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FOREWORD

This publication is a partial inventory of the
humus resources of Oregon soils, summarizing
and interpreting the results of investigations car-
ried on by the Department of Soils for the past
several years. Some of the undesirable physical
and chemical changes associated with humus de-
pletion are presented. The important functions
served by humus in the soil are stressed and
practical suggestions are offered for renewing
worn soils.
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SUMMARY

The rate of humus loss under cultivation depends on
the system of farming. Cultivated soils frequently lose
humus at the rate of 1 per cent a year for 25 or 30 years.
One generation of farmers may bring about a loss of one-
fourth to one-third the virgin humus in humid climate and
in dry farm areas. A high humus level is usually desirable,
but consistent renewal is more important. It is the fresh
material that rots and feeds the crops.

Humus keeps soils physically fit. The granular, mel-
low soils of the garden, of virgin sod, of the forest floor,
of old fence rows, is due to the large amount of humus
present. Soils that have lost their humus easily become
"run together," hard, and baked.

Humus improves the moisture condition of the soil.
The old cultivated soils are unable to absorb and store the
winter rains for the growing season. Soils with their humus
maintained give up more moisture to the crop in the dry
season than the depleted soils.

Millions of micro-organisms actively break it down
and liberate nitrate, sulphate, phosphate, lime, and potash
that the crop utilizes. Without this decay and liberation
of plant nutrient, there could be little crop growth.

Humus can be renewed by growing soil-building crops
in rotation. Grain, potatoes, corn, or any cultivated crop
results in loss of humus. Row crops leave very little resi-
due of roots and stubble to make humus. Cultivation
makes humus rot faster and at the same time cuts off re-
newal. Sod crops are the soil builders. The sod elim-
inates cultivation. Sod crops leave more roots and stubble
to make humus. Every rotation should contain a soil-
building sod.

A green-manure crop is essential to maintain orchard
soils. Fertilizers should be used if necessary to assure the
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success of green-manure crops. The roots of the green-
manure crop may be as helpful as the tops.

Stable manure is a good source of humus, so far as
the supply extends. Four tons of stable manure (75 per
cent water) is about equal in value to a 5-ton green growth
plowed under.

Waste products of the farm are valuable sources of
humus. Straw, weeds, stalks, stubble, vines, canes, leaves,
all should return to the soil to make humus. Don't burn
anything that can be converted to humus. The value of
waste products to make humus is about in proportion to
their nitrogen content. Straw and similar products should
be supplemented with nitrogen fertilizers.

Legumes are unsurpassed for renewing humus. Le-
gumes contain sufficient nitrogen to rot quickly and their
decay liberates a large amount of plant nutrient. The
humus renewal value of 1 year of legume sod is about equal
to the humus destruction of 1 year of cultivated row crops.

Humus conservation and soil conservation are closely
related problems. Erosion, which takes the soil and hu-
mus together, often exposing the raw subsoil, is a major
cause for humus depletion. As the humus is depleted,
moreover, the soil becomes more erosive, and the two evils,
humus depletion and soil erosion, become increasingly
serious with time.
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INTRODUCTION

THE development of soil and vegetation together for a time is progressive
toward a climax plant and soil association. This basic relationship between

soil and plant cover is an accepted ecological principle and fundamental to the
genesis of soils.

Under a natural vegetative cover such as grass, the soil continues indefi-
nitely to grow richer in organic matter and nitrogen,' and probably also in the
organic forms of sulphur, phosphorus, and other elements important to plant
nutrition. Grass roots and residues are continually returning to the soil and
there is always a supply of fresh organic matter relatively rich in carbohydrates,
principally cellulose and the hemicelluloses, which serve as energy material for
micro-organisms. A plentiful supply of easily decomposable carbohydrate en-
courages the multiplication and activity of micro-organisms until most of the
soluble nitrogen not absorbed by the growing vegetation is used to make cell
tissue. The soil organisms under these conditions constantly build nitrogen
into organic form to maintain or raise the humus level. As long as there is
sufficient energy material present, there is little loss of nitrogen from the soil.

The major chemical constituents of humus are nitrogen and carbon, both
coming originally from the air. In good soils symbiotic and nonsymbiotic
micro-organisms provide the nitrogen. This source of nitrogen built into plant
tissue provides for the fixation of carbon, as carbon dioxide is absorbed from
the air by the growing plant. The two essentials for humus accumulation are
thereby constantly renewed as long as the natural cover of grasses, legumes,
and other plants remains undisturbed.

When the native sod is broken, the constructive processes are often re-
versed. Growing plants no longer continuously absorb nutrient and build or
change inorganics into organic combinations. Tillage for a time speeds decom-
position and nutrient liberation. Micro-organisms are active. In a short time
the excess carbohydrate that serves as energy is dissipated, and the organisms
are not able to utilize all the available nitrogen.

Cultivation usually reduces the amount of organic matter returned to the
soil, while the rate of decomposition is accelerated. Also the condition of
nearlycomplete absorption by either plants or micro-organisms is changed to, a
condition of rather heavy loss, of surplus and unassimilated nitrates and' sul-
phates, of potassium, calcium, and other nutrient salts, especially during rainy
periods when the land is fallow. In a few years the old cultivated soils become
impoverished of their active organic matter and nutrient availability is low.
Severe acidity may develop and the soil is "run-down." Jenny (6) has pointed
out that when acidity develops until the exchangeable bases in Missouri soils
drop below about 8 mille-equivalents per 100 grams, Kentucky Bluegrass fails
and is replaced by poorer types of grasses and weeds. The clovers and other
legumes valuable for humus and nitrogen renewal fail under these conditions.

The terms humus and organic matter are usd interchangeably without any inference
as to the state of decomposition.
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The best Kentucky bluegrass soils carry 16 to 20 mule-equivalents of exchange-
able bases and are rich in lime.

The retrogressive cycle is initiated soon after man begins to cultivate his
fields. Soil erosion, crop removal, leachingall help to speed the retrogressive
changes. The change is noticeable in grazing lands by the failure of the good
grasses and clovers and the appearance of poorer grasses and weeds to take
their place. The change is noticeable in cultivated fields in the failure of some
crops and in the reduced yields of others. All these plant responses follow
closely the humus changes in the soil. Klemme and Coleman point out the close
correlation of corn yields and nitrogen and humus content of the soil for Mis-
souri (7). Yields of other crops are affected in somewhat the same way.

THE PROBLEM WITH OREGON SOILS
The soils of the Willamette Valley, Oregon, are conveniently placed in

three groups; the overflow or river-bottom lands, the old terrace or main-valley-
floor soils, and the residual or hill lands (13). The rich river bottoms are
usually best supplied with both organic matter and mineral nutrients. The best
soils contain 4 to .5 per cent of organic matter. This is about the same humus
content as that of the rich brown silt-loam corn-belt soils of the Middlewest.

The old terrace lands of the main valley floor are not quite so good on the
average. The better types of these soils, however, are fairly well supplied
with humus to a good depth and are in a state of high productivity. The cul-
tivated hill lands are quite commonly deficient in active humus. Old soils that
are farmed in a somewhat "hit and miss" fashion lose active humus rapidly.
Hill lands in contrast to bottom soils are often shallow. The layer of humus
soil is thin. Hill soils are acid and deficient in minerals generally. The poverty
of the soil makes it difficult to grow crops that renew the humus. Thus where
hwnus is most needed, the difficulty in renewal is greatest.

In eastern Oregon, with its arid and semiarid climate, lack of moisture
limits the growth of grasses and other natural vegetation that might provide
humus. Sometimes the straw and stubble of grain crops, which might add to
the humus of the soil, are burned. This may happen in either eastern or west-
ern Oregon. Whatever will burn will also make humus, if given a chance.
Only ash remains after a fire. The essential humus-forming elements, the
nitrogen and the carbon, vanish in the smoke.

Many farms of eastern Oregon where dry farming has been practiced
would long ago have become exhausted but for nature's favors. The saving
feature of these soils is their rich supply of minerals, and the return of straw
helps to provide humus. There is little rain, and lime and other minerals do
not leach. Neither is nitrogen and humus lost so rapidly. When such lands
are placed under irrigation, rotation with legumes and manure may be used for
humus renewal. Arid lands under irrigation agriculture may therefore gain
in humus content over that of the virgin soil (2, 10). Virgin sagebrush land
near Ontario was found to have 0.36 per cent humus while old alfalfa adjacent
had 0.45 per cent.

THE PROCESSES OF HUMUS DEPLETION
Humus is destroyed in the soil chiefly by the process of oxidation. The

carbon is evolved as carbon dioxide and the nitrogen is oxidized to nitrate. Since
the humus of the soil often contains approximately ten parts of carbon to one
part of nitrogen, carbon must be oxidized about ten times as rapidly as nitrogen
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to maintain a constant carbon-nitrogen ratio in the soil. Whatever speeds the
oxidation process, such as tillage, therefore, hastens the destruction of organic
matter. Humus is more rapidly depleted in sandy soils because there is better
aeration and oxidation is vigorous. Humus is preserved in peats and wet soils
because an excess of water excludes the air and retards the oxidation process.

Since there is more humus in the top soil than at greater depths, soil erosion
is responsible for much humus depletion. The data in Table 1 show the dis-
tribution of humus in two soil profiles to a depth of 32 inches.

Table 2. EFFECT OF SOIL EROSION ON THE HUMUS CONTENT OF WIND RIVER SILT LoAM

These are virgin soils of relatively high humus content. It is evident that
erosion of the rich top soil would cause serious humus depletion for both soils.
The more serious effect would be on the Melbourne soil. Removal of a 6-inch
layer from the Melbourne soil would take away much of the humus. The
effect would be less severe with the Aiken soil, since the humus horizon is
deeper. The top 4 to 6 inches of the two soils are very similar in humus con-
tent. Below that depth the humus of the Melbourne soil drops off much more
rapidly than for the Aiken.

The data in Table 2 show the effect of erosion with another soil type in
removing the top soil containing the most humus. These two adjacent soils
were sampled at similar depths. The humus content was low in both soils.
The eroded soil had lost most of the top or A horizon, and the subsoil or B
material was exposed. This accounts for the marked difference in humus
content.

Table 2. EFFECT OF SOIL EROSION ON THE HUMUS CONTENT OF WIND RIVER SILT LOAM
SOIL.

Humus content

5 inches to 10 inches to
Depth of sampling 9 inches 16 inches

Percent Percent
2.3 0.3
1.3 .2

Horizon depth

Inches

Aiken clay loam
humus

Per cent

Melbourne loam
humus

Per cent
0- 2 5.17 6.39
2- 4 4.15 4.39
4- 6 3.94 2.45
6- 8 4.38 2.14
8-10 4.36 1.77

10-12 4.36 1.29
12-14 3.74 .82
14-16 3.74 .68
16-18 2.38 .54
18-20 2.04 .54
20-22 1.73 .48
22-24 1.22 .50
24-26 1.22 .41
26-28 1.22 .34
28-30 .82 .34
30-32 .48 .20
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HUMUS FOR PHYSICAL IMPROVEMENT OF SOILS
Organic matter is important in the development of favorable

physical properties of soils. Soil is an aggregation of fragments of partly
broken down rocks and minerals mixed with organic matter. This mixture in
its natural environment gradually acquires properties for absorbing and holding
in reserve the moisture and nutrients needed by plants. Mineral particles group
themselves into granules wrapped in humus coatings that serve to hold the
particles together. These form the basis of a good soil structure. Higher
types of plants that come with improved soil properties add more humus and
promote soil granulation. Roots of the higher plants perforate and channel
the soil; insects populate the root zone, destroy the roots, and leave openings.
Much animal life thrives and burrows through the soil. Multitudinous channels
and cavities are created, particularly in the surface horizons. Through these
processes, the larger noncapillary pores necessary to a mellow sponge structure
develop (16). Then comes the plow, much tillage, and humus depletion. The
former spongy structure gradually disappears.

Deterioration of soil tilth follows loss of organic matter. The heavier
soils, clays, clay barns, and silty clay boams, are most seriously affected. Such
soils appear to be getting heavier (more clayey), the drainage is poorer, seed-
bed preparation is more difficult, and the original mellow, sponge structure is
noticeably lacking. The soils are becoming compact and impervious when
moist, and hard and cemented, like stone, when dry.

The average soil is about one-half pore space and one-half solid matter.
Water and air circulate through the pores. The capillary pores hold the water
and the larger or noncapillary pores afford drainage, aeration, and opportunity
for root penetration and development. Good soils have from 10 or 12 per cent
to 25 or 30 per cent of the soil volume represented by noncapillary pores.

Structure break-down in some soils of western Oregon is due in part to
loss of organic matter and in part to too much tillage. Examination of the
soil profile reveals the most open sponge structure 10 to 14 inches below the
surface, beyond the reach of the tillage tools. Here granulation and channeling
with many cavities are pronounced in contrast to the dispersed cemented condi-
tion sometimes found in the tillage horizon. The greatest loss of structure and
the most serious cementing are found in some of the old hill soils, long culti-
vated, depleted of organic matter, and impoverished to the nonprofit level by
continuous grain farming.

The data in Table 3 show the contrasting properties of an old cultivated
field and virgin grass land. This soil has undergone an appreciable structure
"breakdown." Half the humus and half the larger pores have been destroyed,
which would naturally reduce water penetration, aeration, and root develop-
ment. Tillage pans just below the depth Of cultivation are common in culti-
vated lands. In some cases pans have been observed so cemented and impervi-
ous that water stands in ponds or sheets for days without penetrating the soil.
Tillage pans may form in time on the best river-bottom soils. Gradual elimina-
tion of these pans follows cover cropping, humus renewal, and reduced cul-
tivation.

Adequate humus in the soil is important during drouth periods.
When manure and mineral fertilizers are compared during the dry years, barn-
yard manure shows a big advantage over mineral fertilizers. In the midst of a
dry period, however, a heavy plant growth or treatment with organic materials
should not be plowed under and seeded. At such times the soil is too dry for
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organic materials to rot. Bulky fresh materials in the bottom of a plow furrow
in dry times may cut off moisture movement and thus increase the damage
caused by drouth. The same materials, plowed under and mixed with the soil
when there is moisture, humify relatively quickly.

Table 3. EFFECT OF TILLAGE AND HUMUS DEPLETION ON PHYSICAL PROPERTIES OF ASKEW
CLAY LOAM.

Adequate humus renewal helps to get more water into the soil and to
increase the supply of soil moisture available for plant growth. A plant cover
together with the root channels and the good effect of the humus materials on
soil structure combine to reduce the loss of water and to decrease moisture
shortage. Partly rotted organic materials that remain in the soil in the form
of humus provide the favorable physical soil properties necessary for maximum
crop production.

HUMUS AND HUMUS MATERIALS ARE PURVEYORS
OF PLANT NUTRIENTS

Nitrification carried on in the soil by micro-organisms is a fundamental soil
process, which not only supplies nitrogen in an available form, but produces a
solvent action important in bringing nutrient bases such as calcium and potas-
sium into solution (18). Nitrates of potassium, calcium, and other nutrient
elements are easily absorbed by plants. Regular and adequate humus renewal
is favorable to nitrification and to a good supply of available nutrients.

Weight for weight, plant materials may carry more of several nutrients
than the minerals of the soil. Averaging the composition of 752 plant materials
typical of the vegetative parts of plants that return to the soil to renew the
humus shows somewhat more potassium, 1.46 times as much calcium, and 1.64
times as much phosphorus as the average of 76 typical Willamette Valley soils.
The average for 77 plant materials shows 39 times as much sulphur as the
average for 76 Willamette Valley soils (in press). Plant materials decom-
pose quickly; soil minerals, slowly. With the decay of the plant residues in
the soil, the nutrients previously absorbed from the soil are partly liberated
for the other plants and micro-organisms. Molds, bacteria, and earthworms
increase in the organic humifying horizons of forest-soil profiles (12).

Horizon

Apparent
specific
gravIty

1.29

Total por.
osity by
volume

Per Cent

51.5

Capillary
porosity

by volume

Per cent

38.2

Non-
Capillary
porosity

by volume

Per cent

13.3

Weight
per cubic

foot

Pounds

80.6

Humus
content

Per cent

3.33
3"-5" 1.34 49.6 12.0 83.7 2.89
6"-s" 1.30 51.1 13.6 81.2 2.89

Average 1.31 50.7 37.8 13.0 81.8 3.04
Virgin sod

0 -2" .91 65.7 41.8 23.9 56.8 7.85
3"-S" 1.05 60.5 37.2 23.3 65.6 4.45

.97 63.5 34.2 29.3 60.6 2.58
Average .98 63.2 37.7 25.5 61.0 4.96

Difference, cultivated and
virgin soil .31 12.5 .1 12.5 20.8 1.92

Per cent change +31.6 -19.8 +0.26 -49.0 ±33.9 38.7



Depth Humus

Sites Clay

6"-12"
2nd loot
3rd foot
4th foot
Sib foot
6th foot
7th foot -

Per cent

6"-12

4thfoot_....
5th foot
6th foot
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In the process of conversion of plant materials to humus, some of the
nutrients are combined in the humus as an essential part of its composition.
Nearly all the nitrogen of the soil is in organic combination. Starting with
plant materials averaging perhaps 2 per cent or less of nitrogren, such changes
occur in the process of humification that the incompletely decomposed residue,
called humus, contains 5 or 6 per cent of nitrogen. Humus, according to
Waksman (20), is chiefly a mixture or combination of lignin and proteins.
Two parts of lignin to one of protein give a carbon-nitrogen ratio of about 10:1.

One-third to one-half the total phosphorus of the surface of humid soil is
in organic combination. Four per cent of organic matter in the soil has been
found to contain nearly as much phosphorus as the other 96 per cent of mineral
matter. A similar relationship holds with regard to sulphur. The organic
phosphorus and sulphur came originally from soil minerals and have been
gradually combined into organic form by plant growth and left in the soil as
an organic residue. Plant growth also is constantly bringing up minerals from
the deep soil, and concentrating them in the surface horizons (4).

Of the reserve available, calcium, magnesium, and potassium, the organic
matter of the humid soil again supplies a large portion. Weight for weight
the soil humus may carry five or six times as much calcium and potassium in
easily available or exchange form as the mineral part of the soil (11). The
parallelism of humus distribution and soluble nutrient distribution in the soil
profile is indicated in the data in Table 4.

Table 4. SOLUBLE NUTRIENTS IN THE SOIL PROFILE.

0.05
Water Water N(HCI)

Available soluble soluble soluble
phosphorus potassium calcium potassium

ppm. p.p.m. p.p.m. p p.m.

4.67 7 21.4 107 291
3.62 9 14.2 104 163
2.27 10 7.4 55 115
1.33 8 2.3 25 88
.79 7 3.0 21 105
.56 5 2.5 8 95
.48 9 .7 3 94
.33 13 .5 3 110

Willamette Loam
3.63 357 41.3 33 421
2.69 266 25.2 18 340

2nd foot 1.33 266 19.0 11 267
3rd foot .36 266 7.3 12 66

.28 266 3.0 10 91

.20 266 1.0 5 21

.18 266 .9 2 6

Commercial fertilizers are usually not complete fertilizers. A
complete fertilizer in the strictest sense is seldom if ever attained. Few, if any,
commercial fertilizers come in this class. Organic materials, including stable
manure that has been well preserved, are as nearly a complete fertilizer as is
possible to produce, though the balance may not be good. The balance or ratio
of one element to another can be improved when fertilizers ae used with
manure and other humus materials.

Probably some of the favorable effects from the application of manure,
leaf mold, or similar organic materials are due in part to the presence of the
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rarer or secondary mineral elements, such as manganese, boron, zinc, barium,
copper, iron, and others that may be deficient (or of low availability) in the
soil. Manure has been found to correct a manganese deficiency in Florida
soils, a boron deficiency in Finland soils, and a copper deficiency in North
Carolina soils (23).

Greenhouse trials at the Oregon Station show that manure compost corrects
boron deficiency quite effectively for growing sunflowers, beans, tomatoes, and
other plants. Liberal use of manure compost in greenhouse studies has cor-
rected boron deficiency as effectively as the addition of sodium borate or borax
used at rates to supply 1 to 2 parts per million of boron in the soil.

The purpose of fertilizing is to supply nutrients of such a nature and
quantity as are necessary to supplement those provided through the natural soil
processes. In the breaking down of organic matter in the soil a certain amount
of nitrogen is liberated. With adequate nitrogen from this source there is no
need for nitrogen fertilization. Only when natural processes do not supply
sufficient nitrogen is the use of fertilizer needed. The same relationships apply
with reference to any fertilizer, whether used to supply nitrogen, phosphorus,
potassium, boron, or other elements.

When fertilizer is applied to the soil, even in the presence of vigorously
growing plants, not all is used by the crop. Some is fixed in the soil and per-
haps some will be lost (19). Fixation of nutrients in organic combinations
through the agency of soil micro-organisms or otherwise is usually desirable
(17). When superphosphate is added to the soil, some of the phosphorus may
be fixed in organic form and some in mineral combinations.

Next to the soluble calcium phosphate, which is the form of the phosphorus
of superphosphate, and magnesium phosphate, which is the form in which phos-
phorus is translocated in the plant for storage in the grain or seed, organic
phosphorus is probably the most available found in soils. The organic phos-
phorus of old soils with depleted humus is less available than in soils where
active humus has been well maintained by regular additions of fresh organic
materials. Combinations of phosphorus with iron and aluminum are quite
slowly available and undesirable. A good preventive against this latter form of
phosphorus fixation is an abundance of active humus.

Manure, bean straw, and other organic materials to the extent of their
phosphorus content are good sources of phosphorus. These materials, however,
are relatively low in their phosphorus content, when compared with fertilizers
commonly used as a source of phosphorus. On soils needing phosphorus fertili-
zation, adequate humus renewal is an important factor in obtaining a satisfactory
response from the use of phosphate fertilizers.

Previous study has shown that solubility of bases follows nitrate production
somewhat closely (19). Crop yields under greenhouse conditions are often
greater from a combination of mineral fertilizers and organic materials, than
from either alone (in press). Commercial fertilizer alone is Oot adequate for
maintaining a highly productive soil.

Rotting organic matter stimulates root development and therefore
results in a more efficient absorbing system for plants. This means better use
of both the natural soil fertility and of fertilizers added to the soil. The stimu-
lation to root growth may be due in part to improved soil structure, aeration,
better moisture conditions, and more nutrients. Possibly also root hormones
are generated in the decomposition of organic matter, since these substances are
organic compounds. Part of the good effect of farmyard manure may be due
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to the presence of certain growth stimulants. B-indolacetic acid, which has a
powerful effect in stimulating root growth, is a constituent of urine and no
doubt occurs in manure. Whatever the reason, rotting organic material in the
soil is likely to become impregnated with a mass of fine feeding roots so im-
portant to the nutrition of vigorous plants.

Other such growth-promoting substances as pantothenic acid, discovered
by Williams while at this institution, probably are provided by micro-organisms
acting upon the organic materials of the soil. To what extent the good effect
of active humus in stimulating plant growth may be due to some elusive vitamin-
like substance or growth promoter that has as yet escaped discovery and identi-
fication by scientific workers, is not known. There is probably a considerable
number of such essential but unfamiliar needs of plant life.

CROP ROTATION FOR HUMUS RENEWAL

At the Oregon Experiment Station the average yield of grain grown con-
tinuously without rotation for a period of 12 years, in one trial, was 24
bushels. On the same soil a rotation of grain, clover, potatoes (with 2 tons
lime to grow the clover) yielded 43 bushels an acre, or about 79 per cent
increase (9). Rotation requires no extra expense and yet it is a most helpful
practice in renewing humus and maintaining crop yields.

Data by Powers and Lewis (10) indicate that a 3-year rotation of barley,
clover, and beans over a 15-year period increased the humus content of the soil
by 0.1238 per cent, when compared with beans grown continuously. This is
equivalent to a gain of 2,476 pounds of humus per acre of 2,000,000 pounds of
soil, or an annual gain of 165 pounds an acre. The gain from rotation under
irrigation was 0.1703 per cent, or 3,406 pounds of humus an acre. This is an
annual gain of 227 pounds an acre, which indicates that crop rotation is more
effective for humus renewal under irrigation than under dry-farm conditions.

An effective rotation must contain one or more soil-building crops. The
soil builders are the sod crops. Mixed grasses and legumes make the best sod.
Grasses are shallow-rooted and occupy the surface soil while the legumes with
their deep roots utilize the subsoil. Legumes, such as alfalfa and sweet clover,
with big roots are the best soil improvers.

In the grain sections of eastern Oregon, crop rotation is difficult. Few
other crops than grain can be successfully produced in dry farming. A fallow
year has partly taken the place of rotation. Erosion is now occurring on fallow
soils, and this practice may have to be modified to retard erosion. Instead of a
cultivated fallow, a solid seeded crop such as peas may be adopted. This prac-
tice may retard erosion and renew the humus. Arid soils usually hold up better
under continuous cropping than soils of humid regions, due in part to the non-
symbiotic bacteria called Azotobacter, which are capable of removing nitrogen
from the air and leaving it in the soil to grow crops.

In irrigation farming, legumes can be grown in rotation. Potatoes followed
with grain as a nurse crop to seed clover is a satisfactory rotation on some
irrigated farms. Clover in the rotation is very profitable when grown as a
seed crop. When feed is needed alfalfa produces larger yields of forage. The
dairyman or stockman may prefer alfalfa to clover.

Willamette Valley farmers depend largely upon grain and grass with some
clover. Vetch and oats seeded together make good yields of seed and when
the straw is returned leave the soil in better fertility for succeeding crops. The
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growing of vetch hay is a soil-building process, if the hay is fed and manure
returned. Vetch and oats can be made to thrive on some rather poor acid
soils if lime and superphosphate are used.

Truck farmers may rotate their truck crops and include legumes and soil-
building green manures in their rotations, especially where irrigation is prac-
ticed. A vigorous sod plowed under is an excellent preparation for garden
truck. Vegetable crops may do well on alfalfa sod. No amount of stable
manure is as effective as alfalfa sod for enriching the deep soil. Either clover
or alfalfa land is fine for potatoes and other vegetable crops.

When soils become disease infested, a longer rotation is helpful. When the
length of the rotation is increased, two or more soil-building crops may be in-
troduced to maintain the soils at a high production level. A satisfactory
rotation can usually be arranged with any group of crops. The sequence of
crops is of some importance, especially on acid soils. When the soil is limed
and fertilized, the sequence is of less importance.

Since rotation produces large yields, large quantities of mineral nutrients
are removed from the soil. To maintain yields at the highest level, rotation
must be accompanied by return of crop residues and manure. Rotation fur-
nishes a sound basis for the use of lime and commercial fertilizer. Rotation
with suitable soil-building legumes renews the humus and fertilizers renew the
minerai nutrients.

LEGUMES ARE SUPERIOR SOIL BUILDERS

To maintain the supply of nitrogen in cultivated soils would require a
legume crop once each 2 to 4 years. Acid soils must be limed to insure the
success of legumes. It has been amply demonstrated that by the use of lime,
clover and vetch can be grown successfully on acid hill soils. There are few
soils suitable for agricultural use that could not be induced to grow soil-building
crops of vetch or clover by the use of lime and sometimes superphosphate.

Legumes not only fit well into crop rotation but nearly all legumes do bet-
ter when rotated. Clover usually "runs out" in a couple of years and should
be plowed up for some other crop. Even alfalfa, which sometimes produces
wonderful yields for years under favorable conditions, is usually better if
plowed at certain intervals. The greatest soil improvement results when the
stubble and residue or part of the top growth are plowed under often. There
is probably not much further accumulation of nitrogen .and humus in the soil
after alfalfa has stood for 3 years. The amount of nitrogen added to the soil
by growing legumes is variable. The usual estimate is that legumes add nitro-
gen to the soil equivalent to the nitrogen content of the above-ground parts of
the plant.

When a mineral fertilizer is used, as is a common practice in growing
truck and fruit crops, a legume plowed under as a green manure is very helpful
in increasing the efficiency of the fertilizer. Mineral fertilizers are not substi-
tutes for organic matter and are not effective unless organic matter and nitrogen
are maintained. Nitrogen fertilizer is not a satisfactory substitute for soil
humus. Needed mineral fertilizers are well used when applied to legumes to
grow more humus.

Legumes not only renew the organic matter, but they are very effective in
improving the physical conditions of the soil. Some of the legumes, such as
clover and alfalfa, are deeper rooted than any of the commonly grown culti-
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vated farm crops. The root development is also profuse, leaving several tons
of roots and residues to make humus when the sod is plowed. This enormous
underground growth permeates, pulverizes, and loosens the soil in a way not
possible by any external treatment. After legumes, the soil is noticeably loose
and pulverulent. On heavy soils this factor of physical improvement is very
important.

MAKING HUMUS WITH CLOVER

Oregon's cultivated land is growing probably about half a million acres of
all legumes. Clover comprises only one-fourth the legume acreage. Thus only
approximately 1 acre in 10 of Oregon's crop land is growing any legume, and
only 1 acre in 40 is growing clover. These data may indicate that clover is a
crop of minor importance in Oregon agriculture. More clovers of the various
varieties could probably be grown to advantage, particularly for their humus-
renewal value.

Plant materials worked into the soil should contain 2 per cent or more of
nitrogen in order to rot quickly and liberate nutrients for crops. Up to bloom-
ing time clover contains about 3 per cent and even the hay contains 2 per cent,
or nearly twice the nitrogen content of timothy, redtop, rye grass, and other
nonlegumes. Materials such as straw, which are lower in nitrogen, rot much
more slowly and liberate much smaller amounts of nutrients for crop growth.
Straw needs nitrogen fertilizers used with it to make as satisfactory humus as
clover. A ton of clover has two to four times as much nitrogen as a ton of
grain straw, and is valuable in about that proportion for humus-renewal and soil
improvement. Soils that have become depleted of humus and nitrogen respond
quickly to clover growing.

It is not necessary to plow under all the clover to obtain soil improvement.
Clover roots alone are a source of considerable humus. More than 3 tons dry
weight of clover roots an acre have been found in the plow depth of an old sod.
As a source of humus, this is equivalent to 12 tons of average stable manure
an acre. There were many roots below this depth, as clover roots penetrate the
soil to a depth of 5 or 6 feet or more.

Pasturing clover is excellent for soil improvement. Clover furnishes
superior grazing, and the fertility is left on the land. Growing clover for seed
is nearly equally satisfactory for soil improvement if the clover straw is spread
on the land. The sale of seed removes little fertility, and a ton of dry clover
straw is worth as much for humus-renewal as 4 tons of wet manure.

ALFALFA FOR SOIL IMPROVEMENT

On good soils, alfalfa finds its place for improving the fertility. The
Willamette Valley has about 60,000 acres of alfalfa, with 235,000 acres in
eastern Oregon and other parts of the state. The acreage is increasing.

Alfalfa increases the effective soil depth. The effective depth of soils is
limited largely to the root zone or the zone in which humus has been deposited
by roots of soil-improving crops. Two-thirds of the roots of alfalfa, which
sometimes amount to 5 to 8 tons an acre, in good soils may be left below the
depth of cultivation. The roots are mixed with and permeate the deep soil
6 feet or more, creating a good condition not possible to obtain by any other
treatment.



In tlie choice of a cover crop to be used for green manuring, bulk is of
first importance. For this reason nonlegumes may be sometimes superior to
legumes. Nonlegtimes do not add nitrogen; in fact they may require additional
nitrogen in the form of nitrate of soda or sulphate of ammonia to rot them
quickly when plowed under or disked into the soil. The large yield may corn-
pcnsate for lack of nitrogen, which can be purchased, whereas humus materials
cannot usually be conveniently bought on the market hut must be grown.

Oveson and Powers (8) report humus increases in greenhouse work from
the use of peas as a green-manure crop. The average increase of humus from
the green manure compared with crop removal for five crops on Chehahis sandy
loam soil was 0225 per cent, equal to 4,500 pounds of organic matter an acre of
2,000,000 pounds. On an unidentified sandy loam soil from Moro the increase

Green manuring, when the humus content of the soil is low, may result in
marked yield increases. In the south, where soils arc usually low in humus,
crop yields are sometimes doubled by green manuring. To obtain the best soil
improvement from green manuring, the land should grow a cover crop cacti
year, and the humus should be renewed every year by working the green
manure into the soiL On the truck farm or in the orchard, the entire cover
crop growth should be left on the land. The general farmer, however, should
usually use his cover crop for pasture, feed, or seed, and return only the after-
growth or unused residue to the soil as a green manure. This is for economic
reasons, to obtain some cash returns while improving his land.
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Alfalfa can be successfully grown on the river-bottom soils and the good
second-bench, or old valley-filling soils. The better soils series, such as the
Willamette, are good alfalfa soils. Shallow or heavy soils, like the Dayton
series, locally called "white land" are not suited to alfalfa. A little more care
is needed to grow alfalfa successfully on the second-bottom than on the first-
bottom soils. There is more frequent need for lime and sometimes more need
for superphosphate on second-bottom soils.

A favorable feature of alfalfa production from the standpoint of soil im-
provement is the high esteem in which it is held. The average grower will do
more to put land into good condition to grow alfalfa than for almost any other
common crop. The grower knows that the soil must be good naturally or it
must be made good by treatment, before alfalfa can succeed. Land that is
drained, limed, and fertilized for alfalfa is then in the best condition to grow
other crops also.

In a few instances alfalfa has succeeded to some extent on rather heavy
clay soils. Heavy soils in southern and eastern Oregon usually contain the good
supply of minerals necessary for alfalfa success. This favorable factor in part
compensates for the unfavorable heavy texture. With a heavy texture that
restricts root development, alfalfa usually proves short-lived in spite of a favor-
able supply of mineral nutrients. Such soils as Cove clay or "black sticky" or
other clays, while by no means ideal for alfalfa, are not ideal for other crops,
and it becomes a question of growing the most desirable crop that is possible
under the conditions. Among nonlegurnes tall fescue is highly recommended for
such soils.

HUMUS RENEWAL BY GREEN MANURING WITH
COVER CROPS

from four crops was 0.190 per cent, equal to 3,800 pounds of organic matter
an acre.



Soils in a humid section arc always subject to some loss of fertility due to
leaching. Lysimeter studies at the State college show that as much as 25 to
SO ioUnds of nitrate nitrogen may be lost annually by leaching on bare soils.
Likewise there may be loss of 10 to 20 pounds of potash, and 175 to 350 pounds
of lime, figured on the acre basis (5). To replace this loss in the form of
commercial fertilizer would require a considerable expenditure. While the en-
tire loss cannot be prevented by cover cropping, a very appreciable reduction
in such losses is easily within the practical reach of every farmer. Green
manuring, therefore, may serve the double purpose of conserving fertility and

As a soil builder, animal manure is valuable, not only because it contains
the elements of plant food, such as nitrogen, phosphorus, potassium, sulphur,
and others, but also because the use of manure is an important means of rencw-
ing the soil humus. The entire manure production of the country has been
estimated to provide twice as much organic matter as is destroyed in growing
two of the nation's important crops, grain and cotton (15). Each ton of
average farm manure supplies about 500 pounds of organic matter, badly
needed by all cultivated soils. Though there is no means of accurate determina-
tion, probably an average of 1 to 3 tons of organic materials per acre rot in

the soil annually. The use of fann manure is only one of several means of re-
newing this loss. Manure as it is applied to the land is usually about three-
fourths water and one-fourth organic matter. Eight tons of wet manure sup-
ply 2 tons of organic matter. Since no one can treat his cultivated land every
season to a dressing of manure, other sources of organic matter, principally the
residues of crops and green manures, must be relied on for supplementing the
soil humus.

Stable manure, when fresh or carefully preserved from loss, meets the re-
quirements of a good humus material in both composition and decomposability.
Two-thirds the nitrogen and four-fifths the potash are in the liquid part of the
manure. The care of the manure determines its value. Nitrogen is easily lost
by leaching or hot fermentation. Manure piled under the eaves of the barn
through the rainy winter months is worth not more than 50 per cent of its orig-
inal value by spring. Both leaching and hot fermentation occur in loose, open
stacks exposed to the weather. The bulk of manure or humus value may be
reduced 50 per cent in a few months, and the nutrient value may depreciate
even more.

There are satisfactory ways of handling manure to prevent loss. During
parts of the season, manure may be hauled directly to the field and spread on a
growing crop, or it may be stored in a deep stall or manure shed, and kept
moist and tightly packed until a suitable season for use on the land. To prevent
loss in storage, plenty of absorbent is needed and air must be exduded. Stor-

age of liquid and solid together in manure pits preserves the fertility effectively,
and is a common practice in coast sections.

Even with the best methods of handling, manure probably will never be
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renewing the humus. The successful production of a green-manure crop in
fruit and truck farming is of sufficient importance to make it pay to fertilize
the cover crop.

RENEWING HUMUS WITH STABLE MANURE

worth as much again as while it is fresh. No method of handling can prevent
all losses. Plowing under or working into the soil with a disk soon after
spreading in dry weather reduces loss. Manure or organic matter of any kind
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should be partly worked into the soil to get the greatest value for making
humus. Less humus results when rotting occurs on top of the soil.

Powers and Lewis (10) present data on Amity silty clay loam indicating
that manure applied at the rate of 10 tons per acre once each 3 years, in a
3-year rotation of barley, clover, and beans, caused a gain in humus content of
0.2408 per cent, equal to 321 pounds of humus gain per acre yearly. Under
irrigation the gain from the manure was 0.3541 per cent, equal to 472 pounds
yearly per acre of 2,000,000 pounds of soil. On this basis each ton of manure
used on dry and irrigated land caused a gain of 96 pounds and 142 pounds of
humus in the surface soil respectively.

Because of its scarcity and value, manure should be applied at light rates.
A small quantity of manure may act as an inoculant and stimulant to the soil.
The micro-organisms introduced are helpful in breaking down the raw soil and
improving it for crops. Either fresh or fermenting manure introduces a great
many micro-organisms.

CROP RESIDUES FOR HUMUS RENEWAL

The upper 3 feet of good soil, the principal root zone of plants, may contain
more than 200 tons an acre of organic matter, mostly in the form of humus.
This material has required thousands of years to accumulate. Losses occur
much more rapidly than accumulation. Estimates place the annual unreplaced
loss of humus from cultivated fields at 150 million tons, or an average annual
net loss of about 750 pounds an acre for the cropped land.

Any attempt to estimate the, rate of humus accumulation in the soil is more
or less futile. The presence of the humus, and the higher content of virgin
compared to old cultivated soils, is evidence enough that there has been a period
of accumulation and that tillage to produce crops has reversed the process,
resulting in depletion.

The Missouri Experiment Station applied 2 tons of clover an acre an-
nually to a field over a 15-year period. At the end of that time, the treated
soil showed an average annual increase of more than 500 pounds an acre in its
humus content (1). Nitrogen and humus in the soil go up or down together,
and it is impossible to build one without the other. At the rate indicated above,
which is probably not possible of practical attainment, it would require from
100 to 200 years to replace again the humus that has disappeared from a virgin
soil that has lost 50 per cent of its original content in the entire root zone.

Plant residues, including the roots, leaves, stems, weeds, straw and other
unharvested materials that return to the soil are the most imfortant means of
humus renewal for most soils. The roots of certain plants, the sod formers,
especially the clovers and alfalfa, make a most important contribution of humus
material. The root system is not seen, and therefore not appreciated. On good
soils the roots of perennial crops are often equal to the top growth. The top
is harvested and valued because it brings a direct return. The roots and stubble
go back to the land to make fertilizer to grow another crop. Crop residues are
none the less valuable because they cannot be placed on the market. They are,
in fact, a universal and important means of humus renewal.

Grasses concentrate their roots in the surface soil. The Nebraska Station
reports that under the best native prairie grasses, there was 1 ton dry weight
of roots per inch of soil depth in the surface or 4 tons in 4 inches (22). Each
ton of dry roots is approximately equivalent to 4 tons of average wet stable
manure for renewing humus. These data indicate the relatively great humus
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value of the root systems of grasses. The roots of legumes often contribute
considerably more to the humus supply, particularly in the deep soil.

Many crops leave more residue than is appreciated or utilized. Tomatoes
in one study left a residue of 4 tons of roots and stubble an acre (21). This
residue contained as much plant food as is removed by a 33-bushel crop of
wheat. Wheat left 3,000 pounds of root system, while corn had only 1,000
pounds. The superiority of legume over nonlegume residues is indicated by
data on a 2-year-old stand of clover that returned to the soil residues carrying
as much nitrogen, phosphorus, and potassium as would be removed in both the
fodder and grain of a 100-bushel yield of corn.

The row crops receiving the most cultivation cause the greatest depletion,
and at the same time leave the smallest residue of organic matter in the soil.
The Ohio Station found that raising one corn crop resulted in as much loss of
humus as was destroyed by growing two crops of grain (14). Corn requires
more tillage than grain and more humus is destroyed. A year of clover sod
renewed the humus sufficiently to about compensate for the destruction caused
from the production of one corn crop.

Young volunteer growth, which may be plowed down with straw, may
become very effective for humus renewal. Young alfalfa and even young
grass may contain 4 per cent of nitrogen. Straw with half of 1 per cent of
nitrogen will humify more satisfactorily if mixed with a high nitrogen material
such as young green growth. Probably the largest amount and most satisfactory
humus production will result when the plant materials can be mixed in such a
proportion as to average about 2 per cent of nitrogen.

Legume residues, such as clover, vetch, and bean straw, have a satisfactory
nitrogen content for producing humus. In harvesting with a combine these
materials may be left on the land, where they should be worked into the soil
with proper tools, never burned if possible to avoid it.

COMPOSTING PLANT MATERIALS

Compost properly made is equivalent in fertility and humus value to stable
manure. In preparing material for composting, build a flat heap of the straw
or other material to be composted. Place a layer about 1 foot deep at a tinie.
Sprinkle each layer with sulphate of ammonia, superphosphate, and ground
limestone, or wood ashes. Use rates equivalent to about 75 pounds of sulphate
of ammonia, 35 pounds of superphosphate, and 50 pounds of limestone or 100
pounds of wood ashes, for cach ton dry weight of material coniposted. A few
forks of old compost, or even rich soil, mixed in will help. The finished heap
should be about 4 feet high, flat, and so constructed as to take water. Apply
water artificially for quick results. Later, rains may supply sufficient moisture.
It requires about 800 gallons of water to wet a ton of dry straw. Three
months or more after treating and wetting, the material should be ready for
use. One ton of dry straw or any similar plant material will make 2 or 3 tons
of wet compost (3, 11).

For quick rotting, the heap should remain moist but not waterlogged. The
material will heat during the period of active decomposition. The temperature
may reach 65° C. Any waste material, such as leaves, grass, flower stalks,
weeds, spoiled hay, and other things, may be used. Green materials, such as
grass and weeds, are rich in nitrogen and are good to mix with such dry
niaterial as leaves or straw. One precaution is needed. Materials that carry
diseases or insects should be burned rather than composted to prevent spreading
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diseases and insects. There may be some danger also in the spread of weed
seeds.

The chief obstacle to composting is the labor involved. This difficulty can
be partly eliminated in the case of wheat straw by preparing the straw pile and
making the chemical treatments at threshing time to avoid rehandling. A
straw pile built to take water, treated chemically, and only about 6 feet high,
would probably receive enough rainfall during the rainy season to wet through
and cause rotting. More time but less labor would be necessary to make com-
post by this method.

Where the grain is harvested by combine and the straw left in the field, the
chemical treatments may be made by broadcasting on the land and working the
straw into the soil with a disk. Coinposting the straw in the soil proves equally
as satisfactory as composting in the heap. On good soils only the nitrogen
treatment may be necessary in the field. Use of about 100 pounds of sulphate
of ammonia or the equivalent in some other form of nitrogen for each ton of
dry straw should give satisfactory results.
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Sites gravelly loam
Barron coarse sandy loam
Corning gravelly clay loam
Josephine clay loam
Medford gravelly clay loam
}ugo gravelly loam

Olympic silt loam
Sauvie silty clay loans
Wupato silty clay loam
Willumette loam -

Soil

Chehalis silt loam
Chehalis silty clay loam
Carlton silt loam
Olympic silt loam (gray phase)
Holcomb silt loam
Powell silt loam .................

Adams very fine sandy loam ...............
Walla Valla silt loam
Pilot Rock silt loam
Hilmer very fine sandy loam
Onyx fine sandy loam
Walls Walla very fine sandy loam
Ritzville fine sandy loam
Gardena loam .... ......... ................ ....
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Loss

Per cent Per cent Per cent

4.96 3.54 1.42
4.28 2.24 2.04
8.83 1.84 1.49
1.29 .88 .41

3.465 2.125 1.34 38.2

APPENDIX
Table 5. HUMUS CONTENT OF CULTIVATED AND UNCULTIVATED SOIL.

Fence row Orchard
Soil and depth uncultivated cultivated Difference

Per cent
Willamette silty clay loam

0 - 6" 28.6
6"-12' 47.7

12"-24" 44.7
24"-36" 31.8

Average

Organic matter by the method of Walkley and Black.

Table 6. ORGANIc MATTER IN SOILS IN JOSEPHINE, COLUMBIA, AND UMATILLA COUNTIES.

Organic matter

Josephine County
1.92Kerby gravelly loam
1.38Columbia fine sandy loam
1.95Salem silt loam
3.52
2.79
2.98
2.82
3.40
4.53

Columbia County
3.82Sauvie loam

24.21Peat
3.79Willamette silt loam
9.78Sifton gravelly loam
3.90Aiken silt loam
2.82
5.41
3.67
4.23
2.38Cascade silt loam

4.76
5.10
3.04
2.44
1.00

Umatilla County
Basket Mountain silty clay loam 5.17
Palouse silt loam 4.42
Basket Mountain Loam 3.34
Butter Creek silt loam 3.26
Rupert coarse sand 3.26
Meadows silt loam 2.93
McKay silt loam 2.79
Dark Walla Walla silt loam 2.18
Onyx loam 2.12
Mission silt loam 2.11

1.98
1.85
1.82
1.74
1.52
1.28
1.22
1.14

Ritzville silt loam .97
Ritzville fine sandy loam .95
Ephrata loamy sand .84
Ephrata sand .80

Unless otherwise sjiecified, organic matter was determined by the modified Rather
Method. Credit is due J. S. Jones, V. C. Bushnell, and W. L. Powers for many of the
organic matter determinations.



Soil

F layer
I, taycr
Bleached, fine sandy loam ..........
Iron pan - ......................
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Table 7. ORGANIC MATTER IN FOREST SOILS.

1. Redwoods, California

Depth
Organic
matter

Per cent

Decayed redwood
Smith River log 95.58

Litter, needles 0 - 2 " 88.96
F, layer 2 "- 5 " 58.26
H, layer 5 "- 6 " 32.84
Humus and soil fine sandy loam 6 "-12 " 7.76
Gravelly silt loam 12 "-20 " 2.81

2. Pine and fir
Podsolic

OregonBandon,
Litter, needles 0 - 2 " 73.10

2 "- 2k" 33.60
2k"- 3 " 25.10
4 "-12 " 2.74

16 "-20 " 1.09
Raw soil material 20 "-30 " .18

3. Douglas Fir
Astoria Branch Experiment Station
Lateritic

Litter 0 - " 88.10
F, layer i"- 1 " 80.50
H, layer 1 "- li" 31.80
Humus soil, silt loam 1k"- 2k" 7.08
Soil 2"-14 " 3.13
C, layer 60 "-66 " 1.30

4. Douglas fir
Powell silt loam
Gresham, Oregon

Litter, needles, etc. 0 - F' 90.37
F, layer i"- 1 " 75.62
H, layer 1 "- 2 " 40.86
Humus soil, silt loam 2 "- 4 " 14.52
Silt loam 4 "-12 " 2.07
B, layer, silt loam 24 "-36 " .72

5. Douglas fir
McKenzie Bridge, Oregon

Lstter, needles, etc. 0 - " 67.80
F, layer i"- 1k" 37.20
H, layer li"- 3 " 38.20
Humus soil, gravelly silt loam 3 "- 4 " 3.23
A2, soil 4 "-18 " 1.53
B, subsoil 30 "-36 " .81

6. Oak, brownerth
Corvallis, Oregon

Litter 0 - F' 88.50
F, layer
H, layer

,, ,,

F'- if"
83.85
98.88

Humus soil, silty clay loam 2 "- 4 " 11.56
Silt loam 4 "-12 1.75

7. Yellow pine
Sisters, Oregon

Pine needles, etc. 0 - " 93.90
F, layer i"- 1 " 26.70
H, layer 1 "- iF' 24.20
Humus soil, medium sandy loam iF'- 4 " 4.37
B, horizon 12 "-30 " 1.59

8. Yellow pine, Wanaga Butte (Bend)
Needles, etc. 0 - " 97.00
F, layer i"- 3 " 92.78
TI, layer 3 "- 3k" 41.40
Humus soil, ioamy silt 4 "- 6 " 3.88
Pumice soil 6 "-18 " 2.95
Raw pumice 24 "-36 " 1.60

9. Yellow pine and fir
Pioneer Camp, Oregon
Trail Hiway, Umatilla County

Needles and twigs 0 - 1 " 77.20
F, layer 1 "- 2 " 69.10
H, layer 2 "- 2k" 43.70
Humus soil, brown silt loam 2Y'-lO " 3.72
B5, subsoil 10 "-24 " 1.37
B2, subsoil 24 "-40 " .78



Olympic clay
DouIas fir

Olympic clay
Douglas hr

Chehalis fine

Willam silty clay loam
Dayton y clay loam
Aiken loam
Olympi ay
Melbou silty clay loam
Peat -.

Aiken silty day loam
Oak and fir virgin soi

Aiken silty clay loam
Prunes and grain

Melbourne loarnvirgin
Melbourne loam

Cultivated, grain and walnuts
Olympic clay loam, stumps
Olympic clay loam, cultivated
Melbourne silt loam,

Virgin soil
Melbourne silt loam, cultivated
Sauvie silt loam ........

Soil Location

Willamette Valley
Willamette Valley
Willaniette Valley
\Villamette Valley
Willamctte Valley
Willamette Valley
Willarnette Valley
Lake Lahish (Marion County)
Clackamas County

Astoria Branch Experiment Station
Union Branch Experiment Station
Barney Branch Experiment Station
Moro Branch Experiment Station
Irrigation Field, O,S.C.
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Table 8. ORGANIC MATTER IN MISCELLANEOUS SOILS.

Organic
matter

Per cent
loam
unburned Alsea Mountain 4.48

loam
heavily burned Alsea Mountain 3.32

sandy loam 1.78
Cove clay 2.14

ette 2.08
silt 1.70

clay 1.96
c cl 2.13
me 2.33

72.76
Muck 46.10

Dundee Hills 2.41

Dundee Hills 3.04
soil Chehalis Mountain, 15 per Cent slope 3.31

Chehalis Mountain 3.32
Chehalis Mountain 2.75
Chehalis Mountain 3.34

Benton County 2.62
Benton County 2.48
Bonneville Bowl 2.23

Columbia silt loam Bonneville Bowl 1.82
Melbourne silty clay loam 7.19
Catherine silt loam 4.61
Very fine sandy loam 5.04
Unidentified soil 1.71
Amity silty clay loam 2.70
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E. C. Sammons
Robert \V. Ruhi
Edgar William Smith
Willard L. Marks
R. C. Groesbeck
Mac Hoke
it. E. Klcinsorge

Frederick M. Hunter, ECLD., LL.D........

Frank Liewellyn Ballard of the State Coflege
\Vin. A. Schoenfeld, B.S.A., ,LB.A.................... ................ Director
R. S. Besse, M.S ..........,.__ Assistant Director
Esther McKinney ....__... ..................__Accouncant
MargaretHurst, B.S..__............._.................. ......... ....Secretary

Fans fanagcmcnt
D. C. Mumford, M.S.._...._ .. Economist in ChargeC. \V. Kuhiman Ph.D......._........ Associate Economist
W. W. Gorton, Assistant Economist
H. L. Thomas, M.S........Associate Agricultural Economist, Conservation Economic

Division, Soil Conservation.
J. C. Moore, M.S......._. ... State Representative, Division of State and Local

Planning. Bureau of Agricultural Economics
V. %V. Baker, B.S......Assistant Agricultural Economist, Division of Land Economics

An:mal Husbandry
Johnsoii, B.S
Nelson, ..... _...._. Animal
Oliver, M.S.................... ......,. .....Associatc Animal

Rodenwold, M.S,,_,,..,,,,. Animal

Dairy Hiubandry
..._Dairy Husbandm

Dairy Husbandin
Assistant (DairyHusbandr

..Research Assistant (Dairy Flushandr
...._..,........,..............Research Assistant (Dairy Hushandr

Diinick, M.S...... ........_.......................,.Wildlife Conservationist in Charge
GriffIths, Ph.D....................._._........._............_.... .A5Sistant Conservationist
Einarsen B.S....................... Associate Biologist, Bureau of Biological Survey

Long, h.S...._. ...,..........Research Assistant (Fish and Came Management)

J. N. Shaw, B.S., D.V.M.......... ................._Veterinarian in charge
E. M. Dickinson, D.V.M. ItS .......... Associate Veterinarian
0. H. Muth, D.V.M., M......._._ .................... Assoctate Veterinarian
R. W. Dougherty, B.S., D.V.M........... Veterinarian
A. S. Rosenwald, B.S., D.V.M....... _. Assistant Veterinarian
Roland Scott, D.V.M ...... Research Assistant (Veterinary Medicine)
Richard Shuman, D.V.M.............Junior Veterinarian, Bureau of Animal Industries'
M. P. Chapman, B.B.M .,, Research Assistant (Veterinary Medicine
K. S. Jones, D.V.M Research Assistant (Veterinary Medicine

J?oseburg
Portland

Portland
Albany

Falls
.Ptndleton

Silverton
Chancellor of Higher Education

OREGON STATE BOARD OF HIGHER EDUCATION

STAFF OF AGRICULTURAL EXPERIMENT STATION
Staff members marked are United States Government investigators

stationed in Oregon

Division of Agricultural Economics
E. L. Potter, M.S Agricultural Economist; In Charge, Division of Agricultural

Economics
Agricultural Economics

W. H. Dreesen, Ph.D Agricultural Economist
D. B. DeLoach, Ph.D Associate Economist

Divhion of Animal Industries
P. M. Brandt. A.M Dairy Husbandman; In Charge, Division of Animal Industries

R. G. Husbandman
0. M. Husbandman

W. Husbandman
W. Husbandman

G. H. Wilster, Ph.D an
I. R. Jones, Ph.D an
H. P. Ewalt, B.S Y
R. E. Stout, M.S Y
V. P. Smith, B.S Y

Fish and Game Management
R. E.
F. P.
A. S.
Jay B

Poultry Husbandry
H. E. Cosby Poultry Husbandman in Charge
W. T. Cooney, B.S Research Assistant (Poultry Husbandry)

Veterinary Medicine

t On leave.



Diseascs
tgronomtst

R. E. Fore Ph.D,_.,,..,._. ..,__...........__.....Associate AOflOml5t
H. H. Rampton, M.S,._...Assii.t Agronomist (Division of Forage Crops and thseases)
L. E. Harris M,S,..........._,,,.. ..,....._.. ........... .,. ._._..._...Assstant Agronomist
H. E. Finneli, M.S......_...........__..._........,......__.._.._._-.....:_...ASiStaflt Aonoims
Elton Nelson, B.S.........Agent, Division of Cotton and Other Ft
Louisa A. Kanipe, B.S....... ....._..Junior Botanist, Division
A. E. Gross, M.S........ ..,....._....Research
L. K. Hansen, M.S.._.................. Research

.Research Graduate
Food Indusiries

H. Vv ieand B.S.A.................... ._.. ,.Tcchnologist in Charge
T. Onsdortt, _........_. Associate Technologist
D. R. Mills, B.S...._.._... ...., ...........Assjstant Technologist
E. W. Harvey, M.S..............................,. Research Assistant (Food industries)

Horticulture
W. S. Brown MS., D.Sc........_ ... ...Horticulturist
H. Hartinan, LS...... ........ ........Horticulturist (Pomology
A. G. B. Bouquet, M.S.................................._.... _........Hortiulturist (Vegetable Crops
C. E. Schuster, M.S............Horticulturist (Division of Fruit and Vegetable Crops and

l)iseases)
V. P. Duruz, PkD.................. Horticulturist (Plant Propagation)

G. F. Waldo. M.S..........Associate Pomologist (Division of Fruit and Vegetable Crops
and Diseaaes)

E. Hansen, M.S Assistant Horticulturist (Pomology)
A. N. Roberts, B.S......... .. ........ Research Assistant (Horticulture)

Soil Science......................................Soil Scientist in Charge
.__.........._........_.................................oil Scientist (Fertility)

irrigation and Drainage Engineer, Soil Conscrvation..........._..... ...._... Scientist
Associate Soil Scientist (Soil Survey)

Assistant irrigation Engineer, Cooperative Agent, Soil
Conservation Service

Agricultural Chemistry
S. Jones, M.S.A........ . ........_. ...Chemist in charge
H. Robinson, M.S.............._.................... Chemist (insecticides and I'ungicidcs)

R. Haag Ph.D ...... ........... .......Chemist (Animal Nutrition)
E. Bullis, M.5 .....,......... Associate Chemist

Hatch, M.S......................................... _.......................Assistnnt Chemist
I.ewis, M.S...... .............. ... ...........Assisthnt Chemist

Engineer
,'ricultural

and En5rucei jug
H. E. Sinnard, M.S......._...........Aasociate Agricultural Engineer (Farm Structures)
C. I. Branton, 13.S _ .._....Assistant Agricultural Engineert

R. Stafford............_ ..........Engineering Aid, Bureau of Agricultural Chemistry and
Engineering

F. Carnes, B.S.....Junior Agricultural Engineer, Bureau of Agricultural Chemistry
-

and Engineering
L. M. Klein, B.S.... Mechanical Engineer, Bureau of Agricultural Chemistry and

Engineering'
Bacteriology

G. V. Copson, M.S............._ _. .......... Bacteriologist in Charge
J. K. Simmons, M.S.............. ._...._........................Associate Bacteriologist
V. B. Bollen, Ph.D.. ._.................. .....Associate Bacteriologist
F. 7. Rudert, Ph.D Research Assistant (Bacteriology)

Entomology
C. Mote, Ph.D..... Entomologist

Powers, Ph.D......_......
Ruzek, M.S........
Lewis, C.E.___
Stephenson, Ph.P
Torgerson, B.S.._
Haley, B.S.._

4. .4

STATION STAFF(Contnsued)
Division of Plant Industries

R. Hyslop, B.S Agronomist; In Charge, Division of Plant Industries

Farm Crops
A. Schoth, M.S Agronomist; Division of Forage Crops and

D. D. Hill, Ph.D......

Henry R. Fox-tniann, B.S

ber (..rops ann L,iseases
of Seed Investtgations
Assistant (Farm Crops
Assistant (Farm Crops
Assistant (Farm Crops)

W. L
C. V.
M. R.
R. E.

F.
J. M.
A. W. Marsh, M.S Research Graduate Assistant (Soils)
H. E. Clark, B.S Research Graduate Assistant (Soils)
H. E. Dregne, M.S Research Graduate Assistant (Soils)

5.
M
J.

Agricultural Engineering
E. Price, B.S Agricultural in Charge

W. M. Hurst, M.A ......._....Agricultural Engineer, 3ureau of A chemistry

in Charge

t On leave of absence.



B. G. Thompson Ph.D................ ........._ Associate Entomologist
S. C. Jones, M. ---._...._.... .....Assistant Entomologist
K. W. Gray1 M.S.............._.............. ._........Axsistant Entomologist
H. E. Morrison, M.S _................... Assistant in Entomology
Joe Schuli, MS... .......Assist2nt in Entomology

C- K. Owens, Ph.D............._........_............. Charge
S. M. Zeller Ph.D... _................ Pathologist -F. P. McWorter. Ph.D...__....Plant Ptholoist

and Vegetable Crops -
and Diseases)'

Bailey, M.S Associate Plant Pathologist (Ayricultural Marketing Service)'
Miller, Ph.D... ...Associate Pathologist (Division of Fruit and Vegetable

Crops and Diseases
Hoerner, M.S................ ...........Agent (Division of Drug and Related Plants
Milbrath, Ph.)) _....._....................Assistant Plant Pathologist

Publications and News Service

Byrne, ..Director of Information
Reed B.S., A.B............._........... .... ....._ _. Editor of Publications
Goxle, M.A...............;...................._ ............ .__...Editor of Publications

Burtuer, B.S.................................... ............ ...............In Charge of News Service

I.. Childs, A.B Superintendent, Hood River Branch Experiment Station, Hood River
C. Reimer, MS... ...Superintendem, Southern Oregon Branch Experiment

Station, Talent
................._.........Superintendent, Eastern Oregon Livestock Branch

Experiment Station, Union
.._...Superintendcnt, Umatilla Branch Experiment Station

(Division of Western Irrigation Agriculture, Hermiston'
..Superintendent. Harney Branch F

.....Superintendent, John Jacob .
.

A. Mitchell, B.S...... Superintendent, Pendleton Branch Station (Dry Land
Agriculture), I'endleton

K. B. Platt, M.S.................Superintendent and Assistant Range Examiner (Division of
Grazing), Squaw Butte Range Experiment Station, Burns'

R. G. Johnson, B.S....Leader of Livestock Research Projects, Squaw Butte Range
Experiment Station, Burns

M. M. Oveson. M.S Superintendent, Sherman Branch Experiment Station, Moro
E. S. Degman, Pti.D.......... Superintendent and Associate Pomologist. (Division of

Fruit and Vçgetahle Crops and Diseases), Medford'
G. G. Brown, A.B., B.S.............Horticulturisi, Hood River Branch Experiment Station,

Station, Burns
Bruce Allyn, B S .......Junior Irrigation Engineer (Division of Fruit and

Vegetable Crops and Diseases), Medford
J. R. Kienhole, Ph.D......_.........Assistant Pathologist (Division of Fruit and Vegetable

Crops and Diseases). Hood River
R. D. Frichtel, B.S.....................Junior Range Examiner (Division of Grazing), Squaw

Butte Range Experiment Station, )3urns
Joseph Belanger, B.S................cooperative Research Agent, Conservation Experiment

Station (Division of Soil Conservation), Moro'

I

STATION STAFF(Continued)

Home Economics
Maud M. Wilson, A.M Home Economist
Helen McCullough, M.A Assistant Home Economist

Plant Pathology
Plant Pathologist in

B. F. Dana, M.S... ......Plant Pathologist (Division of Fruit

D.
P. W

R.
John

C. D.
E. T.
D. M.
J. C.

Branch Stations

D. E. Richards, B.S

K. Dean, B.S......

Obil Shattuck, MS.... Lxperiment Station, burns
H. B. Howell, B.S Astor Branch Experiment

Station, Astoria
Arch Work, B.S Associate Irrigation Engineer (Division of Irrigation),

Medford

Hood River
L. G. Gentner, M.S Associate Entomologist, Southern Oregon Branch

Experiment Station, Talent
F. Martin, M.S. Assistant Agronomist (Division of Cereal Crops and

Diseases), Pendleton
R. E. Hutchison, M.S Assistant Superintendent, Harney Branch Experiment


