs. to acre Vetch
15 KC1, Mur. Pot., 300 lbs to acre.Vetch
16 K2S03, SuIf. Pot., 300 lbs. to acre.Vetch
17 Ca (NOn) 2Nitrate lime, 300 lbs.

to acre Vetch
18 Blank Vetch
19 CaSO,, Gypsum, 100 lbs. to acre. Vetch
20 CaO, Lime, 2000 lbs. to acre Vetch
21 KC1, Mur. Pot., 300 lbs. to acre Vetch
22 Blank Wheat
23 CaSO,, Gypsum, 100 lbs. to acre. .Wheat
24 CaO, Lime, 1000 lbs. to acre Wheat
25 XCI, Mur. Pot., 300 lbs. to acre.Wheat

Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay

Clay
Red
Red
Red
Red
Red
Red
Red
Red

loam
loam
loam
loam
loam
loam
loam
loam
loam

loam
hill
hill
hill
hill
hill
hill
hill
hill

14.4
6.8

10.6
17.5
15.2
16.9
8.7

16.5
12.6

12.6
0.8
4.3
6.7
3.9
4.0
3.9

10.9
4.2

EFFECT OF LIME AND GYPSUM.

In connection with the work carried out on the effect of fer-
tilizer applications much interest has been attached to a comparative
si.udy of lime and gypsum In this regard.

It is a well known fact that the soils of Western Oregon respond
very readily to even small applications of gypsum. Many instances
are recorded where the yield of a c]over or vetch crop has been prac-
tically doubled by a treatment with plaster at the rate of fifty or
sixty pounds to the acre and this fertilizer has also been used with
success by a number of market gardeners on general truck crops.

The reactions which take place in the soil when gypsum is ap-
plied have been studied by many Investigators. Boussingault compared
the analyses of clover on which gypsum had been used with the same
plant grown on untreated plats and noted that the pastered clover
contained more potash. Storer (Storer's Agriculture 1-207) r'fering
to this section states:

"It is found that the lime of the gypsum is fixed
In the soil while a corresponding quantity of sulfate
of potash goes into solution. Thus it happens that
gypsum not only sets potash fren for the use of the

Green Weight
Soil type Grams

Clay loam 8.7
Clay loam 8. 6
Clay loam 6.8
Clay loam 6.4
Clay loam 8.7
Clay loam 14.5
Clay loam 6.3
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crop but it causes potash to be transferred from the
upper to the lower layers o the soil, so that the roots
can every where find a store of It."

R. Warrington (Trans. Chem. Soc. 47-758) and P. Richard (Ann.
de Chim. et de Phys. 25-271) show that gypsum has also a favorable
action in promoting nitrification in the soil.

According to Stockhardt "the action of gypsum perhaps more than
any other manure depends upon the kind of soil and crop, upon climate
and other conditions and is subject to manifold limitations." In
this connection it is of interest to note that in a number of recent
experiments with this fertilizer reports unfavorable to its use are given.
L. L. Harter (Bul. 1 Virginia Truck Exp. Sta.) reports: "In all our
experiments gypsum has proven decidedly injurious to Norfolk soils
and its use is not recommended." Morse and Curry (N. H. BUl. 142)
have made extensive studies on the effects of lime and gypsum on some
of the New Hampshire soils as well as upon samples of a feldspar
(apophylite). They note little chemical effect in liberation of potash
from the soils by either the lime or gypsum. From the feldspar the
lime dissolved appreciable amounts of potash and about seven times
that released by the gypsum. They state it is because of the fixing
action of the clay that the lime does not apparently increase the water
soluble potash in these soils.

In connection with some soil studies which have been carried out
recently in this laboratory the comparative reactions of lime and gypsum
on a few typical soils have been investigated as regards the liberation
of soluble potash by these fertilizers. The soils of this region are In
general clay barns of basaltic origin and usually contain a good stock
of potash. Soil No. 1 referred to in the following table is a clay loam
from the College farm and is typical of the southern portion of the
Willamette Valley Soil No. 2 is a bench land sample commonly
characterized as "red hill" or "shot" soil and is a high grade fruit soil.
Soil No. 3, is a mildly alkaline silt loam from the Branch Experiment
Farm at Union. The composition of these soils with respect to potash
is as follows:

TABLE XXII.

Composition of Soils in Potash.

In the first series of tests large glass percolators having a capacity
of about twenty-five pounds of soil were filled with the soils which had
been moistened to a good working condition with water (20-25%).
The fertilizers were then applied and thoroughly mixed with the soil,
the outleJ of the percolator c1osed with a cork and the top of the sifl

1 2 3

% %
Total 2.77 1.09 1.18
Sob. HC1 1.115 0 30 0.25 0.64
Sob. HNO3 N/5 0 055 0.038 0.145
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covered with a layer of paraffine to prevent evaporation. After stand-
ing six weeks the corks were removed and the percolators leached with
distilled water until approximately 500 cc. of percolate was obtained.
The potash was then determined in these solutions by the method of
Cameron and Failyer (Bur. Soils Bul. 31) and the colors read in a
Schreiner colorimeter. Results of these tests are recorded in the fol-
lowing table:

TABLE XXIII.

Potash in Parts per Million of Solution.
Blank 1%CaO 1%CaSO4

Soil No. 1 2.7 4.7 7.2
Soil No. 2 3.1 4.0 7.2
Soil No. 3 53.5 69.2 38.0

It is seen that both lime and gypsum increased the amount of
water soluble potash in these soils though the action of the lime is
in some cases very slight. Very little action was exerted by either
agent on the water soluble phosphates.

In the following tests the lime and gypsum used were specially
purified potash free in order that no soluble potash be introduced In
these reagents. Fifty grams of soil were treated in each case with
500 cc. of distilled water and one gram of lime and gypsum respective-
ly. The material was placed in stoppered bottles and shaken occasionaly
for twenty-four hours at room temperature. After filtration through
a Pasteur-Chamberlain filter an aliquot was analyzed as above, a blank
with distilled water being run in each instance.

TABLE XXIV.

Potash in Parts per Million of Dry Soil.
Time-hours Blank 1 gram 1 gram

CaO CaSO4

In the above table it is seen that gypsum was pronounced in its
action in each instance on the soil as well as th, feldspar, while lime
reduced slightly the amount of soluble potash. It is evident that gypsum
acts as an Indirect potash fertilizer on these soils while lime does not.

In some localities where plaster has been used for a long period
of years It is claimed that the soil does not respond to its applliation
as readily as formerly. One particular field, a sandy loam used for
market gardening, has come to our notice, however, which has had ap-
plications of plaster for 25 years at the rate of 200 pounds per acre and
Still responds readily to this treatment.- -An éxatnináttóñ ó this Sól1,

Soil No. 1 24 7.7 5.0 31:3
96 5.6

Soil No. 2 24 14.0 9.2 37.4
Feldspar (Pegmatite) 24 32.3 22.5 51.7
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together with the same soil in an adjoining field not treated with
gypsum, gave the following interesting results, tests being made of the
surface nine inches of the soil in each Instance.

TABLE XXV.

Per cent of Potash.
Unplastered Soil Plastered Soil.

Potash sol. in HCI. 1.115 0.202 0.268
Potash sol. in HNO8 N/S 0.050 0.069

These results indicate that considerable larger amounts of avail-
able potash are present in the soil which has been for a long period
treated with gypsum.

The Waters of the Columbia and Willamette.
Samples of these waters were collected monthly throughout the

year 1909. The Willamette samples were collected at the ferry cross-
ing at Corvallis, some distance from the shore; the Columbia
samples at Maygar, a point about fifty miles above the river's
mouth and were forwarded to this department through the kindness of
Mr. Lou Fluhrer. Samples were collected and stored in galvanized
iron cans. Only partial analyses were made of the samples with the
exception of the Columbia sample for August and the Willamette sample
for July 1909. The complete analyses of these samples as made by
Mr. Pilkington are as follows, the Willamette standing at 1.7 and the
Columbia at 9.1 feet above low water:

TABLE XXVI.

51.8 45.7
The Columbia water is seen to be relatively richer In carbonates

of lime obtained no doubt frrnn Its upper course where high lime for-
mations are found. The water of the Willamette is high in silica. The
ammoniuni in the samples was calculated from the value for total
nitrogen. These waters like the soil leachings contain very little

COLUMBIA
Parts per Million.

WILLAMETTE
Parts per Million.

Carbonate ion CO8 16.4 11.0
Sulfate Ion SQ 5.5 4.7
Chlorine ion Cl 5.5 4.4
Phosphate ion PO4 0.08 0.08
Calcium ion Ca 8.7 3.8
Magnesium ion Mg 2.5 1.0
Sodium ion Na 4.0 4.9
Potassium Ion K 4.1 2.8
Ammonlum ion NH, 0.42 0.52
Silica SiO 2.4 12.1
Alumina and iron (Al20 and Fe208) 2.2 0.4
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phosphates, somewhat larger quantities of potash and lime In quantities
considerably larger than either.

By way of explanation it may be said that the original plan of this
work was to get monthly analyses of these waters throughout the year,
obtain the estimated annual discharge of each of the rivers in million
gallons and from this data calculate the total annual loss of plant food
per acre in the Columbia and Willamette River basins due to soil leach-
ing. Owing to certain difficulties which have been encountered the
data Is not yet complete. The completed results will be published
later in one of the annual reports of this station.

NITROGEN AIID CARBON IN TUE VIRGIN AND PALLOWED SOILS
OF EASTER1i OREGON.

Much Interest has been awakened in recent years as regards the
lasting qualities of the soils of the semi-arid regions of our state under
the wheat cropping and summer fallow system. The following paper
embodies the results which have been obtained by us In testing a number
of soils from this section representing both farmed and virgin tracts.

The great wheat belt of Morrow, Sherman and Gilliam counties is
characterized by a silt loam soil. The deposits are of volcanic origin
and are remarkably uniform in structure even to considerable depths.
The rainfall in the region is light, varying from 6 to 15 inches in
different localities.

The general composition of this soil Is given in the following par-
tial analysis reported in Table XXVII, the results being calculated to the
moisture free sample. 99.2% of this soil passes a 5 mm. sieve. It
reacts mildly alkaline from the carbonate of lime present.

The effect of long and constant cropping with wheat by the fal-
lowing process has been proven to be destructive to soil nitrogen* when
carried on under humid conditions. Determination of total nitrogen
on a number of these semi-arid wheat soils, however, revealed the fact
that very slight differences exist between the nitrogen content of the
virgin soils and those which have been farmed for a quarter of a cen-

*LaddBulletfn 24, North Dakota Experiment Station.
SnyderBulletin 70, Minnesota Experiment Station.

TABLE XXVII. Total
per cent

Soluble
1.115 HC1
per cent

Silica, Sf02 62.85 0.34
Potash, K20 1.63 0.74
Lime, CaO 4.52 3.05
Magnesia, MgO 1.94 1.66
Manganese oxid, MnO4 0.04
Iron and aluminum oxides, Fe2O3 and Al2O 8.47 8.37
Phosphoric acid, P2O5 0.30 0.21
Nitrogen, N 0.11
Volatile 0.37
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tury. In view of this fact it was thought that a comparison of the car-
bon content of these soils would be of interest as Illustrating changes
which may have taken place in their organic matter under cultiva-
tion.

TABLE XXVIII.

.4

In Table XX VIII are given results of nitrogen and carbon determina-
tions on typical samples of these soils. Nos. 45 and 46 are samples of
virgin surface and subsoil and Nos. 47 and 48 are the corresponding
soils which have been in cultivation for about seventeen years. No. 55
has been farmed about twenty-five years. These samples were obtained
from llmatilla, Morrow and Sherman counties respectively.

The nitrogen was determined by the regular Gunning method, only
traces of nitrates being present. Total carbon was estimated by the
method of Parr*. The soil fusion obtained by combustion with sodium
peroxide and powdered magnesium in the calorimeter bomb was decom-
posed with sulphuric acid and the liberated carbon dioxide measured
In a Parr apparatus by absorption with caustic potash. Carbon as car-
bonates was estimated in a separate portion of soil by direct decompo-
sition with acid in the apparatus and measured as before.

Hilgard **has pointed out that oxidation in the arid soils affects
humus carbon and nitrogen particularly and that the nitrogen content
oL the arid humus may thus increase. Hilgard and Jaffa* showed that
the arid humus contains on an average three and a half times as much
nitrogen as does the humid.

It is evident from the above resulte in Table XXVIII that while the
percentage of nitrogen in these soils has remained practically constant
under continual cropping for in extreme cases twenty-five years, there

*Report of California Experiment Station 1892-4.
*Journal American Chemical Society, 26page 294-1640.
Bulletin 107, revised, Bureau of Chemistry, page 234.

**Sojls, page 124.

45 Virgin, surface 0114 15.270 0.229
47 Fallow, surface 0.107 6.1 11.781 23.2 0.142 38.4
46 Virgin, subsoil 18 inches 0 081 9.860 0.125
48 Fallow, subsoil 18 inches 0.081 0.0 7.540 23.5 0.116 7.2
49 Virgin, surface 0,101 14.183 0.411
52 Fallow, surface 0102 +1.0 11.l50 21.1 0.181 68.1
50 Virgin, subsoil 18 inches 0.094 9.730 0.202
53 Fallow, subsoil 18 inches 0.000 4.3 7.182 24.4 0.158 242
54 virgin, surface 0.098
55 Fallow, surface 0.102

C 09 C

55
0 0 5),-'

0 0.0 u, '5
1)

'5
U

No. DECRIPTION a
C-'',

V
55.0O3 55.05J

'5 a
0 o I.,

C



4R

has beer a mvrkej decrea I the
Witn an average yiei r 90

40 pounds of nitrogen would i remo
an'ua1ly. JIttl
rainrall hi
eiuij. ic

late,an' stur.
ediu

,anic cont'nt.
heal: approximueiy 30

grain zlcne from eal r
ccui 'n account o Uted

roger ilgat take ilace to th.
troger ec tilibrium. jie soils

L1al re with ..alcium .ax
sen would - - rnisb a good

ndei ,ystem
serl: :.uld seer. or on-

rg cited II main-

' 1 lt fYPti
4) / 1

1 4

Il i.
-

11. ii
-'

$

p

se n 'arbon or or
i . bushels of w LI I - to

- -ved by t. ij ac
As Ii e or no waste by leaching o r

it wou seem that fixation of nit: i - e
rt of maintaining pract 11y a ni 1 - p T'

furt'ermore are warm porous, and mildly a] ii

ho, J when sufficient moi . is pr t 1 fu -

m n for bacterial growth.
The loss of humus from these soils r the wheat-fallow

is a matter of ous import and it w ii that methods I
serving this ojn ic matter must be ad r these soils are to -

tam their productiveness.




