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Frequent recurrence of periods of cirouth during the late summer
has developed considerable interest iii the possibility of suppleniental
irrigation in the Willaniette Valley. In 1907 the Office of Irrigation
Investigations, United States Department of Agriculture, began some
irrigation tests at Corvallis and other points, to determine the value of
irrigation water as a supplement to the limited suntiner rainfall, as a
means of increasing production and profit, Particularly with the more
intensive agriculture that was beginning to take the place of grain
growing. Increases in yields of representative field crops ranged from
27. percent to 186 percent, indicating that supplementary irrigation wisely
used with most late season crops would prove profitable on the naturally
drained, free working soils of the Valley where accessible to water.
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The sandy loam soils occurring along the Wihlamette and other stream
bottoms, or soils belonging to the iewbeig and Chehalis series, and the
lighter types of soils on the Valley floor, such as \Villaniette loam or
silt loam, are suitable for irrigation. Soil surveys of two-thirds of this
Valley indicate that perhaps half a million acres, or about one-sixth at
the improved land in the Valley will give good response to supplemental
irrigation.
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In 1910 the experiments were extended to include soil moisture in-
vestigations; or duty-of-water experiments to de-
termine how d be needed; also to develop prac-
tices for secu and the greatest net profit from the
pumped wate studies were added and also obser-
vations of the effects of irrigation on soils and crops.

Soils best suited to supplemental irrigation in the Willamette
Valley are those that are free working, without being too heavy or
sticky on the one hand or too coarse and sieve-like on the other hand.

Crops found to give best response to supplemental irrigation here
are the truck crops, the crops grown for intensive dairying, such as late
summer pasture and late cuttings of legume crops, or row crops that
make their maximum growth late in the season, such as roots and corn.
Potatoes and beans are cash crops which give large returns from irriga-
tion and are likely to pay for proper irrigation.

Advantages of supplemental irrigation. The chief advantages of
supplemental irrigation for free working, naturally drained Willamette
Valley soils, are as follows: (1) Irrigation controls soil moisture, over-
comes drouth; (2) provides green pasture and green feed late in the
summer; (3) saves the ci
(4) makes double cropp
aids the beneficial bacter
trol of crop pests and di
during the best growing



SUPPLEMENTAL IRRIGATION

and intensive cropping; (9) softens clods and dissolves plant foods; (10)
proper irrigation pays in increased yields, net profits, and productive
values.

For supplemental irrigation to be highly profitable in the Willamette
valley it must be used on the naturally drained, free working soils and
applied to crops that respond to late season irrigation and that are of
good value. The greatest profit is secured where water is efficiently
used. The Experiment Station has sought to determine the minimum
amount of water which, together with the best time and manner of use
and cultivation, would yield crops of highest values and greatest returns
upon the land and water employed. If the increase from irrigation is
sufficient to pay. for water when pumped a moderate lift and applied to
staple field crops it would certainly pay to use gravity irrigation on the
more intensive crops. The Station experiments have been conducted
with water pumped from a creek and discharged at alevel 20 feet above
the creek for use upon Willamette silty clay loam with staple field crops.

Water supply. The water available for irrigation in this Valley is
of good quality and a suitable supply will be found in the 'underfiow,"
which occurs in the gravel substratum under the river-bottom soils, or
along the bottoms of other large streams. Water can also be pumped
for irrigation from perennial streams entering the Valley from the foot-
hills. Some irrigable lands are situated so that these waters can be
applied by gravity. In the old Valley filling, or Valley floor above the
first bottom, it is not probable that wells of moderate depth will develop
sufficient water to give a continuous supply for centrifugal pumps in
volumes sufficient for field use.

COST OF A SMALL PUMPING PLANT
The cost of installing a small pumping plant includes the following

items of expense:
First costengine, pump, flume, or pipes, and in some cases

a well and shelter for machinery.
Operating expenselabor, fuel, and lubricating oil.
Maintenance chargesinterest on the first cost, depreci-

ation, and repairs.
Total anrtual cost'(b) operating expense" and "(c) main-

tenance charges."
The cost of pumped water increases with the amount of lift and is

frequently expressed in cost per acre foot per foot of lift. The pumping
plant employed by the Experiment Station is not operated to half its
capacity, yet maximum charges have been used in calculation. The
total annual cost runs 58 cents per acre foot per foot of lift. This is a
total cost of a dollar per acre inch delivered at a 20 foot level. With a
well designed pumping plant and a moderate lift, operating nearly to
capacity, the cost should run from 15 to 40 cents per acre foot. The
maximum figure of a dollar per acre inch, however, has been used in
calculating the profits from irrigation on the Experiment Station.

The largest single item of expense is usually the motor or engine.
The majority of farms are now equipped with some power machin-
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ery, which may be used to drive the irrigation pump. Where water can
be pumped from a stream a moderate sized centrifugal pump, piping,
and valves should cost from $150 to $300. The first cost of a pumping
plant is frequently $25 per acre.

Wells. A dug well is not suitable for a water supply for continuous
pumping with a centrifugal pump. In the river-bottom lands an open
pit may be dug to the water-level and then a driven, cased well put down,
perhaps 30 feet below the water plane. The last 12 or 15 feet of this
casing should be thoroughly perforated, or a strainer dropped in and the
cacin jacked up to expose the strainer to the water-bearing sand and

C/icc)s valve
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Fig. 1. Gasoline engine and pumping plant design for well. Templet at lower left hand
corner for spacing bolts in foundation.

gravel. The pump should set within 10 feet of the water-table, which is
lowered a little in the vicinity of the well casing during pumping.
where necessary, large radius bends and suction and discharge pipes
should be used. These pipes should be about one-third larger in diame-
ter than the pump itself in order to lessen friction. It is necessary to
provide a priming device for removing the air from a centrifugal pump.
A check valve and a straight-way ground gate valve should be provided
in the discharge pipe immediately above the pump.

Every foot of lift represents additional cash outlay. The water
should not be pumped with an imposing splash or fall above the neces-
sary level for commanding the field to be irrigated. The water can be
conveyed to the high part of the land by means of pipes directly con-
nected with the discharge side of the pump. Black tin or water-tight
concrete can be used for distribution pipe. If built on a slight grade,
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wood flumes can be used to carry the water by gravity from the point
of discharge.

Pumps. The simple, horizontal, centrifugal pump will be suitable
for most purposes in this Valley. Any good standard make will supply
the water needed. The number of a centrifugal pump refers to the
inside diameter of inlet and outlet openings. A number four, or four-
inch discharge about a cubic foot per second or
450 iriute. One cubic foot of water each second
will ep over an acre in one hour, and is called an
acre inch.

direct connection with the
p as it avoids loss in bolting
a rence in cost between the
u energy is more than made
up by the saving in attendance where the electric power can be em-
ployed. In fact, the saving in the labor may often amount fo more than
the total fuel bill with the electric plant.

Amount of water and power required. The average depth of water
applied per season to field crops during the past fifteen years at the
Experiment Station has been 6 inches per acre. This is the net amount
applied to Willamette silty clay loam and it ranges from 4 to 5 inches
for row crops to 8 to 12 inches for meadow crops. More water will be
required for sandy s somewhat with the
yield of dry matter a ticed. The quantity
of water required for to be less than 5 or
6 acre inches (equiva for each ton of in-
crease secured by irr iments each inch of
water has made about 33 bushels more potatoes or 5 bushels more white
beans.

The minimum depth that it is feasible to apply to row crops in one
irrigation is usually 2 to 3 inches. Meadow crops will usually require 4
to 6 inches at each application. The pump capacity should be sufficient
to cover the area served every 3 to 4 weeks. An irrigating stream of
less than 225 gallons per minute, or a half a cubic foot per second, is not
economical from a labor standpoint. It may be advisable to provide a
small reservoir with a small pumping plant, especially for truck crops,
so that some water will be available at any hour without pumping; or to
enable more continuous operation by storing at night to provide a larger
irrigation stream by day.

Calculation of power required. One horse-power will lift a cubic
foot of water 8.8 feet per second and is called a water hourse-power. To
the apparent vertical lift must be added the friction head for the length
of pipe used for proposed discharge; also the friction due to bends in
suction and discharge pipes. The friction value for pipes can be obtained
from tables. Suppose the total head is found to be 26.4 feet, and 1
cubic foot per second is to be elevated continuously; by dividing 26.4
feet by the factor 8.8 it is found that 3 water horse-power would be
required to operate this plant. Therefore, making the ordinary allow-
ance for efficiency of machinery at 50 percent, 6 hourse-power should be
provided.
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Priming and operation. A pitcher pump connected by sinai! gas
pipe to the top of the centrifugal pump is a suitable means for removing
the air in priming. This pipe must be provided with an air-tight valve
to close it up tightly after priming. All pipe connections should be
flanged and gasketed so that they ht air-tight. Centrifugal punips are
designed for different lifts and for every given lift there is an economic
speed. When ordering a pump to go with an engine already on hand or
vice versa, give diameter of pulley and revolutions per minute, so that
the pump will run up to the rated economic speed. Flexible couplings
should be provided between the pump and motor in a direct-connected
unit. Where water is secured from an open stream a screen should be

be as lear water-tight
e underground concrete
from hydrants along
tin pipe may be used.

0. A. C. EXPERIMENT STATION CIRCULAR 57

Fig. 2. Furrow irrigation of potatoes.

provided in the intake channel. The pump should be set on a concrete
base, carefully leveled by supporting nuts placed on the anchor bolts.
y.vrhen true to level, rich cement should be run in around these bolts and
the pump bolted down by means of other nuts run on from above the
pump base.

Economical use of pumped water necessary. Careful use of pumped
water is necessary if the greatest profit is to be realized. Excessive use
of water may injure the quality of soil and crops to the point of un-
profitable production, even in arid climates. The water, therefore, should
be carefully measured and skillfully applied. The land should be leveled
to a uniform slope and laterals should as prac-
ticable. Frequently it is desirable to us or wood
pipe for laterals. To distribute water his pipe,
portable canvas hose or slip-joint, black,



for the present growing season or for 1923, although experiments arc
being continued. The main experiment includes a rotation of grain.
closer, potatoes, and corn. One-tenth acre of each crop is dry farmed,
one-tenth acre receives a light irrigation, a third tenth receives a me-
dium amount of water, and a fourth portion a large amount of irriga-
tion. Where winter grain is used no water is supplied to that crop. The
amount of water that has given the maximum net profit or best amount
of irrigation for all crops is averaged in Table I and amounts to 6 inches
depth per acre. Nearly a two-ton increase in the yield of hay crops has
been secured. This increase in growth comes in the late cuttings. It
frequently happens that irrigation saves a stand of clover or provides
green feed or pasture late in the season. The average increase from
irrigation of potatoes is 83 bushels per acre, or 21 bushels per acre inch,
or per dollar total annual irrigation cost. Beans have received an
average depth of 3 inches supplied in a single irrigation, and have given

.10

$12.09

The net increase from irrigation in dollars per acre has been ob-
tained by charging a dollar per acre inch, plus a small charge for har-
vesting the amount of the increase, for crops valued at a moderate, aver-
age price; namely, $Oc per bushel for potatoes, $3.00 per bushel for
beans, and $10.00 per ton for hay. Three cents per bushel and 25c per
ton was charged for harvesting the increase. The average net increase
in crop value for all crops from the average application of 6 inches has
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Small furrows or corrugations for distributing water on the field
will save water as compared to flooding where the stream is small. A
soil that is of medium texture is needed. The furrows may be 3 to 4
feet apart, 220 to 240 feet long, being shorter on sandy soil. As soon as
possible after irrigation, or when the soil is dry enough to crumble,
cultivation of row crops should be given in order to restore tilth, kill
seedling weeds, and check evaporation.

FOURTEEN YEARS' RESULTS ON SUPPLEMENTAL
IRRIGATION IN THE WILLAMETTE VALLEY

Table I shows results of fourteen years of irrigation on Willamette
silty clay loam at the Experiment Station. This does not include data

an increase of practically 5 bushels per acre.
TABLE I. SUMMARY OF FOURTEEN YEARS' EXPERIMENTS SHOWING

BEST AMOUNT OF IRRIGATION AND VALUE OF SILTY CLAY LOAM
Oregon Agricultural College Experiment Station-Department of Soils

been slightly more than $12.00 per acre.
aPastured some,

Depth
of

irriga.
tion
In.

Yield per acre -.

Irrigation Dry
Bu. or T. Bu. or T.

Increase from Irrigation-.
Net

dollars
Per acre Per inch per
Bu. or T. Bu. or T. acre

Potatoes 14 4.00 210 bu. 133.00 83.00 21.00 $35.10
Clover 11 7.65 528 T. 3.47 1.81 .24 10.05
Alfalfa 11 10.00 5.05 'F. 2.81 2.14 .21 10.90
Corn 9 5.31 9.15 T. 6.18 2.97 .56 8.79
Beans 10 3.00 17.28 bu. 12.38 4.90 1.63 11.55
Carrots 1 3.00 23.42 T. 13.02 10.40 3.46 36.00
Beets 6 5.40 18.66 T. 11.84 6.82 1.26 20.18
Kale 3 4.00 15.67 T. 13.74 1.93 .48 4.18
Grass 7 9.33 3.97 T. 3.66 1.17 2.07

Average 6 inches



8

In the early years of this experiment it became very evident that
rotation which permitted plowing down legume sod, and turning under
manure in each crop rotation, was of great value in increasing efficiency
of the water provided. An experiment was therefore arranged to
measure the value of crop rotation and manure for increasing the return
per Unit of water employed. Four plots each of grain, Aisike clover, and
white beans were grown each year, and the crops rotated in the order
named. One plot of each crop was dry farmed, the second was dry
farmed and manured, the third was irrigated, and the fourth was irri-
gated and manured. Two additional plots, one irrigated and one dry
farmed, were provided adjacent to these rotations, and were cropped to
beans continuously. One of these was dry farmed and the other irri-
gated.

Water re-
quIrcmen

(lbs. per lb.
dry matter)

Bea,i
n. rn.

3.82
6.10

7.14

"half-white land" or Amity silty clay loam. At the end of this experi
ment we found the continuously cropped plots produced about 6 bushels
per acre, and the plots which received irrigation rotation and manure
yielded about 20 bushels per acre. As a nine-year avcrage the yields
were practically doubled, due to irrigation, rotation, and manure once
each crop rotation. As a result of these treatments, the yield per acre
inch was more than doubled and the average net profit was greatly in-
creased by rotation and by the use of manure in each rotation. The

It was found equirenlent had been
that the water eff dnul,led b- irrigation
manure. Rotation ortant on our rather Ii
is likewise imports sandy land under irri

VALUE OF ROTATION AND MANURING IN CONNEC-
TION WITH IRRIGATION

The results secured from the nine years of this experiment covering
3 rotations are given in Table II.

TABLE II. VALUE OF ROTATION, IRRIGATION, MANUREDNINE-YEAR
AVERAGE

Treatment

Continuous 924
Rotated 10.13
Rotated and

manured 12.91
Irrigated Continuous 9.85
Irrigated and rotated 15.74
rrigated, rotated
and manured 18.29
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Average yearly
yield

Acre
Acre inch

--Average net profit
Gain from

rotation Acre
Acre of manure inch

11.55 2,909
20.37 8.82 2,249

21.26 9.71 1,900
15.37 5.12 2,622
29.46 14.09 9.82 1,794

38.39 23.02 12.80 1.425

At the beginning of this experiment the average yield of all plots
was about 12 bushels of beans per acre. The plots cropped continuously
were on slightly better soil than those of the rotation. The land is

profit per acre inch of water employed also showed a marked increase
from these treatments. The last column in Table II shows the water
requirement as to pounds of dry matter produced, which is the ratio
of the number of pounds of dry matter produced to the pounds of soil,
rain, and irrigation water consumed.

that the water r cut in two, or
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