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INVESTIGATIONS ON THE IMPROVEMENT OF IRRIGATION PRACTICES
IN THE UMATILLA IRRIGATION PROJECT

W. N. Stammers

SUMMARY

Water use in the Umatilla Irrigation Project is extremely high.
Estimates of irrigation efficiencies range from 20 to 30%. A program
of investigation on the improvement of irrigation practices, initiated
in 1958, was primarily concerned with determining ways to improve farm
irrigation practices. The principle objectives were: (1) to determine
design irrigation streams for border and furrow irrigation on sandy soils
of the project; (2) to determine the presence and possible extent of nito-
gen leaching from excessive irrigation; (3) to evaluate possible methods
of irrigation scheduling; and (4) to measure water use by farmers and to
demonstrate efficient irrigation methods.

Results obtained show that: (1) there is a strong possibility that
nitrogen is lost through leaching from excessive irrigation; (2) existing
methods of irrigation scheduling such as the use of tensiometers and eva-
poration pan data are not acceptable for soils of the area; (3) sandy soils
can be irrigated efficiently if proper design criteria are employed; and
(4) demonstration of efficient irrigation practices is of little value
unless a definite economic benefit can be demonstrated.

*Instructor, Department of Soils, Oregon State University



INTRODUCTION

The Umatilla Irrigation Project is located in west Umatilla County
on Columbia River terraces and bottomland surrounding the Umatilla River.
(Fig. I, Appendix.) The project is comprised of four irrigation districts;
the Stanfield, Hermiston, Westland, and West Extension. There are approx-
imately 33,000 acres of irrigable land in these four districts. Soils are
mostly sandy loams, loamy sands and sands, and the predominate series
irrigated are Ephrata, Rupert, and Winchester (1). Ephrata loamy sand is
one of the most extensive and important soils under irrigation in the
project.

Irrigation water for the project is obtained from the Umatilla River
by direct diversion and storage. Measurements of the total amount of water
diverted range from 8 to 15 acre feet per acre for one irrigation season.
(Table 1, Appendix.) This high seasonal use of water is in general due to
high distribution system losses, excessive water applications to fields,
and improper irrigation scheduling.

There are many possible reasons for the general lack of improvement
in irrigation practices. Those which have come to the author's attention
through general observations are: 1) irrigation recommendations during
the early years of development may have been conducive to high water use,
2) the relatively small incidence of problems such as high water table and
salinity associated with excessive irrigation, 3) irrigation of land, suitable
for gravity irrigation, yet unimproved, 4) irrigation by gravity methods of
land unadapted to gravity methods, 5) the generally low level of irrigation
management knowledge of the farm operators, 6)the possible substitution of
relatively low cost water for high cost labor and water control structures,
7) the possible substitution of relatively low cost fertilizer for costly
irrigation improvement, and 8) the high incidence of part-time farms giving
rise to farm enterprises from which the farm income is not a major contri-
bution to the operator's total income.

AREAS OF INVESTIGATION AND OBJECTIVES

Areas of Investigation 

The emphasis of the investigations was placed upon the improvement of
farm irrigation practices and was not concerned with water distribution
system losses.

Within the area of farm irrigation practice improvement, the extension
approach toward a solution of the problem necessitated investigations on:
1) the efficient application of water by gravity methods, 2) the possible
loss of fertilizer through leaching as a result of excessive water appli-
cation, and 3) the demonstration of efficient water use to the farmers of
the project.
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The adaptation of improved or new irrigation practices must be moti-
vated by some means other than, "the cause for efficient irrigation." The
farmer must be presented with a tangible economic return for his capital
investment and labor. It is for this reason that the work on fertilizer
loss by leaching was considered as an important area of investigation.

Objectives 

This report is presented in five sections commensurate with the five
following objectives.

1. To determine design irrigation streams for the application of
light irrigations of two to three inches of water by border and furrow
methods to the sandy soils of the project.

2. To investigate the effect of excessive water application and
nitrogen loss through leaching on the yield of field corn.

3. To investigate the possibility of employing evaporation pan data
for irrigation scheduling through pan evaporation, consumptive use corre-
lations.

4. To evaluate the suitability, for irrigation scheduling, of
tensiometers and gypsum moisture block units.

5. To demonstrate to the farmers of the project efficient irrigation
methods and to evaluate, if possible, the method of demonstration.

I. Determination of Design Irritation Streams 
for Border and Furrow Irrigation

Introduction 

For the efficient application of water by border and furrow methods,
a knowledge of design border and furrow irrigation streams is basic. The
term "design irrigation stream" may be defined as that volume flow rate of
water in cubic feet per second (cfs.) per foot of border width required
for an efficient application of water. Similarily the term "design furrow
stream" is that volume flow rate of water in gallons per minute (gpm.)
per furrow required for efficient water application. Unpublished infor-
mation obtained at the Umatilla Branch Experiment Station during those
years of active irrigation investigations indicates that border irrigation
streams employed on the station ranged from three to five cfs. for borders
200 to 400 feet long and 60 feet wide. No information on furrow streams
used is available. In a report by F. W. Tileston and R. Moreland (2) on
a limited number of irrigation trials conducted in the West Umatilla Soil
Conservation District during 1953, some evidence is presented which would
indicate that the above mentioned range of irrigation streams is extremely
high. Also in the above report some meager evidence would support the
claim that irrigation streams determined by the "unit stream approach" (3)
for border irrigation on the sandy soils of the project are not entirely
acceptable from the standpoint of efficiency. The application of the "unit
stream approach" (3), requires a knowledge of the basic intake rate of a
soil, a determination which is fraught with difficulty, or in the case of
furrow irrigation, the determination of furrow intake rates. A fairly
simple, yet arduous, procedure involving considerable time was used to
determine desirable design irrigation streams for Ephrata loamy sand.
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With extrapolation, appropriate estimations of border and furrow streams
can be made for other sandy soil types of the project,

Procedure 

Border irrigation. During the 1958 season trials on alfalfa borders
at the Umatilla Branch Experiment Station were conducted to ascertain the
applicability of design criteria based upon the "unit stream" approach and
also the suitability of irrigation streams employed at the station. The
soil is mapped as Ephrata loamy sand (1).

For these preliminary trials, water was metered on and off of eight
60-foot wide alfalfa borders of lengths 235, 243, 265, 331, 317, 307, 395,
and 400 feet by means of Type H and Parshall flumes, The slopes ranged
from 0.005 to 0.007 on these eight borders. The irrigation streams employed
ranged about those considered applicable to the soil conditions based upon
the "unit stream" approach and included streams in the neighborhood of
those previously used on the station. An estimate of the basic intake rate
was obtained from (1). Soil moisture samples in triplicate were taken
down the center of each border at 50-foot intervals before and immediately
following irrigation so that application, distribution, and storage effi-
ciencies could be determined. The above mentioned irrigation efficiency
criteria are defined as follows:

(1) Application efficiency

water stored in root zone  x 100%
total applied water

(2) Distribution efficiency

average deviation of stored water from mean depth stored x 100%

mean depth water stored

(3) Storage efficiency

mean depth of stored water x 100%
depth of required water

The results of the above described trials as shown in Table 1 indi-
cated that neither the "unit stream" approach, using available intake data,
nor predictions based upon irrigation streams used previously at the
Experiment Station were acceptable for the determination of design irri-
gation streams. A thorough testing of the "unit stream" method would
necessarily involve considerable effort in the way of basic intake rate
determination, a difficult procedure as mentioned previously. Since this
avenue approach was outside the scope of the investigations, and there
was little certainty that the results would be of any great value, a
rather simple approach was taken. This approach did not involve infiltra-
tion investigation and analyses, yet offered practical results and was
compatible with the remainder of the investigations.

Basically the procedure was to apply water to various border sites
using various streams. Total applied and runoff water was measured with
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Type H and Parshall flumes using continuous water stage recorders. Border
stream advance and recession data were collected. The selection of a
design irrigation stream is based upon parallelism of border stream advance
and recession relationships and a water application of 50% of the total
available moisture of the soil. The soil moisture tension curve for
Ephrata loamy sand is given in Figure 2 of the Appendix. The parallelism
of border stream advance and recession curves insures an even distribution
of water down the length of the border, and the application of the above
stated amount of water is commensurate with rule of thumb scheduling pro-
cedures. A typical advance and recession relationship is presented in
Figure 1. During the 1959 and 1960 irrigation seasons, such trails were
conducted exclusively on Ephrata loamy sand in alfalfa hay, sampling a
range of slopes and lengths of run.

Furrow irrigation. For the determination of design furrow irrigation
streams, a general procedure as outlined in SCS Agricultural Handbook No. 82
(3) was followed. One inch throat width Parshall flumes were installed at
the head and tail ends of an individual furrow. A Parshall flume was also
installed 50 feet from the head end of the furrow so that an estimate of
the furrow intake rate could be obtained. The size of furrow stream selec-
ted for an individual site was based upon two criteria: 1) the stream
should not be erosive, and 2) the furrow stream should reach the end of
the furrow in approximately one quarter of the time required to apply the
amount of water necessary to raise the root zone to field capacity.

Results and Discussion

Border irrigation. The results of the 1958 trials are presented in
Table 1. A cursory examination of these results indicates that none of
the irrigation streams employed is acceptable from an efficiency stand-
point. In some cases the low values for distribution efficiency are in
part due to a wide variation in depth of water required to raise the root
zone to field capacity down the lengths of the borders.

Design border irrigation streams determined in 1959 and 1960 on
Ephrata loamy sand are presented in Figure 2. The two curves shown were
not obtained by statistical procedures. Streams are given in cfs. per
unit width of border for an application of approximately 3 inches of
water. The three aforementioned efficiencies are greater than 80% in all
cases. Because of present day leveling tolerances and the border widths
of 50 to 60 feet normally employed on farms, the maximum length of border
that can be irrigated with high efficiency for the general slopes encoun-
tered on Ephrata loamy sand is 200 feet. No minimum length of border for
efficient irrigation can be defined although the maximum length sampled
in the trials is probably a good approximation. It was found that for
Ephrata loamy sand the time required for approximately 3 inches of water
to infiltrate was between 50 and 60 minutes. It must be remembered that
these trials were all conducted on established alfalfa stands, and that
intake characteristics for these sites would be markedly different from
newly cultivated borders. The design irrigation streams reported here
are as much as 50% less than the irrigation streams generally employed
on Ephrata loamy sand in the project. In general, irrigation streams
employed for border irrigation are much too large for efficient irrigation.
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Table 1. Irrigation Efficiencies for 1958 Border Irrigation Trials

Irrigation
stream

Border
length

Border
sloe

Efficiency
Application Distribution Stora e

cfs. ft.

0.93 235 0.6 72 39 49
1.59 243 0.7 64 26 56
1.48 265 0.7 91 46 52
1.27 331 0.7 51 32 100
1.98 317 0.7 49 57 100
1.69 307 0.7 25 25 31
3.80
1.98

395
400

0.5
0.5

MP al,
--

.1•1••nn

a/ No results because of dike failures.

Furrow irrigation. All furrow irrigation trials were conducted on
field corn and watermelons. The results of the furrow irrigation trials
are presented in Figure 3. It is evident that these data cannot be used,
even tentatively, as a means of predicting furrow irrigation streams. The
irrigation efficiency as described by the application, distribution, and
storage efficiencies discussed previously was greater than 75% for all
reported trials. Design furrow streams determined ranged from 8 to 18 gpm.
The maximum of 18 gpm. was considered as being erosive in many cases. As
much variation in design furrow streams was found at an individual location
throughout the season as occurred between trials of varying length of run
and slope. This result probably might be expected because intake charac-
teristics change considerably as the season progresses. Also, the furrow
geometry changes as the season progresses, and, therefore, the hydraulics
of flow in the furrow could vary markedly throughout the season. In general,
lengths of run for furrow irrigation should not be much greater than 400
feet on Ephrata loamy sand because of erosion resulting from the high fur-
row stream required. It is apparent from the experimental results that no
definite furrow irrigation stream recommendations can be made.

Some general statements can be made about furrow irrigation on the sandy
soils of the project. In general, the present procedure is to use furrow
streams which may be considered applicable, but irrigation is not allowed
to continue for a long enough time. The result is in most cases under irri-
gation of furrow irrigated crops.

II. Investigations on the Effect of Excessive Water Application and 
Nitrogen Loss Through Leaching on the Yield of Field Corn 

Introduction

No experimental investigations have previously been carried out to
ascertain the possible incidence of nitrogen leaching by excessive water
application. Field observations by the author and personnel associated
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with the Umatilla Experiment Station would possibly support the hypothesis
that nitrogen is leached from the sandy soils of the Project by excessive
water application because of the occurrence of corn yellowing in some
areas of excessive water application. To secure information to substan-
tiate or refute the hypothesis and, thereby in the case of substantiation,
develop a financial incentive for the improvement of irrigation practices,
a field investigation on this problem was conducted.

Procedure

During 1958 a split plot experimental design with four replications
was used. The main treatments were: required moisture, twice the required
moisture, and three times the required moisture at each irrigation. The
sub-treatments were 75 pounds and 150 pounds of nitrogen per acre in the
form of ammonium nitrate. The location of the plot area on the Umatilla
Experiment Station is shown in Figure 3 of the Appendix. Since 150 pounds
of nitrogen per acre is the standard nitrogen fertilizer recommendation in
the area, the above rates were chosen to demonstrate any possible main
treatment, sub-treatment interaction.

Nitrogen applications were made after furrowing. The nitrogen was
banded approximately 4 inches on both sides of the corn row and at a depth
lower than the furrow bottom in order to minimize any upward movement with
diffusing moisture.

Previous to seeding, all main plots were individually levelled to zero
grade.

the main plot size was 39 feet wide and 36 feet long with a row spacing
of 3 feet. The guard areas consisted of five corn rows between main plots
and four rows between sub-plots. The record area for the determination of
corn yields was two, 30 foot rows, for each sub-plot. The plant population
on the experimental area was 19,000 plants per acre, and the corn variety
sown was Pfister 234.

The plots in each replicate which were to receive only the necessary
amount of water to raise the soil moisture to field capacity were sampled
to a depth of 4 feet when approximately 50% of the available moisture in
the 4-foot zone had been utilized. At this time, 10 samples from each
depth increment of 1 foot were taken in the corn rows at predetermined
randomly selected locations. The amounts of water to be applied to the
excessively irrigated plots of each replicate were determined from the
moisture sampling in the required moisture plot of the corresponding
replicate.

Water was delivered to each furrow of a main plot by means of gated
pipe and was metered to individual main plots with commercial water meters.
Small orifices were used in place of gates for improved distribution among
furrows. Since the plots were level and all furrows were blocked at the
head and tail ends, no runoff occurred and the desired amount of water
could be applied to each plot with acceptable distribution.



To obtain some estimation of residual effects, the plot area was
seeded with corn in 1959. No fertilizer was applied, and the area was
irrigated throughout the season on a field basis.

In 1960 a field experiment of the same design employed during 1958
was conducted in a new location at the Experiment Station. 	 (Fig. 3,
Appendix.) Main treatments of required moisture, twice the required
moisture,and four times the required moisture at each irrigation and sub-
treatments of 0, 50, and 100 pounds of nitrogen per acre were employed.
The main treatment plot size was modified to include the additional sub-
treatment. All other procedural details were idential with those of the
1958 trial.

Results and Discussion 

Results from the above described field trials are presented in Table 2.
For 1958, the irrigation levels designated as M1, M2, and M 3 are required
moisture, twice the required moisture, find three times the required mois-
ture, respectively, applied at each irrigation. For 1958, the rates of
nitrogen applied, designated as F2 and F3 , are 75 and 150 pounds of nitro-
gen per acre respectively. Since, in 1959, the 1958 plot area was utilized
to investigate the influence of the 1958 treatments on possible nitrogen
carryover, treatment designations refer to those of 1958. For 1960, the
irrigation levels designated as M1, M 2 , and M3 are required moisture,
twice the required moisture, and four times the required moisture, respec-
tively, applied at each irrigation. For 1960, the rates of nitrogen
applied, designated as Flo F2 , and F3 are 0, 50, and 100 pounds of
nitrogen per acre respectively. All yields reported are corrected for
regression on plant population. The occurrence of significant differences
in yields is indicated by the tabulated least significant difference values
at the probablility levels stated.

A significant interaction at the 5% probability level between main
and secondary effects was obtained in 1960 but not in 1958 or 1959.

Table 2. Mean Corn Yields2/ for Three Levels of Water
Application and Three Rates of Nitrogen Fertilization

Mean yields	 Least significant diff.
Yearb—/	Irrig. level	 Nitrogen rate	 Irrig. level Nitrogen rate 

Mi 	 M2	 ml	 Fl	 F2	 F3
Bu/A Bu/A Bu/A Bu/A Bu/A •Bu/A 	

1%	 10%	 1% 

1958	 118	 122 120	 112	 128	 11
1959E/	 81	 60	 59	 61	 72	 12
1960	 116	 94	 84	 64 110	 120	 23	 18

a/ Yields. Based on shelled corn with 15.5% moisture.
b/ 1958 and 1959 results are from the same experimental site.
c/ No fertilizer was applied in 1959
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The difference of approximately 20 bushels per acre between the
required moisture treatment and either of the other moisture treatments
obtained during 1959 is indicative of a possible nitrogen loss through
leaching. Using a conservative estimate of 2 pounds of nitrogen per
bushel of corn for nitrogen efficiency, the 20-bushel difference is equi-
valent to 40 pounds of nitrogen per acre lost through leaching during the
previous season. Although the level of significance obtained in 1960 for
the irrigation levels is considerably lower than that of 1959, the evidence
strongly supports the hypothesis that excessive water use does decrease
corn yields, and that this reduction is due to nitrogen loss through
leaching. The significant interaction obtained in 1960 has little prac-
tical significance due to the presence of the zero nitrogen treatment.

III. The Evaluation of )Pan Evaporation-Consumptive Use Correlation 
as a Suitable Means of Irrigation Scheduling 

Introduction 

Although the utilization of evaporation pans as a scheduling aid
is not an accepted commercial practice, the necessary high frequency of
irrigation on the soils of the Umatilla Irrigation Project demands that
the possibility of using evaporation pan data for irrigation scheduling
be investigated. No work of this nature had previously been attempted
at the Umatilla Experiment Station.

Consumptive use, pan evaporation relationships were obtained for
a variety of evaporation pans. Such relationships were obtained for
alfalfa and corn at the station. Pans used for alfalfa were: (1) a
4-foot diameter buried pan, (2) a 4-foot diameter Class A Weather Bureau
pan, (3) a 2-foot square by 2 inches deep black pan, and (4) a 2-foot
square by 2 inches deep oven pan. Pans (3) and (4) above are pans
developed and employed by the Agricultural Engineering Department at
Oregon State University. The oven pan is identical to the 2-foot square
black pan, save that a sealed chamber is attached to the pan below and
to one side of the pan. The chamber is painted black on the inside, and
a glass window is located on the top of that section of the compartment
which is located at the side of the pan. This pan weighs the effect of
incidence radiation on evaporation heavier than does the 2-foot square
by 2 inches deep black pan.

For the work with corn, a 2-foot square by 2 inches deep black pan
was employed during 1958 and a 2-foot square by 4 inches deep black pan in
1959 and 1960. These pans were mounted so that they could be easily ele-
vated to a height equivalent to the height above ground of the growing
corn crop and thus be subjected to wind conditions similar to those
experienced by the corn. The location of the pans on the station for
each year is shown in Figure 3 of the Appendix.

Procedure 

For the determination of consumptive use by alfalfa, soil moisture
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samples were taken to a depth of 4 feet in 1 foot increments from the
locations as shown in Figure 3 of the Appendix. A sampling area of 21
feet by 19 feet was divided into 10, 3-foot by 10-foot sub-plots. Ten
samples, one from each sub-plot, were taken before each irrigation and
two days after each irrigation for the calculation of consumptive use for
each use period. One sample site from each sub-plot was randomly selected
for each sampling. The selection of 10 as the number of samples to be
taken was based upon standard error or sampling error determinations.
Using 10 samples, the standard error ranged from 0.2% to 1,5% moisture,
depending upon the depth of sample and the moisture content. With sample
numbers much less than 10, the standard error was increased to 3% moisture.
To reduce the maximum standard error, a physically impractical number
of samples was required, A considerable area around each pan was kept
clipped to maintain a standard condition. Evaporation readings were
taken daily for all pans.

The consumptive use of water by corn, as determined from the required
moisture plots of the excessive irrigation, nitrogen leaching, experiment
described in the previous section was employed for the correlation of
corn consumptive use with pan evaporation during 1958 and 1960. During
1959 a sampling area similar to the plots in the above mentioned experi-
ment was located in a corn field as shown in Figure 3, Appendix. A
sampling procedure similar to that employed in the above experiment was
used, differing only in that samples were taken both before and two days
following each irrigation. Evaporation was recorded daily and at the same
time the pans were filled and raised to the approximate height of the corn.

Results and Discussion 

Alfalfa consumptive use, pan evaporation correlation. The regression
equations and correlation coefficients obtained for the various pans at
their respective locations on the station are presented in Table 3. A
statistical analysis for homogeneity of means and regression coefficients
indicates that all regression equations for correlations with consumptive
use data from field B6 , that is the first 11 equations in Table 3, are
not significantly different. The single regression equation, for these
data, along with confidence limits at the 5% probability level is given
in Figure 4. The analysis also indicates that the regression equations
representing correlations with consumptive use data from field E 2 are
significantly different. It is of considerable interest to note that
when consumptive use data from the two different fields are correlated
with evaporation data from the two pans located at the weather station,
the regression equations obtained for the B6 use data are not different
from those obtained using the pans located in field B6, whereas they are
different from those obtained using E 2 use data. This would indicate
that the pans are not responding to the different conditions of exposure
in the same manner as the alfalfa crop itself, Because of this and
because of the wide confidence limits obtained, it would appear that
evaporation pans in their present stage of development offer little
promise as a scheduling aid for the irrigation Of alfalfa.

12
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Corn consumptive use, pan evaporation correlation. Tests for homo-
geneity of means and regression coefficients indicate that the data
obtained in 1959 and 1960 on corn consumptive use and evaporation from
the elevated pan may be combined. The regression of corn consumptive
use on pan evaporation is shown in Figure 5, along with confidence limits
at the 5% probability level. No significant correlation was obtained for
the 1958 data. This is possibly due to the fact that for 1958 the evapor-
ation pan was only two inches deep in contrast to the four-inch deep pan
employed in 1959 and 1960. During frequent periods of high wind a con-
siderable amount of water was blown from the shallower pan. All data
employed in the above correlations were obtained after the corn crop
completely covered the ground, that is, after the corn was approximately
18 inches in height. The relatively narrow confidence limits and the
fact that the relationships between use and pan evaporation are the same
for both years indicate that this type of evaporation pan holds some
promise as an irrigation scheduling aid for corn.

In connection with this work and the investigations reported in the
previous section, information on consumptive use of water by corn and
by alfalfa was obtained. This information is given in Tables 4 and 5.

Table 4. Consumptive Use of Water by Corn

Consumptive	 Peak use	 Period of	 Number of

	

use-I	rate	 observation	 irrigations 

	

inches	 indday	 days 

1958 21.8 0.42 7 8
1960 19.8 0.30 7 8

a/ Growing season consumptive use.

Table 5. Peak Use Rates for Alfalfa

Peak use rate	 Period of observation
in./day	 days 

1958 0.40 8
1959 0.40 9
1960 0.35 9

IV. The Evaluation of Tensiometers and Gypsum Moisture Block Units as 
Suitable Instruments for Irrigation Scheduling 

Introduction

The role of effective irrigation scheduling on the Umatilla Irriga-
tion Project as a possible means of water use reduction has never been
established. At present water delivery to farms is on a rotation basis.
The possibility of a change in delivery procedure appears small indeed,
yet existing scheduling equipment must be evaluated as to its applica-
bility to the extremely light soils of the project.

Year

Year
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To the author's knowledge, no instruments, such as tensiometers or
moisture blocks, have been employed for the purpose of scheduling irriga-
tion on the project. Unpublished data of the Umatilla Branch Experiment
Station indicates that both mercury manometer type tensiometers and
gypsum stake units have been employed on the station to a very small
extent. The work with tensiometers was conducted many years ago and
little success was realized. The trials in the case of both instruments
could not be considered as adequate.

Procedure

In the 1958 season, four tensiometers, four Bouyoucous moisture
blocks and four concentric electrode moisuture blocks were installed
at the one foot depth in a mature alfalfa stand on Ephrata loamy sand
at the Umatilla Branch Experiment Station. The tensiometers employed
were of plastic construction with vacuum gauges. They are known by the
trade name "Irrometer" and are Manufactured by the T. W. Prosser Company.
The Bouyoucous moisture blocks are manufactured by Industrial Instruments,
Inc., and the concentric electrode moisture blocks by the W. R. Ames
Company. Gravimetric moisture samples were taken at the one foot depth
in a circular travel around each device throughout the two dry-down
periods to secure calibration curves for these instruments.

During 1959 work with gypsum moisture units was discontinued because
of the unacceptable results obtained in 1959. Work was continued with
tensiometers and was directed at checking and possibly improving the
field calibration obtained during the previous season. Instruments were
installed at depths of 1, 2, 3, and 4 feet, with two at each depth, in
the same alfalfa location employed the previous year. The instruments
were calibrated in the manner outlined above.

An attempt was made to schedule irrigations of alfalfa and field
corn during the 1960 season on selected plots at the Umatilla Experiment
Station. For both crops tensiometers were installed at the 1, 2, 3, and
4 foot depths, with four at each depth and centrally located with respect
to field length. Those placed in the corn were located in the corn rows.
Water was applied to these areas when tensiometer readings indicated
that 50% of the available moisture in a 4 foot root zone had been used.

Results and Discussion

Calibration curves for the gypsum moisture block units could not be
obtained. This situation would be expected since the range of interest
of the soil moisture tension curve for a soil such as Ephrata loamy sand
almost entirely lies outside the sensitive range of gypsum moisture blocks.

The tensiometer calibration curve obtained during 1958 is presented
in Figure 6. Each observation represents a single soil moisture deter-
mination and a corresponding tensiometer reading. Calibration curves
obtained during 1959 for tensiometers at the 1, 2, 3, and 4 foot depths
are presented in Figures 7, 8, 9, and 10 respectively. Confidence limits,
determined for the 5% probability level, for the prediction of percent

17
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moisture from a tensiometer reading are indicated by dotted curves.
Correlation coefficients and confidence limits at the 50% available
moisture level are given in Table 6. The correlation coefficients are
all significant at the 1% level of probability.

Table 6. Correlation Coefficients and Confidence Limits-4/ for
Tensiometer Calibrations on Ephrata Loamy Sand

Correlation	 5% Confidence limitsl
Year Depth	 coeff.	 % Moisture by weight % Available moisture

ft.

1958 1 0.92 + 1.7 + 21
1959 1 0.87 + 1.9 + 23
1959 2 0.87 72.3 4 	 28
1959 3 0.94 I: 2.6 + 31
1959 4 0.90 172.4 + 29

a/ Confidence limits at 50% available moisture or 8.4% moisture by weight.

A statistical test for homogeneity of means and regression coefficients
of the regression equations developed indicates that the relationships can-
not be presented as a single calibration curve.

A discussion of the confidence limits obtained and their possible
meaning with regard to the use of tensiometers for irrigation scheduling
is warranted. Since there was a one to one correspondence between mois-
ture sampling and tensiometer readings for the calibration, moisture
sampling errors could not be determined. This sampling error is then
reflected in the calibration. Therefore, the tensiometer reading could
be a fairly accurate reflection of the moisture in the immediate neigh-
borhood of the tensiometer tip. This, however, does not in application
improve the confidence with which one might employ the calibration
obtained. A confidence limit of + 20% available moisture at the 50%
available moisture level corresponds to an interval + 3 days for an
alfalfa crop during the peak water use period. During this period the
irrigation interval is approximately 8 days. For such light textured
soils it would then appear that tensiometers hold little promise as an
irrigation scheduling aid.

The results of the 1960 investigations employing tensiometers as a
scheduling aid support the conclusion stated above. A picture of the
daily march of the tensiometer readings on alfalfa may be obtained from
Figure 11. With the use of appropriate calibration curves, a comparison
of the soil moisture prior to irrigation determined by tensiometer reading
and soil sampling is shown in Table 7. Similar results were obtained for
tensiometers as a scheduling aid on field corn.

It is of interest to note that there is considerable lag in tensio-
meter readings behind soil moisture tension for corresponding moisture
contents when reference is made to the soil moisture tension curve for
Ephrata loamy sand. (Figure 2, Appendix.)
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With reference to Table 7 it is quite apparent that tensiometers are
not acceptable irrigation scheduling aids. Whether this is entirely due
to the instrument's failure to respond on such sandy soils or in part due
to the method of calibration is purely a matter of speculation.

Table 7. Soil Moisture Prior to Irrigation as Determined by Tensiometers
and Soil Moisture Sampling

Depth (feet)
2	 3

I II I II I II I II

7.6a–/ 4.5 8.2 5.8 7.9 5.9 6.8 5.5
8.6 7.4 8.9 7.0 8.4 8.0 7.3 7.9
7.8 6.4 8.6 6.9 7.4 7.9 6.8 8.1

I - % moisture by tensiometer.
II - % moisture by soil sampling.
a/ All values are stated as percent moisture by weight.

V. The Demonstration of Efficient Irrigation Practices to Farmers of 
The Project and an Evaluation of the Method of Demonstration 

Introduction 

The delivery of water to farms in the four districts comprising the
Umatilla Irrigation Project is on a rotation basis. None of the water
delivered to the farms is metered. Since water charges are low, there
is no economic incentive from this standpoint for the farmer to improve
irrigation practices.

Since the logical first step in the improvement of irrigation
practices is the measurement of water, it was thought that effective
demonstrations might be accomplished by measuring the water applied to
particular fields by farmers, and at the same time irrigating sections
of the field with what might be considered good irrigation practices to
serve as a contrast for the farmers' education. Early in the 1959 season
it became apparent that in most instances the measurement of water
delivery to entire fields was impractical. Such large irrigation heads
are commonly used that the requirements for water measurement could not
be met by portable metering equipment. In most cases large, permanent
structures would have been the only answer to the metering problem. When
this situation occurred, water use was measured only on sections of fields.

In order to obtain definite information on the practical utilization
of design border and furrow irrigation streams determined during the study,
one alfalfa border and an area of furrow irrigated field corn on the Exper-
iment Station were irrigated during 1960, employing design information
previously obtained. This type of information was difficult to obtain
in connection with the work on individual farms.

25
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Procedure

Using 9-inch throat width Parshall flumes and Type H flumes, sea-
sonal water use was measured on particular areas of farms. In 1959 such
measurements were taken on five farms. The areas on three of the farms
were in alfalfa and the other two in corn and watermelons, respectively.
Irrigation of adjacent areas with good irrigation practices was also
employed for the determination of design border and furrow irrigation
streams as previously discussed, as well as to serve as demonstrations.
In the 1960 season water measurements were made on areas or fields on
four farms. Of these four areas, one was in alfalfa, two in corn, and
one in watermelons.

For evaluation of the practical utilization of developed design irri-
gation heads, both the alfalfa border and field corn area at the station
were irrigated throughout the 1960 season at approximately the 50% available
moisture level, using appropriate border and furrow streams. Soil moisture
samples were taken throughout the season so that irrigation efficiencies
could be determined. The alfalfa border irrigated was 200 feet long and
60 feet wide. The furrow-irrigated field corn area was 200 feet long.

Results and Discussion 

Water use for the various areas metered is presented in Table 8.
As would be expected, water use is higher for the areas on coarser textured
soils. The method of demonstration of efficient water application was not
directly successful. Although all cooperating farmers were helpful where
possible, it was plainly evident that they could see no economic return
in improving their irrigation practices. In most all cases irrigation
is done with hired labor, and the farmer himself had little contact with
the demonstrations throughout the season.

The results obtained from the suitability test of design border and
furrow irrigation streams were quite encouraging and indicated that a
light textured soil such as Ephrata loamy sand can be irrigated with a
high degree of efficiency. Irrigation efficiencies were greater than 75%
for both crops throughout the entire season. A total of 42 inches of water
was applied to the alfalfa border in 11 irrigations. For the field corn
area a total of 29 inches of water was applied in 8 irrigations. The total
water applied was water actually applied to the area under consideration,
and did not include any ditch losses.
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Appendix Table 2. Field Capacity, Permanent Wilting Point, Available
Moisture, and Volume Weight for Ephrata Loamy Sand,

Umatilla Branch Experiment Station

	

Field,	 Available	 Volume

	

Depth	 capacity/ 	 moisture	 weight

	

ft.	 % moisture	 % moisture

0'	 -	 1' 12.2 4.2 1.5 1.52

1'	 -	 2' 11.2 4.1 1.3 1.54

2'	 • 3' 12.0 3.8 1.5 1.56

3'	 - 4' 12.4 3.7 1.6 1.56

a/ Field capacity was determined in the field on a bare soil by taking
moisture samples from a two foot diameter area, covered with canvas
to prevent evaporation, at twelve hour intervals up to seventy-two
hours at which time internal drainage became very slow.

b/ The permanent wilting point reported above is the fifteen atmosphere
moisture percentage as determined in a pressure membrane apparatus.
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