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FOREWORD

The gradual transformation of Willamette Valley
from grain growing to diversified, intensive agricul-
ture has led to increased interest in irrigation, particu-
larly for late summer crops. While the growing sea-
son averages some six months, approximately half of
this period is droughty.

Some irrigation trials were initiated at the Oregon
Agricultural Experiment Station in 1907 in cooperation
with the U. S. Office of Irrigation Investigations. Pre-
liminary results seemed to warrant more careful atten-
tion, so investigations were started in the spring of
1910 by W. L. Powers that included the soil moisture
regime; water requirement of crops on major soil
types; time, amount, frequency, and method of irriga-
tion; effects of irrigation on soils and crops; and the
cost, value, and economic amounts of irrigation

The proposal to expand from irrigation of spe-
cialized farms or parts of farms to large scale projects
has increased the need for a summary of available data
for land owners and public agencies affected by the
Willamette Basin Project.

Dean and Director



SUMMARY

Normal rainfall is low for the 3 summer months in the
Willamette Valley, averaging only 1.9 inches.

The soils of the Willamette Valley best suited for irri-
gation are free-working sandy loam of Chehalis and Newberg
soil series, as well as the well-drained soils of the valley floor,
such as Willamette loam and silt loam.

Crops that seem to be best adapted to irrigation ire in-
tensive dairy crops such as ladino clover pasture and p(.rennial
legumes for hay; cannery crops such as green beans arid root
crops; potatoes; and specialty crops including fiber-flax, sugar
beets for seed, vegetable seed crops, and mint.

For best irrigation economy, use a measured amount of
water. This amount should be sufficient to raise the moisture
of the root zone to the point of field capacity (gravitational
water goes off at this point) and no more. Excessive irrigation
is not only costly, but may leach away plant food as well.

Time of irrigation is important, as a plant makes its
maximum demand for moisture when setting and filling its
fruit, whether in the orchard, garden, or field.

The water holding capacity, as well as the nutrient sup-
plying power of the soil, will be increased and water require-
ment lowered by humus building rotations and the use of barn-
yard manure and commercial fertilizers.

Too much soil moisture can be as harmful as too little.
Excessive moisture lowers soil temperature, excludes air, and
creates an unfavorable condition for legume bacteria.

Application efficiency is generally higher for sprinkler
than for flooding type irrigation. By the sprinkler system fre-
quent light irrigations, which promote nitrification, are pos-
sible.



Figure 1. Droughty periods where 2 weeks or more occurred with less than .2 of an inch rain in any 24 hour period.
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The Value of Supplemental Irrigation
in Willamette Valley

By W. L. POWERS

INTRODUCTION

As the Willamette Valley has changed from the production of
grain to that of more diversified and intensive crops, the need for
supplemental irrigation has increased. This need became greater,
too, as the soil humus content lowered; as the soil granulation was
destroyed; and as erosion increased. Still another factor increasing
the need for irrigation has been the removal of timber and brush
from higher ground. This condition allows the water runoff to be
faster; and as a result, less water from snow and rain is retained for
the growing season months.

The irrigation program of the Willamette Valley has expanded
very greatly in the past 15 years. The total number of acres under
irrigation has increased from 1,000 in 1911 to 3,000 in 1930 and
to approximately 50,000 acres in 1946.

To keep pace with the growing irrigation program of the valley,
the Oregon Agricultural Experiment Station started various tests as
the need for more information on the subject increased. One of the
major studies has been on the relationship between irrigation re-
quirements and crop yields and soil maintenance. This bulletin is
prepared in response to increased requests for such information. It
is a summary of the major findings of the experiment station's long-
standing and current studies.

SUMMER CLIMATE

Although the Willamette Valley generally has a 6 month grow-
ing season between killing frosts, plant growth is commonly limited
by lack of soil moisture during the last half of this 6 month season.
The normal rainfall at Corvallis, Oregon, for the 3 summer months
is 1.93 inches. This is under 5 per cent of the yearly total of 40.23
inches. With May and September rainfall included, the 5 month
normal precipitation is 5.35 inches or 13 per cent of the annual
(Figure 1).

Using the 55 years of weather records at Oregon Agricultural
Experiment Station, it was assumed that 2 weeks in the warm grow-
ing season without effective rainfall would cause droughts. One-
fifth inch rainfall within any 24-hour period was assumed to be neces-
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Figure 2. Relations between summer temperature, relative humidity, rainfall evaporation, and irrigation requirements.
Rainfall; mean 5.33 inches; 5 mcnth period.
Annual irriatmon depth on Red Clover; mean 8.03 inches.
Annual irrigation depth on potatoes; mean 5.4 inches
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Figure 3. A trapezoidal weir and water-stage register is a good device to use
for measuring irrigation water.

Figure 4. The use of a shovel 12 hours after irrigation is helpful to show
depth of penetration and spread of irrigation water.
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sary to be effective. On this basis, late July has been droughty
every one of the past 55 years (Figure 2).

The average number of droughty periods per growing season
has been 3, including 119 days as an average for these periods
(Figure 1).

SOIL MOISTURE CONDITIONS
Irrigation water is most economically used when the amount of

moisture in the soil is determined prior to irrigation, and then only
the quantity of water that will be retained in the soil for plant use is
applied. This desired quantity or usable moisture is the difference
between the excess point (the water left after gravitational drainage)
and the wilting point (water left after evaporation and plant use have
reduced to point where plant wilts). This usable moisture is ex-
pressed as either a percentage of total dry weight of the soil or as
inches of water per foot of dry soil (Table 1).

To convert the usable moisture from a per cent of total dry
weight to inches per foot of dry soil, multiply the per cent of usable
moisture by the weight of a cubic foot of dry soil, then divide by
5.2 (weight of 1/12 cubic foot of water). By this method the num-
ber of inches of irrigation water needed can be determined.

It has been found that the relationship between the determined
wilting point percentage (column 3 of Table 1) and the excess point
percentage (column 5) in some cases is erratic. A more accurate
excess point can be calculated by using 2 times the wilting point (col-
umn 4). The calculated figure will give truer results when used in
computing the soil water capacity in inches (column 9).

A further check of soil water capacity can be seen by the rela-
tionship between the driest sample before irrigation (column 6), and
the wettest sample after irrigation (column 7).

The usable water capacity of im.portant soil types in Willamette
Valley is given in Table 1. Silty clay loam may store approximately
2 inches of rainfall or irrigation water in a foot of soil; sandy loam,
lj inches; and fine sand, 1 inch.

Weekly soil moisture determinations taken of each foot of soil
depth throughout the root zone during the growing season show that
the moisture in the feeding root zone under meadow crops usually
falls to the wilting point in late June and under cultivated crops
within a month later. Crops such as green beans, ladino clover, and
potatoes are found to extract their moisture largely from the first 2
feet of soil. These crops respond to light irrigations when the soil
moisture content of the first 2 feet is still above the wilting point
and with the rather "raw," or less fertile, subsoil still fairly moist.



Table 1. WATER RELATIONS op WILLAMETTE VALLEY SOJLSDETERMINED BY FIELD TESTS.

Newberg
Newberg
Newberg
Newberg
Newberg
Newberg

F.S.L.
F.S.L.
F.S.L.
F.S.L.
F.S.L.
S.L.

Harry Holcomb
T. Chase
C. G. Rear
E. L. Cox
F. Bartholomew
Chas. Hart

79.9
76.5
84.0
86.8
64.8
73.5

33.8
34.8

28.7
46.7
38.8

9.0
12.7
13.0

9.2
10.7

9.7

18.0
25.4
26.0
18.4
21.4
19.4

30.3

20.5
24.4
20.2

25.7
20.1
19.1
17.0
21.0
12.2

33.8
39.0
28.2
31.9
39.0
34.7

9.0
12.7
13.0

9.2
10.7

9.7

1.38
1.87
1.95
1.54
1.33
1.37

Chehalis
Chehalis
Chehalis
Chehalis

Si.C.L.
L.
F.S.L.
L.

J. Thornburg
Shaffner Bros.
Putnam & Sons
Col. East Farm

75.7
82.4
80.1
80.0

38.0
30.7
24.5
34.0

13.4
10.1
12.0
13.0

26.8
20.2
24.0
26.0

29.4
24.1
23.2
24.1

21.1
21.5
12.8
16.1

27.1
28.4
24.4
34.4

13.4
10.1
12.0
13.0

1.96
1.60
1.85
2.00

Sifton
Sifton

Gr.F.S.L.
S.L.

Ed. Gilbert
B. C. Cummings

54.1
82.0

68.6
26.6

12.1
9.1

24.2
18.2

29.5
22.0

34.6
19.5

58.3
29.0

12.1
9.1

1.26
1.42

Willamette Si.C.L. Col. Irrig. Field 80.0 33.0 14.0 28.0 30.0 12.0 34.0 14.0 2.15

Salem CL. R. Corum 77.0 37.4 12.7 25.4 29.1 20.5 39.1 12.7 1.88

Wapato Si.C.L. Paul Ohling 71.6 40.7 16.0 32.0 37.8 31.9 20.9 16.0 2.20

Amity Si.C.L. Col. Dairy Past. 81.2 36.6 14.7 29.4 29.3 12.0 34.0 14.7 2.29

Dayton Si.C.L. Col. Irr. Field 80.0 34.0 15.0 30.0 30.0 12.0 30.0 15.0 2.15

Cove Clay Col. Oak Creek 75.6 34.8 16.3 32.6 42.0 16.0 40.0 16.3 2.35

Olympic Si.C.L. T. T. Leonard 89.2 28.6 14.0 28.0 30.2 18.6 28.2 14.0 2.40

Muck Hayes Bros. 46.9 67.9 30.7 61.4 44.3 64.7 277.2 30.7 2.77

Peat Shishido, M. 21.4 200.1 45.7 91.4 77.1 135.1 261.9 45.7 1.65

Sifton S.L. Gentry 85.4 25.3 9.0 18.0 20.4 22.4 13.3 9.0 1.48

Newberg S.L. Ben Dorris 87.3 28.7 10.0 20.0 21.6 8.4 24.4 10.0 1.68

Willamette
Willamette
Willamette

L.
L.
L.

R. M. Harper
S. Brown
S. Duda

85.1.
82.6
80.3

28.2
29.8
28.4

14.0
14.0
14.0

28.0
28.0
28.0

28.2
21.1
28.6

11.8
7.1

12.5

32.0
31.9
33.9

14.0
14.0
14.0

2.00
2.00
2.00

Wapato Si.C.L. B. Findlay 69.4 41.2 16.0 32.0 35.7 19.8 43.5 16.0 1.56

(1)

Dry weight
per

(2)

Maximum
field

(3)

Moisture
at wilt-

(4)

Approxi.
mate ex-

cess point

(5)

Moisture
at excess

(6)

Moisture
before

irrigation

(7)
Moisture

after
irrigation
(sample

(8)

Usable
moisture

(column 4

(9)
Soil water

capacity
(column I

x
cubic foot moisture ing point (P.W.P. point (sample of of wet- minus col- column 8

Soil series Soil class Owner of soil capacity (P. W.P.) X 2) (ME.) driest soil) test soil) umn 3) 5.2)

Pounds Per cent Per cent Per cent Per cent Per cent Per cent Per cent Incises
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The bulk of the feeding roots are in the surface soil or A horizon.
Light irrigations are found to promote nitrification, also. Successful
growers irrigate before the soil moisture reaches the wilting point,
applying 1- to 2 inches of water to beans each week or less, or 2 to 3
inches to ladino each 10 to 15 days in midsummer. The soil water
storage capacity and seasonal raihs are not sufficient to meet crop
requirements (Table 2).

Table 2. AMOUNT OF IRRIGATION GIVING BEST RESULTS, FROM .1-ACRE PLOTS,
1909 THROUGH 1944.

NET WATER REQUIREMENT OF CROPS

Table 2 shows the quantity of water needed to be supplied arti-
ficially and indicates the total water requirement for the plot that has
given the maximum gain an acre each year for as many as 30 years.
The total use includes the rain and soil water as well as irrigation
water consumed. The water requirement data reviewed herein
show that under good conditions at Corvallis some 6 inches of water

the net requirement per ton of alfalfa. Two 6-inch irrigations
may be sufficient for a 2-ton increase from irrigation. Experiments
with ladino pasture during the past decade indicate that 24 inches of
water a season applied by flooding with strip border in light, frequent
irrigations is the most economical method on old valley filling soils.
Pounds of water per pound of dry matter is the ratio of soil, rain,
and irrigation water consumed to dry matter produced.

An addition of 20 per cent more water may be necessary for
farm conditions than for experimental plots due to certain losses in-
curred on the farm. An additional loss up to 30 per cent may be
incurred in a canal system project in conveying the water from the
reservoir to the farm.

Crop grown

Number of
years in
average

Irrigation
water used

per year

Total water
used

per year
(irrigation

and
soil water)

Crop yield
per year

Water per
pound of
dry mat-
ter giving

best results

Years Inches Inches Tosis or
bushels

Pounds

Alfalfa 23 10.8 20.88 5.212 545
Red clover 28 7.8 18.08 5.458 540
Grass and clovers, (mown) 5 11.2 20.82 4.780 657
Potatoes 30 5.0 10.53 209.1 764
Corn (ensilage) 30 6.3 11.57 9.80 542
Beets 8 5.3 11.38 16.586 521
Beans 28 4.4 8.45 18.58 1739
Fiber-flax 2 6.7 14.82 3.333 600
Kale 3 4.3 13.95 13.95 1,052



'rable 3. AMOUNTS 01' IRRIGATION ON VARIOUS CROPS GIVING Bssp RESULTS ON WILLAMETTE AND AMITY SILTY CLAY LOAM ON 0.1-Acix PLOTS, 1909-1945.

Best dry plots.

Water used per pound
Increased yield from irrigation

L
of dry matter

Per acre Per acre inch j4onirriation Irrigation

Tons or bushels Tons or bushels 1 Pounds Pounds
1.75 .16 645 545

2.12 .27 516 540

79.0 15.8 685 764

8.15 1.85 1,512 - 1,739

3.24 .514
T

568 542

1.80 - T
485 657

3.28 .76
- T

746 937

4.63 1.03 - 682 573

1.13 .190r 861 509 -

Crop

Number of
years

in average

Years

Irrigation
per season

Crop yield per acre -- -
Nonirrigation Irrigation

inches Tons or bushels Tons or bushels
Alfalfa 23 10.8 3.46 5.21

Clover 28 - 7.8 3.343 5.46

Potatoes 3 5.0 130.1 209.1

Beans' 28 - 4.4 10.43* 18.58

Corn ensilage 30 6.3 6.56 9.80

Grassy 8 11.20 3.33 5.13

Kale 3 4.33 10.67 13.95

Stock beets 6 4.50 10.98 15.61

Flax 11 5.93 1.87 3.00
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Profitable Irrigation on Willamette and Amity Silty Clay Loam
The amount of irrigation giving maximum increase an acre on

experimental plots on Willamette and Amity silty clay loam and re-
lated old valley filling soils are given in Table 3. These are based on
actual receipts during the past decade as well as data supplied by
L. R. Breithaupt. The high increase per acre-inch with valuable
cash crops such as potatoes and dry beans shows the importance of
including some of these cash crops that require little water (Figure
5). These crops also make their demand for irrigation principally
in the late summer and give large returns per acre-inch. This infor-
mation is intended to illustrate a principle and should not be con-
strued as advocating any large increase in potatoes or beans in this
area.

0

0

0
0

'C
0 fl

0
C.) U. a.

a)

a)

0

Figure 5. Profit made from irrigation. White bar is inches of water used for
best results and shaded bar is dollar gains per acre from irrigation.



Table 4. RESPONSE OF VARIOUS Caors TO IRRIGATION.

Number of irrigations and depth per irrigation.

Crop Year

Irrigation
number

and inches
Plot
area

Crop yield
H Gains er acre

of irrigation
over nonirrigation

Non-
irrigation Irrigation

Acre Tons or Tons or Tons or Per
b-nshels bnshels bushels cent

Main valley floor soils
Kale 1911 2 x .1 6425 7.025 .60 9

Kale 1912 1 x 5" .1 16.700 20.550 3.85 23
Kale 1913 2 x 2" .1 9.860 10.750 .89 9

Kale 1913 1 x 2" .1 9.860 13.750 3.89 39

Stock beets 1911 4 x 5" .1 2.585 4.125 1.540 59
Stock beets 1908-12 4 x 5" .1 3.018 6.710 3.692 54

-

(3-year
average)

Table beets 1908-12 4 x 5" .1 11.922 15.614 3.692 36
(3-year
average)

Carrots 1913 lx 3" .1 13.025 . 23.425 10.400 80
Carrots 1915 3.3" .1 9.46 17.15 7.69 81
Carrots 1916 2.5" .1 9.212 13.860 4.648 50

Pumpkins 1913 2 x 2" .1 15.400 17.225 1.825 12

Second bottom-Chehalis loam
Wheat 4-year 3 .2 49.00 44.00 -5.00 -5

average -

Barley 1923 4 .2 81.14 74.79 -6.35 -8

Oats and vetch hay 1923 4 .2 3.10 3.08 0 -3

Evergreen blackberries 1928-31 24.5 .2 3.212 5.443 2.23 70
(3-year
average)

Red raspberries 1928-31 18.1 .2 2.226 3.525 1.30 58

Loganberries 1928-29 23.7 .2 3.508 7.051 3.543 100

Black raspberries 3-year
average

20 .2 .723 1.521 .798 110

Strawberries 1929 and .2 4.337 7.929 3.592 83
1930



14 AGRICULTURAL EXPERIMENT STATION BULLETIN 439

The 24 acre-inches required for an acre of pasture may be suf-
ficient to irrigate 5 acres of the row crop. Since the irrigation
water is applied during the best weather for crop growth, the water
used per pound of crop increase is usually lower than that resulting
with rainfall farming. Irrigation for fiber-flax may be of special
value because irrigation and fertilizing have increased the yield and
insured fiber of first-grade length.

Responses of Various Crops to Irrigation
Responses of various crops used in experimental tests, shorter

in duration than the larger trials, are shown in Table 4. Those shown
in the first section were grown on Willamette silty clay loam. The
cane fruits were grown on Chehalis loam. The late growing season
crops respond well to irrigation. There is not much response from

Table 5. BuST AMOUNT OF IRRIGATION ON BOTTOM LAND, 0.2 ACRS PLOTS, CHEHALIS LOAM,
1927 TO 1942.

the irrigation of winter grain or vetch, yet irrigating new clover
seeding sown on the grain will bring it to bloom the first fall and this
growth when harvested has yielded, in some cases, one ton of hay
an acre.

Grain, clover, and row crops were grown during a 13-year period
on Chehalis loam and different amounts of irrigation were applied
except to the barley (Table 5). Spring barley was irrigated different
years, and 4 years' data are available. It may be seen by comparison
with Table 3 that potatoes required about twice as much water and
have given an average increase in yield of 121.3 bushels an acre as
compared with 79 bushels increase on Willamette silty clay loam. The
quantity of irrigation required for various crops on the river bottom
land has been generally higher than the amount required for maxi-
mum gain on the main valley floor.

Yield of Field Crops with Irrigation and Fertilizer on
Sifton Soil

The response of several row crops to irrigation and fertilizer in
trials near West Stayton on Sifton gravelly fine sandy loam are

Potatoes 13 9.43 105.7 227.0 121.3 12.78
Sugar beet seed 2 7.92 1,395.0 1,987.0 592.0 74.7
Clover seed 10 13.55 1.95 3.13 1.18 .09Spring barley 4 15.97 37.85 49.27 11.42 .71

Crop yield per acre
Yield gain from

irrigation
Average

Number Irrigation
years per Non. Per

Crop grown in trial season irrigation Irrigation Per acre acre inch

Inches Bushels Bushels Bushels Bushels
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shown in Table 6. Experiments indicate that a 3-inch irrigation
every 15 days is about the best amount and frequency of irrigation
for this soil for some row crops. The order of improvement for this
soil by fertilizers with irrigation appears to be manure first, lime
second, and phosphorus third. The quantity of water used for cul-
tivating crops on this gravelly fine sandy loam was about twice the
amount used for the same crop on Willamette silty clay loam soil at
Corvallis the same season. The land was run down and weedy at the
time these experiments were undertaken, and the value of using fer-
tilizers with irrigation for attaining high efficiency and good response
from these treatments is shown in Table 6. Experiments reported
on the Cummings and the Gentry farms (Table 8) also are on Sifton
soil series, sandy loam type.

Water Use in Cooperative Pasture Trials
The data obtained in a cooperative study with a group of repre-

sentative ladino clover pastures in the Willamette Valley is summar-
ized in Table 7. Included in the study were trials on the College
Dairy Department pastures that have been reported elsewhere.*
Irrigation was made according to soil moisture needs as judged by
frequent soil moisture determinations. Water was applied in
amounts and at intervals needed to keep useful moisture in the feed-
ing root zone. These pastures are found to supply grazing for a
season about 6 months in length and to provide from 10 to 18 COW
months of grazing with little or no supplemental dry hay or glain.
Pastures irrigated by sprinkling were kept in as good condition with
15 to 18 inches of irrigation a season as were those provided with
some 2 feet of water by flooding. Application-efficiency is high with
a well-designed sprinkler method. Different amounts of irrigation
were applied on several pastures, but differences in carrying capacity
through clipping tests were not regularly obtained.

Use of Water on Annuals
Trials similar to those on pastures were conducted on a number

of cannery crops and other plantings during 2 seasons (Table 8).
The high yield of table beets at the Rear farm is the result of double-
cropping, or growing 2 crops in one season. This was also the case
with the celery. The use reported here represents the practice of
good growers with soil moisture control.

Value of Irrigation with ROtation and Manure
When irrigation first gained interest in the Willamette Valley,

some growers expressed concern as to its effect upon the structure
Soil Science Society of America Proceedings, 4:415, and Oregon Agricultural Ex-

periment Station Bulletin 366.



Table 6. YIELDS OP FIELD CROPS WITH IRRIGATION AT WEST STAYTON.
Sifton Gravelly, fine Sandy loam.

ustiels.

Crop
Plot

number Treatment

Rows
irri-

gated
Total yield

per acre
Gains per acre of irrigation

over nonirrigation

A Tons or bushels Tons or baeshels Per Cent
Kale 4 Unirrigated 4 9.65Kale
Kale
Kale

3
5
6

6 x 2" 10 days
4 x 3" 15 days
3 x 4" 20 days

4
4
4

13.45
14.625

. 11.475

3.800
4.975
1.925

39.4
51.6
18.9

Potato 8 Unirrigated 8 67.66*
Potato
Potato
Potato

7
9

10

6 x 2" 10 days
4 x 3" 15 days
3 x 4" 20 days

9
10
10

90.86*
52.43*
69.48*

+23.20*
_15.23*
+ 1.82*

34.3
-22.5

+ 2.7
B

Beets (stock) - 2 Unirrigated 1 2.585Beets 1 Irrigated as necessary (4 x 3") 1 6.710 4.125 159.6
C

Corn 12 Unirrigated 2 4.221Corn 11 Irrigated as necessary (all received
3x3") 2 7.020 2.799 66.3

Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn

18
13
16
19
15
17
14
20
22_

Lime, nitrogen, potassium
Lime
Lime, nitrogen, phosphorus
Lime, potassium
Lime, nitrogen
Lime, phosphorus
Manure
Lime, phosphorus, potassium
Nitrogen phosphorus, potassium

2
2
2
2
2
2
2
2
2

7.480
7.672
7.878
8.470
8868
9.267
9.487

14.368
17.696

3.259
3.451
3.657
4.249
4.647
5.046
5.266

10.147
13.475

77.2
81.7
86.6

100.7
110.1
119.5
124.7
240.5
319.3



Table 7. WATER UsE WITH MOISTURE CONTROL, COOPERATIVE IRRIGATION TRIALS WITH LADINO PASTURE, WILLAMETTE VALLEY,
OREGON AGRICULTURAL EXPERIMENT STATION.

1 After cutting twice.
f 180 sheep days in addition to 120 pounds of seed.

Farm and year

I

Season
Irrigation

method Soil type

Number
of irri-
gations

Area
irrigated

Irrigation
head
per

second
Depth

applied

Pasture
days per
acre for

cattle

Acres Cubic
feet

inches
1936

J. Thornburgh 7/14-8/15 Border Chehalis silty loam 2 130 3.6 17.4
Ohling 6/25-8/25 Border Wapato silty clay losm 2 5 1.0 18.0 360Putnam Bros. 7/14-8/20 Border Chehalis loam 2 4 1.94 13.0 360
College West Farm 6/23-9/5 Border Cove clay 6 5 .50 27.0 180*
College West Farm 7/6-9/5 Border Wapato silty clay loam 7 5 .95 21.0 450

1937
Ohling 7/22-8/18 Border Wapato silty clay loam 2 1.17 .61 6.88 Mm.

7.00 Med. 360
9.34 Max.

Brown (new seeding) 7/29-8/27 Border Willamette silty loam 2 5 1.83 11.16 40
T)uda (new seeding) 7/11-8/14 Border Willamette silty loam 2 1.85 1.83 8.08 Mm.

9.70 Med.
11.20 Max.

Findlay 6/26-8/29 Border Wapato silty clay loam 5 .14 .94 12.5 Mm.
15.0 Med. 384
22.5 Max.Harper 7/15-8/30 Sprinkler Willamette silty loam 3 .61 .25 11.5 585

1938
Harper 5/31-8/29 Sprinkler Willamette silty loam 5 .1 .25 10.0 714Duda 6/7-8/10 Border Willamette silty loam 3 5 1.83 15.0
Brown 6/9-8/12 Border IVillamette silty loam 4 5 1.83 16.0 540t

1939
Harper 5/1-10/1 Sprinkler Willam.ette silty loam 6 .61 .25 12.0 735
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Table 8. USE OF WATER ON VEGETABLES AND OTHER ANNUALS. COOPERATIVE IRRIGATION EFFICIENCY TEST FIELDs:-1937-39,
OREGON AGRICULTURAL EXPERIMENT STATION.

Farm and year Crop
Irrigation

season
Number of
irrigations

Area of
plots

Irrigation
bead

per second
Depth

applied Acre yield

Acres Cubic feet Inches Tons
1936

Cox Beans (green) 7/1-8/30 11 1.55 .83 15.0 12.8
Rear Early beets 6/2 8-9/22 6 1.00 12.3 22.0*
Bartholomew Beans (green) 7/14-7/30 4 1.75 .0 8.0 14.0
Chase Beans (green) 7/13-8/16 6 6.0 12.0 11.0
Chase Beets (table) 7/13-8/16 5 4.0 10.0 13.0
Shaffner Beans (green) 7/7-8/24 8 1.25 .2 15.71 14.0
Putnam Corn 7/16-8/20 6.00 3.0
Cummings Lily bulbs 7/2-8/4 5 .1 .5 9.81 3.5

12.65 3.5
14.07 3.5

Corum Beans (green) 6 /3 0-7/24 7.0 .2 11.57 10.0

1937
Cox Beans (green) 7/10-8/2 3 1.6 .38 9.4 11.56
Bartholomew Late cabbage 8/6- .127 .46 2.74

4.37 14.00
5.46

Voss Beets (table) 7/17 3 .9 5.0 7.00
Chase Beets (table) 6/2 4-8/19 5 7.4 10.0 15.00
Shaffner Beans (green) 6/24 6.25 12.00
Corum Beans (green) 7/1 1-8/10 5 1 11.09 9.00
Gentry Beans (green) 7/12-8/19 4 .1 .195 5.25)

6.5 7.00
7.75

Shishido Celery 6/16- 10.0 .136 10.35 1,000
Crates

1939
Hammersley Bros. Red clover seed 6/1-8/10 5 30.0 .91 10.00 700

Double cropped.
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of the valley soils, which are prevailingly of a rather heavy texture.
When irrigated alfalfa sod land was available, it was found to retaii
moisture and to give a high yield per acre inch of water applied
when compared to potatoes on nonirrigated alfalfa sod land. An
experiment was planned, therefore, to measure the effect of irriga-
tion used with crop rotation and manure. Fourteen tenth-acreplots
were included in this trial; 7 were irrigated, and the others were
cropped by rainfall farming. A rotation of barley, alsike clover, and
white beans is used in this experiment which is located on Amity
silty clay loam. One noniri-igated and one irrigated plot is cropped
with beans continuously. Manure is applied to one irrigated and one
nonirrigated plot of each crop. This experiment has now been under
way some 30 years. The grain is not irrigated, although the new
stand of clover seeded in February may be brought into bloom by a
5-inch irrigation after grain harvest. Good fall pasture, or one ton
of hay per acre, has been obtained by this system.

At the beginning of the experiment the white beans on these
plots yielded 12 bushels an acre. With continuous cropping, irriga-
tion, rotation, and manure, the yield was built up to as high as 37
bushels an acre. During recent years symphylids have interfered
with bean growing and reduced the yields. Because they have been

* Crop value: Beans, $0.06
t All representative.

per pound; alsike hay, $11.00 tier toni barley, $35.00 per ton.

Table 9. VALUE OF IRRIGATION, ROTATION, AND MANURE ON AMITY SILTY CLAN LOAM.

Treatment

Depth of
water

applied

Yield
per
acre

Yield
gain

per acre

Gain by
irri-

gation,
manure,

and
rotatIon5

Gain
per

acre
inchR

\Vater
per

pound of
dry

matted'

Inches Bushels Bushels Pounds
Beans, dry

Continuous 5.54 1,100
Rotation 8.60 3.06 $11.02 2,506
Rotation and manure - 10.23 4,69 13.56 2,467

Beans, irrigated
Continuous 4.37 7.07 1.51 1,519
Rotation 4.37 13.96 8.42 27.05 $6.19 2,788
Rotation a,id manure -- 4.37 16.57 9.03 14.10 7180 1,996

Alsike, dry Tons To-us
Rotal ion 2.34 13.30 770
Rotatioti and manure 2.66 .32 13.49

Alsike, irrigated
Rotation S.60 3.70 1.36 21.81 2.54 612
Rotation and manure - -. - 8.60 4.06 1.72 22.44 6.61

Grain, dry
Rotation 47.25
Rotation and manure 51.01 6.56 2.18

Grain, irrigated
Rotation 47,64 .21 .31
Rotation and manure -. 54.12 6.87 2.44
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more persistent or difficult to eliminate from the manured plots, their
presence has tended to mask the value of that treatment. The 30-
year average with continuous cropping is found to be 5.54 bushels
per nonirrigated acre; continuous cropping and irrigation have made
7.07; irrigated and rotated, the yield has built up to an average of
13.96 bushels; and with irrigation, rotation, and manure the yield
increased to 16.57 bushels an acre (Table 9).

Continuous cropping, even under irrigation, has become un-
profitable. With rotation and manure, the cropping showed profit,
both with and without irrigation, although there was a distinctly
higher average with rotation, and on the beans irrigated and rotated.

The difference with irrigation, ro-
- tation, and manure compared to

the unprofitable continuous dry
planting was striking. The gain
per acre inch was strikingly in-
creased by rotation and manuring,
and the water cost per pound dry
matter was almost cut in half.

-J

- .

Figure 6. A turbine pump is one
of the best methods of pumping
water for irrigation with fluctu-
ating water level.

The alsike clover in this ro-
tation gave a lower water require-
ment, a much higher return per
acre inch, and a larger gain per
acre when grown with rotation and
manure under irrigation than when
grown by rainfall farming. The
grain crop, usually winter barley,
has given a larger gain an acre
where rotated and manured and
some increase in yield may result
from their location on irrigated
legume sod land.

Chemical studies made peri-
odically on soils from these plots
indicate that increase in nitrogen,
organic matter content, and base-
exchange capacity have been the
main factors contributing to this
increased efficiency of irrigation
water with rotation and manuring.

The beneficial effect of irri-
gation, rotation and manure upon
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productive land value is indicated by the column showing gain per
acre in Table 9. With continuous cropping, the land no longer
yields money for taxes, even with irrigation.

Based on these studies, it is now emphasized that the first funda-
mental law of irrigation practice is: good fertility increases the
efficiency of irrigation water.

IRRIGATION PRACTICE
Supplemental irrigation is highly desirable for at least the por-

tion of each farm devoted to late growing season crops having soil
with medium texture and fair natural drainage. For a full discus-
sion of irrigation equipment, reference may be made to other publi-
cations.* Water can generally be obtained for moderately undulat-
ing bottom land of Newberg soils from surface sources or wells
extended into the underfiow in the gravelly substratum that is usually
more or less remotely connected with the river. On account of the
fluctuation in the water le'el a well casing of sufficient diameter to
permit the use of a deep-well turbine pump may be desirable with
an electric motor placed at the top of the pump shaft above high-
water level.

The turbine pump runners are submerged below the low-water
level so the pump is always primed. Where wells are easily installed,

Figure 7. Built together pump and motor lifting water from muddy creeks
canal for sprinkler irrigation.

U. S. Department of Agriculture Farmers Bulletin No. 1857.
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Figure 8. Strip-border irrigation is a satisfactory method to use on young
ladino clover on smooth valley floor land.

Figure 9. Broad flat furrows used on sandy soil to reduce rapid flow
and erosion.
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r
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-

Figure 1O. Corrugator for making small furrows for irrigation.

Figure 11. Pipe with shutter outlets. A labor-saving method of applying
irrigation water.

r7

4'
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it may be easier to install more than one well rather than build
long flumes or distribution pipe lines. Where the suction lift from
the water source to the pump can be held down to 10 or 12 feet or
less the horizontal centrifugal pump is simplest and preferable.

Smooth-lying areas of Willamette and Chehalis soils may be
best considered for surface irrigation or gravity projects. Meadow
crops on these soils may be irrigated by means of strip-borders (Fig-
ure 8) and row crops with the furrow method (Figures 9, 10,
and 11).

Bordered strips should run directly down the slope and be made
20 to 40 feet wide and 220 to 440 feet long to avoid heavy grading
and excessive percolation loss. An irrigation stream of 1 to 3 cubic
feet per second is desirable for water application by this method.
Temporary flumes (Figure 12) or earthen ditches may be gradually

replaced by underground
pipe where irrigation is
art established practice.
Most valuable increases
may be expected from
summer-growing crops
and intensive crops pro-
duced on Class 1 irriga-
bility soils (fertile, na-

turally drained soils that
h a v e deep permeable
profiles and are neither
too sticky nor sievelike.)
These soils will permit
closer settlement, and a
high percentage of the
area may be expected to
use irrigation regularly,
permitting a compact dis-
tribution s y s t e m with
less delivery loss or ex-
pense and more returnFigure 12. Small drop suitable for a farm

flume, per acre foot.

Sprinkler Irrigation
Irrigation with a sprinkler system is proving to be popular in

the Willamette Valley and is the most practicable method for slightly
undulating or for lighter-textured soils. Design of sprinkler sys-
tems will vary with water supply, area, and capital at hand. A high-



SUPPLEMENTAL IRRIGATION IN THE WILLAMETTE VALLEY 25

I

Figure 13. Sprinkler irrigation permits high application efficiency on light
textured undulating soil.

speed centrifugal pump directly connected to an electric motor is a
desirable type of pumping Unit. A 1k-inch pump and a 5-horsepower
motor with vertical lift of approximately 20 feet should deliver some
90 gallons per minute or 1/5 cubic foot per second under pressure of
35 pounds per square inch and will applythe equivalent of a 2-inch
rainfall to 1 acre in 10 hours. Permanent pipe lines may be placed
underground or high enough overhead to permit cross-cultivation. A
revolving sprinkler system with portable distribution lines may cost
$60 to $125 an acre.

Because of friction loss, main lines will vary in size with length
and quantity of water carried and should be planned to hold friction
loss down to some 2 or 3 feet per 100 feet of length. (See Friction
Table X, Bulletin 299, or Table IX, Bulletin 302, Oregon Agricul-
tural Experiment Station). Pressure at nozzles can be tested with
a gauge. The weighed net irrigation requirement for bottom land
may be 15 to 24 inches an acre.

Advantages and disadvantages of sprinkler irrigation observed
in the Willamette Valley irrigation studies are as follows:

Advantages:
Saves leveling, labor, and water.
Saves soil fertility by avoiding heavy grading or over-
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irrigation of sandy, undulating soils with raw or coarse subsoils.
Permits light frequent irrigation of the A horizon of

the soil profile.
Permits freshening of pastures after summer dressings

with the liquid manure.
5, Provides fairly even irrigation by those inexperienced in

the art.
Permits successful use of small irrigating heads.
Provides portability and avoids ditch maintenance and

weed control.
May serve for distribution of soluble fertilizer.
Aids in control of pests such as red spider.

Disadvantages:

Cost of power to provide required pressure.
Heavy initial cost for crops of moderate value an acre.
Labor of moving pipes.
Interference with distribution pattern and loss due to

wind.
Spray removal.
Moistening foliage where it favors fungus pests.

Advantages and Limitations of Irrigation
Some advantages and limitations of irrigation in general in the

Willamette Valley, observed from the studies, are as follows:

Advantages:

Controls soil moisture and overcomes droughts.
Provides green pasture or green feed late in summer.
Saves the clover stand and makes a cutting the first

season.
Makes double cropping possible, such as late crops after

early crops.
Aids beneficial bacterial and chemical activities in soil.
Improves quality and aids control of crop diseases, es-

pecially of vegetables and berries.
Increases efficiency of soil moisture during the best

growing weather.
Aids in deep or early fall plowing and intensive cropping.
Softens clods and dissolves plant food.
Where feasible, irrigation pays because of increased

yields, larger returns, and greater productive values or decreased
unit cost of production.
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Limitations:
Cost as compared to the amount and value of the crop

increase therefrom.
Experience and skill of the irrigator in operating equip-

ment and in use of water.
Markets for particular crops that respond well to irri-

gation.
Increased labor demand, often at the busy season.
The long, open winters favor weedy growth and cause

need for special attention to maintenance of earthen channels
which may need to be worked when wet.

Success with orchards, winter annuals, and seed crops
without irrigation.

Types of agriculture and cropping suitable for Class 3
irrigability land with heavy, wet subsoils like Dayton silty clay
loam. Careful backfilling is needed if tiled land is to be irrigated
by flooding.

Increasing Irrigation Efficiency
Suggestions on methods to increase efficiency in supplemental ir-

rigation as a result of Willamette Valley irrigation studies include
the following pertinent points:

Suction pipe should be screened and have submergence
of 3 feet or more.

Suction and discharge piping should be at least a third
larger in diameter than pump portals and should have few and
wide radius bends. Increasers should be placed next to the
pump to reduce friction.

Unnecessary lift should be avoided. A horsepower is
needed for every 4.4 feet of total lift, assuming 50 per cent
plant efficiency. (Pipe friction tables are given in Oregon Ag-
ricultural Experiment Station Bulletin 302.)

Where belt connections are used they should be kept
tight. The multiple V-belt is preferred.

For rotary sprinklers a pressure of 30 pounds or more
is desirable, spacing should be uniform, and the main of ade-
quate size to avoid excessive friction.

Tests with pressure gauges, improvised rain gauges, and
examination of soil moisture will be helpful in a study of amount
and distribution of water applied by sprinkling.

For Skinner type sprinkler lines, an arrangement that
will carry them across the slope and regulation of the angle to
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which the line is set will
aid in evenness of distri-

I bution and absorption of
moisture.

For gravity ditch-
es, laterals s h o u 1 d be
cleaned before they be-
come hard and weedy or
in advance of the irriga-
tion period.

An adequate "irri-
gating stream" of con-
stant volume is desirable.
Use of flow tubes of gas
pipe, old garden hose, bi-
cycle t i r e s, or lath
"spiles" w ill regulate
flow into furrows.

Flumes and ditch-
es should be frequentlyFigure 14. Lateral cl-caner. Open winters per-

mit plant growth in earthen laterals and examined and sealed up
create a maintenance problem. to a v o I d unnecessary

waste.
Careful leveling with gravity irrigation will save time,

water, and money. It will often increase evenness of irrigation
by sprinklers.

Use of canvas dams or old burlap bags at flume or
piping outlets and for temporary turn-out dams will lessen ero-
sion and simplify irrigation.

Use newspapers in slip-joint pipes to prevent leaking.
Maintenance of soil organic matter and general fer-

tility under any system will improve the moisture relations and
decrease the irrigation requirement.

The cost per acre and frequently the power rate will
be reduced, if the plants are operated nearly to capacity, or
rather regularly during the irrigation period where the addi-
tional area is available.

Economic Limit of Pump Lift
The economic limit of profitable pump lift will depend on these

major factors
1. Total lift in feet.
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Weighted irrigation requirement in inches of depth per
acre per season.

Price of energy or fuel.
Amount and value of the crop increase due to irrigation.
The skill of the irrigator.
Efficiency or improvement in irrigation equipment.

Irrigation Fundamentals
Definite fundamentals of irrigation practices should be followed

to obtain effective results in all types of supplemental irrigation.
These basic principles are as follows:

Plan to irrigate with measured water so as to raise the
soil moisture content of the feeding root zone to the point of
field moisture capacity and no more. This will help secure the
highest possible efficiency per inch of usable water.

One cubic foot per second (or 450 gpm) will irrigate
an acre to a depth of one inch in an hour.

To compute power required to pump one cubic foot per
second, divide the total lift, including friction (and perhaps pres-
sure) head by 4.4 with plant efficiency taken at 50 per cent. A
pressure of 30 pounds per square inch is equivalent to 72 feet
head. Friction head will vary with pipe size, length, and rate
of flow.

Water is worth more if available at the right time. A
plant makes its maximum demand for moisture when setting
and filling its fruit, whether in the orchard, garden, or field.

Efficient use of irrigation water is necessary to success.
Crop rotation and the use of barnyard manure and any needed
chemical fertilizer will help to keep up the water capacity and
nutrient-supplying power of the soil and result in a richer, bet-
ter-balanced soil solution with increased crop per unit water and
land.

Excessive soil moisture tends to lower soil temperature,
exclude air, and create an unfavorable condition for legume bac-
teria (Figure 15). This may favor water tolerant grasses in
ladino pastures or mold with green vegetables.

Farm trials seem to show that irrigation is being slightly
overdone in some cases and that applications are too late in
some and too light in others.
The best lands should be developed first. Project developments

should include land with good natural drainage, high fertility, and
permeable soil profiles that will be capable of intensified, diversified
cropping.
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1

Figure 15. Overirrigation wastes water and leaches plant food.

Suggestion for Development of Irrigation
The use of irrigation in Willamette Valley has grown from some

1,000 acres watered in 1911 to 3,000 in 1930 and approximately
50,000 in 1946. This development has been largely by individual
and community effort on a pay-as-you-go basis. With water storages
being provided and feasibility surveys under way for large gravity
projects, it may become possible to secure construction of distribu-
tion systems by the Federal Reclamation Bureau with interest-free
funds. Some modification in the federal reclamation laws as well as
cooperation on the part of landowners appears to be needed to pro-
vide for construction of distribution systems under flood control res-
ervoirs in a subhumid climate.

A program of development may well provide for:
Aid to individuals and communities that can obtain supple-

mental irrigation without storage or serious interference with future.
development plans. The Oregon Law for Cooperatives has served
well as a form of organization for mutual consent community
proj ects.

New legislation appears to be needed to provide for develop-
ment of projects by units after petition by the owners of a majority
of the acres therein, with water rental by the acre-foot for a period
limited to 10 years, with stipulation that the farmer will use water



SUPPLEMENTAL IRRIGATION IN THE WILLAMETTE VALLEY 31

and will contract to purchase water rights for areas of good irrigable
land as far as it can be made to pay; (a) to insure a priority right
in storage or other source of water in late summer; (b) to insure
an equity in the water facilities and appreciate the value of his farm.

To encourage economy in the use of water, a share of stock
may best be defined as an acre-foot of water rather than sufficient
water for an acre of land. This stock should be assessable, and plac-
ing the lien upon the water might avoid a general obligation debt
against the land. Yet in time water stocks could be related to each
legal subdivision of land to mature a right to water use.

Some attention to control of seepage and drainage will be
needed to protect perennials on land with impeded drainage in wet
season.

A special power rate for irrigation should be provided, par-
ticularly after power plants are constructed in connection with storage
reservoirs. A farmers' cooperative might buy a block of power at
a wholesale rate for irrigation pumping.

A detailed land irrigability classification should lead to selec-
tion of projects or units of projects favorable for early construction
with fairly compact areas largely of smooth-lying soils of good fer-
tility, water capacity, permeability, and natural drainage that will
yield large returns per unit land and water.

Experience of the Federal Reclamation Bureau may well be
utilized (a) to control land speculation, and (b) to encourage the
one-family farm unit of adequate size in line with land adaptability.

Feasible projects should (a) provide some temporary post-
war employment and (b) create some economic farm opportunities
and closer settlement.


