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SUMMARY

Soils of the Willamette Series occupy the gently rolling, naturally
drained, brown-colored lands in the old Valley filling or Valley floor of
the Willamette and include about one-third million acres.

Four types of Willamette Series have been mapped in the cooper-
ative soil survey; namely, loam, silt loam, clay loam, and silty clay loam.
The average texture is silt loam with about 5 percent organic matter.
The weight per cubic foot surface soil is approximately 80 pounds and
its field water capacity nearly two acre-inches for the first acre-foot of
soil.

Chemical analyses indicate that soils of the Willamette Series are
comparatively strong soils and well supplied with essential nutrients such
as potassium and phosphorus. There is a marked variation in the amount
of calcium contained, which may partly account for difference in response
to lime reported from different field tracts. The supply of readily avail-
able lime (exchangeable calcium) is relatively large in certain soils
studied.

During the past fifteen years lime has caused crop responses suf-
ficient to pay its way on Willamette silt loam at the Agricultural Ex-
periment Station. The limed soils are more friable, retain moisture bet-
ter, are more nearly neutral, and yield larger amounts of exchangeable
calcium.

Liming has increased nitrate formation on Willamette silt loam.
This soil possesses a vigorous flora of microorganisms capable of pro-
ducing ammonia when well supplied with nitrogenous organic matter.
Inoculation is found to be advisable for clover or vetch on virgin soils
or on soils cropped to grain for several years. Results of inoculation for
alfalfa and soy-beans on Willamette silt loam are very striking.

Crop rotation has given remarkable results in experiments main-
tained on Willamette silt loam for the past fifteen years, with increase
in average yields up to 65 percent where accompanied by good farm
practice. Crop rotation costs little and is of first importance in obtain-
ing large and profitable crops on the soils of this soil series.

Fertilizer experiments maintained the past fifteen years show only
moderate returns. This is owing partly to the good state of fertility of
all plots as a result of using a good crop rotation and partly to the fact
that dry summers tend to mask the results or cause lack of moisture to
be the first limiting factor.

Moderate increases in yield have been received from farm manure,
lime, potassium sulfate, sulfur, and complete fertilizer, results varying
somewhat according to kind of crop.

In a new experiment under way the past six years lime and manure,
and lime, manure and superphosphate have given largest yields of clover
and corn.



Cooperative fertilizer trials indicate that fertilizers are more help-
ful on the lighter types and older cropped lands of the Willamette Series
in the lower part of the Willamette Valley. Potassium with some nitrate
seems to increase the length, strength, and percentage of fiber in flax
when grown on soils of the Willarnette Series. Effectiveness of fertiliz-
ers depends on drainage, moisture, tilth, supply of organic matter, liming
on acid soils, presence of beneficial bacteria, and the season.

Eight years' results from a study of rates, forms, combinations,
and manner of use of barnyard manure indicate that superphosphate is
effective for reinforcing manure and that better returns are realized from
phosphates or lime when used in conjunction with barnyard manure. A
twenty-ton application appears to be an economic rate and it is most
effective if disked in and plowed under. Benefit from manure applied once
was reflected in the eighth crop. Straw applied in the fall has given good
returns. Nitrogenous material used with grain straw hastens its decay
and aids effectiveness.

Supplemental irrigation has strikingly increased yields of staple
crops, and it is especially profitable where obtainable at reasonable cost
when used with late-season crops or intensive cultivated crops. Crop
rotation and manuring have doubled the yield, trebled returns an acre-inch
irrigation, and reduced the water cost by half.



Soils of Willamette Series and
Their Utilization

By

W. L. Poweas, C. V. Ruzri<, and R. E. STEPHENSON

INTRO DUCT I ON

The Willamette Soil Serics occupies the gently rolling, naturally
drained, brown-colored lands in the old Valley filling or Valley floor of
the 1vVillamette and includes about one-third million acres. The soils of
this series constitute the most representative general-purpose agricultural
lands in the Valley. The purpose of this bulletin is to present in concise
form the accumulated information bearing on the characteristics and
methods of improvement for this series of soils. The data herein report-
ed have been compiled from soil survey, plot, and laboratory experi-
men ts.

ORGANIZATION
The organization for the work represented herein centers in the

Experiment Station Soils Committee, W. L. Powers, chairman; J. S.

Jones, station chemist; and 'tV. V. Halversen, secretary, and specialist in
Soil Bacteriology. The soil survey of the Willamette Valley has been
made in cooperation with the United States Bureau of Soils. E. F.
Torgerson of the Soils department has devoted much time to the field
survey and has prepared soil reports for some counties. The old rota-
tion and fertilizer experiments were initiated by H. D. Scudder, agron-
omist. The field experiments were centered in the Soils department.
During recent years, C. V. Ruzek has supervised the experimental plots,
assisted by J. lvi. England, who has given these plots immediate and
faithful care. Chemical analyses have generally been made by the agri-
cultural chemists of the Station, while biological data were supplied by
W. V. Halversen. A special study of exchangeable bases and the re-
action profile of 'vVillamette soils as affected by liming has been made
by R. E. Stephenson of the Soils department. Valuable service has been
rendered by cooperating farmers; namely, Romeo Gouley of Brooks,
Howard Belton of New Era, and J. lvi. Riddle & Son of Monmouth.

PHYSICAL CHARACTERISTICS OF WILLAMETTE
SOIL SERIES

Soils belonging to the 'vVillamette Series are alluvial in origin. They
have matured under a humid coastal climate, which is characterized by
moist winters and rather dry summers. The surface inch or two is loose
granular or mealy structure, light brown in color, and contains an appre-
ciable organic deposit. The surface soil or A horizon is brown to a
rich brown in color, penetrating to a depth of 8 to 10 inches. Weather-
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ing of the surface soil has produced a slight accumulation of colloids and
clay in the B, horizon, which extends to a depth of about 20 inches. This
accumulation is more marked at a lower depth, or in the B2 horizon. The
upper subsoil, or B, horizon to a depth of about 20 inches, consists of a
dark brown, slightly compact material of a cubical structure, which
breaks down readily into a fine, granular mass. The B, horizon is dull
brown, or yellowish brown, heavier textured and of compact, densestructure, and breaks up cloddy. The parent material, or C1 horizon
below 36 to 40 inches, is yellow brown, lighter in texture and of dense,friable structure. The physical composition of lNillamette silt loam is
presented in Table I, which shows this soil to be comparatively uniform
in mechanical composition. The analyses of eight samples from half.
acre plots in the irrigation field at the Oregon Agricultural Experiment
Station show that the soil in these plots does not have a variation of 3percent in amount of and, silt, or clay present, as determined by theBureau of Soils method of analysis. Some accumulation of clay in thesubsoil is indicated by these determinations.

TABLE I. PHYSICAL COMPOSITION OF WILLAMETTE SOILS

VeryFine Coarse Medium Fine finegravel sand sand sand sand Silt Clay2tol ltoS .Sto,25 .25to.l .1 to.05,35t 005 005 toOCounty mm. mm. nun. mm. mm. n,ru. mm.

*Irrlgation Experiment Field, Oregon Agricultural Experiment Station.

The average loss-on-ignition for the 8 surface soils in the irrigation
field was 5.45 percent; for the subsoil it was 4.25 percent.

The average weight of the surface soil per cubic foot is approximately
80 pounds. The average maximum water-retaining capacity of the sur-
face soil under field conditions is approximately 34 percent, of the sub-
soil about 32 percent; yet more than 27 percent moisture is rarely found
when the soil is dry enough for seeding or cultivation. The drouth point
or wilting point is at approximately j4 percent moisture and the average
minimum field capacity of the first acre-foot is approximately 13 percent.
The actual usable water capacity under field conditions is a little less
than two acre-inches in the first acre-foot while that of the subsoil is
usually a little lower. This soil takes up water at a moderate rate and
retains it comparatively well.

% % % % % %

M ultnoniah (a) Willamette Loam
Typical soil
Typical

1.2 2.4 1.8 10.8 37.5 35.6 10.8subso,l.
Rolling phase

0.7 1.9 1.9 10.8 39.9 35.3 9.8
Soil
Subsoil

0.4
0.3

1.8
1,4

0.8
0.7

6.3
5.7

35,0
37.3

44.7
43.8

11,0
11.0

Washington
Soil .... 0.0 0.9 0.8 6.S 31,1 48.0 11.4Subsoil o.o 0.3 0.3 4.1 31.2 52,2 11.9

Benton (b) Willamette Silt Loam
0" to 10" 0.6 0.9 0.5 3.4 6.6 64.6 23,410" to 36" 0.2 0.5 0.6 4.0 7.0 62,3 25.3

Average of S
analyses

Surface o.o 0.4 0.5 2.1 2.0 74.9 20.7Subsoil o.o 0.3 ' 0.4 1.9 1.9 70.7 24.9
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The information which follows regarding chemical composition is
based on analyses and statements by the Station Chemist, J. S. Jones.

CHEMICAL COMPOSITION OF WILLAMETTE SERIES
The producing power of a soil depends on several things, of which

the ability to supply essential nutrients is an important factor. In
tables II and III are given the total analyses for soils of the Willamette
Series.

TABLE II. RESULTS OF CI-TEMICAL ANALYSES OF SAMPLES TAKEN BY
SOIL SURVEY PARTIES AS REPRESENTATIVE OF SERIES AND TYPE.

\VILLAMETTE LOAM AND WILLAMETTE SILT LOAM.

VEY PARTIES AS REPRESENTATIVE OF SERIES AND TYPE. WILT.AMETTE
CLAY LOAM AND WILLAMETTE SILTY CLAY LOAM

Magne- Potas- Phos-
Calcium stuns siurn phorus Nitrogen rr1fur

Counties Ca Mg K P N S
Sub- Sub- Sub- Sub- Sub- Sub-

Soil soil Soil soil Soil soil Soil soil Soil soil Soil soil
% % % % % % % % % % % %

These analyses indicate that the soils of the Willamette Series are
comparatively sttong soils; that is, they are well supplied with essential
nutrients, such as potassium and phosphorus. There is a striking vari-
ation in the amount of calcium and sulfur they contain. For all prac-
tical purposes all four types represented might have been included in
one table.

The data given in Table IV on Willamette silt loam found in
Benton county illustrate such differences in composition with origin of
sample as one might reasonably surmise may prove to be characteristic
of each of the four types in whatever part of the Valley it occurs.

Counties

Magne- Potas- Phos-
Calciurri stuns siurn phorus Nitrogen Sulfur

Ca Mg K P N S
Sub- Sub- Sub- Sub- Sub- Sub-

Soil soil Soil soil Soil soil Soil soil Soil soil Soil soil

% % % % % % % % % % % %
\Vashington ........ 1.12 0.80 0.60 0.75 1.85 1.83 0.172 0.083 0.083 0.032 0.013 0.016
Yamhill 0.62 0.56 0.32 0.55 2.14 2.05 0.112 0.047 0.150 0.075 0.019 0.012
Clackamas 0.77 0.36 1.60 0.141 0.152 0.013

1.54 0.70 0.75 0.120 0.314 0.012
Marion 1.15 0.99 0.43 0.64 1.83 1.76 0.111 0.078 0.081 0.042 0.003 0.001

1.36 1.08 0.63 0.63 1.64 1.59 0.179 0.102 0.124 0.038 0.024 0.001
P011< 0.35 0.46 2.28 0.165 0.252 0.025
Benton 0.85 0.50 1.93 0.143 0.164 0.030
Linn 0.49 0.07 2.08 0.153 0.213
Lane 1.44 1.65 0.76 0.68 0.81 0.87 0.145 0.164 0,169 0.121 0007 0.002

Average 0.97 1.02 0.45 0.66 1.69 1.62 0.144 0.095 0.170 0.062 0.016 0.008

TABLE III. RESULTS OF ANALYSES OF SAMPLES TAKEN BY SOIL SUR-

lilarion 1.05 0.97 0.42 0.63 2.05 2.12 0.144 0.123 0.121 0.057 0.026 0.019
Benton 101 ....... 0.53 1.68 0.131 0.166 0.031
Lane 1.31 1.23 0.57 0.42 0.92 0.85 0.169 0.155 0.175 0.101 0.007 0.002

Average 1.12 1.10 0.51 0.53 1.55 1.49 0.148 0.139 0.154 0.079 0.021 0.011
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TABLE IV. ANALYSES TO DETERMINE DIFFERENCES IN COMPOSITION
OF SURFACE SOILS REPRESENTING RELATIVELY SMALL AREAS

SEPARATED ONE FROM ANOTHER BY DISTANCES RANGING
FROM TWO TO FIFTEEN MILES

In Table IV eight analyses are shown of surface soils taken from
the same number of small areas separated one from the other by dis-
tances ranging from one or two miles to as many as fifteen miles. The
averages for these eight samples are remarkably near to averages ex-
pressed in Table III for the closer-textured types in the three counties,
Marion, Benton, and Lane. There is a rather wide variation in calcium
content, which may help to account for the difference in response to lime
reported from different field trials.

POPULAR RATING OF WILLAMETTE SERIES
APPROXIMATELY CORRECT

The popular rating of the soils of the Willamette Series places them
among the very best of the Willamette Valley soils for general farming
purposes. It is quite evident, however, from the tables of analytical data
preceding, that some areas must eventually prove to be superior to
others in ability to produce without application of commercial fertilizers.
Yet these soils are not, as a rule, seriously acid, and do not respond as
readily to applications of lime as some other series. The chemical ele-
ments involved, in the light of the best information available on com-
position, are in all probability most significant in respect to calcium and
sulfur. Almost without exception the Willamette Series are strong soils
from the standpoint of their total potassium, phosphorus, and nitrogen.
The chief weaknesses these soils may show at this time are mainly trace-
able to their rather iow content of calcium and sulfur.

Calcium. Calcium and sulfur stand in an especially important rela-
tionship to the growth of the common legumesclover, vetch, and al-
falfa. Both elements are used by legumes in relatively large amounts.
There is a constant and very appreciable loss of both elements by the
leaching effect of rain-water. There has been fair response on the part of
Willamette silt loam on the Experiment Station Farm at Corvallis to
the application of lime (calcium) in rotations that include a legume. No
data or experimental evidence are yet available from which it is possible
to correlate greatest response to liming with those areas of the VVil-
lamette Series that are lowest in this very essential element. It is

Willansette
clay loam Calcium
0" to 14" C

Magnesium Potasiurn
Mg K

Phosphorus
P

Nitrngen
N

Sulfur
S

Benton county
Area No. % %

1 0.62 .45 2.16 .125 .111 .007
2 2.03 .80 1.02 .130 .141 .034
3 1.50 .58 1.13 .145 .150 .036
4 0.74 .22 2.22 .177 .218 .037
5 0,77 .60 2.14 .132 .194 .035
6 0.43 .48 1.83 .109 .186 .037
7 1.45 .65 1.20 .144 .141 .030
8 0.51 .44 1.75 .087 .184 .030

Average i.oj .53 1.68 .131 .166 .031



Sample. depth
Surface Subsurface Subsoil Substrata
0" to 9" 9" to 24" 24" to 38" 38" to 60"

%
Exchange calcium 0.3317 0.3714 0.3464 0.4046
Exchange magnesium 0.0302 0.0258 0.0282 0.0323
pH 5.9900 6.flItIt 6.4900

SOILS OF \/VILLAMETTE SERIES 11

reasonable to assume, however, that such correlation will eventually be
established.

The low figures for calcium raise questions, too, regarding the reac-
tion of the soils of this series. Not all the samples whose analyses are
given in the previous three tables were examined for reaction. In con-
nection with other work on soils of this series, however, reaction (pH)
and lime requirement values by various methods clearly indicate for
them a degree of acidity that must be reckoned with for acid-sensitive
crops. Determinations on nine samples of Willamette clay loam ob-
tained in Benton county in a manner similar to. that recorded for the
samples listed in Table IV gave an average reaction value of 5.3 and a
lime requirement (CaO) of approximately 11 tons per acre (2,000,000
pounds).

Sulfur. The analytical data for sulfur indicate for eighteen inches
of soil approximately 900 pounds of this chemical element. It will be
recalled that a five-year rotation consisting of wheat, corn, oats, and
clover takes from a soil approximately 100 pounds of sulfur. In western
intermountain and Pacific Coast statesin regions generally where the
consumption of soft coal is lightrelatively little sulfur is added to soil
by rain-water. In the Willamette Valley analytical determinations have
shown that from 7 to 10 pounds are added annually. Since this amount
of added sulfur will scarcely offset the annual amount lost from soils in
the Valley by leaching, it vould seem that sulfur fertilization for soils
of the Willamette, Series may in the future become a common practice.
This may help explain the common and profitable practice of using cal-
cium sulfate for legumes when grown on these soils.

Replaceable bases. The amount of exchangeable calcium and mag-
nesium as determined by R. E. Stephenson for virgin soil samples from
Lane county Willamette loam is presented in Table V.

A fertile soil may have 0.25 to 1.00 percent of exchangeable bases,
0.6 to 0.9 of which may be calcium. These bases are loosely held and
tend to come into solution in the soil water (called the soil solution) to
replenish the available supply for successive crops. If the exchangeable
bases are depleted by continued cropping and leaching, acid or hydrogen
particles (ions) may replace bases on the surface of the clay particles,
making the soil acid.

The Willamette soil as shown in Table V has a large amount of
replaceable calcium. Table IX shows that it has also a relatively low
amount of replaceable hydrogen. The lower layers of soil and the un-
derlying soil material are shown to have a little more replaceable calcium
than the surface soil layer. Magnesium acts in a somewhat similar way
but is much less important than calcium. The total amount of replace-
able magnesium is less than one-tenth the amount of calcium. Only an
occasional application of lime should be necessary to maintain a favor-
able reaction in this soil.
TABLE V. EXCHANGEABLE BASES, WILLAMETTE LOAM (VIRGIN SOIL),

LANE COUNTY
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SOIL COLLOIDS
At the present time, the fine-textured fraction of the soil, formerly

classed as clay, but now known to be mostly colloidal in nature, is given
much attention, The structure, moisture capacity, and supply of essen-
tial nutrients is closely related to the colloidal fraction. Good soils are
therefore well supplied with colloidal material.

A study of the Willamette soil shows 20.7 percent in surface, 20.2
percent in the subsoil, and 29.7 percent in the parent material. These
data indicate that there has been little mechanical removal of colloids
from the surface soil by the action of water. In fact the underlying
parent soil-forming material appears to contain more colloid than the
superimposed soil. These data would indicate a rather young and im-
perfectly developed soil profile. The rather uniform amount of exchange-
able calcium in the different horizons shown in Table V indicates the
same thing. The material therefore is not deeply weathered and the
colloid is well stocked with essential nutrients for crop production.

VALUE OF LIMING FOR SOILS OF WILLAMETTE
SERIES

Increase in yield from liming. An experiment was initiated in the
rotation expermcnt field in 1914 to learn the value of lime for different
crops when applied at different rates to W'il]amette silt loam soils. Plots
included in the trials were treated with lime at the rate of 3, 6, 9, and 12
tons per acre, and cropped to a three-year rotation of corn, grain, and
vetch, followed by spring grain. Detailed yields are being reported in a
separate bulletin.

While some visible effects of liming were noted in the case of oats
and vetch, the average yield for this crop shows no marked advantage
from the treatment. A stand of clover on the plots when the experiment
was interrupted, indicated that lime was beneficial in obtaining a stand
and growth of this crop. A significant increase in the yield of corn Was
realized following liming, and a rather surprising increase in grain was
also obtained. The soils of these plots were found to retain moisture
best where the lime application was given; they were found, moreover,
to be more friable at harvest time. In the fertilizer experiments on ad-
jacent plots maintained over the same period of years, lime has just paid
its way.

Naturally drained soils of the Willamette Series show slight to
medium acidity and show only moderate response to liming. Yet use of
lime on acid soils of humid regions on legume crops is regarded as
fundamentally sound. Soils with poor natural drainage in these sections
respond to lime application at the rate of 1 to l? tons per acre.

Chemical effects of liming. A chemical study of soils collected from
limed plots near the close of the experiments was made by Dr. R. E.
Stephenson, showing that the influence of liming, even in heavy amounts,
did not extend much below the surface soil or plowed depth. The plots
had been treated twice at the rates indicated before the time of sampling
for these tests. Liming appears to have increased the replaceable bases
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It is generally agreed that the supply of nitrates is of prime im-
portance in the growth of most plants; however, many plants can utilize
ammonia as a source of nitrogen. For the growth of such staple crops
as alfalfa, clover, wheat, etc., nitrate production is essential to growth.

Moisture, temperature, and nitrates. Studies on the amount of
nitrates present under growing cereals show that the moisture and
temperature conditions in the Willamette Valley are not conducive to
rapid nitrate formation.

During the feeding season of the crop on both of the limed and
unlimed plots little nitrate was present. During three weeks' time (May

Semis P/rn. p/rn. p/nm. p/nm. p/mn. ppm. ppm.
0 1.7 9.2 8.6 15.0 12.7 9.7 14.1
2 3.2 8.8 7.4 14.1 8.1 13.8 23.3
4 3.4 14.7 10.7 13.6 23.3 16.1 18.6
6 4.1 17.8 12.3 22.5 19.9 29.2 26.1
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of the surface soil. A six-ton application seems to have neutralized the
soil. The reaction is favorable with the three-ton application, however,
and shows only slight acidity. The replaceable acid or hydrogen ions
largely disappeared with the heavier application, calcium being substi-
tuted in their stead. Calcium tends to conserve the base-absorbing
capacity and to protect the soil against deterioration.

SOME MICRO-BIOLOGICAL CHARACTERISTICS OF
WILLAMETTE SILT LOAM AS AFFECTED BY LIMING

The following statement is based on studies by Dr. W. V. Halversen.
Conditions in this soil series are relatively favorable for activities of

beneficial micro-organisms such as those causing decomposition of or-
ganic matter and the formation of ammonia and of nitrates.

Ammonia formation. Studies made on Willamette silt loam soil indi-
cate that it possesses a vigorous flora capable of producing ammonia
from organic nitrogenous compounds. If the soil is well supplied with
organic nitrogenous matter and maintained in a good physical condition
through proper cultural practices there is no reason to doubt that am-
monification will take place rapidly. The rate at which these organisms
grow will largely be governed by the moisture and temperature of the
soil, which are largely regional climatic factors influenced to a lesser
degree by the fertilizer and cropping practices.

Nitrate accumulation in soil. The organisms responsible for nitrate
formation in soils exhibit stricter requirements for growth than those con-
cerned in ammonia production. Studies conducted on fallow plots
located on Willamette silt loam soil at the Oregon Agricultural Experi-
ment Station at Corvallis indicate that lime favors nitrate production.
From the organic matter present in the soil, it is quite apparent that
lime does stimulate the production of nitrates.

TABLE VI. PARTS PER MILLION (PPM) OF NITROGEN AS NITRATE IN
FALLOWED PLOTS
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24 to June 15) the temperature became favorable, but the moisture was
too low. During the early growing season there seemed to be a differ-
ence in the color and vigor of the barley on the limed and unlimed plots.
This contrast was not so noticeable as the barley came into maturity.
The lack of nitrates under growing cereals indicates that in an efficient
system of soil management designed to produce maximum crops on this
soil, liberal quantities of organic nitrogenous materials must be used
from which nitrates can be produced or commercial fertilizers carrying
nitrogen must be supplied. The slow production of nitrates is largely
owing to the wet, cold winters and springs followed by dry summers
during which moisture is a limiting factor; that is, the soil condition is
not favorable to the growth and activity of nitrate-forming organisms.

INOCULATION OF LEGUMES
The principal legumes grown on soils of the Willamette Series are

red clover, Alsike clover, and the vetches. Recently alfalfa has met with
some favor. There is some diversity of opinion concerning the general
worth of artificial inoculation on clovers and vetches. It is recognized,
however, that inoculation is very essential on virgin soils and soils that
have been continuously cropped to cereals for five or six years. Where a
three- or four-year rotation including a vetch or clover crop has been in
operation the results of artificial inoculation for these legume crops are
not strikingly apparent.

The worth of inoculation on alfalfa and soy-beans is very striking.
It is the usual experience that failure to inoculate these crops is certain
to result in an unsatisfactory crop.

VALUE OF CROP ROTATION ON WILLAMETTE
SERIES

Grain. An experiment initiated by the department of Agronomy in
1914 on Willamette silt loam on the Experiment Station farm near Cor-
vallis was planned to measure the value of crop rotation for maintaining
soil fertility. The plots were cropped to barley in 1913 and 1914 and har-
vested to learn something of the variation in this soil. Each third plot
was continued as a control and cropped continuously to barley for the
period 1915 to 1928, with the exception of 1918 when the grain crop was
wheat. Cold winters made it necessary to reseed to spring barley in
1919 and in 1927. The 26 check-plot yields each year have been treated
statistically to determine the probable error* and form a basis for esti-
mating the value of various rotations for increasing or maintaining grain
yields as presented in Table VII. The results from the rotations in-
volving grain are arranged in Table VII. This table shows the rotation
and yearly yields, the average yields, gain from rotation, and their rela-
tive rank. In some of the trials a sufficient number of plots were avail-
able to include the grain crop each year of the rotation.

The average yield for check plots was 241 bushels of barley, with a
probable error of ±1.05. Grain after fallow gave an increase of 74 bush-

"Probable error, obtained by matheniatical equation, indicates the accuracy of data
based on the number of trails included.



Fig. 3. Effect of rotation versus continuous cropping

The check plots in this experiment have become rather weedy with
continuous grain growing. The soil in these plots is reduced in organic
matter content, and more inclined to run together when wet or to work
up cloddy when dry. It will be noted that the average yield of the check
plots in 1927 was 12.8 bushels, with a probable error of only ±1.4 bush-
els; whercas grain following clover seed, clover hay, and corn (with
manure applied before corn, and grain straw returned and the land
limed), gave a yield of 43.2 bushels, or 3 times the average yield of
check plots. Crop rotation will go far toward maintaining productive-
ness of \lVillarnette soils.

Yields of other crops included in the rotations. A study of yields of
clover, vetch, potatoes, and corn grown in these rotations fails to reveal
definite results for reporting here. In certain cases only one plot was
available for the rotation so that yield data were not obtained for all
kinds of crops included in the various rotations each season. Con-
tinuous cropping was unsuccessful with clover and was not provided for
in case of some other crops.

Benefits from crop rotation. The general arguments for crop rota-
tion are especially applicable to Willamette soil series. Crop rotation
costs little; the gain from it is almost clear velvet." In some of the
old experiments in eastern states crop rotation has been shown to be
three-quarters as effective as fertilizers for maintaining yields. In these
days of moderate crop prices and rather high costs of production it is
important for the farmer to increase yields by such economic methods as
a good crop rotation, including the use of legume residues.
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els of barley; grain after vetch hay gave an increase of 3.4 bushels; grain
after vetch seed and potatoes, an increase of 12.5 bushels; grain after
vetch hay, vetch seed, and corn, an increase of 14.1 bushels; grain after
clover seed and potatoes, with the clover straw returned and the land
limed once at the rate of 2 tons per acre, increased the average yield 18.7
bushels of grain, or about 65 percent. Remarkable yields of grain have
been obtained from plots used in the lime experiments. During recent
years some of the best yields have been obtained from the rotation where
grain was grown after manured corn, clover.



TABLE VII. RESULTS OF ROTATION VS. CONTINUOUS CROPPING-ROTATION FIELD, OREGON AGRICULTuRAL
EXPERIMENT STATION

Rotation plait

Grain continuous
Probable error, 26 check plots

Grain after fallow
Grain-vetch hay
Gtain-vetch seed (straw returned)
Gratn-vetch seed (straw returned)-vetcli hay.
Grain-potatoes (green inanure)-vetch
Grain-vetch seer! (straw returned)-potatoes
Grain--clover seed (straw returned)-.-.potatoes
Grain-clover seed (straw returned)-potatoes (complete fer-

tilizer)
Grain--clover seed (straw returned)-potatoes (lime 2 tons)

-Grain-(vetch green inanure)-corn-yetch hay.
Grain-(straw eturned)-vefch hay-vetch seed corn.
Grnn-vetrh hay-vetch seed potatoes
Grain (stra\v returned)-vetch hay-vetch seed corn (manured)

IS. Grain (straiv returned). -clover seed-clover hay--corn (manured)
Grain (straw returned)-.clover seed-clover hay-corn (super-

phosphate)
Grain (straw returned)-clover seed-clover hay-potatoes
Grain (straw returned)-clover seed-clover hay-kale (ma-nured)
Grain (straw returned)_clover seed-clover hay (limed 2 tons)-corn (manured)
Grain (straw returned)-clover seed-clover hay (limed 3 tons)orn (manured)
Grain (strasi' returned)-...clover seed-clover hay (limed 4 tons)-coin (manured)
Grain (straw reimirned)__ctover seed-clover hay (limed 6 tons)-corn (nianuied)
Grain-vetch_spring grain-corn (manured).
Giamn-clover_cloveiorn (manured).
Gralfl_clover_cloverorfl(rnaflured)_flax

Errors as indicated are all plus or minus.

1915 1918
-Initial and annual yields of grain- -------- Aver-

1919 1920 1921 1922 1923 1924 1925 1926 1927 age

0

-

flu.
27.2

bu.
22.9

bit.
8.2

flu. bu.
21.2 24.3

flu.
48.7

flu,
27.5

flu.
27.0

bu, bu. flu. bit. A.
18.9 31.4 12.8 24.5

H

I.7 0.5w 0.5 0.73i 1.65 1.0 I.l 1.4 0.64k lU I.4i IOU
26.7 21.6 15.9 19.1 17.0 40.7 46.2 43.5 33.3 55.8 ._... 32.0 7.5 1128.6 18.3 11.4 23.3 17.0 69.2 40.8 36.3 21.7 35.0 6.2 27.9 3.4 20a
18.7 18.3 ._ 19.9 16.0 60.9 41.6 34.3 11.0 35.4 28.5 4.0 17a25.2 26.7 7.2 16.6 41.0 53.4 43.3 32.9 12.9 39.1 14.6 28.4 3.9 1825.4 25.3 14.0 38.7 earn. 25.8 1.3 21

pus36.6 31.0 80.8 cain- 37.1 12.6 3
pus30.4 28.7 10.3 29.0 52.7 42.1 32.0 34.2 13.3 28.1 3.6 19

28.5 30.0 20.0 58.7 18.3 31.1 6.6 13 H
33.9 26.7 40.0 72.5 cain. 43.2 18.7 1

PUS H18.7 24.0 9.3 6.7 9.0 51.3 50.0 38.3 28.1 34.6 3.7 33.9 9.4 8 ,v20.4 7.2 12.9 4.7 50.2 47.0 28.7 29.6 50.0 34.9 38.6 14.1 2 H
30.8 .---. 52 ... 56.2 .-... 12.1 26.1 1.6 2126.5 8.3 62.5 44.5 35.5 11.0 6 >29.2 24.0 10.3 18.0 63.4 60.0 26.8 60.0 30.8 35.8 11.3 4

28.7 10.4 57.5 30.0 31.7 7.2 12 C
27.1 22.0 7.2 52.0 _... 37.9 29.2 4.7 15 1-'

23.3 11.3 54.5 24.1 28.1 3.6 20b
28.6 8.3 _... 63.3 15.4 28.9 4.4 16 Z
18.8 8.3 43.7 ..... 50.0 30.2 5.7 14

26.6 8.3 63.7 ...._ 35.0 33.4 8.9 9
28.3 28.7 28.5 4.0 17b15.6 58.4 37.5 ._... 30.8 35.6 11.1 5

3.9 19.1 13,7 26.0 58.4 54.7 52.1 35.9 35.8 33.3 8.8 1010.3 26.2 12.0 52.3 52.1 58.9- 25.6 57.5 20.8 35.1
-- -

10.6 7
--
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The following benefits of rotating crops may be cited:
The greatest benefits come from the humus and nitrogen gained

from plowing under clover or other legume sod and crop residues. At
least one legume crop should be included in each rotation, and red
clover is a great humus and nitrogen gatherer. Alfalfa is suitable for
long rotations on mellow, well-drained Western Oregon lands. Red
clover and vetches are best for the short rotations on land with good
drainage. Vetch withstands moderately arid conditions. Alsike clover
is good on the moderately wet lands. Legume straw is worth several
dollars a ton as fertilizer. From the standpoint of soil fertility, the acre-
age of clover and vetch is far too low in 'vVestern Oregon.

Crop rotation makes possible a diversity of crops with steady
output.

Crop rotation affords steady employment, the work being more
evenly distributed.

Crop rotation helps to eradicate weeds and to avoid insect pests,
plant disease, and toxins.

Crop rotation c&nserves fertility through the different demands
of the root systems of different crops and by allowing recuperation after
crops which make heavy demands on the soil.

Crop rotation helps improve tilth and available fertility by per-
mitting plowing in of sod, use of deep-rooted legumes, crop residues,
barnyard manure, and pasturing with farm animals.

Under irrigation, upkeep of water capacity and available fertility
are important in lessening the irrigation requirement.

(R) One-crop farmers all need water at once, \vhureas a diversity of
crops in a neighborhood permits distribution in time of use of irrigation
svat Sr.

Rotation permits USC each year of some cultivated cash crops
of low water requirement which give large returns per unit of land and
water.

Crop rotation keeps the land occupied, systematizes farming, and
results in larger yields and profits.

Essentials of a good rotation. Every rotation should contain (1) a
cash crop, (2) at least one legume crop, (3) a manured cultivated crop,
and (4) a livestock feeding crop. These should be grouped to distribute
farm labor economically. Grain may be dished in following a row crop,
the land seeded to Clover following the grain crop, and the clover sod
turned under for a row crop, plowing being thus necessary only once in
three years.

The rotation should fit the farmer's business, fit the soil and crop
requirements, fit the climate and location, and afford a minimum of labor.
It is desirable to have fields of nearly equal size; to alternate legumes
and humus builders with rank-feeding nitrogen-loving crops; to alternate
shallow- with deep-rooted crops; to alternate crops as to food required,
character of growth, and time they cover the soil. Use any fertilizer
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needed for weak feeding crops or to meet the need of cash crops and
build up the weak point in the soil's fertility.

Long-time experiments. The oldest recorded rotations are at Rotham-
sted, England, where in sixty years the wheat yield decreased to 12
bushels per acre with continuous cropping. With a rotation of turnips,
barley, clover, and wheat the yield held up to 28 bushels per acre.

The oldest experiments in this country are at the Illinois Agricul-
tural Experiment Station, where the initial corn yield was about 70 bush-
els per acre. Forty years' continuous corn growing decreased the yield
to 14 bushels of nubbins. With a two-year rotation, cornoats, the corn
yield held up to 39.6 bushels. With a three-year rotation, cornoats-
clover, the corn yield has been held up to 50 bushels per acre. With the
addition of lime, manure, and phosphorus the corn in part of the latter
rotation has been increased to 90 bushels an acre.

OLD FERTILIZER EXPERIMENTS
(TABLE VIII)

Fertilizer experiments were initiated in 1914 along with the rotation
experiments. Nine treatments were applied to duplicate plots, and 7 un-
treated check plots were included. The average yield of check plots,
probable error, and the average yields of duplicate plots, are presented
in Table VIII, with yields grouped in crops. All plots were check crop.
ped one season. A rotation of grain, clover, and corn was practiced.

Yield data indicate that potassium sulfate produced the largest yield
of corn. The yield with lime was nearly as good. The highest yields of
wheat were on the sulfur and the lime plots. With clover, the complete
fertilizer gave the maximum yield, the yields from potassium and phos-
phate being second.

With the rotation employed this range of plots as a whole has been
maintained in a good state of fertility, giving very good yields, and the
differences in ten to twelve years, with fertilizer applied each third year,
have been small. Moisture has often been a limiting factor and has

IJ

Fig. 4. Winter barley on old fertility range.



Treatment and rate, pounds per acre

-Corn silage, tons per acre-
Rel-
ative

1918 1921 1924 1927 Ave. rank

Yield

1919

wheat (barley
bushels, acre

1922f 1925

bu. bu.

Ave.

bu.

'22)

Rel-
alive
rank

,--Clover, tons per

1920 19235 1926

tons tons tons

acre-
Rel-
ative

Ave. rank

tons tons tons tons tons bu. tons
Average of untreated checks 6.74 6.00 6.10 7.03 6.47 6 46,4 66.9 34.1 40.2 9 4.85 2.96 5,02 4.93 9
Probable error for checks 0.53° 0.72° 0.42° 0.56° 0.56° -. 2.9° 4.8° 1.8° 2.3° 2.08° 0.14° 0.36° 1.22°
Potassium sulfate 160 7.32 6.60 6.45 8.25 7.15 1 40.0 58.5 32.1 36.0 10 5.22 3.20 5.23 5.22 6
Sodium nitrate 160 7.91 6.36 6.34 7.22 6.96 3 44.9 63.0 35.7 40.3 8 5.3t 3.17 4.93 5.12 8
Superphosphate 320 6.33 5.46 6.15 7.13 6.27 8 47.9 62.7 35.5 41.7 6 5.10 2.71 5.17 5.13 7

Sulfur 320 7.29 6.30 6.36 6.81 6.69 5 51.2 60.9 35.7 43.4 1 6,51 2.23 5.21 5.86 3

Manure (8 tons) 6.03 7.26 6.57 7.00 6.71 4 49.4 64.4 36.9 43.1 3 4.65 3.30 6.03 5.34 5

Lime - 3,000 7.71 6.36 6.51 8.00 7.14 2 50.3 61.6 36.6 43.4 2 5.22 3.04 5.67 5.44 4
Potassium +phosphate 7.20 6.12 5.73 5.90 6.24 9 49.6 71.4 34.6 42.1 4 7.83 3.19 5.67 6.75 2
Nitrate+phosphate-4'-potassium 6.18 6.88 5.97 5.69 6.18 10 51.0 65.2 31.8 41.4 7 8.08 3.01 5,54 6.81 1

Sulfur+phosphate-F-potassium 7.08 6.60 5.85 6.19 6.43 7 48.6 64.5 35.3 41.9 5 5.38 2.97 4.37 4.87 10

TABLE VIII. RESULTS OF OLD FERTILIZER EXPERIMENTS-WILLAMETTE SILT LOAM

°Errors as indicated are all plus or minus.
Not in average.
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helped mask results from fertilizers. There has been a noticeable re-
sponse to barnyard manure, and lime has about paid its way in this
experiment. Sulfur and nitrate have both given moderate increases in
yields. Results with superphosphate have been rather disappointing and
less definite than in the more recent experiment on soil of the same type.
More definite response from fertilizers seems to be obtained in the free-
working types of Willamette soils and those that have been grain farmed
for a long period of years. These conditions prevail more largely in the
lower parts of the Willamette Valley.

Fig. 5. Sity.bushel wheat new fertility held, treated with li!fle, manure, and phosphorus

NEW FERTILIZER EXPERIMENT ON WILLAMETTE
SILT LOAM

When it became evident that the gxtension of the campus would
terminate the old fertilizer experiments, a new experiment was planned
and initiated in 1923 on Willamette silt loam farther away from the
campus. Three ranges of 24 plots each were provided, so that each crop
grown in a rotation of grain, clover, and corn could be represented each
year in the experiment. There are 18 treated plots and 6 untreated check
plots, as indicated in tables IX, X, and XI.

Yields of the legume crop are presented in Table IX for the six-year
period, 1923 to 1928. The average yield of check plots was 4.28 tons.
The differences are small and indicate the necessity of maintaining long-
time experiments of this kind.

Effects of fertilizers on grain in this experiment field, are presented
in Table X. The average yield of checks was 47.8 bushels. The first two
check plots may have received a little subirrigation from the city water
mains until last year. There is a tendency for the winter grain to yield
better on the higher ground.

Corn yields are presented in Table XI. The average check plot
yields has been almost 7 tons. Plots receiving lime and manure have
been most productive, with corn as well as with clover a-nd grain. The
high level of yields due to clover in a three-year rotation and the dry
summers have tended to mask effects of fertilizer treatments in these
exp Cr 10 en t s.



Errors as indicated are all plus or minus. tRange.
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TABLE IX. NEW FERTILITY EXPERIMENT-W1LLAMETTE SF.T LOAM LEGUME CROP

Rice tract - -
hay-tons-Legume pci acreTons or pounds

1925 1926 1927 1928 AveragePlot No. Treatment per acre 1923 1924

tons tons tons tons tons tons tons
7 Check . tA 4.45 B. 5.71 C. 4.38 A. 4.28 B. 6.46 C. 4.94 5.04
8 1 T. limestone 3.60 6.75 4.38 5.08 6.52 4.9! 5.21
9 2 T. limestone 4.01 4.21 5.10 6.14 6.54 4.35 5.06

10 3 T. limestone.. 4.05 5.34 5.10 4.71 6.16 4.46 4.97
11 Check . 4.85 3.78 4.38 5.63 6.39 4.23 4.88
12 2. T. limestone + 15 T. manure 4.42 4.18 6.04 5.39 6.70 5.82 5.42
13 2 T. limestone + 250 lbs. super + 15 T. manure 4.23 3.88 5.14 5.45 5.98 5.17 4.97
14 2 T. limestone + 600 lbs. rock phosphate -F IS 'F. manure 4.95 3.94 4.88 5.10 6.81 5.25 5.15
IS Check - 4.36 3.37 4.31 4.77 6.22 3.79 4.47
16 Nitrate 100 lbs 3.81 3.35 4.12 4.87 5.86 5.98 4.66
17 Treble phosphate tOO lbs.... 4.57 3.45 4.16 5.55 6.43 6.11 5.04
18 Rock phosphate and sulfur 3.90 3.54 2.66 4.63 5.14 4.13 4.00
19 Sulfur 100 pounds 3.78 3.34 5.60 5.61 6.15 5.81 5.0520 Check ._ 4.03 3.43 3.80 5.50 6.72 4.44 4.6521 Superphosphate 250 lbs 4.39 3.01 3.26 5.38 5.69 4.89 4.4422 Muriate of potash 100 lbs 3.78 3.12 3.90 4.39 5.85 6.16 4.5323 Nitrate and treble phosphate 373 2.90 3.19 4.52 6.60 5.04 4.3324 Nitrate and treble phospltate and sullur 4.35 3.26 3.15 4.13 5.42 4.50 4.1325 Check 3.86 3.02 1.99 4.56 5.42 4.14 3.8326 Nitrate and treble phosphate ± sulfur and potash 3.49 3.47 1.95 4.10 5.08 3.86 3.6627 Rock phosphate H- sulfur 4 manure 3.89 3.19 1.78 3.75 4.84 2.57 3.3428 Super phosphate ± manure 4.42 3.34 1.70 4.68 5.36 5.3! 4.1329 Super phosphate + residue 3.98 3.00 1.78 4.67 5.47 4.60 3.9230 Check .....- 3.38 2.76 1.72 3.90 4.47 4.44 3.44Average checks 4.15 3.51 3.43 4.77 5.95 3.86 4.28Probable error - 0.32 0.65 0.76w 0.42 0.52 0.23k 0.48kContinuous crop 3.60 3.59 3.11



TABLE X. NEW FERTILITY EXPERIMENT-WILLAMETTE SILT LOAM GRAIN YIELDS

Errors as indicated arc all plus or minus.

Tons or pounds
Plot No. Treatment per acre

Wheat yields-bushels per acre
1925 1926 19271923

(Barley)
1924 1928 Average

bu. bu. bu. bu. bu. bu. bu.

7 B Check 111.8 59.5 49.8 51.5 59.5 47.8 53.6
8 B 1 T. limestone 74.9 56.5 49.8 47.8 58.5 48.7 52.3
9 B 2 T. limestone 99.1 43.2 55.8 49.8 57.0 47.0 50.6

10 B 3 T. limestone 69.4 47.5 42.0 47.8 60.3 5.2 50.6
11 B Check 83.5 57.2 58.2 49.2 58.3 54.0 55.4
12 B 2 T. limestone + 15 T. manure 96.0 53.2 51.4 46.5 56.8 54.5
13 B 2 T. limestone + 2.50 lbs. super + 15 T. manure. 77.5 66.0 48.9 49.8 55.3 55.0
14 B 2 T. limestone + 600 lbs. phosphate rock + 15 T. manure 75.9 57.0 54.2 49.0 54.4 54.5 53.8
15 B Check .. 77.3 61.5 48.2 50.5 40.3 41.7 48.4
16 B Nitrate 100 lbs 60.6 53.5 46.5 47.2 41.3 44.5 48.9
17 B Treble phosphate 100 lbs 60.9 51.7 45.6 45.8 38.0 51.8 49.0
18 B Phosphate rock 600 lbs.; sulfur 100 lbs.._ 72.8 48.0 45.3 49.2 39.0 47.0 50.2
19 B Sulfur 100 lbs 80.6 54.7 45.0 45.5 41.8 46.7 52.4
20 B Check 78.2 43.7 45.0 46.5 27.5 49.2 48.4
2t B Superphosphate 250 lbs 69.7 50.2 54.4 46.8 43.8 46.5 51.9
22 B Muriate of potash. 62.2 48.0 46.4 44.2 44.0 44.5 48.2
23 B Nitrate; treble phosphate 61.2 48.7 38.2 47.0 36.8 44.7 43.1
24 B Nitrate; treble phosphate and sulfur 67.2 59.5 47.7 48.8 40.5 47.8 48.9
25 B Check .. 51.5 45.2 44.1 44.8 33.5 48.5 43.2
26 B Nitrate; treble phosphate; sulfur; potash 57.8 45.0 44.5 45.2 41.3 44.3 44.0
27 B Phosphate rock; manure; sulfur 64.1 52.5 44.8 45.0 41.3 51.0 46.9
28 B Superphosphate + manure 65.6 51.2 43.8 45.8 41.5 48.2 46.1
29 B Superphosphate + crop residue 53.4 47.7 38.2 39.8 35.3 48.7 41.9
30 B Check 44.0 55.2 42.3 37.5 37.8 46.5 43.9

Average checks Average checks 74.3 53.7 47.9 46.7 42.8 47.9 47.8
Probable error Probable error l4.9 4.62k 3.5 3.l6 8.09k 2.46 4.37

Grain continuously 35.9 39.0 41.8 36.2



TABLE XI. NEW FERTILITY EXPERIMENT-WILLAMETTE SiLT LOAM CORN YIELDS
Rice Tract-1/15-Acre Plots

rErrors as indicated are all plus or rn-inns.

N

Acre plots
Tons or poonds

Treatment per acre
Coin silage-tons per acre

1925 1926 1927

tons tons tons

1923

tons

1924

toiis

1928

tCfls

Average

tons
7 Check 7.38 7.38 8.51 8.42 7.30 7.20 7.69
8 1 T. limestone 7.42 7.61 9.00 8.92 7.80 7.53 8.04
9 2 T. limestone 7.31 7.84 8.52 7.77 7.63 7.87 7.89

10 3 T. limestone 7.16 7.87 8.88 8.32 7.20 7.50 7.82
11 Check 7.38 7.95 9.41 8.40 7.01 7.69 7.97
12 2 T. linrestone ± 15 1'. manure 7.35 7.95 9.74 9.22 7.72 8.47 8.40
13 2 T. limestone + 250 lbs. superphosphate + 15 T. manure 6.90 7.98 9.89 8.43 7.81 8.55 8.26
14 2 T. limestone + 600 lbs. rock phosphate ± 15 T. manure 6.75 7.98 8.78 S.91 7.84 7.76 8.00
15 Check . 7.01 6.45 8.59 8.83 6.76 7.69 7.55
16 Nitrate 100 lbs 5.52 8.40 8.10 5.59 6.64 7.65 6.98
17 Treble phosphate 100 lbs 6.11 7.95 7.95 5.13 6.07 6.90 6.68
18 Rock phosphate and sulfur 4.50 7.38 8.14 4.57 6.68 6.93 6.36
20 Check 5.32 9.41 9.41 5.49 8.79 6.82 7.54
19 Sulfur 100 lbs 4.76 7.38 9.30 4.83 7.54 8.10 6.98
21 Superphosphate 250 lbs 3.86 9.45 8.10 4.12 8.51 7.65 6.94
22 Murrate of potash 100 lbs 6.04 6.71 7.61 5.32 7.12 7.46 6.71
23 Nitrate and treble phosphate 4.46 6.52 7.31 4.72 5.81 S.06 6.14
24 Nitrate and treble phosphate and sulfur 4.68 6.26 6.98 4.46 6.07 7.39 5.97
25 Check 5.06 6.19 6.04 3.63 5.68 7.20 5.63
26 Nitrate treble phosphate + sulfttr potash 5.17 6.49 6.04 4.14 6.22 7.20 5.87
27 Rock phosphate atsd sulfur ± manure 5.17 6.86 6.44 5.23 6.24 7.73 6.27
28 Superphosphate + manure 4.46 7.09 6.75 5.27 6.11 6.93 6.10
29 Superphosphate + residue 4.87 5.70 5.06 3.82 6.86 5.33 5.27
30 Cireck 6.41 5.29 4.99 3.25 6.75 4.80 5.24

Average checks 6.43 7.11 7.82 6.34 7.05 6.95
Probable error ± 0.63' 0.90' 1.15k 1.57* 0.63'
Corn continuously 4.35 6.15 6.06 7.14 6.52 4 5
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COOPERATIVE FERTILIZER EXPERIMENTS ON
WILLAMETTE SILT LOAM

TABLE WILLAMETTEXII. COOPERATIVE FERTILIZER EXPERIMENT ON

'Plots IC-IS treated spring 1924.

TABLE XIII. YIELD, HEIGHT, ANT) QUALITY CF FIBER FLAX IN FERTILIZER
TRIALS ON WILLAMETTE SILT LOAM, MONMOUTI-I, OREGON,

Tensile strength (average of tO tests, 6 strands each).
Plot 5, potassium nitrate 42.4 on., 21 percent gaits over check.
Plot 6 untreated, 35.0 oc.
30 centimeters is approximately one foot.

fNitrogen, phosphorus, and potassiunm, respectively.

1927 AND 1928

Yield per
.1927

aci e
1928

Qual-

Treatment
,Per acre,
1927 1928

Per
acre T-Ieight

ity of
t9ber

Per
acre Height

lbs. lbs. lbs. cam.' lbs. ciii.
None 4200 55 11 7,520 63.0
Nitrate of soda,
Superphosphate (acid phosphate)

tOO
200

100
200

4,640 61
3,920 55

3
5

8,160 68.0

Potassium sultate 100 100 4,000 66 4 8,000 68.0
Nitrate and potash 100

each
100

each
4,800 69 1 8,220 69,0

None -- 4,600 65 7 7,360 65.5
Potash and superplmosphate 100

each
100

each
4,480 58 8 8,000 69.0

6-7-8f 1927 (10-5-tO) 1928 100 250 4,640 55 6 8,800 70.0
6-7-8 1927 (10-5-10) 1928 200 500 3,520 55 10 8,960 68.0
6-7-8 300 3,520 61 2
None 3,360 54 9 7,840 63.0

SILTY LOAM
Brooks, Oregoni-acre plots

Plot No. 'l'reatnsertt per acre per acre, 1923 per acre, 1925 per acre, 1927
Clover hay Wheat and straw Vetch and oats

lbs. tons tOns tons
I check 2.880 .600
2 SuIlur 50 2.225 2.940 .687
3 Gypsum 200 2.412 3.320 .900
4 Treble phosphate 100 2.087 3.480 .925
S Superpltisphate 250 2.437 3.240 .750
6 Potassiurri sulfate .100 2.025 3.640 .845
7 Superphosphate 250 ± sodium

nitrate 100 2.312 4.280 .963
8 Check 2.662 4.340 .735
9 Animoitiunt sulfate 50; potassi-

mu sulfate 50 treble phos-
pliate 50 2.762 4.980 .985

10 Potassium chloride 100; treble
it Manure 10 T. ; rock phosphate

phosphate 100 2.125 4.680 .945

500; S-lOU .900
'12 Manure 10 T. superphosphate

250 .895

t4 Rock phosphate 500 lbs.; sul-
'13 Manure tO T .800

fur tOO; crop resirltm .963
15 Check .500

Average of checks.
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Brooks. A cooperative experiment was started near Brooks in the
spring of 1923. Plots were retreated in 1926. Some yields from this trial
are presented in Table XII. Sulfur and calcium sulfate have given simi-
lar increases with legumes, the former bcing the cheaper treatment. The
calcium sulfate, however, is less likely to increase acidity. Complete fer-
tilizer has given increased yields over the untreated plots. 'With potatoes
the potassium-bearing fertilizers increased yields. Sulfur in the super-
phosphate, perhaps also the calcium, seemed to benefit legume crops in
these trials. There was a good visible effect from liming, after lime
was applied to half of thei,e fifth-acre plots. The increased growth ob-
served was on the oats and 'ctch, but the differences in yields were not
obtained at harvest time, as the plots were not harvested in two parts.

Monmouth. The past two seasons a fairly complete fertilizer exper-
ment was conducted on Willamette silt loam near Monmouth. These,
together with other experiments partly under controlled or greenhouse
conditions, indicate that Willamette silt loam, which is one of the soils
suitable for production of fiber flax, responds to rotation with legumes
or the application of nitrate, together with potassium sulfate, for this
crop. Potassium increases the length, strength, and percentage of fiber,
especially when used where nitrate is present or provided.

USE ANT) VALUE OF BARNY:\RD MANURE ON
WILLAMETTE SILT LOAM

An experiment was started on 16 tenth-acre plots of Willamette silt
loam in the irrigated fluId at the Oregon Agricultural Experiment Station
in the spring of 1921, Treatments are indicated in column 1 of 'l'able
XIV

This experiment was planned to test (1) the economic rate, (2) the
method of applying, anti (3) the nietliod of rein forcing manure for use
with staple field crops. Grain, clover, and corn are grown in rotation in
this experiment, which includes four untreated check plots. These plots
are so situated, except for winter grain, that some irrigation has usually
been employed. Remarkably large yields of winter wheat were obtained
in 1924. 'fbc winter wheat of 1927 froze out and was reseeded.

Twenty tons of manure applied in 1921 still appears to show some
residual effect on the crop of the past season (1928). Good results have
been obtained from disking in grain straw in the fall, and from use of a
cover crop of vetch. Grain straw will decay more rapidly if utilized as
absorbent in the stable or reinforced with nitrate and lime. The gi-ain
straw has made the soil more mellow, and with irrigation has given a
better yield of hay for the late cutting. In 1923 this increase was about
one ton per acre. Results today indicate that manure should be rein-
forced with superphosphate and applied at the rate of about 20 tons per
acre, disked in and plowed under. These experiments should be main-
tained for many more years to give truly defluiite results of importance
as affecting manuring' practices.



Plot Treatment

1 Check
2 10 T. manure yearly
3 20 T. manure each 2 years
4 30 T. manure each 3 years
S Check - -

6 20 T. manure top dressed
7 20 T. manure diskerl in

and
8 20 T. manure disked and plowed in
9 Check

10 10 P. manure + 300 lbs. Phosphorus
11 10 T. manure, 2 T. lime
12 10 T. manure; 2 T. lime, 600 lbs. rock phos-

phate, 100 lbs. sulfur
13 20 P. manure not renewed
14 3 T. strasv disked in
15 Vetch cover crop after corn
53 Check

Average of checks

uLate cutting used for seed.

TABLE XIV. USE AND VALUE OF MANURE ON WILLAMETTE SILTY LOAM

Yield
1921 1922 1923

per acre
1924 1925 1926 i97 1928

Green
weight

Corn en- Oats and Corn en- Clover
Barley Clover silage Wheat peas silage \Vheat 1st cut

fin,
ti.o

tons tons
3.57 7.975

bu.
60.16

tons tons
4.50 8.32

bit,
33.00

tons
3.59

13.5 4.37 8.825 54.33 4.62 8.11 47.50 4.38
16.6 4.62 9.375 85.66 4.87 7.46 31.66 4.21
12.5 4.72 8.525 57.00 5.95 7.05 44.00 3.51
21.0 4.14 6.850 45.66 5.07 6.67 28.00 3.58
18.5 4.15 7.725 77.00 3.55 7.43 56.00 3.43
33.9 4.97 8.250 64.00 3.50 6.70 36.68 3.63

30.6 7.03 9.525 55.16 4.10 7.81 42.00 4.15
32.9 5.34 9.825 72.16 - 3.37 7.92 28.33 3.75
32.7 4.68 - 10.175 72.00 3.82 9.90 43.83 3.8126.7 1.47 9.675 62.66 3.92 9.65 42.00 3.61

42.5 5.05 9.450 67.33 4.22 9.32 36.33 3.9538.5 5.65 8.850 39.66 3.75 7.48 27.83 3.6125.2 6.83 9.650 68.66 3,37 7.77 28.66 3.0827.0 5.66 9.125 42.33 3.37 8.45 31.66 3.55
30.2 4.50 8.025 66.16 3.35 8.00 .... 3.27
23.8 4.39 8.170 61.03 4.07 7.73 29.7.5 3.55



Crop

Number ..- Yield per acre
years in Average Gain per

trial ri ieation Dry riigated acre

-in. bit, or tons hit, or tons bit, or toiis
Alfalfa ..
Clover ----------------------------------
Potatoes
Bean.-
Corn
Grass
Klc
Beet.3 -

Ave 81:0

1.557
2,150

53.100
5.180
2.900
1.810
3.340
3.078

1 9,310 3.478 5,974
15 7.555 '1.550 6.630
20 3.753 133000 191.000
15 3.270 10.940 15.600
15 5300 6.407 9.180

8 11.200 3.330 5.130
3 2.300 10.610 13.950
S 4,400 10.817 13.894.......6.13i1
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Points on the use of farm manure with Willamette soils.
Follow a cultivated crop with fall seeding to provide cover or

furnish green manure over winter.
Apply barnyard manure ahead of cash crops.
Manure is a complete fertilizer, yet it is not a balanced fertilizer.

VlThile it tends to balance itself through losses, this process seems waste-
ful. Best results may be expected from reinforcing manure with phos.
phate fertilizers.

Losses in barnyard manure can be cut down by (a) protecting
it from leaching during the rainy season, (b) keeping it moist during the
dry season, (c) adding land-plaster or superphosphate to prevent the escape
of nitrogen as ammonia, (d) applying it promptly to the soil.

Turn all crop residues under to add organic matter. Legume
straw is worth several dollars a ton for fertilizer, largely owing to its high
nitrogen content.

VALUE OF SUPPLEMENTAL IRRIGATION
Irrigation experiments have been maintained on Willamette silt loam

at the Oregon Agricultural Experiment Station for twenty years. A
summary showing the increase in yield from irrigation in definite
amounts on staple crops is presented in Table XV.

Nearly two tons more hay can be realized in the late cutting with
supplemental irrigation. Cash crops like potatoes, beans, the intensive
truck crops, and certain small fruits pay very well with supplemental
irrigation on this soil. Late pasture may be irrigated successfully where
the cost of water is not too large.

A detailed report showing the cost and value of irrigation from
studies in the past two decades is available and the information need not
be repeated here. Nearly 900 filings for irrigation have been made in
the Willamette Valley, including nearly 50,000 acres, about 12.000 of
which are now rrigatd. A considerable portion of these is for soils of
the Willamette Series.

Studies at the Experiment Station indicate that it would pay to pump
ivater 25 or 40 feet for meadow crops, about twice this distance for pota-
toes, and even a greater height for some of the intensive truck or fruit
crops.

TABLE XV. VALUE OF SUPPLEMENTAL IRRIGATION
Soils departmentOregon Agricultural Experiment Station.

All-crop summary, 1907-1927 1 c'ssive, 20-s ar average. Average of all comparisons.
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INCREASING THE EFFICIENCY OF IRRIGATION
WATER

Studies extending over fifteen years on the value of rotation on a
gray-brown phase of Willamette Valley floor soils having imperfect
drainage show the importance of manuring and rotation with legumes
for keeping up productiveness and increasing the efficiency of available
moisture on Valley soils. At the beginning of this experiment the bean
yields were about 12 bushels per acre for the plots included in the cx-
periment. The past season, 1928, the plot cropped to beans yearly yielded
4 bushels; the plot receiving manure, rotation, and supplemental irriga-
tion yielded 36.66 bushels. The average yield and profit have been
doubled and the water cost cut in half by rotation and manure under sup-
plemental irrigation. This shows the fundamental importance of crop
rotation with legumes for maintaining profitable production under irri-
gation on soils like those of the Willamette Series. The lighter-textured
types of Willamette Series are best suited to irrigation.


