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A PRELIMINARY REPORT

of

COOPERATIVE IRRIGATION INVESTIGATIONS IN OREGON

on

THE ECONOMICAL USE OF IRRIGATION WATER

by

W. L. POWERS

The work upon which this report is based was done under a coopera-
tive agreement between the Oregon Experiment Station, and the Division
of trrigation Investigations, Office of Public Roads and Rural Engi-
neering, TI. S. Department of Agriculture.

SYNOPSIS.

Herein is given a preliminary report of Cooperative Experiments
with different volumes of water applied to the chief soils and crops of
Eastern Oregon, 1915-1916.

Weather conditions were a little drier than normal 1915, and
wetter than normal 1916.

Soils studied ranged from clay loam to coarse sand and a close
relation was found between texture, water capacity, and irrigation re-
q uirement.

Leading crops in each region were worked with; meadow crops
iequired more than grain or field peas, while cultivated crops required less
than grain.

Results were reduced to an acre basis and expressed in terms
of the largest yield per unit water and maximum yieJd per unit land.
The water cost of dry matter was also determined in most cases, and
part of the results are reduced to maximum profit an acre and profit
an acre inch.

Wherever used, manure and fertiliaers reduced the amount of
water necessary to produce a good crop; diversity and rotation of crops
also helped.

In Powder Valley, the maximum yield of potatoes was obtained
with 7.79 inches, of barley with 16.30 inches, and of timothy with 30.55
inchea.

S. In Wallowa Valley grain yielded highest with 12 inches, and
alfalfa showed little increase with amounts ranging from 18 to 33 inches.

9. In Deschutes Valley grain yielded best with 8 to 17 inches, and
meadows with 26 inches.

10. The most crop per unit water with native meadows on Central
Oregon marshes was obtained with 10 to 12 inches, and the maximum
yield with an average of about 18 inches depth an acre. These meadows
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can be greatly improved in productiveness and a higher efficiency from
irrigation water secured by seeding in tame grasses and clovers.

On sandy upland at Paisley, the most economical yield was re-
ceived with 11.16 to 18 inches, and the maximum yield with 32 to 34 inches.

The best yield on black sage land in Harney Valley was secured
from 6 inches on grain; 8 inches on peas; and 18 inches on alfalfa.

In Goose Lake Valley the depth giving maximum yield was 7'/2
inches for potatoes; 9 to 16 inches for grain; and 18 inches for alfalfa.

In Rogue River Valley, 10 inches depth gave the maximum yield
of sugar beets, and 6 inches the maximum yield of corn.

In the Willamette Valley, results show the returns from several
cropa with different amounts of water and the effect of crop rotation and
manure in lowering the amount of water required.

A close relation was found between irrigation, fluctuations in
the water table, the sub-strata, and concentration of alkali on different
flat areas.

Several new factors affecting the economic use of water were
encountered and relative effect of different factors was studied. These
factors are summarized.

Since the results of one and two seasons work cannot be regarded
as conclusive, it is desirable that these experiments be extended through
several years, including all the important irrigated valleys and the chief
soils and crops. The problem of determining the duty of water for
natural meadow lands offers a comparatively new field of investigation,
and one of great importance to the future development of some three
hundred thousand acres of these lands.



THE ECONOMICAL USE OF IRRIGATION
WATER.

By

W. L. POWERS

Professor of Drainage and Irrigation.

INTRODUCTION.
Need of Data. In the early irrigation development of Oregon, little

was known of the amount of water needed by soils and crops, and conse-
quently liberal applications were made. The practice of primitive meth-
ods of irrigation has been persisted in throughout much of Eastern Ore-
gonlargely through lack of transportation, large holdings of land, appli-
cations of abnormally large amounts of water, and a desire to maintain
a low cost of production. About one-third of the irrigated area in Ore-
gon is watered by wild flooding. The demand for definite evidence as
to the amount of water needed for certain soils and crops becomes more
urgent as large projects develop and higher values and more intensive
methods become necessary. Large projects with more expensive water,
require more efficient use of water if highest productive values are to be
reached. The State Engineer has pointed out that more definite informa-
tion is needed as streams become fully appropriated and adjudication of
water rights becomes necessary. A reasonable amount of water will
need to be provided for each of the chief soil types, and important
crop areas, rather than be lumped of f in one flat rate for a great
project. The question of the amount necessary will never be set-
tled until it is settled right. The amount of water affects estimates and
final costs, determines the area it is possible to irrigate with a given
quantity of water and has its effect upon the security of investment in
irrigation and the ultimate agricultural and financial success of the pro-
ject. It is better economy to provide only a moderately ample allowance
of water with moderate-sized, reasonably-priced structures, rather than
to provide a liberal supply at great expense and invite additional drain-
age assessments later on.

If too little water is provided for settlers, it results in crop shortage,
while excessive allowances may injure the soil to the point, in places,
of unprofitable production. The aim in irrigation should be to get the
highest practicable efficiency out of every acre inch of rainfall and each
supplementary inch of irrigation water provided. The .amount of water
that will give the greatest net profit per acre vill generally be the limit'
of profitable economy under present economic conditions in Oregon. As
water becomes very valuable in places, the net profit per acre foot will
become of increasing importance.

Agreement. The Oregon Experiment Station and the Division of
Irrigation Investigations of the Office of Public Roads and Rural En-
gineering of the United States Department of Agriculture entered into a
cooperative agreement in the spring of 1915 for the purpose of correlating
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efforts in conducting duty of water investigations in Oregon. The orig-
inal agreement provided that each of the parties interested was to con-
tribute $1000 a year in services, expenses, and equipment necssary in th
investigation.

Organization. Plans for the investigation were made by Mr. Don H.
Bark of the Office of Public Roads and Rural Engineering and the writer,
who followed somewhat the plans previously used by Mr. Bark in Idaho.
The field, laboratory, and office studies on which this report is based have
been carried on during the seasons 1915 and 1916 under the personal
direction of the writer. Doctor Samuel Fortier, Chief of Irrigation In-
vestigations, and Dean A. B. Cordley, Director of Oregon Experiment
Stations, have contributed in a general supervisory capacity to the in-
vestigation.

Field agents for the Office of Irrigation Investigations were George
Hardman, H. B. Howell, A. W. Finch, and E. R. Greenslet. Mr. Hardman
and Mr.. Howell assisted in calculations and preparation of sketches in-
cluded in this report. Mr. H. E. Koons cooperated in the experiments in
Goose Lake Valley, and Mr. Rodney Soth assisted in the experiments on
Squaw Creek.

County Agriculturists who have rendered valuable assistance in this
work are: 0. B. Hardy, Lake County; A. E. Lovett, Crook County; Paul
Spillman, Union County; C. C. Cate, Jackson County; W. W. Howard,
Malheur County, and C. D. Thompson, Josephine County. Superintend-
ents of Branch Experiment Stations, Mr. R. W. Allen, Hermiston; L. R.
Breithaupt, Burns; and F. C. Reimer, Talent, have given careful attention
to cooperative experiments on their respective Station Farms. Many
farmers have given splendid assistance and cooperation in this work.

DEFINITIONS OF TERMS AND STANDARDS.

The Duty of Water, or quantity needed to mature crops is the rela-
tion between a given quantity of water and the area which it serves. For
purposes of this report, this relation will be expressed as the number of
acre inches used per acre of land.

Acre Inch. The quantity of water that will cover one acre to a depth
of one inch.

Foot Inch. The quantity of water which would cover one square foot,
uniformly one inch deep. This is one-twelfth cubic foot or practically 5.2
pounds of water.

Water Cost of Dry Matter, Water Cost, or Evapo-Transpiration Ratio
is used herein as the number of units of water or pounds of water passing
through a plant plus those lost by evaporation from the soil surface be-
longing to the plant for each unit of dry matter produced; percolation
and subbing in the field disregarded; expressing the quantity of water
as the number of pounds required to produce one pound of dry matter
gives an exact measure of the water consumed in any given case by the
crop.

Maximum Water Capacity refers to the wetness of soil after mois-
ture has stopped dripping from it and remains only in the film form,
the surface will need to be dry enough for cultivation and seeding before
water can be used by the plants. The excess point in field capacity is
therefore less than the maximum capacity.
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Wilting Point or Wilting Coefficient is the point at which growth
stops and firing of the crop occurs.

The Lento-Capillary Point is the point at which the film of capillary
moisture becomes so thin that further extraction of water by the plant
becomes slow and more difficult so that growth is retarded. This is the
degree of dryness at which irrigation should be given and occurs a few
percent above the wilting point.

Usable Soil Water Capacity refers to the range in percent of capillary
moisture a soil will contain between the lento point and the excess point.
To change the percent of usable soil moisture to acre inches, it is neces-
sary to know the weight per cubic foot of the soil used.

The Best Use or Best Amount of Irrigation as used herein
refers to the quantity giving the maximum net profit an acre with cost
of land, water and labor, and crop value considered. This gives the most
practical duty under present conditions in most places in the State. The
maximum profit is usually secured with a little less than the irrigation
required for maximum yield.

Most Economic Use, water alone considered, refers to the quantity
giving the greatest returns an acre inch. Where water is highly valuable
as compared to the land, the maximum net profit an acre inch, will give
a more valuable measure of economic duty.

Absolute Duty based on the water cost refers to the least probable
amount actually required to be consumed by the plants from the soil,
rain, and irrigation for most profitable yields under modern methods of
farming as determined by several years experiments.

Maximum Duty refers to the portion of the total water used by plants
which will need to be furnished by irrigation.

GENERAL PLANS AND METHODS.
Scope of Investigation. These experiments were planned on a broad

scale in the hope that they might be extended to include the chief irri-
gated valleys and the chief soils and crops of the Irrigated sections of
Oregon.. The need of such work was pointed out by the State Engineer,
J. I-i. Lewis, who called particular attention to the necessity of secur-
ing data for the 3O,OOO acres of marsh land, now uSed for the
production of hay and pasture in Eastern Oregon. This area represents
over one-third of the irrigated land in this State. A great difference of
opinion has been found as to the proper duty. Development of these
lands is dependent upon control and proper use of water thereon. The
best amount of water to be delivered to the field and farm has been the
chief consideration. The gross duty has only been considered in a gen-
eral way. It was planned to carry on experiments under practical field
conditions as far as possible and to do everything that could be done to
insure fair and impartial results. It was realized that the depth, texture,
capillarity, and water capacity vary with the chief soil types, and that
consequently their fertility and topography would need to be considered,
as well as evaporation, rainfall, the growing season, the irrigation seaon,
and time and frequency of irrigation; that the proportion of each
district devoted to each of the chief classes of crops, their average yields
under good, practical methods of farming, as wJj as their transpiration,
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value of land, water and crops would need to be taken into account, and
the methods of distributing water considered. With the established
factors which affect duty of water well in mind, plans were outlined
to study and measure these factors and any new ones encountered in
each important irrigated area, and work out a reasonable duty of water
for each valley.

It was planned to carry on these investigations through a series of
years and include the effect of crop rotations in the study. Thus far,
water has been measured on about 232 individual tracts with a total area
of approximately fifteen hundred acres. As the data are for only two
seasons, only provisional conclusions can be made as yet.

Plan of Investigation. The basic plan used in this work and devised
by Mr. Bark consists in dividing a typical field crop into three parts.5

1

a

Figure 2. Trapezoidal Weir Used in Measuring Water for Expenments.

The owner applies to one part his usual irrigation in a quantity which,
in his judgment, will produce the best yield. The assistant in charge
then applies by the same method a larger amount to a second part, and
a smaller amount to a third. By measuring the water applied and wasted,
and determining the yields at harvest time, a fairly accurate conclusion
can be made from the results as. to the proper duty of water for that
soil and crop.

Records were obtained of precipitation and evaporation. Where
possible an additional plot was provided which was treated with a fer-
tilizer and given the amount of water ordinarily used by the farmer if
this seemed to be required. The effect of irrigation upon the water
table and concentration of alkali, in sections where there was danger of

*Bark, Don H., Experiment on economic use of Irrigation Water, Idaho U. S. D. A.,
Professional Bulletin No. 339, 1916.
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water logging, was studied by means of test wells. In the majority of
experiments, samples of soil from each of he first four feet were ob-
tained at the time growth began and again at harvest time. Samples
of the crop were taken and moisture deterninations made of both mar-
ketable and rough portions, so that the tota amount of irrigation, rain,
and soil water consumed per pound of dryl matter produced, could be
determined under field conditions. The plysical composition, the us
able water capacity, and other soil propertie were determined for most
of the soils employed and the average yields nd percentages of the chief
crops in each locality were studied. Some studies have also been made
of the cost of production under irrigation in order to determine the most
economical and most profitable returns per unit water and per unit land.

Special plans were designed to permit determinations of the duty of
water on marsh land, and sheet piling an dykes were employed for
controlling the water on field plots, while seventeen soil tanks were used
to give complete control of percolation so that quantitative determina-
tions of the water requirement of grasses anfi other local crops could be
made.

Methods. The water used and wasted w&S measured in all cases with
good trapezoidal weirs. In most cases soil and crop moisture determina-
tions were made as planned. Areas of plot were determined by actual
survey and the yields in nearly all cases weie weighed. Field men were
of some assistance to owners, and the value erived from the experiment
was regarded worth more than any crop loses due to varying amounts
of water so that no remuneration for crop losses has been required.

SOIL COMPOSITION AND WETHER DATA.

Soil Classification. Classification of the soils employed has been
made by noting the depth and textui-e, and by collectini samples from
nearly all the experiment fields for mechanical analyses and humus de-
terminations. Soil surveys had been previoisly r-ade by the writer,* in
a half dozen of the valleys in which the experiments were conducted, and
three or four of the valleys had been surveyed by the United States Bu-
reau of Soils.** This lessened the number of analyses necessary and aided
in selecting the chief soil types and location of experiments thereon. In
the valley of the Chewaucan, a general soil survey was made in coopera-
tion with the Soils department of the Oregon Experiment Station. The
names of soil types used in this report have been determined after careful
physical analyses. Soils al-c arranged in Table I according to texture; the
greater quantities of water required on the coarse textured soils is very
apparent. Gravelly subsoils have also affected the qaantity of water
required.

The water capacity of the surface foot of soil for each experiment
field was determined in duplicate by the cylinder method. A galvanized
cylinder six inches in diameter and twelve inches long (Fig. 3-b), was care-
fully forced down into the soil. Thus, a core of soil extending through
the surface foot was secured in its natural field structure. This was re-
moved and saturated in a covered coal oil can, after which it was drained
*Whiatler 1. T. and J. H., Project Iteports Malheiir. John Day. Desohue, Ochoco,
Silver Lake. Warner, and Hairney Projects. U. S. R. S., 1914-1916.
**Bureau Soils Surveys have been made by Department of -Agriculture of Baker, HoodRiver, Kisinath, and Medford areas.
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for about thirty-six hours, or to constant weight. Duplicate soil
moisture samples were then taken from each cylinder and shipped to the
Experiment Station laboratory for oven drying. The net wet weight of
the cylinder was then determined, and the percentage of moisture con-
tent was computed, using the weight of the dry soil as a base. The equiva-
lent depth and total water capacity per acre foot were then calculated.
The humus supply and hygroscopic capacity, as well as the excess
and minimum moisture points for a soil in the field before and after
irrigation were determined, in order to aid in estimating the usable water
capacity. The organic matter was determined by ignition in 1915, and
the humus by extraction in 1916.

Usable Water Capacity. A knowledge of the usable water capacity
of a soil is of great value in estimating the quantity of water that can be
retained by a soil, which fixes the depth that should be applied in a single
irrigation. The usable capacity is limited by the minimum of lento-point
on the one hand and the excess point on the other. Excepting peat
soil, there are few loam soils that will take up and hold as much
as two acre-inches of water per acre foot of soil. The fine sandy
barns of Eastern Oregon will take up from 11/4 to 1/4 acre-inches per

Figure 3-a. Field Peas Grown in 'ranks on Marsh Lend Hariiey Valley.
Figure 3-b. Water capacity Cylinder, Drive Head, and Disc used for Determinations of

Field Water Capacity.

foot of soil when dry, and the fine sand about 1 inch per acre foot. The
coarse sand on the ljmatilla project has a usable water capacity of about
1/ inch per acre foot. If water is not to be lost by deep percolation the
depth applied in sillgle irrigations should not exceed the depth given,
multiplied by the depth of soil occupied by plant roots. The time to
irrigate is just before the minimum moisture point is reached and the
quantity to apply is that which will raise the moisture supply to the
excess point throughout the root zone of the crop.

According to the researches of Briggs and Shantz,* the minimum
point or wilting point is about 1 1/ times the hygroscopic moisture capa-
city of the soil. The lento-capillary point or point at which crops begin

*Brjggs, L. 3.. and Shantz, H. L., The Wilting Coefficient of Different Plants and its
Indirect Determination, Bulletin No. 250, B, P. I., U. , D. G. (1912).



(Extraction method.

TABLE I. RELATION OF SQIL TYPE A1D USABLE WATER

.5
I

a
.

CAPACITY TO THE IRRIGATION REQUIREMENT.

Water
Oapacity .

' o
Estimated
Usable Water
Capacity.

Nleadow Crops
unless stated.

Location. Soil Type. Humus o (12 .5 u

% Ins. - ,: j
L -: W9 ri9 8 I 14

Ins. irrig. giving.
Paisley Medijm peat 60.00 .. . . 140 35 147 7.6 28 hO .10 70 3.8 8.5 19.2
Paisley Pea-ty silt loam 10.00 3.60 50 18 64 6.5 52 45 20 30 2.5 11.3 11.3
Paisley Silt loam 7.60 ... - 40 16 50 5.8 63 34 16 18 2.1 6.0 26.0
Corvallis Silty clay loam 5.50 3.75 50 12 86 5.5 80 27 14 13 2.0 4.0 6.0

Beets
Talent Silty clay los.m 3.53 24 . . . . ... 75 22 10 12 1.7 (2.0 10.0)
Burns Silt loam 5.24 45 20 36 4.9 66 35 18 17 2.1 4.0 11.0
Haines Lo2.m 7.65 2.60 29 12 38 4.0 68 27 12 15 2.0 30.6 30.6
LaGrande Loam 3.20t 3.50 30 10 . . ... . - 27 12 12 1.7 10.0 14.0
Burns Very fine Sn. Lm 2.49 5.78 40 17 38 4.6 64 33 18 15 1.8 12.0 12.0
Haines Fine Sandy Loam 5.89 2.30 30 10 33 4.9 68 26 12 14 1.8 20.0 20.0

sugar beets.
Grants Pass Fine Sandy Loam 2.50 1.32 18 8 23 4.3 85 18 9 1) 1.5 (6.0 26.5)
Joseph Fine Sandy Loam 8.85 2.20 40 10 47 5.7 64 30 15 15 1.9 18.8 33.7
Paisley Sandy Loam 2.18 3.76 28 12 30 4.7 84 22 12 10 1.6 11.2 32.0
Redmond Medium sand 1.50 30 12 39 4.1 66 24 12 13 1.6 16.0 26.0
Lakeview Medium sand ... . 27 10 28 4.5 84 20 11 9 1.5 18.0 18.0

Barley.
Paisley Coarse sand 2.65 2.26 15 5 21 3.5 85 14 7 7 1.1 (33.7 33.7)
Hermiston Coarse sand Trace .. 12 6 18 3.0 88 ii. 7 4 .7 28.0 84.0
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to secure moisture from the soil less readily was found for loam soil at
the Utah Station** to be when the percentage of soil moisture was 15
or about 1 2-3 times the hygroscopic capacity. The heavy brown silt loam
at Corvallis has a total water capacity of about 36 i,ercent, yet the usable
water capacity ranges between 14 and 27 percent, or is equivalent to a
depth of nearly two inches for the first foot. The usable water capacity
as carefully estimated is shown in Table II and bears a close relation to
the soil type,. The finer the texture, the higher is the organic matter con-
tent and the usable water capacity, although this also depends somewhat
on the soil structure. A close relation is also shown between the texture,
water capacity and irrigation requirements or proper duty. The open
or sandy soil has but a small usable soil moisture reservoir and requires
frequent refilling which is always accompanied by waste. The coarser
soils, therefore, have a greater irrigation requirement.

Weather Data. The normal rainfall and mean temperature for the
season 1915 and 1916 taken from records of the Weather Bureau and the
Branch Experiment Stations is given in Table TI-a, b, and c.

This table containing weather data is arranged to show the normal
annual temperature, the rainfall conditions, and the monthly normals for
the summer season or growing season. During the season 1915, the early
spring was a little drier than normal, while in late spring and early sum-
mer there were frequent showers. The water supply was a little short,
and altogether the season was a little hotter and drier than normal.

During the season 1916, the early months were cool and damp so
the growth of vegetation was delayed. The late season was normally
dry and early frosts occurred at high altitudes. The ear]y rains pre-
vented irrigation in some localities while early fall frosts interfered with
yields at high altitudes and these factors caused the loss of several experi-
ments undertaken.

Evaporation. Evaporation from a water surface has been measured
at Hermiston, Moro, and Burns at the Branch Experiment Stations, using
the Briggs tanks which are four feet in diameter and one foot in depth.
The evaporation has also been measured by the station in connection
with these investigations at Corvallis, Talent, Redmond, and La Grande,
with tanks about 20 inches in diameter and 30 inches in depth. The soil
about these tanks has been kept moist. A little additional data from the
U. S. Geological Survey and the Reclamation Service is obtainable for
Oregon points. A four year record at Keno gives 46.25 inches annual
loss; the six year record at Moro gives 44.17 inches annual evaporation.
During September, a comparison was made of the two types of pans used,
and at that season, although the deeper tank had a little higher tempera-
ture, the losses were very similar. Evaporation gives a good mean effect
of all 'weather elements" on the possible loss of soil moisture and indi-
cates the degree of dryness of the weather. It is hoped that these meas-
urements can be further correlated and extended.

**Widtsoe, J. A,, and MeLaughlin, W. W., Movenient of Water in Irrigated Soils, Utah
Station Bulletin No. 115 (1912).
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TABLE Il-a. SUMMARY OF WEATHER CONDITIONS
Showing Rainfall and Temperature for Growing Season, with Normals, together with

Rainfall for 12 months, beginning Oct. 1, 1915, and ending Oct. 1,
RAINFALL.

1916.

Station Year
12 months

Oct.- April.
Oct.

May. June. July. Aug.
6 months

Sept. Apr.-
Sept.

Baker 1915 12.46 1.59 3.18 0.45 1.09 T 0.06 6.37
1916 14.41 0.85 1.73 1.43 1.21 1.08 0.28 6.58

Normal 13.20 0.94 1.73 1.16 0.43 0.39 0.76 5.41

Joseph 1915 ..... 2.72 3.23 ... . 3.17 ... . 0.52
1916 14.89 0.16 3.04 1.79 0.87 1.21 0.82 7.89

Normal 11.88 1.56 2.15 1.90 0.92 0.85 1.15 8.53

La Grande 1915 14.86 2.05 3.56 0.47 1.39 023 0.47 8.17
1916 15.19 1.20 1.53 1.16 067 0.20 1.09 5.93

Normal 17.61 1.59 2.38 1.59 0.71 0.58 1.08 7.93

Hermiston 1915 6.85 0.39 1.26 0.48 0.24 T 0.00 2.37
1916 13.02 1.11 0.48 1.34 1.15 0.05 0.01 4.14

Normal no normal

Prinevilie 1915 7.33 0.10 1.95 0.40 0.35 0.00 0.50 3.30
1916 11.44 0.50 1.11 2.36 1.53 0.61 0.32 6.45

Normal 9.41 0.72 1.01 0.81 0.32 0.26 0.65 3.77

Paisley 1915 13.08 1.02 1.72 0.23 1.56 0.06 0.08 4.67
1916 0.56 1.61 0.28 0.37 0.66

Normal no normal

Lakeview 1915 12.33 0.87 2.60 0.39 2.02 0.27 0.07 6.22
1916 11.49 0.45 1.42 0.68 1.18 0.29 0.02 4.04

Normal 16.34 1.14 1.52 1.10 0.26 0.28 0.77 5.07

Burns 1915 7.53 1.18 0.94 0.40 0.90 0.06 0.04 3.52
1916 no record

Normal . 0.67 0.78 0.78 0.33 0.20 0.78 3.54

Exp. Sta. Burns 1915 0.90 1.54 0.30 0.29 0.03 0.04 3.10
1916 9.77 0.81 0.72 0.98 0.84 0.33 0.13 3.81

Normal no normal

Talent 1915 12.53 1.45 1.76 0.15 0.45 0.09 0.01 3.91
1916 15.50 1.05 0.67 0.92 0.61 0.57 3.82

Normal no noxmal

Grants Paso 1915 24.32 1.42 1.86 0.43 0.51 T 0.15 4.37
1916 33.13 2.12 1.03 0.80 1.04 0.41 0.12 5.52

Normal 31.98 1.73 1.68 0.96 0.16 0,27 0.95 5.75

Corvallis 1915 30.60 1.40 2.39 0.54 1.09 0.00 0.39 5.81.
1916 52.60 1.91 2.77 1.45 2.34 0,03 0.60 9.10

Norm I 4 .07 2,81 (.25 1.28 0.26 0 38 1.35 8.33

TABLE Il-b. EVAPORATION.

Station. Year. Ele. Apr. May June -July Aug. Sept. Oct. Tot.

Hermistrn (1915 451 4.44 5.54 9.24 8.80 6.91 4.63 39.56
(1916

Moro ....(1915 1800 5.13 5.90 8.45 9.05 9.59 5.30 2.98 46.40
(1916 4.80 5.68 6.70 7.58 7.50 4.68 2.81 39.75

Paisley. . . (1915 4300 4.5 5.09 5.36 6.47 5.62
(1916 4.264 4.595 7.714 8.815 9.014 5.841 3.535 43.778

Burns. . .. 11915 4125 4.632 4.649 6.915 8.342 7.383 5.948 2.50 40.1169
(1016

Talent... 11915 1600
(1916 ............ 3.41 5.49 3.78 3.55

Corvallis.. (1915 266 ........ 3.91 4.08 5.50 4.35
(1916 3.36 5.53 ..... 5.24 5.80 1.75
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TABLE IT-c. SUMMARY OP WEATHER CONDITIONS

TEMPERATURE.

Station Year
12 months

Oct.- April.
Oct.

May .Tune July. Aug.
6 months

Sept. Apr.-
Sept.

Baker 1915 46.9 49.3 49.8 56.2 63.1 71.1 54.6 58.8
1916 43.8 45.5 46.8 55.7 62.4 636 55.5 54.9

Normal 445* 43.5 50.8 58.4 65.0 64.9 57.0 56.6
Joseph 1915 ... 44.9 48.0 ,...,... 52.9

1916 46.2* 43.5 '14.0 54.4 60.6 55.3 53.9
Normal . . -. 41.6 48.6 .54.7 62.7 53.3 52.2

La Grande 1915 46.6 53.0 53.0 60.0 67.5 75.6 58.6 61.8
1916 48.2 48.5 50.2 60.4 66.8 70.0 60.2 59.3

Normal 44.7 47.6 51.5 59.7 68.7 67.7 58.7 58.9

Hermi s ton 1915 53.0 56.2 60.2 68.0 73.8 76.9 62.8 66.3
1916 50.1 53.6 56.0 64.8 66.8 70.0 61.8 62.2

Normal no normal
Prineville 1915 48.5 49.4 51.8 57.6 63.2 69.2 55.3 57.7

1916 46.5 47.8 48.0 56.9 61.2 63.8 56.2 55.6
Normal 47.9 46.7 51.9 58.2 64.9 63.6 56.6 56.9

Paisley 1915 46.4 48.0 57.1 63.8 70.8 56.0 56.0 57.6
1916 . ... 52.0 52.5 59.5 66.5 68.0 . ... 59.7

Normal no normal
Lakev jew 1915 44.0 46.4 45.8 54.8 61.9 68.4 54.4 55.5

1916 43.6 43.4 44.2 53.8 60.2 62.0 56.0 53.2
Normal 46.3 44.0 50.7 58.7 66.1 66.3 57.1 55.4

Burns 1916 45.6 54.6 50.4 58.1 64.9 73.4 61.5 60.41916 no record
Norms! ....... .5 49.4 49.4 66.7 64.7 54.8 54.6

Exp. Sta. Burns 11115 43.2 47.5 48.8 55.5 62.1 68.0 51.6 55.6
1916 , . - 44.7 45.2 52.9 59.1 59.3 42.5 50.6Normal no normal

Ta! en t 1915 53.5 54.6 55.3' 63.7 71.2 74.2 62.0 63.51916 52,9 , ... 54.2 63.6 66.8 70.6 63.8 63.8Ncimal no normal
Grants Pass 1915 52.6 51,9 55.5 61.6 68.4 72.4 61.0 62.11916

Normal
53.0
52.8

51.9
50.0

53.3
56.4

61.9
62.0

65.2
69.4

68.8
68.2

63.1
61.1

0.7
61.3

Corv all is 1915 53.9 54,6 54.7 65.1 68.3 75.4 61.4 62.91916 52.1 50.8 51.8 59.5 62.6 67.8 59.7 58.7Normal 52.2 50.1_ ,4,9 19.6 65.5_ 65.1 59.5 59.0
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RESULTS OBTAINED FROM DIFFERENT VOLUMES OF
WATER DURING 1915 AND 1916.

On account of the wide variation in altitude, soil, and climatic con-
ditions, it is deemed best to present the results by valleys giving results
for one valley at a time for the different geographic sections of the
State. Generally, under present economic conditions, the greatest net
profit per acre can be obtained with the amount of water which gives
more than the most economical returns but a little less than the maxi-
mum yield an acre. Except where water is very valuable, it is de-
sirable to irrigate nearly to the point of maximum yield or to secure
the greatest net profit an acres under present conditions, but where
water and land become more valuable the economic duty will approach
closer to the maximum yield an acre inch. In some cases, it is
possible to present maximum profit an acre inch and the maximum
profit an acre. The latter figure, under present conditions, generally
gives us the most absolute basis at hand for judging economic returns
per unit water and takes into consideration the cost of land, water, and
other similar considerations, and should be kept in mind in studying data
given below.

EXPERIMENTS IN POWDER VALLEY IN 1915.

General Conditions. Experiments were conducted in the three chief
valleys of the Blue Mountain region. The chief irrigated section of
Powder Valley is in the Baker district. This is the largest improved
body of irrigated land in the State. The altitude of this valley averages
about 3300 feet and the valley is entirely surrounded by hills or moun-
tains which rise up from five to six thousand feet above the valley on
the west. The growing season is sufficient for grain and forage crops
on the valley floor; and on the foothill slopes where there is air drain-
age, potatoes and hardy fruits are successfully grown. The chief type of
agriculture is general grain, hay, and stock farming.

The normal rainfall is about 13 inches a year, the heaviest rains com-
ing in winter and spring. Snow is liable to cover the ground during
three or four winter months and may attain a depth of two feet or more
in places. The season of 1915 was drier than normal, and low precipita-
tion in winter months resulted in shortage of irrigation water early in
the season. Rains in May and June were largely lost by evaporation.
Crop yields over the valley were, however, generally good.

Irrigation. The east fork of Powder River flows longitudinally
through the valley, being joined near the north end of the valley by the
north fork. The east fork forms the principal drainage channel of the
valley. Both these streams furnish considerable water for irrigation.
From the west, many small streams flow into the Powder River. These
streams are fed by melting snow on the mountains and are intermittent
in nature, there being a season of high water and a season of low water.
The high water season begins in April or May and lasts until July, dur-
ing which time most of the irrigation must be done. This has led to a
sort of flood water system of irrigation, Two small reservoirsthe
Killimacue on Rock Creek and the Pine Creek reservoirserve to hold
the flood waters of these streams for use later in the summer.
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There is no large system of irrigation canala, but the different farms
are supplied with water by individual ditches. Several farms are fre-
quently served by one ditch. During the irrigation season, these small
ditches are kept running constantly, a great loss of water occurring
through evaporation and seepage. In general, the only system of irriga-
tion practice is that of flooding from field laterals. The soils of the
valley do not wash badly and this is not at all a bad system so far as
getting water over the land is concerned. However, it is wasteful of
water.

Soil Types. The Bureau of Soils has made a general survey of the
Baker area, and in this survey five soil types are recognized. Experi-
ment fields were located on the three chief soil types, representing 77 per-
cent of the total area surveyed by the Bureau. These three types of soil
are loam, sandy loam, and gravelly loam. The chief crops produced are
grain, alfalfa, timothy, and clover, and some potatoes. In this locality,
alfalfa yields from three to four tons an acre; timothy and clover from
two to three tona an acre; and the average yield of wheat is per-
haps 40 bushels an acre, while barley would yield perhaps 60 bushels an
acre on these soils. The soil and weather conditions, water used, and
crop yields obtained, have been calculated to an acre basis, and are
shown in Table III.

Results of Experiments in Powder Valley, Table Ill-a. In this table
the water variation trials are grouped so as to afford a comparison of the
various factors studied which affect the duty of water. Columns four to
ten of the table show the soil properties. The following columns show
the area of the plots, the amount of rain water, irrigation water, and soil
water used. Column 17 in the Summary Table, giving yields per acre,
shows what quantities of water gave the maximum production, while
Column 18, giving the yield per acre inch, indicates what quantities gave
the largest yield per unit of water applied. The last column shows the
water used per pound of total dry matter produced. The water cost of
dry matter gives a very accurate means of expressing actual use of all
the water consumed.

Three tracts were selected upon which it was possible to make varia-
tion trials. The water used and the yields were determined on four other
farms, and sufficient soil moisture determinations were made so that
calculations of the soil water used and the water cost could be made.
Owing to the fact that irrigation had begun on some of the land when
work was started, it was not possible to find most suitable tracts on
some of the soil types. The system of irrigating, which is contour flood-
ing over the entire field, made it difficult to find tracts which could be
subdivided for irrigation with different amounts of water according to the
plans outlined.

An experiment with potatoes was conducted on a loam soil classified
by the Bureau of Soils as 'Yakima Loam." This soil required a com-
paratively small amount of irrigation, yet the irrigations for this season
were probably lower than usual and more water could have been prof it-
ably used. The scarcity of water prevented carrying the maximum plots
to the point where excessive irrigation would show diminishing returns.
The maximum yield or 133.3 bushels per acre was secured with the use
of 7.6 acre inches of irrigation, which is not a liberal irrigation even for
potatoes. The most economical returns per unit water or 26 bushels
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per acre inch were secured with a minimum irrigation which was 4%
inches per acre. The average or intermediate plot gave the most eco-
nomical production of dry matter. The difference in soil water used
accounts for the lower water cost secured in the average plot, whereas
the largest returns from the irrigation water were secured from the
minimum plot.

The barley plots were on a gravelly loam, classified as 'Maricopa
Gravelly Loam." They were located on rolling land, and some water un-
doubtedly escaped through gopher holes and could therefore not be
measured. The water used in these plots ranged from 10 to 16 inches;
the yield averaged from 50 to 54 bushels per acre. The plot receiving the
most water gave the maximum yield per acre, while the minimum irriga-
tion gave the largest yield of grain per unit of water, and the most effi-
cient production of dry matter per unit of water. With the under-drain-
age that this soil has, it would be difficult to irrigate it up to the point
where the yield would actually be decreased.

The timothy plots were located on Maricopa gravelly loam, situated
near a small stream. These plots contained more sand than the typical
gravelly loam. There was also a hetter supply of organic matter present.
Only a small stream of water was available for this land, which resulted
in a high evaporation and in seepage losses. It was possible to study
the loss by seepage as the land is partly tile-drained. The hay on the
minimum plot burned badly, but that on the other plots was in excellent
condition. The maximum yield per acre of timothy and clover was se-
cured at 30% acre inches per acre, and the yield was 4.1 tons per acre of
cured hay per acre. The average plot here also gave the largest return
per unit of water and the lowest water cost per pound of dry matter.

The water used on 76 acres of timothy also located on the gravelly
loam was determined. A large head of water was used in irrigating this
land and little water was wasted, but the yield was low. It is believed
that more water could have been used profitably.

The water applied to a 62-acre field of alfalfa grown on the fine
sandy loam was also measured. There is considerable stone in this soil
up to the size of a cocoanut or larger with the space between the gravel
filled with fine earth. What may be regarded as a minimum amount of
water was used this season for the reason that water was scarce, and this
farm has one of the youngest rights on the stream. The yield, however,
was good. The water used on twenty-one acres of alfalfa located in a
loam soil on the creek bottom was also measured. The field was well
drained by Rock Creek, and a plentiful supply of organic matter was
present. One irrigation was given the first crop. No water was given
the second crop, and consequently, the second cutting was very light.
More water would undoubtedly have increased the yield.

The water was also measured on a 23-acre wheat field on a fine sandy
loam area north of Rock Creek. This land was in excellent condition and
good care was given the crop so that no water whatever was wasted dur-
ing the irrigation. The yield was above the average on this type of land
for the season and the amount of water applied may be regarded as pretty
close to optimum amount to use in a dry season.

Results in 1916. The maximum alfalfa plot in the 1916 experiment
was sub-irrigated, but the increase was not proportional to the water it
received in addition to the measured amounts.
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Since these measurements have been made but for two seasons,
definite conclusions are scarcely warranted. However, they do give some
good indications as to the optimum use of water. Measurements were
made on several fields in this locality by Mr. C. E. Stricklin, of the State
Engineer's Office in 1914, a year of abundant precipitation. The 76-acre
field during the previous season used 1.21 acre feet per acre; the 62-acre
field received 3.14 acre feet which yielded 21/a tons per acre. The water
used on 199 acres of meadow with maricopa sandy loam soil, also de-
termined the previous season, was 2.23 acre feet per acre, with a yield
of 3 tons per acre.

Lack of reservoir sites in this valley makes it important to keep the
soil well stored with moisture while possible, and to prorate amount avail-
able later. Results indicate a practical duty of 6 inches to 12 inches for
cultivated crops 9 to 18 inches for grain, and 18 inches to 36 inches for
meadows. The largest quantities are needed on the coarse textured soils.
Considerable waste is unavoidable until distribution systems can be
improved so that light irrigations can be quickly applied.

O,GO,y COOPARATIVE JR R/G.4 7/ON IN YES rJ4'7Io/y.c
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Figure 4. Soil Profile and Ground Water FluctuationsPowder Valley, 1915.

Relation of Irrigation to Ground Water and Alkali. Perhaps 8 to 10
percent of Baker Valley is poorly drained and injured more or less by
alkali. In the affeèted area, about 50 percent, is injured by black alkali.
In order to study the effect of irrigation and drainage on these lands, a
typical area was selected and a row of wells sunk across the tract.
This line of wells was located in a bottom having a very gentle slope
toward the east. The line of wells ran due east from the center of
the west side of Section 5, Township 8 South, Range 39 East. Care-
ful notes were kept of the depth or thickness of the different soil strata
encountered, and readings were also taken of the water table at regular
intervals throughout the summer. A record of the water table fluctuations
and a cross-section of the soil are shown in Figure 4. These studies were
made on the flat a mile and one-half southwest of Haines.

The soil section shows the surface to be a heavy loam which is under-
laid at a depth of from 2 to 5 feet with a rather porous, gravelly subsoil
through which water percolates rapidly. The maximum concentration of
alkali was found to occur where the loam was thin and where the water
table was within two feet of the surface. Where the surface layer of
loam soil was thicker, it seemed to lessen the amount of evaporation and
accummulation of alkali at the surface.



The water table measurements began early in June, following the
season of high water supply, and at that time the water table was from
2 to 2 1/2 feet below the surface. This gradually receded during the season
until by September 4, it was below the reach of a five-foot soil auger in
all the wells. It appears from these studies that drains could be installed
in loose stratum where they would lower the water table quickly so
as to check capillarity and evaporation at the surface and lessen the
accumulation of alkali or provide means for flooding it down and out of
the land. In its present condition, this land produces but little salt grass
pasture. A fair average price for reclaimed land in this vicinity would
be close to $100 per acre. Irrigation and drainage would both be re-
quired to reclaim this land. Reclamation of these areas should prove profit-
able where good outlets are close at hand.

Water Table and Alkali Conditions on the Malheur Project. About
20,000 acres of bottom land in the Malheur Valley is more or less alkaline.
This land has a large supply of plant food but would require both irriga-
tion and drainage for its reclamation. A study of the sub-soil and alkali
conditions was made during the irrigation season of 1915. The rows of
borings were made across the flat and tile river bottom west of Ontario
by Mr. Hardman and Mr. Howard, from whose notes on these borings,
sections of the soil have been sketched. Mr. W. W. Howard, County
Agriculturist, made observations of the water table at frequent intervals
throughout the season. Profiles showing the fluctuations in the water
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Figure 5. Soil Profile and Water Table FluctuationsMaiheur Valley 1915.

table and the soil strata can be found in the accompanying sketch, Fig. 5.
The soil study shows that the soil ranges from a heavy loam to a heavy
clay loam in character, but is underlaid with a sandy streak from 4 to 7
feet, and gravel at. 8 to 12 feet below the surface. Water feeds readily
into this porous stratum, which should form a good medium in which to
place drains. At the beginning of the irrigation season, the water table
was down several feet below the.surface. As irrigation progressed during
the season, the water table rose until it was within a foot of the surface
at the lower edge of the plot adjoining the higher irrigated bench land.
The maximum of alkali was deposited at about 3 feet above the water
table, indicating the depth at which drains would have to be placed in
order to overcome the deposition of this salt. These studies indicate
that reclamation by irrigation and drainage is feasible on this area.

Bark found from measurements on 168 fields, that a net field duty
of 2 feet was about right for the Snake River Valley in Idaho.
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EXPERIMENTS IN WALLOWA VALLEY IN 1915.

General Conditions. Wallowa Valley is situated in the northeastern
corner of the state and ranges in elevation from 2800 to 4400 feet.. The
surface of the land has a considerable slope towards the river and down
stream. This valley, like the Baker Valley, is surrounded by hills and
mountains, and the general conditions are similar to those in the Baker
Valley, though perhaps the upper part of the valley is a little cooler than
the Baker Valley. Grain, hay, and live stock are the chief agricultural
products. Perhaps a larger percentage of the area is devoted to grain
than in the Baker Valley, the area devoted to grain being fully fifty per-
cent of the irrigated land. About 50,000 acres of irrigated land are being
farmed. Irrigation water is secured from numerous streams which head
in the mountains. The storage of water is easily secured in Wallowa
Lake. The contour method of flooding is usually used in applying the
water to crops.

There are two chief types of soil in the valley. The soil on the val-
ley floor, or the first type, has been more affected by water and is some-
what darker in color. This is a fine sandy loam which has been under
cultivation for nearly a generation. The soil on the bench lands, or the
second type, has been irrigated more recently and the soil on these lands
is a brown fine sandy loam, which is underlaid with a rather fine-grained
subsoil, whereas the bottom land is usually underlaid with porous gravel
at a depth of from 2 to 5 feet. Both of these types of soil are adapted
and used for the growing of alfalfa, grain, and hardy root crops. The
average value of improved irrigated land would be from $60 to $90 per
acre. Alfalfa, timothy, and clover yields from 1% to 4 tons per acre;
oats and barley from 50 to 80 bushels per acre; wheat perhaps 25 bushels
per acre, while a good average yield of roots would perhaps be 20 tons
to the acre. Three water variation trials were conducted in this valley
during the past season by Mr. C. E. Stricklin of the State Engineer's
Office.

These trials were all carried on in one locality in the valley floor
and were all located on the dark, fine sandy loam that forms the most
extensive soil type in the valley. The results of water variation trials
in this valley are summarized in Table Ill-b.

Results of Experiments in Wallowa Valley in 1915. Table Ill-b. The
soil on which these plots were located was of a very good loam on the
surface and contained a good supply of humus. The gravelly sub-stratum
affords rapid drainage, and it would be extremely difficult to over-irrigate
the plots to the point where the yields would actually be decreased on
this type of soil. There would be far greater danger of soil injury by
leaching than by alkali over the area taken as a whole.

The use of water on the barley ranged from about 9 to 13 inches.
Yields increased with irrigation ranging from 53 bushels up to 63.6 bushels
total yield per acre, the maximum yield being secured with the maximum
amount of irrigation. The minimum irrigation gave the largest returns
of grain per unit of water and the lowest water cost per pound of dry
matter. The oats received from 4 to 12 1/ inches of water, and the esti-
mated yields ranged from 55 to 65 bushels per acre. As in the case of the
barley, the largest production of grain per unit of water was with the mini-
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mum irrigation, while the maximum yield was secured with the maximum
irrigation. The water cost was decidedly less than with the minimum plot
which indicates that this soil has been subjected to considerable leaching
as loss of fertility increases water cost. Alfalfa ordinarily receives two
irrigations and is cut twice during the season in this valley. Heavy spring
rains replaced the first irrigation so but one irrigation was applied except
on the maximum plot. The amount of water applied ranged from 18 to
36 inches, the yield being practically 3 tons per acre in all cases. This
gave a decidedly more economical yield per unit water and a decidedly
lower water cost with the minimum plot of the lowest amount of water
used. The lack of difference in yield from applying a great deal more
water to the maximum plot indicates that irrigation is of little value late
in the season or in quantities above the capacity of the soil to retain it.
No doubt these soils are frequently irrigated beyond the retaining capa-
city at additional expense per irrigation and with a loss of plant food.
Better returns can be expected from the same amount of water if applied
in moderate quantities at more frequent intervals. Mr. Stricklin states
that the maximum oats plot may have had a slight advantage because
of its previous use as a stock grazing field.

EXPERIMENTS IN GRANDE RONDE VALLEY IN 1916.

The Grand Ronde Valley in Baker County constitutes one of the most
important level areas of the state. The Grand Ronde River and its tribu-
taries furnish water for the irrigation of about 30,000 acres, and with
some sub-irrigation of meadows, a total of about 40,000 acres is affected
by its water. Good crops of grain are produced without irrigation, but
supplementary irrigation would benefit grain, be of great advantage to
cultivated crops like potatoes, and very necessary with alfalfa. The use
of irrigation can be extended by storage and control of the water supply.
This would greatly increase the productiveness of the area affected The
soil at present irrigated or irrigable is a dark, deep loam, while the low
ridges in the northern part of the valley, which are now dry farmed, are
of a fine sandy loam.

Experiments were initiated during the past season on typical dark
loam soil with alfalfa and potatoes. Frost interfered with the potato ex-
periment, but the alfalfa trial was carried to conclusions; the results are
given in Table Ill-b, Sec. 2.

The results of this experiment show that the maximum irrigation,
nearly 15 inches, gave a maximum yield of 6 1/2 tons per acre and also the
largest yield an acre inch and was therefore the best use of water
in the experiment. Mr. Spillman, County Agriculturist in charge
of this trial, states that it was a case of 'more water, more alfalfa."
After the last cutting, an additional 6-inch irrigation was supplied to
make fall pasture. Well drained soils in this valley may be benefited by
perhaps 6 inches irrigation for cultivated crops, and 12 inches to 24 inches
depth for meadows.

Two experiments were initiated by Mr. Strickljn of the State Engi-
neer's Office in the Burnt River Valley and in the Blue Mountain section
in the spring of 1916. Heavy rains interfered with the irrigation, although
something of a variation was secured In the water applied; frost cut
down the yields and destroyed the value of the experiment.
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In the chief valleys of the Blue Mountains, perhaps 60 percent of the
cultivated land is in meadows and nearly 30 percent in grain, only a small
amount being in row crops. Oats and barley yielded 40 to 70 bushels,
and the hay yielded from 3 to 5 tons an acre.

EXPERIMENTS IN UMATILLA VALLEY ON THE U. S. PROJECT
EXPERIMENT FARM.

General Conditions. The Umatilla Project is located in the Columbia
Basin extending east from where the Umatilla River empties into the
Columbia. The irrigated and irrigabie lands in this district range from
300 to 700 feet above sea level. The average rainfall for the district is
about 8 inches and the growing season for alfalfa is nearly six months.
The climate is arid and high winds are frequent.

Irrigation projects now in operation secure water mainly from
Umatilla River. The land included in constructed and contemplated
projects is generally sandy. General soil surveys of about 250,000 acres
have been made in this district by the Experiment Station. The chief
soil types are fine loamy sand, fine sand, medium sand, medium to coarse
sand, and coarse sand of sedimentary origin. The material has since been
reworked by the wind.

Alfalfa is grown on at least half of the irrigated land. The average
yield is about 51/2 tons per acre. The long season, however, permits the
growing of a great variety of truck crops and fruit. Intensive types of
live stock farming, such as dairying and hog raising are coming to be
combined with the fruit on the moderate sized ranches of the district.

Results of Experiments at HermistOn for 1915. The soil on which
the experiments in question were run is medium to coarse sand and
similar to some thousands of acres of the coarsest soil in the district.
It is low in humus and in usable water-retaining capacity. The aver-
age amount of water delivered onto the U. S. project runs 5 to 6 acres
feet per season. Data secured from the water variation trial with alfalfa
by Ivir. R. W. Allen, Superintendent of the ljmatilla Experiment Farm,
as a part of the regular work of that Station is given in Table Ill-c.
Mr. Allen describes the trial as follows:

To three plots of alfalfa numbered 1, 2, and 3, water was applied at
intervals of 1, 2, and 3 weeks respectively. A uniform rate of application
of 4 acre inches per acre was used for all irrigations. Plot 1 received
21 applications or 84 acre inches of water and produced 5.69 tons of hay
which amounts to .067 tons per acre inch of water. Plot 2 received 11
applications or 44 acre inches of water and yielded 4.63 tons of hay which
amounts to .105 tons per acre inch of water. Plot 3 received 7 applica-
tions of water, totaling 28 acre inches and produced 31/2 tons of hay
which amounts to .125 tons per acre inch of water.

While plot 1 produced the most hay per unit of land, it shows the
duty of water to be quite low. Plot 3 gave the highest duty of water but
produced an insufficient acre yield. Upon considering the optimum duty
of water and yield of forage as indicated by this experiment, Plot 2 is the
most desirable as upon it 44 acre inches of water produced .105 tons per
acre inch, making a total of 4.63 tons of hay per acre. This experiment
gave practically the same result in the previous season."

Mr. Allen secured the evaporation and rainfall data given in tables
used in this report.
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Results of Experiments in 1916. This experiment was continued dur-
ing the past season, and data obtained as given in Table Ill-c verifies
previous results. The strip border method has been found to be a good
means for quickly irrigating this sand soil where excessive leveling does
not prohibit its use. At this Station, Mr. Allen found a run of 175 to 200
feet best for the head obtainable.

In the Report of the Hood River Branch Experiment Station, Mr.
Allen states the irrigation requirements of that valley as follows:

"Under average conditions, however, one or two thorough irrigations
should be sufficient for orchards under clean culture on all but the coarser
types of soil, and from two to five irrigations for those having clover or
alfalfa between the trees.

"Much water is being wasted by permitting it to run for too long a
time in one place. It is not necessary, and is many times very detri-
mental to soils and crops, to allow water to run a number of days in the
same place. The delivery of water in a continuous stream is conducive
to this practice Clover and alfalfa . - retard the flow of
water, on which account the stream is left running for a long period with
a view to its finally getting to the far end A large quantity
should be turned out at one place, where possible to handle it, for such
quantity pushes forward much faster. Where water is successfully car-
ried across a field in clean culture, the run should be broken up for clover
and made not over half as long."

EXPERIMENTS IN THE DESCHUTES VALLEY.

Experiments during the season 1915 were conducted in three dis-
tricts in Central Oregon. The Deschutes Basin region, which is under
irrigation or liable to be irrigated, is situated in Crook and Jefferson
counties and ranges in elevation from 2500 to 3600 feet above the sea level.
The average elevation is about 3000 feet, which is the elevation at Red-
mond. The rainfall over this area averages about 12 inches, and the
growing season is sufficient in length for grain, alfalfa, hardy root crops,
and a little green corn. The average-sized irrigated farm is from
40 to 60 acres, upon which the more intensive types of live-stock farming,
such as dairying and hog raising, must become the leading types of agri-
culture. A sparse growth of juniper and sage brush originally covered
the land. Extensive irrigation development began here about ten years
ago. The topographic features of the country, the irrigation enterprises,
and proposed projects are thoroughly described in the Deschutes report
published by the Reclamation Service under Oregon Cooperative work.
Preliminary soil surveys of about 200,000 acres in this district have been
made by the College in connection with the investigations of the Recla-
mation Service; soil data and maps giving the location and extent of
different soil types, will be found in the above report. The soil texture
becomes coarser at higher elevations; the chief types are fine sandy loam,
fine sand, medium loamy sand, and medium to coarse sand. Medium
sand or medium loamy sand is the prevailing type in the Redmond dis-
trict while in the canyon bottoms about 'Squaw Creek some fine sand Is
found. The soil is underlaid with porous basalt at a depth of 18 to 40
inches and small areas of alfalfa crops appear at frequent intervals over
the area.

Previous Experiments. Mr. H. B. Farmer of the Department of Agri-
culture measured the water used on 20 farm ip the Redmopd district
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under direction of Doctor Fortier in 1912. Approximately 1000 acres of
crops were included in the experiment and the average seasonal use of
water was 4.16 acre feet per acre. On farms where the furrow method
was used in distributing water, perhaps a third less water was used
than where flooding was practiced. Decidedly less water was used on
cultivated crops than on the meadow crops included in trials.
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Figure 6. Hydrograph showing quantity and distribution of water used on irrigation
Demonstration Farm, Redmond, 1912. The amounts of irrigation and precipitation
are indicated by .1 acre feet, but the decimal points do not show plainly in the
etching. Note how much less was the mean amount of water used than that allowed.

The College operated an irrigation demonstration farm one mile north
of Redmond in 1912. The total amount of water used on this farm dur-
ing the season wag determined, and the water used on practically each
and every plot or field on this farm was also measured. The rainfall for
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the season was perhaps 2 inches above normal and the area was about
equally divided between meadow crops, grain crops, and cultivated crops.
Care was observed to apply water just at the time needed, and the farm
had the advantage of moisture-conserving tillage practices, while
the application of water was governed by the determination of the soil-
moisture supply for different crops. The soil was in a fairly good state
of fertility and was kept in very good tilth. These practices and condi-
tions are largely responsible for the relatively low quantity of water
used. The water allowed within this project is 1.8 acre feet per acre for
the 90-day summer season. This would amount to 55.8 acre feet. The
amount actually used on the 31 acres irrigated on this farm was 32.3 acre
feet which is equivalent to 1.04 acre feet per acre for the 90-day period.
During the whole growing season 40.75 acre feet was used or about 1.3
acre feet per acre. This is shown diagrammatically in Figure 6.

On this farm, numerous water variation trials were made and the re-
suits expressed in yield per acre as well as yield per acre inch, the crop
value per acre-inch having been previously reported.* Volumes ranging
from 16 to 26 inches depth an acre were used on the meadows and this
gave yields from the largest yield an acre inch to nearly maximum yield
per acre. Six to 12 inches was found necessary for cultivated crops.
Only a few of the most important results will be mentioned here.

Briefly, it was demonstrated that the quantity of water needed is
influenced by the kind of crop and time of seeding, by the variety of crop,
by the amount of cultivation, the method of seeding, method of irrigation,
and particularly by fertility and cultivation. A previously unpublished
table showing effects of fertilizers on the economical use of water is
given, Table IV.

One acre of Burbank potatoes was planted on old ground and re-
ceived two 3-inch irrigations or a total depth of 6 inches per season.
One-half of this plot was treated with potassium sulphate at the rate of
160 pounds per acre. The yields on the unfertilized were 147 bushels
per acre or 24.5 bushels per acre inch, while the fertilized plot yielded
235 bushels an acre or 39.2 bushels an acre inch, an increase of 88 bushels
over the unfertilized plot. The cost of fertilizer was $4 per acre, and the
value of the 88 bushels increase (at 50 cents a bushel) gives a gross profit
of $40 per acre. This experiment shows that the yield per acre inch is more
economical with a good state of fertility. The water in nearly all the
fertility experiments on this farm was used more effectively where fer-
tilizers were applied.

The volume of water used on three farms in this district was
determined by John Dubuis.** Farm No. 1 was located near the Alfalfa
postoffice, where the soil had an average depth of about 18 inches and was
sandy loam. The amount of water used on this farm was 3.19 acre feet per
acre for the 90-day period. Farm No. 2 was located near Redmond. The
soil was described as "fine sand" to "fine sandy loam," of comparatively
good depth. On this farm 5.7 acre feet per acre were used in the 90-day
season and it is stated that the amount received by the owner was un-
satisfactory. Mr. Dubuis attributes this to a lack of a larger head and
lack of a rotation system of delivery. Farm No. 3 was located near
Twin Falls on medium sandy loam; the water used was 2.44 acre feet
*Scudder H. D., Report of Experiment and Demonstration Work, Eastern Oregon Ex-
periment Station Bulletin 119 (1914).
**Dubuis John, Report to the Desert Land Board on Central Oregon Project, State
Printer (1915).



TABLE IV. RELATION OF SOIL FERTILITY TO ECONOMICAL USE OF IRRIGATION WATER.
0. A. C. Irrigation

Trestmeot per acre

Demonstration Farm, Red mond,

Yield tons per-

1912.

Gain in-
Cost of Profit

Acre. Acre inch Value FertilizerCrop Irrigation
inches

Fertilizers
in pounds Yield T. (or Loss)

depth an acre. of water

Old Clover 24 None 3.33 .118
Old Clover 24 Pots.s. sulf. 160 504 210 5.71 $1539 $4.00 $11.39

Old Clover 24 Gypsum 60 3.48 .145 .25 2.25 .45 1.80

Alfalfa 21 None 3.00 .143
Alfalfa 21 Potas. sulf. 160 3.96 .186 .96 3.68 4.00 4.68

Alfalfa 21 Gypsum 60 3.40 .162 .41 3.69 .45 3.24

Alfalfa 21 Potas. ci. 160 3.27 .155 .27 2.43 4.00 -1.57
Spring Bs.rley 8 None 60.6 bu. 7.6 ho.
Spring Barley 8 Manure 10 T. 61.7 7.7 1.1 bu. .72

Spring Barley 8 Gypsum 60 64.0 8.0 3.4 2.45 .45 2.00

Spring Barley 8 Acid. Phos. 320 66.2 8.3 5.6 4.03 5.75 -1.72
Spring Barley 8 Potas. sulf. 160 67.7 8.5 7.1 5.11 4.00 1.11

Spring Barley 8 Nitrate 160 69.0 8.6 8.4 6.05 4.80 1.25
Potatoes 6 None 147.0 24.5
Potatoes 6 Potas. sulf. 160 235.0 39.2 88.0 44.00 4.00 40.00
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per acre. The owner reported that some young alfalfa suffered for lack
of moisture on this farm. It is understood that the crops were mainly
alfalfa on the latter farm and it must be assumed that the other farms
were representative, as the kind of crops grown is not stated. The re-
port to the Desert Land Board by John Dubuis, shows that about 57
percent of the Central Oregon Irrigation Company's project lands is de-
voted to meadows--mainly alfalfa and cloverabout 25 percent to grain
crops, and about 13 percent to cultivated crops.

Experiments in 1915. The water variation trials were conducted by
the Assistant Water Master, Mr. Rodney Soth, in cooperation with the
College on what is known as the "Lower Bridge" country. The elevation
of these plots is about 2700 feet, and the weather conditions of the season
were slightly drier than normal. Soil on which the wheat was grown
was a medium sand, while analysis shows that the soil on which the
barley was grown, although of the same type, is somewhat loamier and
contains more humus. This is not clearly shown, however, from the
analyses made. The average depth of soil in these plots is about 3 feet
and the substratum is gravel or volcanic ash hardpan The soil of the
wheat field has only been in cultivation for two years. Irrigation was
applied by the furrow or corrugation method in both instances. Furrows
were 3 feet apart and one irrigation was applied. The results of these
trials are given in Table 111-c, Sec. 2.

ReuIts of Experiments in Deschutes Basin in 1915. Table Ill-c, Sec. 2.
The data in the table were explained by Mr. Soth as follows: 'The
stand and the yield in the case of the old plots was uniformly good. In
the wheat plot, the stand was not so uniform nor so good. A juniper
tree in each of the first two plots would tend to lessen the accuracy of
the experiment due to the effect of the roots and the shading of the
ground under the trees. On the oat plots, it was found that the greatest
yield, 32.15 bushels per acre was obtained with the maximum amount
of water which was 17.88 inches. There was not a great deal of variation,
however, in the yields from different plots. The largest yield per unit
of water, 27.25 bushels per acre, was obtained from the use of 3.3 acre
inches of irrigation to the acre. This plot also gave decidedly the lowest
water cost of dry matter. In case of tile oats, it would appear that more
water than has heretofore been used could be applied profitably, unless
the water was to be applied at a more critical time. In the wheat plot,
the stand was not so uniform and the yields are estimated yields as the
crops were harvested separately. The average plot gave the highest yield
an acre and also the largest yield per unit water applied and lowest water
cost per pound of dry matter produced. Evidently too much water was
applied on the maximum plot."

Results of Experiments in the Deschutes Valley in 1916. Water
variation trials were conducted near Tumalo in cooperation with Mr.
Dubuis of the Desert Land Board. A trial with alfalfa was carried to
completion, the results of which are shown in Table Ill-c, Sec. 2.

Another experiment was conducted with potatoes near Powell Butte
Station in cooperation with the County Agriculturist. Potash was used
in this experiment and was a decided benefit, giving a good increase an
acre inch. The yield, without potash was estimated at 120 bushels per acre.
One-half pound per square rod increased the yield to 145 bushels an acre
and one pound potash per square rod gave a yield of 150 bushels per acre.
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EXPERIMENTS IN GOOSE LAKE VALLEY IN 1915 AND 1916.

General Conditions. The Goose Lake Valley in the southern part of
Lake County, lies in a basin caused by faults in the earth's crust. In out-
line, the irrigable area approaches a crescent shape with the points ex-
tending along the lake to the boundary line between California and Ore-
gon. To the west and north, the country rises gradually and becomes
mountainous, while to the east, the mountains rise more abruptly. Prac-
tically all of the irrigable land is of sedimentary origin, while the moun-
tains surrounding the basin are of basaltic material. The elevation is
about 4800 feet above sea level; the annual rainfall is about 15 inches
per year, and the growing season is short.

The valley is naturally divided into gently sloping benches and a
valley floor. The valley floor includes the lands that are wild flooded
and in natural grass meadows, together with some adjoining land. In
this floor of the valley and in the narrow flood plains of the several
streams which drain into the valley from the northwest, the soils are
silt loam, silt clay, and clay loam. To the north and west, there is a low
bench partly in sage brush and partly dry farmed. The main soil type
there is sandy loam of good depth. There is a higher bench of more
limited area of somewhat more gritty texture and more rugged topog-
raphy. The surface soil on this higher bench is a light sandy loam. The
sage on the higher bench is mixed with antelope brush or winter fat.

Flood irrigation has been practiced to extend and niaintain the
meadow area, the water being secured from streams entering the valley
mainly from the north and west. Small streams from the hills and moun-
tains on the east side of the valley are used on the ranches along the
east side of the lake. Irrigation has been provided for most of the bench
lands above described, by the Goose Lake Valley Canal Company through
storage in Drews Valley and by the construction of a canal covering the
bench land. Water was used for the first time on these bench soils dur
ing 1915.

Grain, hardy root crops, clover, and timothy can be grown on this
bench land, while alfalfa and field peas will also do well on a large part
of the area. Some potatoes and even hardy fruits have been produced
in sheltered places near the lake where there is a good air drainage. The
bottom lands are quite frosty, but in addition to the native grasses, some
hardy grains for hay and hardy root crops, and perhaps alsike clover,
could be produced. The area is best suited to the development of general
grain, hay, and stock farming; and on these bench lands not over
50 percent should be in meadow. A legume meadow should be rotated
with grain and hardy cultivated crops. The native grass, which yields
about 114 tons per acre, is the main crop that has been irrigated in the
past. Timothy and clover or alfalfa should yield from 21/a to 4 tons per
acre with irrigation, on the bench land. The yields secured from the
experiment fields are of interest as indicating the possibilities with irriga-
tion.

Experiments in this section were carried out by H. E. Koons, Irriga-
tionist for the Goose Lake Valley Irrigation Company, in cooperation
with the College. Experiments were conducted on light sandy loam
that was scarcely as good as the average bench land soil. The root crops,
however, were on a lower piece of ground which wa clay loam. The
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experiments were planned to determine the value of irrigation for the
first time on the bench land, so dry plants were included in the trials.
The plots were rather small in order to permit full control of irrigation,
harvesting, etc., as well as other conditions, and the use of water was
roughly determined, not only for these plots but also for 30 acres of
grain and 120 acres of alfalfa. Corrugation methods were used to dis.
tribute the water from the laterals. Results of irrigation experiments
will be found in Table Ifl-d.

Results of Experiments in Goose Lake Valley. Table lll-d.. The plots
included in these trials were given careful attention and the stand of
grain was uniformly good. The grain yields were almost in direct pro.
portion to the water received. Dry-farmed wheat on the bench lands in
this valley yielded from 10 to 15 bushels of grain per acre for the season.
Irrigation of wheat and other grains gave greatly increased yields and
the maximum irrigation gave the maximum yield. Little increase in
yield was secured, however, where more than 7.4 inches was applied to
oats; and this was decidedly the largest yield per unit of water.
Altogether, it was the best use of water for the trial. The maximum plot
of barley received 683 inches of water and yielded 56.6 bushels per acre.
The yield per acre inch on this plot was slightly better than on the
average plot, and represents the best use for this trial. Wheat gave an
increase in yield up to 16 inches depth per acre and yet the greatest
yield per unit water was secured from a 5-inch irrigation.

The use of manure and of fertilizers on this place gave decidedly
more economical returns per unit of water applied and for the total
irrigation applied, and though their effect was not measured accurately
it is estimated that the increase from the use of flowers of sulphur and
manure were fully 25 percent of the total yield.

Experiments in Goose Lake Valley in 1916. During the previous
season of 1915 a small plot of alfalfa had been treated with sulfur. This
caused such a decided benefit to the crop that the owner decided to use
the treatment more extensively. Fifteen hundred pounds of sulfur
were applied to 27 acres in the spring of 1916, ind this treated plot yielded
3 tons of hay as against 1% tons on untreated adjoining land. The un-
treated and treated land both received 18 inches depth of irrigation,
applied in three applications. The fertilized tract thus gave a return of
twice the alfalfa an acre inch.

A grass mixture started with irrigation on red clay land continued
to have a high pasture capacity during the 1916 season, and in fact was
the best meadow crop that has ever been seen growing on this land.
This mixture contained alsike clover, rye grass, timothy and meadow
fescue, and no other grasses. Some good pieces of alfalfa and clover
were raised with the aid of irrigationin this valley during the past year.
One 10-acre tract of alfalfa on new land received an acre foot of irriga-
tion an acre and yielded 1% tons an acre. A depth of 1.36 feet was
applied to a 40-acre piece of barley near the ditch camp headquarters
which yielded 32 bushels an acre. Dry-farmed grain in the vicinity
yielded from 7 to 14 bushels an acre. The crops were injured somewhat
by early fall frosts,
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ECONOMICAL USE OF WATER FOR MARSH LANDS OF
CENTRAL OREGON.

Little definite data have been obtainable regarding the duty of water
for marsh land and wild hay meadows, whereas about one-third of the
irrigated land in Oregon is wild flooded native meadow. There are per-
haps 300,000 acres of these marsh lands in Central Oregon which, at

esent, are devoted mainly to the production of native grasses for
pasture and hay. These lands are fertile and susceptible to great improve-
ment in productiveness, through better control of the water and the seed-
ing of more valuable forage plants, whereas the present practice tends
to drown out the most valuable grasses.

EXPERIMENTS IN THE VALLEY OF THE CHEWAUCAN IN 1915.

General Conditions. This area is located in Central Lake County;
the nearest railroad points are Bend, 148 miles north, and Lakeview,
some 45 miles to the south. The elevation of the marsh is 4300 feet,
while the delta or low bench to the north rises about 50 feet higher. This
valley is believed to have been formed by faults. There is a steep scarp
on the east side of the marsh and the surrounding hills on the other side
soon become mountainous in going back from the marsh. The fault seems
to connect with Summer Lake Valley and the Chewaucan River, which
enters the marsh from the northwest near Paisley. The river sinks in
the marsh but reappears at the lower marsh and enters Lake Albert.
Gravel and sand brought down by the Chewaucan River have formed a
narrow terrace, extending south from its delta, and a larger and more
elevated terrace extends over an area of several thousand acres north of
Paisley. This upland area has been included in a Carey Act segregation.

The rainfall is perhaps 12 inches a year. The growing season is
sufficient for grain and alfalfa on the terraces where there is air drain-
age. Even fruit is grown in sheltered spots in the vicinity of Paisley
though the region as a whole is most suitable for hardy forage plants.

Soils4. A general soil survey has bees made in this valley in coopera-
tion with Professor C. V. Ruzek of the Soils department of the Station.
The important soil areas of the marsh and segregation are shown in
Figure 7. The bulk of the soil on the marsh below the meander line is
peat from 6 inches to 30 inches in depth with an average of about 20
inches of the top soil. This is underlaid with a rather dense, chalky, silt
muck, through which a streak of medium sand passes a few feet below
the surface. A strip of peaty loam soil occurs above the meander line
near Paisley, and above this, sloping gently toward the terrace, is an
area of silt loam and then a small area of sandy loam. On the terrace
lying north of Paisley, the higher portion is coarse, gravelly sand, be-
coming gravelly at 3 or 4 feet in depth. Farther north, at a little lower
elevation is a considerable area of medium sand.

Three conditions are found in the subsoil of this medium sand type.
The first condition is found only in a limited area, where the soil is
underlaid with a heavier subsoil that is slightly cemented. The second
condition occurs farther north, where the soil is underlaid with medium
sand, and, still further north, with a gravelly substratum. The third
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condition is encountered at lower elevations toward Summer Lake and
the north end of Chewaucan marsh, where the soil, which is fine sandy
loam, is underlaid with heavy cemented subsoil.

Vegetation. Perhaps 95 percent of the land affected by water is in
native grasses. The raw peat in the lower areas carried tules and flags
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Figure 7. Ohewaucan Valley Soil Classification.
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intermingled with patches of marsh grasses, chiefly sugar grass
(Carex aquatilis), Rice grass (Panicularia grandis), wire grass (Juncus
balticus), while on the medium peat and peaty loam, these grasses pre-
vail intermingled with tules and flags in low spots.

On the silt loam type of soil, the vegetation is chiefly timothy
(Phleum pratense), bluejoint (Elymus triticoides), red top (Agrostis alba),
wire grass (Juicus balticus), wild millet (Beck mannia erucal fernus L.),
and wild clover (Trifolium triculatum Lindl.) on the irrigated portion,
while on the subirrigated areas the vegetation is chiefly bluejoint, tickle
grass, (Storobolus Aaperifolium), and some timothy; still above the sub-
irrigated areas on the hummocks are patches of salt grass (Distichlis
Spicata). Technical identifications were made by the Botany depart
ment of the Experiment Station.

On the edge of the mash near Paisley, a little timothy and red top
has been seeded into the meadow and on the silt loam some grain is
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Profile along canal running cicth in northern part of lower marsh.
Profile along canal running southeast through central part of lower marsh.
Profile along west side of outer canal through east part of lower marsh.
Profile along stook ditch running southeast in western part of upper marsh.
Profile along center canal running south in central part of upper marsh.

grown. On the sandy uplands alfalfa and grain are grown under irriga-
tion and the marsh land is largely under control of large cattle companies
who cut the native grasses for hay and use them for winter pasture.
Sage brush predominates on the segregation lands, except on the fine
sandy loam where grease wood occurs.

Irrigation.. The flood water is spread out over the marsh from
canals along the two sides of the marsh near the meander line by a sys-
tem of wild flooding, and a drainage canal later removes the greater part
of the excess to permit haying and dry out the land for winter pasture.
There are few levies or ditches to control the water and thousands of
acres are irrigated from one outlet. Measured yields during the past two
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seasons indicate that the average yield of native grasses on the marsh
will not exceed one ton per acre of native hay.

Experiments Undertaken. It was realized that the problem of secur-
ing duty of water data on the marsh would be difficult. It was planned,
however, to get data on the use of water by measuring the amount applied
and wasted from large fields, to control and measure the water applied
to small plots by dykes, and to check field work by tank experiments,
where percolation could be completely controlled. Experiments under-
taken were located on all the important irrigated soil types as indicated
on the general soil map. Several water capacity tests were made of
each type by the cylinder method to determine the average weight per
cubic foot and the maximum water capacity under field conditions. This
test is also calculated to aid in establishing usable water capacity of the
soils in question. The agent in charge of the field work for the Office of

Figure 0. Tule fland on Chewaucan Marsh.

Public Roads and Rural Engineering was Mr. E. R. Greenslet, who had
previously worked under the direction of Mr. Bark in Idaho. The principal
data obtained are summarized in Table III-e.

Results of Experiments Near Paisley in 1915. The marsh grass plots
used in Experiment No. 1 were located on peaty loam. The water applied
ranged from nothing on the minimum up to 27.48 on the maximum plot.
The average plot gave the largest yield and best quality of hay, yielding
1.03 tons per acre. This was also the largest production per
unit of water used. The water cost appears to be lower on the minimum
plot. The dykes on these plots were not absolutely tight and the mini-
mum plots had a good moisture content early in the season.

The native grass plots used in Experiment No. 2 were located on a
silt loam with a very good humus content. The minimum plot received
no irrigation and the average plot received 6.6 inches and the maximum
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18.12 inches. The greatest yield per acre was .73 tons and also the
largest return per inch of water was realized on this average plot.
The total soil, rain, and irrigation water received on this plot was so
large that the water cost was much higher than on the minimum plot.
These plots appeared to be fairly free from seepage.

Three tanks 18 inches in diameter and 26 inches in depth were filled
with the so-called "sugar grass" the first foot of soil and sod being trim-
med out to fit the tanks. The second foot of soil was removed to the
tanks in as near its original compactness as possible, after which the sod
or the first foot of soil was transplanted in the tank in one section. The
grass which was two inches tall when transplanted, was injured very little
by the operation; it made a good growth in the tanks and had a healthy
color. The maximum tank was kept flooded like the marsh during the
time that the marsh grass was in a saturated condition. The maximum
tank received 26.81 inches depth of water; the average tank received 13.81
inches and the minimum tank 4 inches, during the season. The entire
growth for the maximum tank was 125 grams, the minimum tank 94 grams,
and the average tank 71 grams. The minimum tank gave decidedly the
largest yield per unit water, and the water cost of dry matter in this tank
was but little over half the water cost of dry matter produced in the other
tanks. Regarding these experiments, Mr. Greenslet says,

"The investigations this season seem to show that sugar grass has
a much higher wilting point than tame grasses. The minimum moisture
content or firing point for sugar grass appears to be about 35 percent
(soil moisture percentage being expressed in percent dry weight of soil),
and there is a proportionally high optimum moisture content which is
about 55 percent for this grass. The studies, however, also show that
the marsh under present conditions Is kept up to a moisture content of
about 150 to 200 percent, expressed in percent dry weight of soil, or about
three times what should be required for the production of marsh grasses,
and equal to several times what should be required for tame grasses."

On the upland, the barley plots were on medium to coarse sand about
cne-half mile north of Paisley. From 26.28 inches up to 34.80 inches of
water was used on these plots. The average plot received 33.72 inches
and yielded 35.4 bushels per acre, or 1.05 bushels per acre inch. This was
the largest yield both per inch depth of water and per acre of land
considered. The water cost per pound of dry matter was lower in case of
the minimum plot. The water cost figures are high. The quantity of water
used on all these plots is rather high and the amount applied per irriga-
tion was considerably more than the soil root zone could retain. From
determinations made during the season, it is estimated that the usable
water capacity of this soil would not be far from one acre inch per acre
foot of soil. On this basis, four acre inches depth for each irriga-
tion would be about all the irrigation watei that could be retained, even
if the soil were well dried out at time of irrigation. To apply these
lighter irrigations, it would be necessary to have shorter runs and a larger
irrigating stream.

Results of Experiments at Paisley in 1916. There was a good water
supply for irrigation in 1916, and cool, damp, backward weather prevailed.
Experiments at Paisley were in charge of Mr. A. W. Finch, Agent of the
Office of Public Roads and Rural Engineering. The work was enlarged to
include stronger dykes, more tanks, and a larger number of experiments.
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One additional soil type was used in the studies. The detailed results
for the season are given in Table Ill-f and III-g.

The first experiment appearing in Section I of the table was located
on rather shallow peat and designated peaty silt loam." From 81/2 inches
to 26½ inches depth of irrigation was used. The average plot received
19.2 inches of irrigation and yielded 1.94 tons of hay. A little larger return
per unit of water was secured from the minimum plot, but the average
plot represents the best use of water in this trial and it gave nearly as
low a water cost as did the minimum trial.

The second experiment was located one-fourth mile southwest of the
one above described. Some subirrigation occurred on these plots and
but one light irrigation was applied, the depth used being from 21/4 to
4 inches. This crop was the alsike and timothy that had been seeded
the previous season, The maximum yield, 2.56 tons an acre, was secured
from the maximum irrigation but the minimum irrigation gave almost as
good a yield. These plots would not have suffered had no surface irriga-
tion been applied. While the water cost is not very accurate, it indicates
that this crop requires only a moderate amount of water under the con-
ditions, whereas all the data for grasses indicate that this native vegeta-
tion has a high water cost. This experiment is of especial importance,
for it represents a crop that should come to have an important place on
these marsh lands. A large yield was secured with a small amount of
water and the quality of the product was notably better than that of the
native grasses. Stock left the other native hay to eat this alsike and
timothy and it was consumed with a relish. Later the stock showed
such preference for these plots that fencing was required to preserve
the stand.

The alsike tanks were located beside the alsike plots and contained
alsike and timothy which had been transplanted from the edge of one
plot, the object being to raise these plants in tanks that would give abso-
lute control of the water they secured. The growth on these tanks was
very similar to that on the plots. The growth was destroyed in some un-
accountable way four days before harvest. To maintain this growth, the
tanks received 5 inches and 8 1/2 and 14 inches of irrigation and, assum-
ing that the yields were the same as in the plots which tanks were to
check, this would give a water cost of from 560 to 937 pounds. The
growth on average and maximum plots appeared the same, but the mini-
mum plot was a little light colored. Inoculation was used and seemed to
help in establishing crops under these new conditions. Additional plots
were seeded in 1916 and a good stand was secured. No Irrigation was
used, but some subsoil m.oisture was within reach of the plant roots.

Three plots of new breaking near the alsike and timothy were planted
to flax as a first crop, the seed variety being used. The flax made a very
good growth and set seed well but was caught by an early fall frost.

Three pairs of soil tanks were employed for a duplicate water varia-
tion trial, the crop employed being nearly pure sugar grass. The corn-
panion tanks checked fairly well and only the average for each pair of
tanks is presented in the table. From 12 to 32 inches depth of water
was used on these tanks. The actual yield secured was weighed in grams
and the computed acre yield should be regarded as comparative only. De-
cidedly the largest yield per unit of water was secured with the average
treatment, although the maximum irrigation gave slightly larger yields
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per unit of water. The lowest water cost was secured with the average
tanks and this appears to have been the best treatment for the experi-
ment. Growth was retarded a little by transplanting but the growth was
nearly up to the average length on the marsh for the season.

A fifth experiment was conducted on natural meadow in Section 19,
one mile east of Paisley, using the same plots employed the previous
season. From 6 to about 26 inches of irrigation was applied. The maxi-
mum plot yielded but slightly more than the minimum, the latter giving
decidedly the most economical use of water and lowest water cost. It is
therefore regarded as the best use of water. The soil was moist in the
beginning of the season and there was very little subirrigation while the
surface water was well controlled. The plots seemed to be a little sod
bound and the yield secured was only three-fifths of a ton of hay.

Water used and wasted was controlled and measured on a 28-acre
piece of natural meadow near these plots. A depth of 26% inches was
applied in three irrigations and 13 inches depth was retained on the land,
the remainder wasting off over weirs into a slough. The yield was .85
ton of hay which contained a good portion of timothy and was above
average in quality. The yield would have been greater if cutting could
have been delayed two weeks, as no seed had set in the timothy when
harvested. The irrigation applied in September previous is said to have
benefited the timothy.

Regarding the experiments with meadows, Mr. Finch says:
Very frequent applications of water had to be applied and a small

head used in order to gave the maximum irrigation on this soil, a system
which would not be practical under field conditions. The best use of
water was secured in tanks with 16 inches depth of irrigation and under
field conditions with from 6 inches to 19.2 inches, although larger yields
per unit of water were obtained with smaller amounts of irrigation. The
natural vegetation on plots was a representative mixture of the natural
marsh grasses, and about fifty percent sugar grass. The sugar grass made
as good growth with the average irrigation as with maximum irrigation.
The bluejoint did equl1y well on all plots, while timothy, clover, and the
native marsh clover made short growth on the plots receiving a maximum
irrigation, and made the best growth and showed a tendency to spread
on the plots receiving a lighter irrigation. The alsike and timothy seems
very easy to get established on these soils, and the average production
of natural meadow on the land adjoining the alsike plots was about %
tons per acre, while the yield on the plots was at the rate of 2% tons
per acre the first time it was cut or three times the production of the
natural meadow. With irrigation after the first cutting, the clover will
make considerable second growth for fall pasture."

Experiments on Upland. A water variation trial was secured on a
field of alfalfa just south of Paisley and located on sandy loam. The
plots were about 3 acres each in area and were given from 6 to 16%
inches of irrigation for the first cutting. The yield increased with irriga-
tion from 2% to 3.1 tons for the cutting. The maximum irrigation prob-
ably gave the most profitable returns in this experiment. The water
used for the whole season ranged from 11 to 32 inches, the maximum yield
ueing 6.1 tons, estimating the second cutting to be the same as the first.
The maximum irrigation was the best use for the whole season, two
irrigatioms being applied for each cutting. The amount of these irriga-
tions, 8 inches at each irrigation, is probably a little more than the soil



46

can retain at one time and a little lighter amount for each application
would probably do equally well.

Two water variation trials were made on the upland just north of
Paisley in 1916. The trial of alfalfa was given a variation from 6 to 12h/
inches of irrigation. The stand was very light and the first growth was
frozen back so that the yields were very light. Short runs and consider-
able slope to the land prevented application of heavy irrigation. A very
spare stand and light yield caused the water cost data to be rather too
high to be dependable.

The oat plots were located on the site of the barley experiment of
the previous season, from 9 to 10 inches depth being applied. Cold
weather made the crop late. The maximum plots gave the highest yield
or about 22 bushels of threshed grain per acre. Medium fertility and
water capacity in the soil and a light yield caused the water cost from
these plots to be high.

Relation of Irrigation to Alkali and Water Table. A row of wells
was installed following the section line across the marsh from the ter-
race on the west side of the marsh near Paisley to the east side of the
valley. Wells were one-fourth mile apart and extended over a length of
about 5 miles. Careful notes were taken of the soil strata encountered
and from these notes a cross section of the soil, showing the soil forma-
tion, has been prep.ared. it is given in Figure 10. The water table was
read at regular intervals during the seasoo At the beginning of the
season, the water table was within 4 feet of the surface on the low ter-
race just east of Paisley. The water table approached near to the sur-
face until there was surface water a little farther out in the marsh than
the location of the meander line. The water table gradually receded
after the flood season and in the season of 1915, which was one of low
water supply, the water table had receded by August 1 to the bottom of
the drainage canal and to an average depth of 5 feet below the soil sur-
face throughout the section. The center canal lowered the water table
for about half a mile out on each side. The water supply was more
abundant in 1916, the water table ranging higher during the season.
Some alkali spots appeared above the margin of the flood water on the
west edge of the marsh where alkali had accumulated on hummocks
which are not covered by irrigation and where salt concentrated by cap-
illarity and evaporation. The alkali has partly come from the higher
naturally drained land farther back and has accumulated in the flatter
areas. The maximum concentration of alkali appears to be 24 to 30 inches
above the mean water table, indicating something of the length of capil-
lary activity in the soil. Alkali hummocks in the improved land in the
west side of the marsh are very limited in area. Only a small number of
acres are seriously affected.

A deep drain carried along a little above the meander line and then
out into the center canal would afford the best means of washing the
alkali down and out of this land. A few heavy irrigations would then
be needed to disperse the alkali. The aim sbould be to keep the salt
moving down and out. Sweet clover or rye would be a good first crop
after this treatment ts under way.

Some success was secured with sweet clover on alkali spots, while
trials with field peas and grain gave excellent returns from the silt loam
soil.
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Short runs with frequent irrigations to upbuild the humus will lessen
the need for irrigation on the upland, while intermittent irrigation will
improve the quality of the meadows, permit weathering and bacterial
activity, and improve the soil temperature. Control levees at regular inter-
vals, will help to provide quick irrigation at regular periods on the marsh.
The medium peat could be irrigated by subbing from field laterals at
periods, as water spreads 40 to 60 feet each way in this soil.

Factors affecting the duty for marsh lands will be taken up further,
after experimental data for other similar meadow lands are presented.
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EXPERIMENTS IN HARNEY VALLEY IN 1916.

Climatic conditions in Harney Valley are similar to those in Chewau-
can. About 60,000 acres is irrigated by a crude system of flooding. The
soil type on most of this area is silt loam with chalky sub-strata in places,
and then medium sand at a depth of 5 to 8 feet. There is a little peaty
silt loam in the lower valley where tules and flags occur. Vegetation on
the silt loam is native meadow, which is made up of about the same
grasses as occur on the silt loam of the Chewaucan Valley. The black
sage lands east of the flooded valley, which it may be possible to reach
by water, are mainly brown, very fine sandy loam, with a smaller area of
fine sand. The report of the soil survey made of this basin for the Recla-
mation Service contains a soil map and a general description of conditions.
In addition to natural meadows, a little grain and a little alfalfa are grown,
the grain yields running from 15 to 80 bushels an acre, and the alfalfa
yields from 2 to 5 tons. The average yield of wild hay for the whole
flooded area will not exceed 1/2 ton an acre. The annual precipitation
in this valley is about 10 inches, and the average 8 months' evaporation is
about 42 inches. The growing season is short, with light frosts which
may occur any month. Conditions are suitable for only hardy grain and
forage crops. The irrigation is of the crudest kind, being applied from
sloughs by means of dams, dikes, and ditches in a very irregular way.
More field laterals and levees and later irregular systems of levees are
needed to form strip borders and to permit irrigation by periods when the
water can be stored and controlled. The experiments the past season were
conducted by Mr. H. B. Howell, Field Agent of the Office of Public Roads
and Rural Engineering on the two leading soil types. The results are
given in Tables 111-h and Ill-i.

Results of Experiments in Harney Valley. Native grasses were
transplanted into six soil tanks, 16 by 22 inches in size and a water varia-
tion trial was made on these in duplicate. The mean amount of water
used in these tanks was 4, 6, and 11 inches with a light, medium, and
heavy irrigation. There was but little difference in the yield of the
average and maximum tanks, in either case, but the mean yield green
was highest for maximum, though more dry matter was secured from the
average irrigation. The minimum irrigation appears to have been the
best use of water for the trial. The largest return of water was secured
with a minimum irrigation as indicated by the water cost of dry matter.
As in the Chewaucan experiments, the water cost of this grass is compara-
tively high. The maximum tank was kept flooded for a time and then
allowed to dry out somewhat towards harvest. There was little difference
between the maximum and average tanks in appearance, but the minimum
tank showed signs of drought.

A tank experiment was made with field peas on silt loam soil also.
Only two tanks were available, and the water used was 3% and 7%
inches. The lighter irrigation gave a yield of 205 grams, and the heavy
irrigation 281 grams. In these experiments, the peas received but three-
fourths as much irrigation, and produced nearly twice as much dry mat-
ter as in the case of the native grasses. The composition and digesti-
bility of the field peas would be an added advantage. Moreover, the
water cost of the field peas is only about three-fifths as much as in the
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case of the grasses. The cost of the production of the field peas, however,
would be more than for the meadow under field conditions.

An attempt was made to control t.he water on a small area within the
flooded area by means of small plots surrounded by sheet piling. Three
sets of three plots each, 10 by 10 feet in dimensions, were protected by 1
by 12 inch tongued and grooved pine lumber, which was driven into place,
one piece at a time, with the aid of a drive head. The piling was feet
long and extended into a heavy subsoil The area inclosed was a typical
native meadow in all cases, and the water variation trial was carried out
on each set of three plots. The minimum plots received no irrigation,
while the maximum plots were kept saturated during the season of flood
irrigation as on the surrounding meadows. The average plots were given
half the amount of water applied to the maximum plot. The piling served
to control the surface water, but it did not prevent subirrigation as the
water table stood within 2 feet of the surface during the growing period.
The average plots received about 1 foot of irrigation during the season,
and the maximum plots about 2 feet. The yields of all plots were very
similar. The main indication of the experiment was that the surface irri-
gation, under the conditions, was of no value.

Three small plots near the east edge of the meadow and just south
of the Experiment Station road were protected with dykes and used for

Figure 11. Soil Profile and Water Table Running East from Burns across Harney
Meadow, 1916.

a water variation trial. The surface water was well controlled, but there
was a small amount of subbing early in the season. The maximum plot
received a little less than a foot of surface irrigation; the mini-
mum plot received one-third of a foot, or about one-third the amount
applied to the maximum plot. The maximum plot gave the best returns,
which promised to yield about % of a ton an acre. Stock broke into the
enclosure, however, and consumed much of the crop, so that the trial
could not be carried to completion.

A trial with sweet clover was also made on the dark, very
fine sandy loam near the former experiment. The land on which this
clover was planted was visibly affected by alkali. One irrigation was
given this plot, and the seeds germinated well, but the alkali be-
came too strong for the crop to make much of a success.

Some studies were made of crops on a three-acre piece of dyked
land, five miles south of Lawen which had been closed in for cooperative
work in connection with the Harney Branch Experiment Station. The
three acres was meadow land which had been seeded to alfalfa. The
dykes protected the plots from surface water, but the water table was
within a few feet of the surface. The alfalfa made a good growth, yield-
ing about 3 tons an acre at two cuttings. During the previous season,
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three cuttings of alfalfa were secured on this tract. A plot of alsike
and timothy was seeded on this place with a view of using it for an irriga-
tion experiment during the following season. The seeding was done
rather late, and the stand was of doubtful value.

Relation of Irrigation to Water Table and Alkali. A row of borings
was made across the meadows running east from Burns six miles. The
wells were bored 9 feet deep, at intervals of a quarter of a mile. Careful
notes were taken of the soil layers encountered in each boring, and the
level of the water table was observed at regular intervals throughout
the season. The soil conditions, and the fluctuations in the water table
from time to time, are shown in Figure 11.

Mr. Howell comments on the water table studies as follows:
"At the beginning of the season, approximately one-half of this line

was flooded. Later, water table gradually receded until by September 8
the shallowest readings were four feet. The water table in the black
sage land east of the meadows fluctuated but little on account of the high
water or the following dry season. The eastern end of this series of bor-
ings terminates at the Branch Experiment Station, where five years'
observations indicate that the water table varies but a few inches through-
out the year, the average being about nine feet below the mean surface.
The maximum concentration of alkali is found on the unflooded strip
between Poison Creek meadow and the Silvies meadow. Here the water
table varies but little, ranging from 3 to 4 feet below the surface during
the season. Under the flooded section or meadow land, the water table
receded to a depth of 5 or 6 feet. The subsoil in the grease wood area
is of a gritty clay formation."

Experiments on the Black Sage Land. Experiments on the dark,
very fine sandy loam east of the meadows were all confined to the
Branch Experiment Station and were conducted in cooperation with
Superintendent L. R. Breithaupt. Water was pumped from a driven well
extending to the third flow at a depth of 100 feet, a depth which provides
a good quality. of water. Portable flumes conveyed this water to the
plots, where it was applied by the furrow method. Spring wheat, field
peas, and alfalfa, the latter previously seeded in rows for dry farming
were used for experiment, there being five or more plots in each trial,
including a dry plot and one or more manured plots. The results of these
trials are given in Table Ill-i.

Three, 6, and 9 inches depth were used on the light, average, and
heavily irrigated plots of spring wheat. The manured plot also received
6 inches of irrigation and an untreated dry plot was used to check the
manured plot. The maximum plot yielded 29 1/4 bushels, while the aver-
age plot yielded 262k bushels. The average plot, which gave a consider-
ably larger use per unit of water, and lower water cost, is considered the
best in this trial. Field peas were given 4, 8, and 12 inches depth of irriga-
tion. The 8-inch irrigation yielded as much as was secured by the 12-inch
irrigation, and gave decidedly the largest returns in this trial.
Six, 12, and 18 inches depth were applied to the three alfalfa plots. The
maximum yield, 2.64 tons, was secured from the 12-inch irrigation. This
also gave the lowest water cost, and altogether represents the best use
for the trial. The alfalfa was in rows 32 inches apart and there was
about half the stand which would be needed completely to occupy the
soil or which would be desirable under irrigation. As this ground had
been fallowed and seeded to alfalfa the year before, it had some advan-
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tage in moisture conditions. As the plants were young, it is not likely
that the roots extended to the water table which, in this locality, is about
12 feet down. Manure was added too late to become well incorporated
with the soil and caused loosening up and greater frost injury. The
data would indicate that a close stand of alfalfa requires at least 18
inches to produce a yield of 3 to 4 tons per acre. The returns of these
experiments correspond very closely with the estimates of irrigation re-
quirements made for these crops previously in the Harney Report. The
duty for meadows will be given further consideration later on.

Preliminary Studies in the Upper Klamath Basin. Some preliminary
studies were made in the Upper Klamath Basin during the past season.
An area of 460 acres of medium peat soil seven miles north of Klamath
Falls is enclosed with 1 1/ miles of dykes, 3 feet in height, having a 10-foot
top and a 30-foot base. A drainage ditch on the low part of this area,
leads excess water and seepage to a pumping plant where it is pumped
out into the lake. This pumping plant operates about two weeks in the
year. There is practically no seepage through the dykes during the
growing season and irrigation has been found helpful. An electric pump-
ing plant with a ten-inch centrifugal pump is used for the irrigation of
this tract. Complete reclamation of the tract has cost about $10 an acre.
Before reclamation, this tract carried a heavy growth of tules. After
pasturing and burning off the top vegetation when the soil was damp,
the ground was broken and planted to grain for a year or two, and then
seeded, largely to timothy. About 125 acres was in crops the past season.

During the season of 1916 most of this cropped area received two
irrigations. The gross amount of water pumped was about 10 acre inches
an acre, and the net amount, deducting one-fifth loss through the tules
in delivery, leaves a net use of 8 acre inches an acre, or a use well with-
in one acre foot an acre for the whole area irrigated. Two irrigations on
oats and wheat yielded 4 tons of grain hay the past season. The timothy
yielded 2 tons an acre, and some alsike clover that has been seeded
on this land is doing very well and has been found to respond to inocula-
tion. Both soil and subsoil conditions are very similar to those below
the meander line of the Chewaucan marsh.

Improvement of Meadow Lands. The Experiment Station assisted
several farmers in establishing clover and timothy meadows in the Fort
Klamath country in 1912. During the past season, several thousand acres
of clover and timothy were found in this section. The average yield of
alsike and timothy hay near Fort Klamath is estimated by farmers at 2
tons an acre, while the average yield of native grass meadows is placed
at less than one ton anacre. The native hay here is of extra fine quality,
being considered nearly as valuable as the alsike and timothy by beef
feeders, but is less highly prized by the local dairymen.
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THE DEVELOPMENT AND IRRIGATION REQUIREMENTS FOR
MARSH LANDS.

The experiments of the past two seasons show that it is possible
greatly to improve the yield and quality of the marsh meadows where
iome control of water can be secured. Timothy has been seeded in most
successfully by harrowing into the native sod and applying irrigation
after haying. Alsike and timothy have been more successfully estab-
lished where the sod is plowed up and a grain crop grown first, to sub-
due the sods. The improvement of meadows will be slow and use of
new crops gradual until the movement is well established. The poorer
meadows should gradually be plowed, smoothed, and reseeded, while
timothy and manure harrowed into the better areas will be of great
benefit.

Cost of Production. The Minnesota Experiment Station which con-
ducted an exhaustive study of the cost of production for field crops,*
including rent on the land from 1902 until 1907, reports the average cost
of producing these crops as follows:

Wild grasses$4.04
Timothy and clovertwo duttings$7.19
Timothy hay$3.39
Wheat$7.25
Potatoes--$26.37
Clover for seed$6.50

Statements of owners of natural meadows show that it costs $3.00 to
$3.50 to produce wild hay under irrigation on land that will yield one ton
an acre, while the cost of producing clover and timothy under irrigation,
neglecting interest in both cases, is about $7 an acre in Eastern Oregon.
Taking $5 a ton as an average price for good wild hay, this leaves a
profit of $1.50 or not to exceed $2 an acre, which would be interest on
$25 or $33 valuation for the land. Under the same conditions, the legume
hay should be worth $13 or $7 per ton and with a 2 ton yield would there-
fore be worth at least $12 an acre. This would leave a profit of $5 an
acre on the legume hay. Now the cost of fitting land for clover and
timothy might run as high as $5 to $10 an acre where strip borders are
provided. In Harley Valley, the cost of stored water, delivered at intervals,
is estimated at $18 an acre for the floor of the valley, this estimate being
made by the engineers of the Reclamation Service. Five dollars profit
an acre would be interest on a land valuation of $50 to $80 an acre. It
is believed, therefore, that better profits on the labor, land, nd
water can be secured by improving these meadows with tame grasses
and legumes as above indicated.

Modern agriculture contemplates the use of well-bred domesticated
plants. It is fundamental that something of a rotation be practiced, in-
cluding the growing of a legume crop with the application of manure in
that rotation. Even on fairly permanent meadows, the clovers will help
keep the land loosened up and offset the tendency of the water to pack
the soil. The roots of these legumes add humus and nitrogen to the soil,
besides increasing the most valuable protein substances in the products.

Hays, W. M., and Parker, E. C., Cost of Farm Products Minnesota Experiment Sta-
tion Eulletin No. 117 (1910).
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A wise system of irrigation contemplates applying moisture when
the supply for the crop drops down to near the wilting point in just
sufficient amounts to raise it to the excess point throughout the soil
strata within reach of plant roots. Under proper irrigation, little or no
moisture should escape over the surface or below the reach of roots to
contribute to the formation of the water table. While a little waste may
be allowable under present economic conditions, still these are the
standards for the modern irrigator to work towards, if the highest de-
velopment and the most profitable system of irrigation agriculture is to
be reached and maintained.

According to King,* "skillful irrigation management may almost
wholly prevent loss by drainage."

Control of Alkali.. Flooding dissolves alkali, which sinks into the
soil only to reappear as the soil dries out. It is not removed by this pro-
cess except where the water is kept moving down and out
due to natural under drainage. Flushing off, therefore, is a crude
method of treating alkali at best, and if it were to be used, it should only
be employed in the fall season or very early spring when the salt is on
the surface. To improve an alkaline condition, the water table should
be kept down, so that the alkali can be dissolved and kept moving down
and out without returning to the surface. If flushing were to be success-
ful at all, a deep drainage channel should be near by. Widtsoe,
Hilgard, and Frapps, in their standard texts all declare against flooding
for alkali. Widtsoe says, The theory has been advanced that rapidly
moving water passing over the soil will dissolve the alkali and carry it
off. This, however, has been found to be ineffective, for the moment the
water dissolves the alkali, it sinks into the soil."

With the best of irrigation, there should be practically no waste, yet
moisture should be kept moving down by intermittent irrigation and culti-
vation, if necessary. The fact that dry farmed lands do not "go to
alkali," where not so affected in the initial state, shows that with proper
control of moisture soluble salts canbe kept distributed. Drainage is the
remedy.

Composition and Digestibility of Marsh Grasses. Chemical analyses
of the chief marsh grasses and marsh hay have been made by this Experi-
ment Station and by others. While the total supply of different com-
pounds is fairly good, the percent of crude fiber is high in nearly all of
these wild hay plants. Feeding experiments reported by W. A. Henry**
show that the digestibility and palatability of marsh hay is low when
compared with tame hay, especially legume hay. Similar results have
also been obtained from practical feeding tests at the Eastern Oregon
Branch Experiment Station at Union. An experiment conducted at that
Station is reported by Prof. E. L. Potter as follows:

"Experiment 1, 1913-14, was planned to determine the relative value
of alfalfa, and wild hay. One car lot of cattle was fed on each of these
kinds of feeds for 105 days. Although the alfalfa was not of good qual-
ity, the stock fed on this hay made a gain in weight of approximately
a pound a day. The stock fed on wild hay made a gain of .44 of a pound
a day. This test shows the impracticability of fattening cattle on wild

*King, F. H.. Irrigation and Drainage, Macmillan Co. (11l).
*Henry, W. A., Feeds and Feeding, 15th Edition published by the author, Madison,

Wig. (1913).
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hay. Wild hay for wintering stock is, however, regarded more nearly
equal to tame legume hay."

The duty of water on peat land in San Jouquin Valley is reported by
members of California Experiment Station to be about 2 feet.

Gross Duty on Marah Meadows and Similar Projects. Measurements
made by agents of the State Engineer's Office and the U. S. Geological
Survey to gage the gross amount of water flowing onto and wasting
off from several of the large meadow areas of the state, show approxi-
mately the amou.nt of water consumed on these lands. It will be noted
that the average amount of water retained is less than 1 1/ feet depth
an acre. A small amount of water was received onto the marshes which
could not be measured.

Absolute Duty for Natural Meadows. In the experiments
in the Harney Valley and also at Paisley the water cost of the native
grasses ranged from 1000 pounds up. With the water cost of a thousand
pounds to a pound of dry matter, or a thousand tons to a ton of dry mat-
ter, which might be secured under favorable conditions, and allowing
one-fifth moisture in the hay, would give 1200 tons to each ton of hay.
Then dividing this quantity by the weight of an acre inch, or 112 tons,
gives an absolute duty under good conditions of 10.6 inches per ton of
hay. This is somewhat more than the irrigation water, if soil and rain
water be utilized.

Proper Duty for Natural Meadows. A summary of water variation
trials on the natural meadow land, showing the most economical yield
per unit water, and the maximum yield per unit land is given below:

Va I ey

TABLE VI. SUMMARY OF TRIALS ON MARSH LANDS.

per Maximum Yield
per acre.

Yield per Water Yield per
Acre. Applied. Acre.Crop Soil

Best returns
unit water,
Water

APplied.

Chewaucan Marsh grass Peaty Loam 1128" 1.03 T. 11.28" 1 03 V.Chowaucan
Chewnucan

Marsh grass Lssm
Ms.rsh grass

6.60" .73 T. 1.60" .73 '1'.

(tanks) Pest 4.00" 94 grams 26.475" 125 grams
Summary of Trials on Marsh Lands--iSiS.
Chewsucan Marsh grass Silt loam .57 T. 26,2" T..60Chewaucan Marsh grass Medium peat 8.50" 1.241 T. 19.2" 1.940 T.Chewaucan Marsh grass

(tanks) Medium Peat 16.0" 1.960 T. 32.0" 2.395 T.
Harney Marsh grass Silt Loam No surface 2.178 T. No surface 2.178 T.

water. water.Homey
Ilarney
Ha.rney

Marsh grass Silt Loam
Marsh grass Silt Loam
Marsh grass Silt Loam

2.613 T.
1.960 '1'. 14"

2.613 T.
2.841 T.

Valley
(tanks) Silt Loam 4" 72.4 grams 6" 81.3 grams

Mean 8.02" 17.72"

TABLE V. GROSS DUTY ON MARSH MEADOWS

Meadow Acres Acre ft. Acre ft. V ear.
Consumed. An Acre.

Chewauca.n 20,538 31,390 1.32 - an. 19 to July 1, 1914.Lower Chewaucan 7,792 10,760 1.38 Jan. 19 to July 1, 1914.Harney Valley.. 61.000
Klamath Project. 25,000

81,770
5-yr.av.

1.34
1.30

Approx., 1912.
1908 to 1912.
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Regarding experiments on the duty of water for grasses, Doctor
Widtsoe* says:

"From 5 inches to 100 inches were used in the experiment. In every
case, there was a smaller yield with 100 inches than with 5 inches. In
some cases, smaller yields were Obtained with 10 to 15 inches than with
5 inches. The evidence of available experimental work is that these
grasses tolerate only small quantities of water.

'Since the roots of these plants do not penetrate the soil deeply, fre-
quent application of water may be justified, but the total amount is not
great. Timothy appears to endure much water better than the other
crops. One crop only is obtained from these grasses and they are, there-
fore, much like small grains in their water requirements. Ordinarily, it
is sufficient to give these crops one good irrigation before cutting.
From 5 to 10 inches of water should be sufficient to produce the one crop
of hay. On fertile or sandy soils, from 10 to 15 inches should be ample.
Where the aftermath is pastured, the field may be irrigated lightly once
or twice during the hot months of July and August; from this treatment
good pasturage results until late in the fall.

'These and other grasses, especially the native grasses are often
grown on large ranches of the West. One crop is ordinarily harvested
and the aftermath pastured. As early as possible in the spring, these
fields are covered with immense quantities of water, which often stand
for days from 1 to 2 feet in depth. It is believed that under such condi-
tions, the frost is taken out of the soil and a larger quantity of bay is
obtained. The experiments indicate that all hay crops are injured by an
excess of water and that the best yields are obtained only by a moderate
irrigation. The immoderate use of water on such ranches should be dis-
continued; for it is an absolutely senseless practice. The hay-making
grasses, whether tame or wild, should not be given too much water if
large yields are desired.

"It is probable that 12 to 15 inches of water will amply meet the
requirements for practically any of the standard hay crops.

"With our present knowledge, however, it is safe to say that 12 to
24 inches of water should be ample to maintain any well-planted pasture
in a luxuriant condition throughout the season. This is a wide limit and
it is probable that the best quantity lies near 18 inches."

For results thus far obtained, an average depth of about 18 inches on
the field has been used for a maximum yield, which is usually a little
more than the most profitable yield. In these experiments the greatest
yield of wild hay per acre inch was secured with about 12 inches depth of
irrigation an acre. This would become more important where the area of
land available for irrigation is far in excess of the water needed for a plen-
tiful supply. More systematic distribution of water, harrowing in of man-
ure and seeding in of tame grasses on these meadows will help in securing
a more profitable use of water, and plowing up and reseeding tame
grasses and legumes will effect further improvement. Ultimately,
a small portion of cultivated and grain crops that will permit some rota-
tion and an occasional loosening up of the soil, that will include crops
of a lower irrigation requirement, will give a still more efficient use of
the water. On account of the possibility of extending the irrigated area
in Harney Valley, the largest returns per unit water should be consid-
ered from the standpoint that it will further the greatest ultimate develop-
ment of the valley and lessen the damage from alkali and the need for
drainage.

Widtsoe, ,T. A., Principles of Irrigiation Practice,'' MamiIlan Company, (1914).
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The coarse upland soil at Paisley has a higher irrigation requirement
than other soils in the vicinity requiring perhaps 30 inches to 36 inches
depth at present, but by the time the conditions are such as to make
the segregation attractive and allow its full development, slightly less
than two acre feet an acre will probably be sufficient on these uplands.

SUMMARY OF WATER VARIATION TRIALS IN EASTERN OREGON

Few measurements of water have been previously made, and still less
duty of water data are available for Eastern Oregon. The experiments
undertaken have steadily grown in extent and popularity. These in-
vestigations have been somewhat preliminary in character and will need
to be extended through a series of years, including wet and dry years,
and through a rotation of crops. The chief soils and crops of the principal
valleys are represented in order to determine the best amount of water
to be used under present conditions, or to secure more definite data re-
garding a practical duty of water. Since the work has been carried on
for only two years in most places in Eastern Oregon, it has been felt that
data would be of more value if taken up and discussed by districts. A
summary showing the largest yield per unit of water, the maximum yield
per acre; and the amount of water received is given in Table VII.

From the above data, it is evident that the soil, crops, elevation, fer-
tility, time, amount, and frequency of irrigation; the variety, time, and
rate of seeding; and the head, length of run, and topography, all affect the
duty of water. Cultivation, rotation and diveraity of crops also affect the
duty of water. With these experiments, continued so as to verify the
provisional conclusions given herein, it will provide additional data and
the number of cases can be increased until the relative effect of these
different elements can be more accurately measured. A brief discussion
of the more important of them is included at the close following the
discussion of data for Western Oregon.



Results 1915.
Trial. Valley. Crop.

Baker Timothy Loam
Baker Barley Gray. Loam
Baker Potatoes Loam
Wallows Oats F. S. Loam
Walloia Barley F. S. Loam
Wallowa Alfalfa F. S. Loam
Cent. Ore. Oats Med. Sand
Cent. Ore. Wheat Med. Sand
Chewaucan Barley Coarse sand
Chewaucan Marsh gr. Peaty Loam
Chewaucan Marsh gr. Loam
Chewaucan Marsh gr. Peat
Col. Basin Alfalfa Coarse sand
Goose Lake Oats L. S. Loam
Goose Lake Barley L. S. Loam
Goose Lake Wheat L. S. Loam

Summary of Trfals-1916.
Baker Alfalfa Sandy Loam
Grande Rondo Alfalfa Dark Loam
Col. Baain Alfalfa Coarse sand
Desohutes
Deachutes
Chewaucan
Chewaucan
Chewaucan
Chewaucan

Chewaucan

Harney

Quantity of Water Giving.
Best Returns per

Unit Water. Maximum Yield.
Water Yield per Water Yield per

Soil Applied. Acre. Applied Acre.
Inches. Inches.

Silt loam
Silt loam
Silt loam
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TABLE VII. SJMMARY OP ALL WATER VARIATION TRIALS IN EASTERN
OREGON.

This table shows the quantity of water used in securing the most economical returns
(1) per unit water and (2) per unit land during the past season. Frequently, the same
amount of water gave the best returns from both standpoints and in such cases was
evidently the best use for the season.

Homey

84. Homey
Hamney
Hamney

Marsh gr.
Marsh gr.
Marsh gr.

87. Homey Marsh gm.
(tanks) Silt loam

30.56 4.138 tons 30.56 4.138 tons
10.09 .50.4 bu. 16.30 54.4 bu.
4.49 116.6 bu. 7.79 133.3 bu.
3.81 55.0 bu. 12.46 65.0 bu.
8.90 53.1 bu. 12.85 63.6 bu.

18.79 3.086 tons 33.68 3.092 tons
3.30 27.35 bu. 17.88 32.15 bu.
8.28 22.0 bu 8.28 22.0 bu.

33.72 35.4 bu. 33.72 35.4 bu.
11.28 1.03 tons 11.28 10.33 tons

6.60 0.73 tons 6.60 0.73 tons
4.00 94 grams 2 6.4 75 125 grams

28.00 3.50 tons 84.00 5.69 tons
7.39 44.0 bu. 9.20 46.4 bu.
6.83 56.6 bu. 6.83 56.6 bu.
5.53 20.2 hu. 15.99 34.4 bu.

17.5 5.12 tons 17.5 5.12 tons
14.37 6.5 tons 14.37 6.5 tons

11.16 4.368 tons 32.0 6.102 tons
5.5 1.089 tons 9.87 1.292 tons
9.0 15.4 bu. 18.75 21.8 bu.

2.25 2.4 tons 4.25 2.56 tons

5.00 2.4 tons 14.0 2.56 tons
5.75 .570 tons 26.2 .60 tons
8.50 1.245 tuns 19.2 1.940 tons

16.0 1.960 tons 32.0 2.395 tons
3.0 22.40 bu. 9. 29.25 his.

8.0 1.69 tons 8. 1.69 tons

3.75 205 grams 7.5 281 grams
6. 2.077 tons 12. 2.641 tons

No surface No surface
water water

2.178 tons 2.178 tons
2.613 tons 2.613 tons
1.960 tons 14 2.841 tons

4. 72.4 grams 6. 81.3 grams

Chewaucan
Chewaucan

29 Chewaucan

$0. Harney
Harney

Alfalfa Sandy Loam
Alfalfa Coarse gr. sand
Oats Coarse gr. sand
Alsike &
Timothy Peaty silt loam
Alsike &

Timothy
(tanks) Med. Feat
Marsh gr. Silt Loam
Marsh gr. Med. Peat

Marsh gr.
(tanks) Med. Peat
Spring wh. v. f. s. loam
Field peas
(hay) v. f. a. loam

Field peas
(hay)
(tanks) silt loam

Alfalfa v. f. a. loam
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EXPERIMENTS IN WESTERN OREGON.
There has been considerable interest in irrigation in two sections of

Western Oregon; the previous experiments bearing on duty of water in
this region are briefly described below:

EXPERIMENTS IN THE ROGUE RIVER VALLEY.

Experiments in the Upper Rogue River Valley. This valley is located
in the west-central part of Jackson County, with an elevation ranging
from 1,000 to 2,000 feet above sea level. It is surrounded by rugged
mountainous country. The valley is drained by Bear Creek which flows
northward into the Rogue River at the north end of the valley. The
rainfall on the floor of the upper valley is about 20 inches per year, yet
the summers are dry with a rainfall of about 21/2 inches for the
three summer months. The growing season is sufficiently long to permit
the raising of fruit on a commercial scale.

A soil survey has been made of the Medford area by the Bureau of
Soils. On this area many soil types were found to exist, ranging from
gravelly loam to adobe.

Numerous small irrigation enterprises were found throughout the
area. A gravity canal brings water into the east portion of the valley.
Plans are on foot for more extensive irrigation development. Irrigation
investigations in Rogue River Valley covering a period of five years are
available. *

From these studies, it was found (1) that some of the heavy soils,
such as the "stickies" gave best results with good cultivation and little or
no water; (2) the soil types possessing a medium to slightly heavy texture
are usually benefited by an irrigation of from 2 to 4 acre inches depth
an acre, divided equally between two irrigations, the first early in July,
and the second the middle or latter part of August; (3) open soils where
properly cultivated were found to be best with about two irrigations total-
ing about 4 to 6 acre inches an acre, one irrigation applied early in July
and the other early in August; (4) the best results were obtained on pum-
ice or sandy textured soils by the use of about 6 to 8 acre inches an acre a
season distributed in three irrigations, one each in June, July, and early
in August; (5) irrigation of young pear trees on sticky soil is reported
a Questionable practice. Since these experiments, two unusually dry
seasons and increase in the size of the trees have made the need of irriga-
tion in this district more deeply felt.

Experiments in 1916. A water variation trial with sugar beets was
arranged on the Branch Experiment Station Farm at Talent. The
assistant in charge of this work was Mr. A. C. McCormick. The results
are given in Table III-g; Section 2.. Regarding this experiment, Mr. Mc-
Cormick says:

"The season of 1916 was a little drier than the average for this sec-
tion of the state, while the early summer was rather cool. Indications
are that even smaller amounts than 8 inches would be sufficient for a
maximum crop. Probably a 6-inch application would give just as large

*Le%.is C, I., Kraus, E. J., and flees, II. W., Orchard Iriigation Studies in Rogue
River Valley, Oregon Esperhnent Station Rulletin 113 (1912).
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yields and at slightly less cost. The river bottom soil is very nicely
suited to sugar beets."

Irrigation was used on about 1000 acres of orchard in the vicinity of
Medford this year for the first time. Some preliminary studies were made
of soil moisture and ground water conditions in these orchards. Soils
were dry when irrigation began, and on the sticky clay soils the length
of run was frequently one-fourth mile, three or four days being required
to wet down the soil. For later irrigations, less time and a shorter
irrigation were required. The tendency has been to use too much water
on these lands.

Experiments in the Lower Rogue River Valley in 1916. Conditions in
the Lower Rogue River Valley about Grants Pass are similar to those
above described for the upper valley. There is a smaller amount of
bottom land and the normal annual rainfall is about 32 inches. Loam
and sandy loam occur in the bottom, and fine sandy loam, red clay loam,
and coarse granitic sand occur on the upland. Two water variation trials
on bottom land were conducted in cooperation with Mr. C. D. Thompson,
County Agriculturist, the results of which are given in Table III-g, Sec-
tion 2.

The depth applied to sugar beets was from 6 to 26% inches. The
average plot received 101/2 inches depth of irrigation, and gave the great-
est yield per acre and per unit of water.

The effect of the different amounts of irrigation on the sugar content
is indicated in determinations made by Professor Pilkington, Acting Chem-
ist of the Experiment Station. The data secured are, as follows:

TABLE VIII. EFFECT OF IRRIGATION ON SUGAR CONTENT OF BEETS.

Last year's results for the 'l'alent Station 'are given for comparison. The samples
this year all run 15 percent or higher.

This may be partly due to the dry fall of 1916.
Three corn plots on the same farm with the sugar beets were given

different amounts of irrigation. The quantity ranged from 2 to nearly 6
inches depth. There was an increase in yield with increasing amounts of
water, and this was sufficiently large to justify the maximum irrigation
of about 6 inches, which is regarded the best use for the trial. These
trials indicate a duty of from 6 to 12 inches for cultivated crops, depending
on the soil and the amount of yield. Alfalfa requires more water. With
careful measurements, complete soil moisture data were obtained with
these experiments.

EXPERIMENTS IN THE WLLLAMETTE VALLEY.
The Willamette Valley is the largest area of tillable land in Western

Oregon. There are about 3,000,000 acres in cultivation at the present
time. The average elevation of this valley is about 300 feet above sea
level; the average rainfall is 42 inches a year. While the climate is
humid, there is a dry summer season with a normal rainfall of only 2.08
inches for the three summer months. The chief soil types of the valley

Station. Date. Sample and Treatment Mosture % Sucrose

Grants Pass 16 No. 1 Light irrigation 77.3 16.8
Grants Pass '16 No. 2 Medium Irrigation 77.3 18.4
Grants Pass '16 No. 3 Heavy irrigation 83.8 16.4
Burns '16 No. 4 Irrigated 76.1 16.8
Ex.Sta.Tslent'15 No. 5 Unirrigated 81.6 11.6
Ex.Sta.Ta-lent'15 No. 6 Irriga ted 83.6 11.0
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which are irrigable are silt loam and sandy loam. The silt loam is one
of the most extensive types under cultivation in the valley. The chief
field crops and their yields are represented in the results of the experi-
ments given later in this bulletin.

Review of Previous Investigations. Experiments were initiated on
the Experiment Station Farm at Corvallis in 1907 in cooperation with the
11. S. Department of Agriculture, Office of Experiment Stations. These
experiments were extended and enlarged by the College, seven years
results having been previously reported* The detailed conditions under
which these experiments were conducted, as well as the experiments of
the past seasons, are contained in Bulletin 122. Only the briefest sum-
mary is here given.

Previous experiments in irrigation caused an increase in the
yield of all crops. For the 7-year average the increase was
65 percent. One irrigation was better than two irrigations for most
crops except potatoes. The amount of water which it was found best
to use varied considerably between wet and dry seasons. The largest
increase in alfalfa per unit of water from irrigation has been obtained
with the use of 4 inches an acre in dry seasons, while the maximum yield
has been obtained with 6 inches in a wet season and about 12 inches in
the dry season. The largest returns for potatoes has been secured with
2 inches in a wet season and with 3 or 4 inches in a dry season, while the
maximum yield for potatoes per unit of land has been secured with 3
inches in a wet season and 6 inches in a dry season. This indicates about
the amount of water that can be beneficially used on the brown silt loam
in the valley for cultivated crops and for meadow crops. The drought
point of this soil is about the 14 percent point and the optimum mois-
ture content is about 23 percent while the maximum moisture content
Cor proper cultivation is about 27 percent. The weight per cubic foot is
about 80 pounds. This gives a comparatively large usable water-retaining
capacity or nearly two acre inches per acre foot of soil.

Experiments on Sandy Loam have been conducted on the river bot-
toms and on the loose land near West Stayton. The amount of water
required for this soil seems to be about twice the amount required for
the silt loam soil. From 6 to 12 inches was required at West Stay-
ton for cultivated crops and from 12 to 18 inches for the meadow crops.

One water variation trial was secured on celery grown on the sandy
river drift near Eugene the past season. The season was rather damp
until August and the fall was unusually dry. From no water at all to
4 '/, acre inches an acre was used. Three and one-third inches gave prac-
tically the same yield as was secured with 44 inches of irrigation. The
soil was in a good state of fertility and other crops on this place received
4 to 8 inches depth of irrigation for the season. Had it been known that
the season would be dry in the fall, a greatei quantity of water could
have been used to good advantage.

Experiments at Corvallis in 1915-1916. Previous experiments indi-
cated that crop rotations and the use of manure to maintain the humus
supply, the tilth, and the available fertility of the soil, were important in
connection with securing economical use of irrigation water. Experi-

'Powers, W. L., Irrigiation and Soil Moisture Investigations in Western Oregon, Ore-
gon Experiment Station Bulletin No. 122 (1914).
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ments, therefore, were continued to determine further the value of rota-
tion against continuous cropping, both without water and with various
amounts of water applied. Additional experiments have been added to
determine the value of manure in securing economical use of water.
While these experiments were conducted on small plots, this gives a
better control of all conditions than can be secured in the field experi-
ments above reported. The results of the past two seasons, therefore,
are included in this report; and they are regarded of value in checking
up the field experiments and in verifying some of the conditions indicated
by the field work. The crop rotation used is clover, potatoes, and stock
beets, including barley used as a nurse crop with new seeding of clover
and with no irrigation applied to the grain crop. Alfalfa-is grown con-
tinuously as a check. Plots for this experiment are arranged in duplicate
and two dry plots are included in each trial so that there are eight plots
of each crop growing each season. The results of water variation trials
from these crops grown in rotation and representing the yields for the
second and third years of the second four-year rotation are given in
Table IX.

The water cost per pound of dry matter was determined under field
conditions in each case and the cost of production with and without

TABLE IX. RESULTS OF EXPERIMENTS AT CORVALLIS ON THE ECONOMIC
USE OF WATER. AVERAGES 01' DUPLICATE PLOTS, 1915.

Profit per
Acre. Ratio.

Averages of Duplicate Plots-1916.
Potatoes-

Alfalfa-
34 and 45 .0
33 and 44 4. "
32 and 43 6. "
31 and 42 8. "

15 and 16
53 and 54
14 and 17
13 and 18
Clover-

0.
1.5"
2.5"
3,5

7 and 24 .0
5 and 23 4. "
6 and 25 6. "
5 and 25 8. "

Clover-
28 and 2 .0
27 and 1 1.5"
29 and 3 2,5"
30 and 4 3.5"

Plot Irrig,

Yield per
Acre.

B,i. or Tons.

Yield per
Acre Inch.
Bu. or Tons.

Profit per
Acre Incb.

Potatoes-
2 and 28 00 201.1
1 and 27 1½" 219.0 160.8 $3.72
3 and 29 , 2½" 233.2 11.8 4.51
4 and 30 3½" 260.0 16.S 6.89

Beets-
11 and 20 00 8.25
12 and 19 1% 12.52 2.31 4.23
10 and 21 2%" 12,18 1.42 2,19
9 and 22 5%" 13.88 9.52 LiS

B.ed Clover-
4. 15, 16, and 17 00 12.53

53 and 54 4" 15,90 1.08 3.06
13 and 18 10" 14.89 .15 .44

$80.55 386
87.48 420
93.16 440

107.15 256

.60 608
8.49 535
6.72 509
7.54 661

44.12 744
52.75 727
43,28 837

$138.80 268.
162.37 329.5
147.81 361.5
166.98 373.5

31.65 394.5
32.33 625.0
36.155 577.5
29.865 743.5

9.87 540.8
12.46 470.6
14.42 588.2
12.435 619.2

21.275 815.5
31.215 553.5
38.41 583.0
26.95 667.5

317.6 ...
371.2 247.6 $17.08
142.1 136.84 3.605
385.0 110.0 8.05

3.765
4.245 1.061 .17
4.842 .807 .75
4.402 .550 .22

11.947 ...
13.765 9.176 1.455
15.078 6.031 1.815
14.642 4.187 .615

2.827
4.257 1.064

,

2.485
5.200 .866 2.85
4.230 .528 .71
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TABLE X. EFFECT ON WATER CONSUMPTION OF IRRIGATED LEGUMES IN
ROTATIONPOTATOES. COTIVALLIS, 1913.

Ratio-
Increase Total Yield Total crop
per acre water per acre water to

Treatment., bushels. inches. bushels, dry matter

irrigation was calculated by the methods used in Bulletin 122. The net
profit per acre inch gives the most absolute basis of comparison of effi-
cient use of water that we have found, while the maximum profit an acre
represents the best use under present economic conditions as a general
thing.

VARIOUS FACTORS AFFECTING ECONOMICAL USE OF WATER.

Effect of Rotation on Economical Use of Water. The alfalfa plots
used to check this rotation experiment were reseeded in 1915 and the
value of the rotation is not fully shown by the data given, although these
alfalfa plots are already beginning to show the unfavorable effects of
continuous cropping, especially in the case of the maximum irrigation.
Experiments with crops under irrigation have been carried on now for
ten years at Corvallis and, with proper irrigation, and a rotation of crops,
including soil-building crops, like the clover and alfalfa, the yields under
irrigation have steadily increased. The value of an irrigation rotation as
compared to a dry rotation and its effect on the water cost is shown in the
Table X.

With proper irrigation, it is possible to build up and keep up the
humus supply and the available fertility in a higher state than without
irrigation, It is more important in irrigation farming to use rotation of
crops and manure in order that the plant food in solution may be more
concentrated and the water cost lowered so the efficiency of the irriga-
tion water can be increased.

The Effect of Farm Manure on Economical Use of Water. The experi-
ments to determine the value of manure in rotations on economical use
of water at Corvallis includes three crops, with four plots of each crop.
One plot is unirrigated and unfertilized, one is unirrigated but receives
manure, a third receives manure and irrigation, and the fouth receives
irrigation and no manure. These crops are grown each year and are
rotated in position. One of the crops is used on an adjoining plot con-
tinuously to check the rotation. Both dry and irrigated plots are pro-
vided for this continuous crop. Each of the two irrigated plots for each
crop receives the same amount of irrigation for the season. Results of
this experiment for the past two seasons are summarized in Table 7 and
show the yield an a.cre, yield an acre inch, water cost of dry matter and
net profit per acre inch and net profit.

Dry after dry alfalfa 10.18 110 1139
Dry after irrigating alfalfa 13.60 300 629

1x2" after dry alfalfa 28.5 11.72 172 783
1x2" after irrigating alfalfa 10.4 15.69 342 655

1x3" after dry alfalfa 35.2 14.56 213 806
1x3" after irrigating alfalfa 9.7 15.86 329 683

2x2" after dry alfalfa 10.1 14.00 145 1101
2x2" after irrigating alfalfa 8.0 8.9 260 978
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TABLE XI. EFFECT OF MANURE VERSUS NO MANURE ON ECONOMICAL USE
OF WATER. 1915.

Irriga- Yield per Profit per Profit per Crop RatioPlot, lion. Acre. Acre inch. Acre Inch. Whole crop. Pounds
Alsike- Tons.

39 Manure Dry 10.400 $35.60 56640 No manure Dry 6.550 20.20 998Gain 3.850 15.40 43250 Manure 6.0 15.460 2.577 $4565 47.59 45951 No manure 0.0 13715 2.286 3.470 41.02 577Gain 1.745 .291 1.095 6.57 118
Bu.

35 Manure Dry 8.6 . 10.80 253236 No manure Dry 7.8 8.40 2823Gain .8 2.40 29146 Manure 2.5 11.7 4.68 3,63 17.48 149247 No manure 2,5 9.4 8.76 .89 10.67 1887Gain 2.3 .92 2.74 6.81 395Carrels- Tons.
37 Manure Dry 9,010 2.53 24438 No manure Dry 9,460 3,65 212Los4 .450 1,12 3248 Manure 3.0 17,105 5.701 4,74 17.86 22549 No manure 3. 12,423 4.142 1.22 7.33 673Oath 4.677 1.559 3.52 10.53 448

Effect of Manure versus No Manure on Economical Use of Water-1916.Beans-
37 Manure Dry 21.5 49.50 87441 No manure Dry 20.4 46.20 1370Gain 1.1 330 49648 Manure 2.5 28.5 2.80 7.32 67.79 88549 No manure 2.5 23.0 1.48 3.40 51.39 1138Gain 5.5 1.32 3,92 16.40 253Cai'rots-
39 Manure Dry 11.66 ......9.15 34340 No manure Dry 6.765 3.09 563Gain 4.895 606 12050 Manure 2.5 14.355 1.078 1.430 12.72 32651 No manure 2.5 13.365 2640 4.96 9.26 409Gain .900 1562 1.13 3.46 83

The results clearly indicate the value of manure in decreasing the
amount of water needed and increasing its efficiency. The increased fer-
tility and improved tilth where manure is applied make it possible for
the plants to produce a pound of dry matter with a smaller amount of
water, the essential solution being more concentrated.

The Most Profitable Irrigation. The most profitable irrigation is
not secured with the maximum yield under irrigation but is secured with
a little less irrigation and where the addition of more water has not
caused sufficient increase in yield to pay for the cost of its application.
A study of the quantity giving the greatest yield an acre inch and maxi-
mum yield and the most profitable yield per unit land has been made, and
the plot giving the best use or most profitable returns an acre for each
year in the experiment has been tabulated, together with the yield for
that plot and the water cost of dry matter produced on the given plot in
each case, Table XIII. Generally the most profitable irrigation has a]so
been the most economical in water cost and returns an acre inch, and has
been associated with a good yield. The average water coat contained in
this table shows the minimum probable water requirement of the crop
for each pound or for each ton of dry matter, and affords a means for
working out an absolute duty of water.

The relation of irrigation to profit an acre and an acre inch is
further illustrated by Figure 12.
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Figure 12. Showing the Net Profit on Increase Due to Irrigation, and the Net Profit
on Total Crop.

In connection with these experiments, the effect of irrigation with
and without crop rotation, with and without manure, upon bacterial activ-
ity, and the accumulation of nitrates, has been studied; and a ummary
of this work is presented in a separate section by Professor T. D. Beck-
with, Bacteriologist of the Experiment Station.

The water cost of dry matter gives an exact scientific measure
of the total water requirement for the trial. Considerable study
of this factor has been made in different regions, working with plots and
tanks, and a smaller amount of work has been done working under field
conditions such as have been used in the experiments herein described.
Many factors affect the amount of water required to produce a pound of
dry matter. The climate, soil, the season, the amount of water used in
irrigation, the time and method of application of the water and the kind,
variety, and stand of crop, all affect this factor,* so it varies with most
anything that goes to fnake up good farming and economical yield. Wa-
ter cost is higher with low or with excessive moisture conditionst, and

*Briggs, L. J., and Shantz, H. L.. Water Requirements of Plants. F. S. P. A., B. P. I.
Bulletins 284 and 285, 1913.

tSee Figure 14, p. 72.



67

according to Dr. Fortier the richer the soil and the better it is tilled the
lower the water requirement of any crop.* The water cost figures which
include the evaporation from the soils belonging to the plant as well as
the transpiration of the plants come nearest to field conditions, and are
used throughout this report. The effect of climate and crops on the
water cost is shown by the data in Table XII as worked out in different
parts of the world.

*Eortier Samuel, Use of Water in Irrigation. MoGraw Hill, 1915.

TABLE XII. WATER COST OF DRY MATTER, DIFFERENT CROPS AND
CLIMATES. EVAPO-TRANSPIRATION RATIO.

Powers Irr. lures.
Crop. King. Widtsoe Germany. Ave. Jr. Plots. 1915.1916*

Wisconsin. Utah. WolIny Western Ore. Eastern Ore.

Wheat . . . 1017 . . . . . . 871
Barley 464 801 774 514 621
Oats 504 871 665 . . . 680
Corn 270 552 233 548 787*
Clover 577 ... . . 669
Alfalfa . . . 1,096 . . . 848 990
Peas 477 1.118 416 852
Beets . . . 760 520 909
Kale . . . . . . . 937
Marsh grass ... . . . 1,349z
Carrots .. 710 500
Beans . . .

. 1409
Potatoes . 1375 . . . . 694 502
Cabbage . . . 4,413 . .

Onions . . . 2,993 . . .

Timothy . .
. 1,116

Timothy and Alsike
Clover

. 560

*One of plots giving best use. All representative (leteimiflstiOnS.
xSouthern Oregon.
zTanks.

In Table XII the figures give the water cost of the whole crop. So
far as known, the water cost for marsh grass, kale and timothy, are new
figures, this being a virgin field of work. No figures are found to com-
pare with the Oregon data for these crops.

The Highest Probable Duty of Water for Different Crops. While the
water cost of dry matter varies considerably in differeut localities and
with the different crops, and soils, yet fairly uniform data can be ob-
tained in any given locality for the main soil types and main crops.
Water cost data under field conditions has been obtained for the chief
crops in the Corvallis experiment for several years; so that for some
crops, such as clover, seven years data are now at hand. The water cost
for any given crop on the brown silt loam at Corvallis has not varied
from season to season a great deal more than the average yield. (See
Fig. 13). The season is the greatest single factor affecting the water
cost in any given locality according to our data; and, by taking the
average for several years, including wet years and dry years, and using
the plots which were given the best use of water each season, an average
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water cost has been obtained. Omitting an occasional radical figure as
one year in seven, the figures do not show a range of more than about
20 percent. Figure 13.

As an illustration of the use of water cost in working out the highest
probable duty of water, the average water cost obtained on the plots giv-
ing the best use of water at Corvallis for seven years is 669 pounds or sub-
stantially 670 pounds. The average field of clover hay is 4 tons an acre,
this cured hay containing about 20 percent moisture as it is drawn from
the field and weighed. This would leave a yield of 3.2 tons of dry matter.
Now an acre inch of water weighs approximately 113 tons and with the
water cost of 670 pounds for each pound of dry matter or 600 tons for each
ton of dry matter, about 6 inches would be required to he consumed for
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Figure 13. Seasonal Variation in Water Cost.

each ton of dry matter; this would be a water requirement of about 19
inches that would need to be consumed by the crop. These experiments
have been conducted under good, modern methods of farming; hence this
figure could be expected to represent the minimum total water require-
ment for the present decade or for our time. Now these plots which
have given the most economical yield as used in the above calculations,
have received an annual depth of irrigation of 4.6 inches. This would
indicate the portion of the total water requirement that would need to
be supplied with irrigation water, the remainder being secured from soil
and rain water. A field duty of 6 inches for clover should allow as much
loss in transmission as has been experienced on this soil.

Relation of Yields and Kinds of Crops to Irrigation Requirement
Since the water cost and irrigation requirement vary with the amount of
yield, it is important to team what a good average yield of each of the
chief crops is for any given valley under good, practical methods of
farming, and to learn what percentage of the total area of different soils
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Crop and Year.

TABLE XIII. IRRIGATION GIVING MOST PROFITABLE RETIJRNS.

Quantity of water giving Quantity giving maximum Quantity giving maximum profit
best returns per unit water, returns per unit land, per acre or best use.

Icr. Ins. Yield T. Water.cost-. Irr. Yield T. W. Cost Irr. 'rot. In. Irr. Yield. W. Cost
Alfalfa-

1911 5" 4.360 622 3*4" 5.220 648 6" 17.70 4.595 563
1912 10" 10.375* 726 10' 10.375- 726 50" 16.30 10.375* 726
1913 4" 3.800 716 6" 4.225 843 6" 25.19 843
1914 2*5" 2.625 1657 2*5" 2.625 1657 1*5" 26.56 2.225 1685
191-6 - - 6" - 5.245 574 6" 5.245 - 574 - " 21:58 5.245 574

Total 33" 107.33 26.645 4391
Average 5.5" 21.46 5.329 878

Clovsr-
1911 5" 4,794 554 2*5" 5.144 743 1x5" 17.35 4.794 554
1912 1*4" 19,620* 303 1*4" 19.620* .305 1*4" 14.80 19.620* 303
1913 2x4" 5.700 538 2*4" 5.700 538 1 x4" 19.16 5.325 509
1914 1x5" 2.65 *4.5" 3,75 1136 1*4.5" 26.37 3.750 1136
3915 1x4" 15.90* 725 1x4" 15.90* 725 1x4" 21.11 15,900* 725
1916 6" 4.842 577 6" 4.842 577 6" 18.60 4.842 277

Total - 27.5 517.59 54.231 3804
Average 4.6 19,59 90.38 634

Potatoes-
1911 3x1" 250.9 730 2*3" 308.5 799 2*3" 308.5 799
1913 1*3" 213.3 806 1x2" 342 655 5*2" 35.69 342.0 655
1914 2*2" 400,6 383 2x2" 400 383 2*2" 9.58 400.0 383
1915 3½" 260.2 357 3½" 260 357 3½" 7.92 260.0 357
1916 2½" 346.5 396-- 1½" 408.8 - 468.5 3 ½' 10.17 408.8 468

Total 19" 43,36 1719.3 2667
- Average 3.8" 10,84 343.8 533

*weighed green.



TABLE XIII. IRRIGATION GIVING MOST PROFITABLE RETURNS. (Continued)
Crop and Year. Quantity of water giving Quantity giving maximum Quantity giving maximum profit

best returns perunit water, returns per unit land, per acre or best use.
Irr. Ins. Yield T. Water.cost. In'. Yield T. W. Cost icr. Tot. In. Irr. Yield, W. Cost

,.eans-
1911 2x4" 17,29 2x4" 17,26 2a4" 17.26
1913 1x2" 19.41 ZxZ.5" 22.78 2x2.5' 22.78
1914 1x2" 14.3 3906 1x4" 19,17 2834 1x4" 15.12 38.13 2834
1915 1x2,5" 11,7 1492 1x2.5" 11.7 1492 1x2.3 5.00 11,70 1492
1916 1x2.5" 28.50 885 1x4" 28.80 1145 1x2.5" 9.49 28.50 885

Total 22 29.61 108.37 5211
Average 4.4 9.87 21.67 1403

Beets.-
1908 2.150 2.150 2.150
1911 2x2.5" 16.648 447 2a2.5" 16.648 447 2x2,3" 12.54 16.648 447
1912 1x5" 25.860 380 1x5" 25.860 380 1x5" 25.860 380
1913
1914 2x2" 22.935 2x2" 22,935 2x2" 22.935
1915 1x2" 14.03 418 lxG" 16.380 608 lxG" 11,02 16.380 608
1916 1x3" 16.60 554 1x3" 16.60 554 1x3' 13.73 16,60 554

Total 24.5" 37.29 100.573 1989
Average 4,9" 12.43 16.762 497



Valley.

TARLE XIV. AVERAGE YIELD AND PRO PORTION OF CROPS, CHIEF IRRIGATED VALLEYS IN OREGON.
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Average.
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'Light frosts liable to occur any month. LLoam CClay SiSoil SSand
0Gravel PPeet V. F. S. L.Very Fine Sandy Loam.

tAlfalfa (or clover and timothy) yield given for ccmpaioon. Bar)ey used as a basis for comparative 3com yields and potatoes for culti-
vated crop.

\Vallow a 50000 3500 15 4 50 4 40 40-70 a 125 G.L.&F.S.L.
Baker Valley 100000 3300 13 -I 50 4 45 40-80 5 150 S.L.&G.L.F.S.
Grande Ronde 30000 40000 2200 18 4-5 50 4 40 40-7 0 10 175 Si.L.
J. Day Valley 25000 5000 2201) 12 4-3 90 5 8 10-70 2 200 F.S.L.
Little Walla Walla l2O00 800 12 40 6 10 10-80 30 200 C.L.-S.L.-F.S.L.
Umatilla R. and Butter Cr. 10000 70000 30)) 10 5-6 65 5 20 40-5 0 10 200 L.C.S.-S.L-F.S.L.
TJmatilla U. S. and Furnish 22000 17000 300 9 5-6 50 6 10 40-60 40 Trees F.S.-M.C.S.
Hood River 10000 600 28 5-6 30 4-5 10 40-60 60 Trees F.S.L.-C.L.
Desehu tea 40000 250000 3000 12 11-4 60 2% 30 25-40 10 150 F.S.-M.L.S.
Crooked River Valley 26000 20000 3000 10 3-4 70 2-4 20 25-80 10 150 F.S.L-S.L.
Malheur Valley 55000 45000 210(1 10 85 6 10 40-70 5 250 B.L.-F.S.L.
Harney 61000 40000 411)0 10 2.3* 96 2-3 4 15-60 1 B.L.-VF.S.L.
Blitzen 50000 40000 4100 12 2-a' 98 2-3 2 20-70 P.- Si.L. -F. S.L.
Warner 30000 30000 4600 14 2-1' 98 2-3 L.L.-Peat-S.L.
Goose Lake 10000 40000 48(1(1 15 2-3' 80 2-3 15 13-40 5 50 SL.-ML.S.
Chewaucan 28000 10000 4300 12 98 2-3 2 15-60 1 M.P.-S.L.S -
Summer Lake 20000 410(1 13 4-5 90 2-4 5 5 100 S.L.-S.L.
Silver Lake 12000 50000 43W) 12 2-4 95 2 5 S.L.
Lower Klamath Basin 25000 100000 4100 14 3-4 70 3-4 23 25-80 5 125 L.-F.S.L.
Upper Klamath Basin 25000 --100000 42(11) 15 2-4 95 2-3 15-60 200 L:-Li.L:F.S.L.
Upper Rogue River 8000 25000 16(11) 20 5-5 Vz 20 6 20 25-60 60 250 S.L.-F.S.L.-L.C.L.
Lower Rogue River 2000 12000 100(1 32 5-5½ 20 6 20 25-60 60 250 S.L.-C.L.S.
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Figure 14. Relation of Amount of Irrigation to Water Cost of Dry Matter.

and of the whole valley is devoted to the imortant crops. If the type of
farming suited requires that the valley be 80 percent alfalfa, then the
duty of water will need to be worked out 80 percent for this crop and
for the average yields of this crop. The percentage and yields of grain
and field peas and the amount of cultivated crops will also need to be
considered. While the experiments have not gone far enough to show
the definite relation between different crops, it can be said that if 30
inches depth of irrigation is the amount required for alfalfa and other
meadow crops, a reasonable amount for field peas and grain under the
same condition would be 12 inches depth, while potatoes would require,
under the same conditions, perhaps 6 inches depth of irrigation for each
season. Table XIV shows the estimated average yield and the approximate
percentage of different crops of these three classes for the chief irrigated
areas of the state. This table is also of use in estimating the probable
value and feasibility of irrigation on proposed projects in Eastern Oregon.

ULATION OF AMOUNT OV IRJIOATLON TO WA1R COST OP DRY MA11
LOVt -- FOUR YEAR AVIRACE

PZZ1cF
15

Tot1 Crap j. I x .4 S id i81 I

lacrosse 17O

72

54

Total Crop Lpry 6 lbs. water per rfl. dry mAter I

Total Crop J 1i4" 4e4

I 24° 53'8 I

I 2X2 503
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In most places in this section, over half the area will be in alfalfa and
meadow crops under present conditions and the productive value of the
land will pay interest on a valuation of $25 to $33 per ton of hay produced;
that is, one-ton land will pay interest on $25 to $40. an acre and two-ton
land will pay interest on $50 to $60 an acre and so on. This will depend
somewhat on whether there is a scarcity of hay or an abundance of it
in the locality as compared to the outlying range, the relation to
markets and the suitability for different types of agriculture. Higher
interest, of course, can be realized on hay by feeding to stock, especially
with the more intensive forms of live stock farming such as hog raising
and dairying. Barley is used as a standard for grain yields and potatoes
is so used for comparative yields of cultivated crops in different valleys.

Time of Irrigation. Irrigation, like cultivation, and many other field
operations, is of greater value if given just at the right time. This may
be judged by (1) the kind of crop and its stage of development; (2) the ap-
pearance of the crop; (3) the weather conditions and (4) the soil
moisture content. Experiments at Corvallis show that evaporation from
a water surface gives a measure of the mean effect of weather conditions.
These experiments also show that moisture content of the soil is a most
valuable indicator of the best time to irrigate. The results of experiments
where water was applied when the soil moisture content dropped to differ-
ent points for the first foot with potatoes and first two feet with clover is
shown in Table XV.

TABLE XV. VALUE OP SOIL-MOISTURE DETERMINATIONS IN INDICATING
EXACT TIME TO IRRIGATE.

Total
Yield total Gain over Gain % eropratio

Crop. Treatment. bu. per A. dry plot. over Bn. per A. water to
bii. dry plot. In. dry matter.

Potatoes, Irrigated 23%
Reed. 3x3" or 9") 292.5 157.4 117 17.5 ......1058

Potatoes, Irrigated 20%
(Reed. laS" or 6") . . 308.5 173.4 128 28.9 799

Potatoes, Irrigated 17%
(Reed. 1x3") 176.4 41.3 31 13.8 1526

Potatoes (1913)
Reed. 2x2" 23%) 260.0 -40.5 130 -10.1 973
(Reed. 1x2" 20%) . . 342.0 41.5 18.0 10.4 655
(Reed. none 17%) . . . 500.5 . . ... 629

Clover, 1912. 1x4" 20%. . 17.05 (T) 6.60(T) 63 1.85(T) 338
(green)

1x4" 17%. . 19.37(T) 8.92(T) 85 2.23 306
1x4" 14%. . 16.92(T) 9.17(T) 88 2.29 303

1913 2x5" 20%.. 4.925 . . . 514
1x5" 17%. . 5.175 539
15" 14%. . 5.100 459

'T'' in this table indicates tons.
Potatoes did best when irrigated at time the moisture dropped to

20 percent dry weight; with clover the best point proved to be when
moisture dropped to the 14 percent point. This held true in both wet
seasons and dry seasons. In the Eastern Oregon experiments it was
planned to make a study of this subject and learn the best soil moisture
condition at which to irrigate important soils and crops.
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SUMMARY OF FACTORS AFFECTING ECONOMICAL
USES OF WATER.

Summarizing the factors encountered that affect the duty of water,
including those formerly recognized and those determined thus far in this
investigation, and considering the more important of these first, the f ol-
lowing deductions have been made as to things affecting economical use
of water.

Soil texture affects the irrigation requirement. The coarser soils
require more water and these soils generally have a low water require-
ment and a comparatively low amount of surface area, pore space, organic
matter, and are apt to be medium in fertility. The light, frequent irriga-
tions required on these soils necessitate more waste and it is impractica-
ble to use as small an amount of water on these soils as on the soils of
finer texture.

The kind of crop affects the amount of water required. Alfalfa and
other meadow crops are requiring relatively large amounts of water;
grain and field peas but medium amounts; cultivated crops, such as
potatoes, still less.

The altitude and accompanying climatic conditions affect the irriga-
tion requirements. While the data are not sufficient for absolute deduc-
tion, it may be said that in general for the same soils and crops where 3
feet depth is needed per season up to 2000 feet elevation, two feet is a
reasonable amount at 3000 feet elevation and 11/2 feet for each season is
a reasonable amount for elevation of 4000 feet or more. Drying or other
effects of the weather are intensified at the lower altitudes.

Soil fertility is one of the most important factors affecting irrigation
requirements. Where there is a good supply of available plant food, the
plant does not have to exert the energy to make the root growth or con-
sume nearly the amount of water to secure the nourishment that goes to
form a pound of dry matter. Frequently, in our experiments, applying
the simple fertilizer needed has saved from a quarter to one-half the
total irrigation or doubled the returns for each unit of water where fer-
tilizer was applied. This is especially true on the lighter types of soil.

The time of irrigation affects greatly the efficiency of the water
applied; since irrigation, like cultivation and other things, is worth more
when applied just at the right time. In previous experiments at Corvallis
irrigations were applied according to the moisture content of the soil and
in different degrees of dryness. It was found that, for this soil, on the
potato plot as much as fifty bushels more an acre could be secured by
applying water just at the right time. This, for our brown silt loam at
Corvallis, was when the moisture content of the first foot dropped to the
20 percent point. Clover gave the best returns for the given amount of
water, applied in similar experiments, when the moisture content of the
first two feet had dropped to the 14 percent point, or when soil cOntained
14 percent moisture in percent dry weight.

The amount applied at each irrigation will affect the economical use
of water or irrigation requirement. If the amount applied is in excess of
the capacity of the soil strata within reach of the roots to retain it, deep
percolation loss is sure to result. This has been one of the chief sources
of waste encountered in the investigation. Coarse textured soils or those
with gravelly substrata should have a distribution systemthat will permit
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or supply comparatively light and frequent applications which can be
retained in the soil without percolation loss.

The frequency of irrigation is related to the time and amount for
each irrigation. Irrigation should only be applied when the moisture con-
tent drops to near the wilting point for the particular soil and crop, and
in sufficient amouni to fill it up to the excess point in all cases except
where flood irrigation in the early spring is necessary to retain as much
water as possible in the soil reservoir. This would be true in the absence
of artificial storage for summer irrigation.

The method of applying water affects the water requirement. The
head and length of run should be such that the plot irrigated can he
covered by the time the irrigation has wet up the root zone of the crops.
A high head forces over the land rapidly and is necessary in flood irri-
gation or in irrigating loose soils. The longer length of run gives more time
for soaking during irrigation on the heavier textured soils. Longer runs
can be used on more sloping land and shorter runs with a higher head
should be used on the flatter lands in order to cover the land without
waste. In many valleys in Eastern Oregon the flooding system could
be improved by the introduction or extension of the strip border method of
flooding. On the small farm and with a small head, the furrow system
will save water better than flooding systems.

Crop variety and the date and rate of seeding affect irrigation re-
quirements. The best varieties of best adapted crops will give the most
efficient use of water and the most economical returns under irrigation.

The kind and amount of cultivation. It is important for the irrigated
farm to have a moderate proportion of cultivated crops; for these are
crops of low water requirement which permit inter-tillage, kill weeds,
and control evaporation from the soil. This cultivation should be given
promptly to be most effective and as soon after irrigation as the soil is
dry enough to crumble and form a mulch. Level cultivation gives less
evaporating and soil surface area, and everything that possibly can be
cultivated should be gone over with a light cultivation after every irriga-
tion and every rain that crusts the soil and destroys the mulch. A light
weeder can be used for this purpose in grain and even in corn and pota-
toes till crops are ten or twelve inches high.

The kind of ditches has a bearing on the amount of water used.
Small, direct ditches which carry the water to the point of application,
will save water as compared with broad, shallow ones, which expose the
water to evaporation and percolation loss.

The skill and economy of the irrigator is one of the important
factors affecting economical use of Water. Careless use of irrigation
water results in a great loss, whereas skillful management will almost
wholly prevent loss by drainage.

The method of purchase or delivery. Economical use of water
depends upon the method of purchase and delivery of water. The best
plan is to practice rotation in use of water and get a high head, to secure
an even and rapid distribution while the water is on the farm. A higher
duty is obtained by this method rather than by. having a small, continuous
flow during the entire season. A higher duty may also be obtained where
the irrigator pays at least maintenance charge in proportion to the actual
amount of water used, for this invites economy in the use of water.
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Crop rotations. It is more important for the irrigation farmer than
for the rainfall farmer that a careful system of crop rotation be practiced.
With irrigation, the crops removed are generally large and large amounts
of refuse must be returned to the land. With irrigation, also, it is en-
tirely feasible to build up and keep the soil in a higher state of fertility
than is possible without irrigation. The rotation of crops permits plow-
ing up the meadows to market the nitrogen accumulated by the legume
crops and this deep plowing increases the usable water capacity and
liberates plant food.

Crop Diversity. Generally a diversity of crops, including some culti-
vated cash crops which use but little water, will give more cash returns
for each unit of water used.

Indirectly, anything which affects the evaporation, percolation, or
transpiration of soil moisture will have an effect upon the irrigation re-
quirements. The aim should be to secure efficient use of all the rain,
irrigation, and soil water employed.

Recommendations. Since little previous work of this kind has been
done in Oregon, and since the marsh problem is a new field and difficult
of investigation, the work of the past two seasons has been partly pre-
liminary. These experiments throughout Oregon should be carried on
through a series of years, including wet years and dry years and crop
rotations, in order to be of the fullest value, the chief soils and the chief
crops of the principal valleys being represented in order to determine
the best amount of water to use.

The marsh problem is practically a virgin field of investigation; the
results secured are so interesting, and the possibilities of these lands so
promising, that it is believed the investigations should be enlarged and
continued so as to cover the lake counties of South Central Oregon as
well as the other valleys of the State in order to determine the most
profitable use of water for these lands.

A field agent should be maintained in each of the Lake Counties;
namely, Harney, Lake, and Kiamath; an additional field agent should be
maintained on the State project at Tumalo, while the other field work
should be enlarged and continued under the direction of some competent
person. More control of fields employed should be secureçl so ditches
and distributaries can be built and accuracy of data increased. It is
estimated that $5000 a year would be required to make a thorough
investigation of the economical use of water and related problems. The
U. S. Office of Public Roads and Rural Engineering has indicated its
willingness to contribute $2000 to $2500 a year towards irrigation
investigations in Oregon provided the State will meet it with a like
appropriation. Since this work is fundamental to the successful irriga-
tion development of the State, it would appear to be false economy
not to take advantage of this offer when we can secure the work now at
half price. Colorado is contributing dollar for dollar with this Federal
Office, and appropriates $6000 annually for irrigation investigations in
that state. California cooperates with the Office of Publio Roads and
contributes $7500 annually to the work. In Nevada, similar cooperative
work is under way and the state contributes $50f0 annually to this work.

Fuller development of the latent resources of the state will make
possfble a larger population. The marsh lands and other fertile arable
lands of Central and Eastern Oregon constitute one of our chief assets
for development.
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RELATION OF PROPER iRRIGATION TO BACTERIAL
COUNT.

T. D. Beckwith, Bacteriologist.

In cooperation with the Department of Irrigation and Drainage, a
series of determinations has been made by the department of Bacteriology
for the purpose of ascertaining the numbers of organisms present in the
series of Experiment Station plots considered in this bulletin. The counts
were made during the months of September and October, that is, during
the latter part of the Willamette Valley dry season. Although a very
small precipitation had fallen, it was not felt that sufficient moisture
had been added to the soil to affect bacterial counts. On account of the
large number of samples to be examined, it was impossible to take all
of the samples at one time. The period of sampling, therefore, extended
throughout three or four weeks. The following technique was used in
collection of soil samples: A spot in each plot was selected, where the
soil appeared to be representative. Care was taken also to select a place
not in immediate contact with holes of gophers or of other soil-boring
rodents. With a flat spade the surface soil to a depth of two inches was
removed from an area approximately two feet square. The sample was
then taken by means of the ordinary soil auger, which previously had
been flamed on the spot by a gasoline torch. The soil auger was prepared
by removing carefully all gross amounts of dirt clinging from the previous
sample, after which the flame was brought into contact with every boring
surface of the instrument. From the core which was drawn up was
selected that portion of earth which would apparently lie between the
third and the tenth inch. This soil was removed by means of a large
sterilized spatula, a gasoline torch being used for sterilizing this instru-
ment also. The soil thus taken was placed in a sterilized container which
was immediately covered carefully and tightly. In case plating could not
be made as soon as the soil was received at the laboratory, which was
always within an hour, the samples thus prepared were placed in the
ice box and thus kept thoroughly cool until examination could be made.

Plates were poured by the use of Ashby's medium and from dilutions,
most carefully and thoroughly shaken in an electrical shaking machine.
Plates thus prepared were incubated at 28 degrees C. for one week's
time and then counted on the ordinary counting plates with a 6x magni-
fier.

The results of these examinations are shown in the following tabula-
tion, in which bacterial counts are expressed in terms of dry soil per
gram:
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*FOr the sake of simplicity, the three final ciphers have been left off the soil count
Computations.

TABLE XVI. RELATION OP PROPER IRRIGATION TO BACTERIAL COUNT.

Plot No. Crop 1915 Crop 1916
Irrigation
Ins. Depth.

Bacterial*
Count 1915

Bacterial*
Count 1916.

1 Potatoes Red Clover 1% 5.390
2 Potatoes fled Clover Dry 2.260
3 Potatoes Red Clover 2% 6.460
4 Potatoes Red Clover 3% 1.570 17.070
5 Barley & Clover Red Clover 8" 1.002 2.880
6 Barley & Clover Red Clover 6" 663 3,720
7 Barley & Clover Red Clover Dry 738 12.600
8 Barley & Clover Red Clover 4" 1.125 2.250
9 Beets Barley & Clover 2.950 2.950

10 Beets Barley & Clover 557 7.250
11 Beets Barley & Clover Dry 481 3.130
12 Beets Barley & Clover 1% 1371 4.230
13 Red Clover Potatoes 10" 921 4.490
14 Red Clover Potatoes 2% 1.1.50 4.590
15 TIed Clover Potatoes Dry 708 1.930
16 Barley & Clover Potatoes Dry 740 2.055
17 Clover Potatoes 2% 840 2.890
18 Red Clover Potatoes 10" 8.329 1.600
19 Beets Barley & Clover 1 3. 865 1.700

20 Beets Barley & Clover Dry 507 7.470
21 Beets Barley & Clover 946 1.760
22 Beets Barley & Clover 653 .820
23 Barley & Clover Red Clover 4" 923 5.000
54 Barley & Clover fled Clover Dry 1.576 2.550
25 Barley & Clover Red Clover 6 1.102 6.540
26 Barley & Clover Red Clover 8 1.003 6.520
27 Potatoes Red Clover 1% 1.604 5.410
28 Potatoes lIed Clover Dry 894 1.950
29 Potatoes Red Clover 2% 622 4.370
30 Potatoes Red Clover 3% 924 6.960
31 Alfslf& Alfalfa 8" .416 4.020
32 Alfalfa Alfalfa tI' 1.048 3.540
33 Alfalfa Alfalfa 4" 375 5.420
34 Alfalfa Alfalfa Dry 500* 2.500
35 Beans Barley & Clover Manure Dry 875 7.400
36 Beans Barley & Clover No Manure Dry 526 4.300
37 Carrots Beans Manure Dry 168 25.200
38 Ca-rrot Beans No Manure Dry 187 2.670
39 Alsilse Carrots Manure Dry 437 4.770
40 Alsike Carrots No Manure Dry 629 6.810
41 Beans - Beans No Manure Dry 605 2.180
42 Alfalfa Alfalfa No Manure Dry 835 4.610
43 Alfalfa Al falf a 8" 756 3.810
44 Alfalfa Alfalfa 4" 990 8 020
45 Alfalfa Alfalfa Dry 549 4.430
46 Beans Barley & Clover Manure 2% 1.662 7.340
47 Beans Barley & Clover No Manure 2% 789 3.130
48 Carrots Beans Manure 5 1.473 15.160
49 Carrota Beans No Manure 3 1.330 7.840
50 Alailee Carrots Manure 6 863 2.490
51 Alaike Carrots No Manure 6 904 5.610



79

These results thus tabulated are offered, not as any final and con-
clusive proof, for the author well understands the fact that bacterial
counts in themselves are inconclusive. It will be noticed, however, that
the bacterial counts vary with soil moisture. This is shown by the great
differences in bacterial count in the year 1915 over 1916, one year being
much drier than the other. Irrigation, moreover, by increasing the amount
of soil moisture, stimulates bacterial growth. It is a well-known fact
that while a high bacterial count does not of necessity indicate a high
degree of physiological activitiy, nevertheless, as a general principle, it
indicates a correspondingly high degree of efficiency.

This series of computations to be of value more nearly final should
be accompanied with a series of physiological tests determining, for
instance, the ammonifying power, the nitrogen fixing power, etc., in the
soil thus treated. The .time at the disposal of the writer, however, did
not allow such. a series to be carried out.

T. D. BECKWITH, Bacteriologist.


